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ABSTRACT 

The present study was performed to investigate physicochemical characteristics of sourdough 
Balady bread that made by mixed culture from Yeast and probiotic bacteria (Lactobacillus plantarum, 
Lactobacillus heleveticus, Leuconostuc mesenteroides and Bifidobacterium bifidum), as a form of free 
and encapsulated cells. Production of organic acids (lactic and citric acids), CO2, extend shelf-life and 
organoleptic quality of the sourdough bread were evaluated. Sourdough sample containing L. 
heleveticus showed higher titratable acidities (7.20) and resistance to mold spoilage (7.86 Log 
CFU/g). Likewise, the lactic acid concentration was the highest with the sample fermented by 
encapsulated L. heleveticus (685.21g/kg). Results revealed that sourdough samples mixed by B. 
bifidum during incubation time had the highest amount of gas production compared with two control 
samples. Using such cultures also improved the aroma and color of sourdough bread, as shown by 
sensory evaluations.  
Keywords: sourdough, Egyptian Balady bread, probiotic bacteria. 

 
Introduction 

Cereal-based foods are a very significant source of both biological and cultural diversity, as 
evidenced by the wide range of fermented food products (Coda et al., 2014). Bread is one of the 
world's most widely consumed foods. Among the different characteristics that defined the quality, 
bread aroma is considered essential for consumer approval (Pico et al., 2015). Bread is a main food 
through Europe and other countries, contributing in consumers health and diet (Shewry and Hey, 
2015). 

Lactic fermented cereals are familiar to enhance the quality of food by flavor developing, 
improving nutritional value and shelf-life, and removing toxic or anti-nutritional factors of food 
products (Math et al., 2014). Lactic acid bacteria (LAB) can improve shelf life of several food 
products. Antifungal LAB sourdough has inhibitory activity against mold and still produces a good 
quality bread (Dal Bello et al., 2007 and Ryan et al., 2011). 

Cheese whey is the main pollutant in dairy wastewaters from cheese production. However, the 
nutritional value of cheese whey is high, not only as a source of biologically valuable proteins but also 
rich in vitamins mainly riboflavin, and minerals (Carvalho et al., 2013). 

Sourdough applications have been extensively increased in the last years due to the consumers 
demand food consumption without the addition of chemical preservatives (Plessas et al., 2011). 
Several starter cultures were applied in making of sourdough bread aimed at increasing bread self-life 
and improving sensory character. Using of sourdough in production of steamed and baked bread is 
increasing around the world due to the nutritional quality and improved sensory of sourdough bread 
when compared to straight dough bread processes (Gobbetti et al., 2014; Zhao et al., 2015 and Liu et 
al., 2016). The aims of this study are, using sourdough to improve bread quality (color, acidity and 
production of organic acids), retarding staling and extending the shelf life of bread. 
 
Materials and Methods 
 
Materials  

Wheat flour (82%) was obtained from South Cairo Mill Company, Giza, Egypt. Sugar, Salt 
(sodium chloride), oil and yeast (Saccharomyces cerevisiae) were purchased from the local market 
Giza – Egypt. 
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Sweet whey as a by-product was obtained locally direct from the filtrate produced during 
cheese processing from Dairy industrial Unit at Faculty of Agriculture, Cairo University. 

Probiotic bacteria strains of B. bifidum Bb 12 was obtained from Dept. of Food Chem., Turku 
Univ., Finland. L. heleveticus CNRZ32 and Leu. mesenteroides 12DRI were obtained from Northern 
Regional Research Lab. Illinois, USA. L. plantarum EMCC1039 was obtained from Cairo MIRCEN 
(Faculty of Agriculture, Ain Shams University, Egypt). 

 
Media: 
 

MRS broth and MRS agar were obtained from (Fluka, Sigma-Aldrich Chemical, Switzerland) 
Plate count agar, potato dextrose agar were obtained from (Oxoid, Basingstoke, UK).  
  
Methods 
 
Chemical composition analysis 

Moisture, protein (total nitrogen X 5.7), ash, crude fiber and total lipid content of biomass yield 
were determined according to AOAC (2012). Nitrogen-free extract (NFE), was calculated by 
differences. 
 
Growth of probiotic bacteria in whey 

The pH of whey was modified at pH 6.8, sterilized at 110°C /10 min and inoculated with stock 
whey culture 108 CFU ml-1 of each probiotic strains separately, at ratio of 3% (v/v). Whey was 
incubated in culture flasks at 37°C. Then bacterial cell count was counted after 48 h by direct plate 
counting (Jantzen et al., 2013). 
 
Encapsulation of probiotic bacteria by spray drying 

For the spray-drying process, a 48h-incubated slurry culture of probiotic bacteria with at least 
108 CFU ml-1 was applied. The fermented slurry was spray-dried by a laboratory-scale spray dryer 
(Buchi mini spray dryer B190; Flawil, Switzerland) with two different outlet temperatures maintained 
at 55 ± 2 and 65 ±2°C and a flow rate of 500 Nl h-1. Outlet temperatures were reached by adjusting 
different inlet temperatures (89 ± 1 and 100 ±1°C) and feed levels from 2 to 4 ml min-1. Spray-dried 
powder samples were collected from the cyclone and mixed gently (Jantzen et al., 2013). 
 
Preparation of sourdough 

Sourdoughs were produced according to the following procedure: 200 g of wheat flour, 3 g of 
salt and 5/100 g (flour basis) wet LAB culture were mixed together with 110 ml water. Afterward, the 
sourdoughs were left for 5-10 min and were fermented at 30°C for 18 h. The control samples without 
adding of any microorganisms (two control samples were used, the first one was made by flour, yeast 
and mixed together by water, the second control sample was mixed by sterilized whey).  after that 50 
g from each sourdough was mixed with 500 g of flour (Plessas et al., 2011a). 
 
