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Abstract 

Bread freshness is rather short during storage, owing to several complex physicochemical alterations that occur, which are collectively 

referred to as staling, that cause it to gradually lose its pleasant aroma and the crispiness of its crust. The response of different concentrations 

of fungal β-glucanase (BG) and maltogenic α-amylase (MAA) on extensograph parameters of medium-strength flour (MSF) contained fixed 

levels of fungal α-amylase, glucose oxidase, phospholipase, and ascorbic acid, was studied by the three-dimension polynomial quaternary 

model compared with strong flour (SF) for predicting the extensogram parameters. The optimum predicting concentrations were verified by 

using applied extensograph trials and then manufacturing pan bread. Proximate chemical composition and physicochemical characteristics for 

MSF and SF were studied., also, the effect of enzymatic treatments on pasting behavior was studied. Pan bread was evaluated for physical, 

texture, and sensory characteristics. The optimal extensograph parameters were selected at predicted MAA (0.29 U/g) and fungal BG (0.04 

U/g) levels. MAA showed a clear impact on most pasting parameters by decreasing peak viscosity. Accordingly, the treatment of wheat flour 

by mixture enzymes (0.29 U/g MAA + 0.04 U/g BG) showed higher impacts. Mixed enzyme-treated bread (0.29 U/g MAA + 0.04 U/g BG) 

had the greatest effect in reducing hardness after 72 hrs. Pan bread sample that was prepared using treated MSF had significant (P ≤ 0.05) 

crumb softness, crumb folding, and mouthfeel scores compared to the control. Generally, MAA and BG, significantly showed higher bread 

freshness than untreated bread. 
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1. Introduction 

Wheat (Triticum aestivum L.) is one of the most important crops and has been used as the main ingredient in bread making. 

The increasing mechanization in the world of the baking industry and the demand for a wide range of bread types has 

necessity to modulate the structure and viscoelastic properties of dough. In the modern baking industry, the superior 

nutritional and sensorial quality of bread needs to use additives like enzymes and ascorbic acid to improve the rheological 

properties of dough [1]. 

White pan bread is the predominant among all the baking products. On the other hand, the quality of bread depends on the 

quality of wheat flour. The quality of wheat varies widely., almost all bakeries need various additives to improve dough 

characteristics and quality of bread, including greater dough strength