Gas production 

One hundred grams of white flour 82% extract was mixed with 2 g salt, 1.5 g yeast and 50 to 60 
ml of tap water as needed to bring the dough to the desired consistency. The mixing time should not 
exceed 10 minutes (Parisi, 1981). Volume of forty ml of the dough was put into a 100 ml glass 
measuring cylinder, then incubated at 30ºC and the volume of the dough was measured at time 
intervals of 15 to 120 min. During the preparation of the dough, all the materials were maintained at 
30 ± 1ºC according to Borzani, (2004). 
 
Processing of Balady bread  

According to Yaseen et al., (2007) Balady bread was prepared by mixing wheat flour (82% 
extraction), baker's yeast (1%), sodium chloride (1.5%) and water for about 6 min to form the needed 
dough.  
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Color measurements Balady bread 
The color of Balady bread samples was measured using Hunter Lab color system (Hunter, Lab 

Scan XE - Reston VA, USA). The instrument was calibrated using a white tile (L*= 92.46; a*= - 0.86; 
b*= -0.16). Color values were expressed as L* (lightness or brightness/ darkness), a* 
(redness/greenness) and b* (yellowness/blueness) according to Feng et al. (2013). 
 
Hydrogen – ion activity (pH) of Balady bread 
            The pH was determined by pH meter according to. A.A.C.C. (2000). 
 
Titratable acidity of Balady bread 
         Titratable acidity was determined according to the method reported by Risk (1957). 
 
Determination of organic acids. 

The determination was carried out as described by Vernocchi et al., (2004). 
  
HPLC conditions 

HPLC analysis was carried out using an Agilent 1260 series. The separation was carried out 
using C18 column (4.6 mm x 250 mm i.d., 5μm). The mobile phase consisted of Monopotassium 
phosphate (10mM): acetonitrile (70:30) at a flow rate 1 ml/min and run time 5 min. The multi-
wavelength detector was monitored at 210 nm. The injection volume was 20μl for each of the sample 
solutions. The column temperature was maintained at 45 °C. 

 

Sensory evaluation of Balady bread 
Sensory evaluation of Balady bread loaves was conducted according to El-Farra et al., (1982). 
  

Bread shelf-life evaluation 
Microbial analyses were performed using Potato Dextrose Agar (Oxoid, Basingstoke, UK) for 

mold and yeast count while Plate Count Agar (Oxoid, Basingstoke, UK) for the total count of 
microorganisms (Scarnato et al., 2017). 

 

Freshness of Balady bread 
Fresh bread loaves were determined according to A.A.C.C. (2000). 
  

Statistical Analysis 
Data were statistically analyzed using one-way analysis of variance ANOVA) Silva and 

Azevedo, 2009). All data were the averages of 3 experiments unless otherwise stated. 
 

Results and discussion 
 

Proximate chemical composition of Wheat Flour 82% and cheese whey 
Chemical composition of wheat flour 82% extraction was presented as moisture, protein and 

total carbohydrate contents (12.10, 11.54 and 86.49%) respectively in Table (1). Also, the contents of 
ash, fiber and fat were 0.50, 0.36 and 1.11 %, respectively. Slowik E (2006) found that protein content 
ranged between 11.54 to 12.46%. These results compatible with those reported  by Hefnawy et al., 
(2012), Axel et al., (2015) and Sanaz et al., (2012).In the same table shows cheese whey that contains 
moisture, carbohydrate, protein, fat and ash in concentration 93.31, 5.87, 0.46, 0.32 and 0.04 
respectively. These results are in agreement with the values reported by Siso (1996). 
 
Table 1: Proximate chemical composition of Wheat Flour 82% and cheese whey (on dry weight basis). 

Constituents% 

Sample Moisture Fat Ash Fiber Protein Carbohydrates 

82% extraction 12.10b±0.06 1.11a±0.03 0.50a±0.02 0.36a±0.02 11.54a±0.34 86.49a±0.38 

Cheese whey 93.31a±0.30 0.32c±0.02 0.04c±0.002 ˗˗˗ 0.46b±0.04 5.87b±0.27 

Results are presented as means for triplicate analyses ± standard deviation (SD). Means in the same column followed by different 
letters are significantly different (P≤0.05). 
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Total count of probiotic bacteria (Log CFU/ml). 
The counts of probiotic bacteria cultivated in cheese whey at 37°c for 48h incubation then spray 

drying are shown in Table (2). On the whole, the Leuconostuc mesenteroides population still higher 
after spray drying than other strains. The same table shows that Bifidobacterium bifidum had a 
minimum loss in the cell population after spray drying on contrary, the counts of Lactobacillus 
helveticus cell had the highest loss (Casado, 2017).  
 

Table 2: Total count of probiotic bacteria (Log CFU/ml). 
Probiotic bacteria Cultivated in whey After spray Drying 
Bifidobacterium bifidum 7.98c±0.07 7.91b±0.02 
Lactobacillus helveticus 7.84c±0.02 6.76c±0.06 
Leuconostoc mesenteroides 10.04a±0.08 9.18a±0.03 
Lactobacillus plantarum 8.92b±0.03 7.97b±0.06 

Results are presented as means for triplicate analyses ± standard deviation (SD). Means in the same column followed by different 
letters are significantly different (P≤0.05).  

 

Influence of using probiotic bacteria on Gas production during incubation time.  
The results are given in Fig (1) show the effect of using probiotic bacteria on gas production 

during incubation time from zero time to 120 minutes. Results revealed that sourdough samples mixed 
by B.bifidum during incubation time had the highest amount of gas production compared to other 
sourdoughs and control samples. Rocken and Voyse., (1995) and Hammes and Ganzle., (1998) 
reported that the use of the sourdough process as a form of leavening is one of the oldest 
biotechnological processes in food production. Its main function is to leaven the dough to produce a 
more gaseous dough piece and as such a more aerated bread. 

 

 
Fig. 1: Influence of using probiotic bacteria on Gas production during incubation time. 

Chemical composition of Balady bread. 
 

Moisture, protein, ash, fat, fiber and Carbohydrates contents of Balady bread is presented as 
percentages in Table (3). The results indicate that chemical composition of Balady bread made from 
sourdough preparation from wheat flour 82% and different probiotic bacteria had slightly significant 
differences in protein, ash, fat, fiber and carbohydrates due to the constant dough fermentation with 
exception of adding some different probiotic bacteria. (Hwang and Sung, 2012). 
 
Color attributes for crust of Balady bread. 

Color analysis of food is an important field, always related strongly to market and consumers 
acceptability, as it controls the first impression of any food product.  L* a* b* values describe the 
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Table 3: Proximate chemical composition of Balady bread (on dry weight basis). 

Constituents% 

Treatments Moisture Protein Ash Fat fiber Carbohydrate 

B. bifidum 
41.7c±1.86 

19.97abc±0.43 

 

3.92b±0.91 

 

0.34b±0.03 

 

1.48ab±0.18 

 
74.28bc±1.52 

L. heleveticus 42.01bc±1.85 

 

19.38abc±0.41 

 

4.05b±0.22 

 

1.054a±0.88 

 

1.33ab±0.20 

 
74.18bc0.83 

Lue. mesenteroides 42.96ab±0.61 

 

20.03ab±0.15 

 

4.07b±0.05 

 

0.46 b±0.13 

 

1.58a±0.05 

 
73.84bc0.05 

L. plantarum 44.68a±0.22 

 

19.74abc±0.26 

 

4.43ab±0.12 

 

0.40b±0.01 

 

1.14ab±0.02 

 
74.28bc0.15 

Encapsulated B. bifidum 44.99a±1.10 

 

18.74bc±0.12 

 

4.28ab±0.25 

 

0.21b±0.14 

 

1.52ab±0.03 

 
74.28abc0.26 

Encapsulated L. heleveticus 41.09cd±1.27 

 

19.23abc±0.21 

 

3.93b±0.19 

 

0.54ab±0.08 

 

1.23ab±0.13 

 
74.28bc0.61 

Encapsulated Lue. mesenteroides 42.77abc±1.19 

 

20.16a±1.74 

 

2.60c±1.18 

 

0.61ab±0.07 

 

1.16ab±0.52 

 
74.28abc0.99 

Encapsulated L. plantarum 42.62abc±1.51 

 

18.67 c±0.21 

 

3.96b±0.64 

 

0.36b±0.06 

 

1.05 b±0.37 

 
74.28ab0.38 

Control sample 44.43ab±1.58 

 

19.46abc±0.81 

 

5.10a±0.12 

 

0.41b±0.06 

 

1.62a±0.08 

 
74.28c0.89 

Sample with 100% whey 39.19d±1.17 

 

16.97d±0.77 

 

3.94b±0.06 

 

0.38 b±0.04 

 

1.24ab±0.38 

 
74.28a0.89 

Results are presented as means for triplicate analyses ± standard deviation (SD). Means in the same column followed by different letters are significantly different (P≤0.05).  
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color differences between control and samples made from sourdough, data of color values are 
presented in Table (4). 

The crust lightness (L*) values of Balady bread samples made with sourdoughs had significant 
differences (p<0.05). Whereas, the sample prepared by encapsulated B.bifidum had the highest 
lightness (L*) value (68.77). while sample mixed by Lue.mesenteroides had the lowest crust lightness 
(51.58) compared to control sample.  

The sample kneaded by 100% whey had the highest redness (a*) value (12.41). On contrary, 
the lowest value was sample prepared by encapsulated L.heleveticus (6.56) compared to control 
sample (10.04).  

Yellowness (b*) values of all bread crusts were significantly (p<0.05) lower than the control 
sample and the sample kneaded by 100% whey (28.91 and 29.07) respectively. The lower crust 
lightness (L*) of sourdough bread was probably related to the first phases of Maillard reactions, 
which was reported to be more consistent under sourdough bread-making with a greater concentration 
of all compounds involved in non-enzymatic browning (Torrieri et al., 2014). 
 

Table 4: Color attributes for crust of Balady bread. 
Parameters 
Treatments Lightness 

L* 
Redness 

a* 
Yellowness 

b* 
B. bifidum 56.40e±0.57 9.44g±0.08 27.56e±0.07 
L. heleveticus 64.49b±0.04 7.28h±0.01 25.63h±0.01 
Lue. mesenteroides 51.58g±0.20 10.40e±0.02 27.27f±0.1 
L. plantarum 52.87f±0.01 12.25b±0.01 28.79b±0.02 
Encapsulated  B. bifidum 68.77a±0.01 7.22h±0.01 26.04g±0.01 
Encapsulated L. heleveticus 61.56c±0.06 6.56i±0.03 24.13i±0.04 
Encapsulated Lue. mesenteroides 52.97f±0.29 11.32c±0.02 27.91d±0.07 
Encapsulated L. plantarum 56.05e±0.04 10.89d±0.01 28.11c±0.04 
Control sample 58.43d±0.08 10.04f±0.03 28.91b±0.01 
Sample with 100% Whey 49.57h±0.01 12.41a±0.02 29.07a±0.01 

Results are presented as means for triplicate analyses ± standard deviation (SD). Means in the same column followed by different 
letters are significantly different (P≤0.05).  
 

Color attributes for crumb of Balady bread. 
Regarding to crumb color characteristics were showed in Table (5), similar trend was observed 

in L* values of bread crumbs. Control sample increased L* value of the produced bread compared to 
bread samples made from sourdoughs and sample prepared by 100% whey.  
 
Table 5: Color attributes for crumb of Balady bread. 
  Parameters 

Treatments lightness 

L* 

Redness 

a* 

Yellowness 

b* 

B.bifidum 69.34c±0.01 2.59g±0.01 21.14e±0.03 

L.heleveticus 67.54e±0.03 3.1d±0.03 22.49b±0.02 

Lue.mesenteroides 65.23i±00.05 2.79f±0.01 22.14c±0.06 

L.plantarum 67.73d±0.02 2.95e±0.01 22.55b±0.01 

Encapsulated B.bifidum 66.43f±0.01 3.34b±0.01 22.52b±0.02 

Encapsulated L.heleveticus 62.94j±0.02 3.66a±0.1 22.16c±0.01 

Encapsulated Lue.mesenteroides 69.93b±0.03 2.77f±0.01 21.9d±0.01 

Encapsulated L.plantarum 66.03h±0.02 2.51h±0.01 20.28f±0.01 

Control sample 72.20a±0.04 2.54h±0.02 21.16e±0.02 

Sample with 100% Whey 66.16g±0.01 3.18c±0.02 23.86a±0.01 

Results are presented as means for triplicate analyses ± standard deviation (SD). Means in the same column followed by different 
letters are significantly different (P≤0.05).  
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Redness, a* values of samples made from sourdoughs crumbs were higher than the control 
sample 2.54 except that sample prepared by encapsulated L. plantarum which achieved lower value of 
redness 2.51 than control sample and other samples prepared from sourdoughs. 

Yellowness (b*) of some samples that prepared by sourdough showed lower values than control 
sample and sample kneaded by 100% whey, the differences between b* values of crust and crumb 
could be due to the baking method, where the crust directly faces the oven temperature. 
 
pH and titratable acidity of Balady bread prepared by sourdough. 

Data in Table (6) show the pH and titratable acidity of pan bread. The results indicate that 
acidity of Balady bread fermented with probiotic bacteria (sourdoughs) was increased depending on 
pH value of samples. Whereas, the sample mixed by L. heleveticus recorded the lowest pH value 
(4.66) and with the highest acidity (7.2) value compared to other sourdough samples and control 
samples (4.35 and 4.68). Thus, pH value and TTA of dough depend mainly on LAB as regarded by 
Chavan and Chavan (2011). Also, it could be due to the competition between baker’s yeast and LAB 
for carbohydrate source as reported by Gurbuz et al., (2010). 
 
Table 6: pH and titratable acidity of Balady bread prepared by sourdough. 

Treatments pH Acidity% 

B. bifidum 5.13bcde±0.21 6.16b±0.05 

L. heleveticus 4.66e±0.21 7.20a±0.1 

Lue. mesenteroides 5.36bcd±0.06 5.76cd±0.1 

L. plantarum 5.06cde±0.31 6.12bc±0.1 

Encapsulated B. bifidum 4.80de±0.10 5.72d±0.15 

Encapsulated L. heleveticus 5.70ab±0.20 5.04e±0.01 

Encapsulated Lue. mesenteroides 4.70e±0.10 5.67d±0.1 

Encapsulated L. plantarum 5.13bcde±0.31 5.67d±0.2 

Control sample 6.13a±0.31 4.35f±0.15 

Sample with 100% Whey 5.63abc±0.15 4.68ef±0.2 

Results are presented as means for triplicate analyses ± standard deviation (SD). Means in the same column followed by different 
letters are significantly different (P≤0.05).  

Organic acids in Balady bread 
Results indicated that organic acids in Balady bread with probiotic bacteria were lactic and citric 

acid in all samples of bread as shown in Table (7). Sample fermented with encapsulated L. heleveticus 
achieved a high value of lactic and citric acids (683 and 13.11g/kg) respectively. While, the lowest 
value of organic acids was for the sample which was prepared by B. bifidum (251.48 and 4.06g/kg) 
respectively compared with the two control samples. Results were approved that encapsulated 
L.heleveticus was the most effective to produce Balady bread with high organic acids. These results 
are close to those found by Plessas et al., (2011b) and Ouattara et al., (2000). According to Ghulam et 
al., (2009) and Plessas et al., (2005), organic acids have mostly antimicrobial and some antioxidant 
properties under condition of low oxidation-reduction potential.  

Table 7: Organic acids in Balady bread 

Treatments 
Organic acids (g/kg) 

Lactic acid Citric acid 

B. bifidum 251.48 4.06 

L. heleveticus 563.78 9.25 

Lue. mesenteroides 533.96 9.88 

L. plantarum 584.10 10.29 

Encapsulated B. bifidum 636.96 11.21 

Encapsulated L. heleveticus 685.21 13.11 

Encapsulated Lue. mesenteroides 598.79 11.41 

Encapsulated L. plantarum 593.43 11.70 

Control sample 563.51 7.51 

Sample with 100% Whey 227.10 2.24 
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Organoleptic characteristics of Balady bread made from sourdough. 
Sourdough fermentation is one of the most recently used food biotechnology for improving 

sensory, structural, nutritional properties and shelf life of bread (Gobbetti et al., 2014). Data in Table 
(8) present the organoleptic characteristics (general appearance, separation of layers, roundness, 
distribution of crumb, crust color, taste, odor and overall acceptability) of the control and sourdough 
bread samples conducted with 10 panelists. The bread made from 100% whey gave the highest scores 
for all measured characteristics, whereas minimum scores were given to the bread prepared from 
sourdough mixed by encapsulated (Lue.mesenteroides and L.plantarum). There were no significant 
differences between the bread samples made from other sourdoughs and control sample for all 
measured characteristics. The results in agreement with those reported by Arendt et al., (2007). 
 
Influence of using probiotic bacteria on Balady bread shelf life 
  
Influence of using sourdough on the growth of mold and yeasts during room temperature 
storage 

Probiotic properties of the bacterial strains that tested in this study was investigated by Ibtisam 
et al., (2015) and El-Shenawy et al., (2017). Results appeared in Fig. (2) show the effect of probiotic 
bacteria (sourdough) to inhibit the growth of mold and yeasts at room temperature during storage 
periods (3 and 7 days). During such period of storage bread produced by probiotic bacteria was able 
to reduce the count of mold and yeast compared with the control sample (7.39 and 10.16 Log CFU/g) 
respectively. Meanwhile, the best sample achieved the lowest value of Log CFU/g after 3 days was 
that sample which was mixed by B. bifidum (6.84 Log CFU/g). Meanwhile, after 7 days it increased to 
(9.43 Log CFU/g) while, the sample mixed by L. heleveticus was (7.86 Log CFU/g). Results clearly 
indicate that probiotic bacteria showed remarkable ability to delay the growth of mold and yeast count 
during the storage period. These results agree with those reported by Ryan et al., (2011) and (Axel et 
al., 2015). 

 

 
Fig. 2: Influence of using sourdough on the growth of mold and yeasts during room temperature 
storage. 

 
Influence of using sourdough on the growth of mold and yeasts in bread during cold storage at 
4°C. 

Results in Fig. (3) appeared the importance of using probiotic bacteria (sourdough) to inhibit the growth 
of mold and yeasts during cold storage at 4°C for storage period 14 days. After 7 days of storage, 
samples mixed by B. bifidum and L. heleveticus showed the lowest value of count (2.73 Log CFU/g) 
compared to control sample and that with 100% whey (3.95 and 3.96 Log CFU/g) respectively. After 
the storage period reached 14 days, sample mixed by B. bifidum had the lowest count of mold and yeast 
(2.78 Log CFU/g) compared to control samples which recorded the highest value of count. Results 
indicate that using sourdough during cold storage decreased the growth of mold and yeasts, compared 
to storage at room temperature. Corsetti et al., (1998) and Lavermicocca et al., (2000) who noted that 
sourdough LAB strains are able to inhibit mold growth in bakery products. 
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Table 8: Organoleptic characteristics of Balady bread made from sourdough. 

Organoleptic parameters 

Treatments  
General 

appearance 
(20) 

Separation 
of layers 

(20) 

Roundness  
15)( 

Distribution 
of crump 

(15) 

Crust color  
10)( 

Taste 
(10) 

Odor 
(10) 

Overall 
acceptability 

B. bifidum 
17.6a±1.7 

 
17.9a±2.28 

 
13.8a±1.87 

 
12.9ab±0.99 

 
8.4ab±0.84 

 
8.3a±0.94 

 
7.8a±0.91 

 
86.7ab±6.61 

 

L. heleveticus 
17.1a±0.73 

 
17.1a±0.99 

 
13.5a±0.84 

 
13.3ab±0.94 

 
7.9ab±0.99 

 
8.3a±0.67 

 
8.2a±0.78 

 
85.4ab±2.98 

 

Lue. mesenteroides 
16.8a±1.47 

 
17.6a±1.50 

 
13.3a±0.82 

 
13.4ab±1.07 

 
8.1ab±0.31 

 
8.5a±0.97 

 
8.4a±0.86 

 
85.2ab±6.49 

 

L. plantarum 
17.3a±1.33 

 
17.1a±1.85 

 
13.2a±0.91 

 
13ab±0.94 

 
8ab±0.81 

 
8.4a±0.69 

 
8a±0.94 

 
85ab±3.91 

 
Encapsulated 

B.bifidum 

16.9a±1.72 
 

17.5a±1.71 
 

13.6a±1.07 
 

12.9ab±0.56 
 

7.7b±0.82 
 

8.2a±0.78 
 

8a±0.66 
 

84.8ab±5.00 
 

Encapsulated 

L.heleveticus 

17.4a±1.34 
 

18.1a±1.10 
 

13.2a±1.03 
 

13.3ab±1.15 
 

8.5ab±0.84 
 

8.3a±0.82 
 

8.3a±0.82 
 

87.1ab±4.65 
 

Encapsulated 

Lue.mesenteroides 

17.1a±1.59 
 

16.8a±1.39 
 

13.1a±1.52 
 

12.3ab±1.76 
 

8.5ab±0.97 
 

8.4a±0.69 
 

7.9a±0.56 
 

84.1b±5.83 
 

Encapsulated 

L.plantarum 

16.9a±1.59 
 

16.6a±1.50 
 

13.3a±2.11 
 

12.1b±1.52 
 

8.3ab±1.15 
 

8.3a±0.67 
 

8.2a±0.63 
 

83.7b±6.86 
 

Control sample 
17.4a±1.77 

 
18.1a±1.28 

 
13.3a±1.15 

 
13.2ab±0.91 

 
8.5ab±0.84 

 
8.8a±0.78 

 
8.5a±0.97 

 
87.8ab±5.86 

 
Sample with 100% 

Whey 

18.2a±1.39 
 

18.8a±1.31 
 

14.2a±0.63 
 

13.8a±0.63 
 

9.1a±0.73 
 

9a±0.47 

 
8.8a±0.42 

 
91.9a±3.81 

 
Results are presented as means for triplicate analyses ± standard deviation (SD). Means in the same column followed by different letters are significantly different (P≤0.05).  
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Fig. 3: Influence of using sourdough to inhibit the growth of mold and yeasts during cold storage at 
4°C. 
 
Influence of using sourdough on the total count of microorganisms of Balady bread at room 
temperature 
 

Results in Fig. (4) indicate that sample which was prepared by B.bifidum and stored at room 
temperature showed the lowest total count of microorganisms. These results agree with that 
mentioned by (Mantzourani et al., 2014) who reported that sourdough bread made with sourdough 
contained respectable amounts of organic acids that seemed to play a major role against Bacillus spp., 
which are responsible for rope spoilage. 

 
Fig. 4: Influence of using sourdough to decrease the total count of microorganisms of Balady bread at 

room temperature. 
 
Influence of using sourdough on the total count of microorganisms of Balady bread during cold 
storage at 4°C 
 

Results in Fig. (5) appeared the effect of probiotic bacteria (sourdough) hence they inhibit the 
total count of bacteria at cold condition up to 14 days storage. After 14days of cold storage, samples 
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prepared by L. heleveticus and encapsulated L. plantarum showed the highest values of count (3.59 
and 3.66 Log CFU/g). Meanwhile, the lowest values of the total count were those samples which were 
mixed by B. bifidum and encapsulated L. heleveticus (3.01  and 3.19 Log CFU/g) compare to control 
sample and sample kneaded by 100% whey (4.44and 3.95 Log CFU/g) respectively. Results showed 
that samples prepared by probiotic bacteria stored under cold conditions achieved lower values either 
control sample or stored at room temperature. These results are in agreement with that reported by 
Axel et al., (2015). 

 
Fig. 5: Influence of using sourdough to decrease the total count of microorganisms of Balady bread 

during cold storage at 4°C. 
 

Staling of Balady bread 
 
Influence of using sourdough on Balady bread staling during storage at room temperature 
 

Alkaline water retention capacity (AWRC) of the Balady bread loaves could be considered as 
an indication for staling and freshness. AWRC was estimated for Balady bread samples at zero time 
and after storage periods (24, 48 and 72 h.) as shown in Fig. (6).  

 
Fig. 6: Influence of using sourdough on Balady bread staling during storage at room temperature. 
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The results in Fig. (6) illustrated that the Balady bread containing B. bifidum had the lowest 
staling rate after 24h  (0.53%,), while, Balady bread containing encapsulated L. heleveticus had the 
highest staling rate at the same time (21.73%). All tested samples showed positive effects on retarding 
staling of the baked Balady bread during 24, 48 and 72 h of storage at room temperature. Also, it was 
noticed that Balady bread containing probiotic bacteria (sourdough) decreased the rate of staling after 
storage periods specially Balady bread containing B. bifidum had the lowest staling rate at 48 h 
(7.46%). Meanwhile, the sample containing B. bifidum had the lowest staling rate at 72 h (11.13%), 
compared to control sample and sample prepared from 100% whey at 72 h of storage (23.43 and 
22.84%) respectively. Also, sourdough addition to bread was reported to better keep freshness over 
storage as shown by Moore et al., (2007) and Wolter et al., (2014).  Generally, Balady bread made 
from sourdough showed a decrease in AWRC value at zero time and after the storage periods (24, 48 
and 72 h). 
 
Influence of using sourdough on Balady bread staling during cold storage at 4°C 
 

Results are shown in Fig. (7) indicate that result after storage periods for 24, 48 and 72 h 
differed from storage at room temperature at the same storage periods. The results illustrated that the 
Balady bread containing encapsulated Lue.mesenteroides had the lowest staling rate after 24h 
(1.40%). While Balady bread containing Lue.mesenteroides had the highest staling rate at the same 
time (13.20%). The lowest staling rate after 48 h that sample which was mixed by L.heleveticus 
compared to the control sample and the sample prepared from 100% whey (13.41 and 7.48%) 
respectively. Meanwhile, after 72 h of storage, the sample which was prepared by Lue.mesenteroides 
showed the lowest staling rate (1.16%) compared to control sample (27%) which showed the highest 
value of staling rate at 72 h. 

 
Fig. 7: Influence of using sourdough on Balady bread staling during cold storage at 4°c. 

Conclusion 
 

In conclusion, data of the present study revealed that sourdough bread fermented with probiotic 
bacteria that formed of free and encapsulated cells improved organoleptic quality, color, production of 
organic acids (lactic and citric acids), CO2, retarded staling and extended the shelf-life of bread. 
Therefore, the interest of using sourdough bread shoued be increased considerably.  
 
References 
 
A.A.C.C., 2000. American Association of Cereal Chemists. Approved Methods of A.A.C.C., 10th Ed. 

The American Association of Cereal Chemists, Inc. Minnesota. 



Middle East J. Appl. Sci., 8(4): 1147-1161, 2018 
ISSN 2077-4613 

1159 

AOAC., 2012. Official Methods of Analysis, 19th Ed., Association of Official Analytical Chemists, 
Washington DC, USA. 

Arendt, E.K., Ryan, L.A.M. and F. Dal Bello, 2007. Impact of sourdough on the texture of bread. 
Food Microbiology, 24(2):165–174.  

Axel, C., B. Röcker, B. Brosnan, E. Zannini, A. Furey, A. Coffey and E. K. Arendt, 2015. Application 
of Lactobacillus amylovorus DSM19280 in gluten-free sourdough bread to improve the 
microbial shelf life. Food Microbiology, 47, 36-44.  

Borzani, W., 2004. Measurement of the gassing power of baker’s yeast: correlation between the 
dough volume and the incubation time. Brazilian Archives of Biology and Technology, 47(2), 
213-217. 

Carvalho, F., A.R. Prazeres and J. Rivas, 2013. Cheese whey wastewater: characterization and 
treatment. Science of the total Environment, 445, 385-396. 

Casado, A., 2017. Effect of Fermentation on Microbiological, Physicochemical and Physical 
Characteristics of Sourdough and Impact of its Use on Bread Quality, 2017(6), 496–506.  

Chavan, R.S., and S.R. Chavan, 2011. Sourdough technology-A traditional way for whole- some 
foods: A review. Comprehensive Reviewers in Food Science and Food Safety, 10, 169–182. 

Coda, R., R. Di Cagno, M. Gobbetti and C.G. Rizzello, 2014. Sourdough lactic acid bacteria: 
Exploration of non-wheat cereal-based fermentation. Food Microbiology, 37, 51–58.  

Corsetti, A., M. Gobbetti, J. Rossi and P. Damiani, 1998. Antimould activity of sourdough lactic acid 
bacteria: identification of a mixture of organic acids produced by Lactobacillus sanfrancisco 
CB1. Applied Microbiology and Biotechnology, 50, 253-256. 

Dal Bello, F., C. Clarke, L. Ryan, H. Ulmer, T. Schober, K. Ström, J. Sjögren, D. Van Sinderen, , J. 
Schnürer and E. Arendt, 2007. Improvement of the quality and shelf life of wheat bread by 
fermentation with the antifungal strain Lactobacillus plantarum FST 1.7. Journal of Cereal 
Science, 45, 309-318. 

El-Farra, A.A., A.M. Khorshid, S.M. Mansour and A.N. Elias, 1982. Studies on the possibility of 
supplementation of Balady bread with various commercial soy-products. Materials of 1st 
Egyptian Conferance on Bread Research, Cairo, pp. 9-23. 

El-Shenawy, M., E.I. Dawoud, G.A. Amin, K. El- Shafei, M.T. Fouad and J.M. Soriano, 2017. 
Antimicrobial activity of some lactic acid bacteria isolated from local environment in Egypt. 
African Journal of Microbiology Research, 11(8), 327-334. 

Feng, M., K. Ghafoor, B.K.S. Yang and J. Park, 2013. Effects of ultraviolet-C treatment in Teflon -
coil on microbial populations and physico-chemical characteristics of watermelon juice. 
Innovative Food Science and Emerging Technologies, 19:133–139. 

Ghulam, M.D., R. Salim,  M.A. Faqir and N. Haq, 2009. Studies on organic acid and minerals content 
of sourdough naans made from different extraction rate of wheat flours and starter cultures, 
Pakistan journal of nutrition, 8(6): 871-881. 

Gobbetti, M., C.G. Rizzello, R. Di Cagno and M. De Angelis, , 2014. How the sourdough may affect 
the functional features of leavened baked goods. Food Microbiology 37, 30-40. 

Gurbuz O., D. Gocmen, N. Ozmen and F. Dagdelen, 2010. Effects of yeast, fermentation time, and 
preservation methods on tarhana, Prep Biochem Biotechnol., 40(4):263-75.doi: 
10.1080/10826068.2010.488987. 

Hammes, W.P. and M.G. Ganzle, 1998. Sourdough breads and related products. In: Woods, B.J.B. 
(Ed.). Microbiology of Fermented Foods, 1:pp. 199–216. 

Hefnawy, T. M. H., El-Shourbagy, G. A. and Ramadan, M. F., 2012. Impact of adding chickpea 
(Cicer arietinum L.) flour to wheat flour on the rheological properties of toast bread, 
International Food Research Journal, Vol. 19(2): pp 521-525. 

Hwang, J. Y. and Sung, W.C., 2012. Effect of mulberry lees addition on the quality of bread and 
anthocyanin content. Journal of Marine Science and Technology (Taiwan), 20(5), 565–569. 

Ibtisam Ghita, M. A. Azzam, Narges H. El. Sayed, Zeinab I. Sadek, 
Azzat B. Abdel-Khalek, and A. M. Emara, 2015. Probiotic Characteristics of Some 
Bifidobacteria and Leuconostoc Strains and Growth Behavior of the Selected Strains with 
Different Prebiotics. RJPBCS 6(6):789-802. 



Middle East J. Appl. Sci., 8(4): 1147-1161, 2018 
ISSN 2077-4613 

1160 

Jantzen, M., A. Göpel and C. Beermann, 2013. Direct spray drying and microencapsulation of 
probiotic Lactobacillus reuteri from slurry fermentation with whey. Journal of Applied 
Microbiology, 115(4):1029–1036. 

Lavermicocca, P., F. Valerio, A. Evidente, S. Lazzaroni, A. Corsetti and M. Gobetti, 2000. 
Purification and characterization of novel antifungal compounds from the sourdough 
Lactobacillus plantarum strain 21B. Applied Environmental Microbiology, 66, 4084-4090. 

Liu, T., Y. Li, J. Chen, F.A. Sadiq, G. Zhang, Y. Li and G. He, 2016. Prevalence and diversity of 
lactic acid bacteria in Chinese traditional sourdough revealed by culture dependent and 
pyrosequencing approaches. LWT - Food Science and Technology 68, 91-97. 

Mantzourani, I., S. Plessas, G. Saxami, A. Alexopoulos, A. Galanis and E. Bezirtzoglou, 2014. Study 
of kefir grains application in sourdough bread regarding rope spoilage caused by Bacillus spp. 
Food Chemistry, 143, 17–21.  

Math, N., K.S. Jagadeesh, S. Masur and P. Bharati, 2014. Sourdough bread preparation using selected 
lactic acid bacterial starter cultures. Journal of Applied and Natural Science 6(2): 426-429.  

Moore, M.M., B. Juga, T.J. Schober and E.K. Arendt, 2007. Effect of lactic acid bacteria on 
properties of gluten-free sourdoughs, batters, and quality and ultrastructure of gluten-free bread. 
Cereal Chem., 84, 357-364. 

Ouattara, B., R.E. Simard,  G. Piette,  A. Begin and R.A. Holley, 2000. Diffusion of Acetic and 
Propionic Acids from Chitosan-based Antimicrobial Packaging Films. Journal of Food Science, 
65(5), 768–773. 

Parisi, F., 1981. An Evaluation of Two Simple Methods for the Measurement of Fermenting Power of 
Baker's Yeast. J. of Pure and Applied Chemistry, 53, 603-610. 

Pico, J., J. Bernal and M. Gómez, 2015. Wheat bread aroma compounds in crumb and crust: A 
review. Food Research International, 75, 200–215.  

Plessas, S., A. Alexopoulos, I. Mantzourani, A. Koutinas, C. Voidarou and E. Stavropoulou, 2011a. 
Anaerobe Application of novel starter cultures for sourdough bread production. Anaerobe, 
17(6): 486–489.  

Plessas, S., A. Alexopoulos, A. Bekatorou and I. Mantzourani, 2011b Examination of freshness 
degradation of sourdough bread made with kefir through monitoring the aroma volatile 
composition during storage, Food Chemistry, 124 : pp 627–633. 

Plessas, S., L. Pherson,  A. Bekatorou, P. Nigam and A.A. Koutinas, 2005. Bread making using kefir 
grains as baker’s yeast. Food Chemistry, 93(4): 585–589. 

Risk, S.S., 1957. Studies on Egyptian bread chemical composition and changes in the main 
constituents of flour during fermentation and baking, M. Sc. Thesis, Fac. Of Agric., Alex. 
Univ., Egypt. 

Rocken, W. and P.A. Voysey, 1995. Sour-dough fermentation in bread making. J. Appl. Bacteriol. 
Symp. Suppl. 79, 38–48. 

Ryan, L.A.M., E. Zannini, F. Dal, A. Pawlowska, P. Koehler and  E.K. Arendt, 2011. Lactobacillus 
amylovorus DSM 19280 as a novel food-grade antifungal agent for bakery products. 
International Journal of Food Microbiology, 146(3): 276–283.  

Sanaz, Z., M. Sara,  A.C. Hossein, and R.L. Ali, 2012. Evaluation of sensory properties of toast 
breads containing banana powder, Indian Journal of Science and Technology, 5(8): 3163 – 
3164. 

Scarnato, L., C. Montanari,  D.I. Serrazanetti, I. Aloisi, F. Balestra, S. Del Duca and R.Lanciotti, 
2017. New bread formulation with improved rheological properties and longer shelf-life by the 
combined use of transglutaminase and sourdough. LWT - Food Science and Technology, 81, 
101–110.  

Shewry, P.R. and  S.J. Hey, 2015. The contribution of wheat to human diet and health. Food and 
Energy Security, 4, 178–202. 

Siso, M.I.G., 1996. The biotechnological utilization of cheese whey: a review. Biores Technol., 
57:111. 

Silva, F.A. and C.A. Azevedo, 2009. Principal Components Analysis in the Software Assistat-
Statistical Attendance. In: 7th World Congress on Computers in Agriculture, 22-24 June, Reno, 
Nevada, USA; American Society of Agricultural and Biological Engineers. 



Middle East J. Appl. Sci., 8(4): 1147-1161, 2018 
ISSN 2077-4613 

1161 

Słowik E., 2006 Ocena jakości mąki—przegląd najczęściej stosowanych metod badania mąki (1) 
Przegląd Piekarski i Cukierniczy. 11:14–18. 

Torrieri, E., O. Pepe, V. Ventorino, P. Masi and S. Cavella, 2014. Effect of sourdough at different 
concentrations on quality and shelf life of bread. LWT - Food Science and Technology, 56(2): 
508-516. 

Vernocchi, P. et al., 2004. A survey on yeast microbiota associated with an Italian traditional sweet-
leavened baked good fermentation, 37, pp. 469–476.  

Wolter, A., A.S. Hager, E. Zannini, M. Czerny and E.K. Arendt, 2014. Influence of dextran-producing 
Weissella cibaria on baking properties and sensory profile of gluten-free and wheat breads. Int. 
J. Food Microbiol., 172, 83-91.  

Yaseen, A. A., A.A. Shouk, and M.M. Selim, 2007. Egyptian Balady bread and biscuit quality of 
wheat and triticale flour blends. Polish Journal of Food and Nutritional Science, 57 (1): 25-30. 

Zhao, C., M. Kinner, W. Wismer and M.G. Gänzle, 2015. Effect of glutamate-accumulation during 
sourdough fermentation with L. reuteri on the taste of bread and sodium-reduced bread. Cereal 
Chemistry 92, 224-230. 

 




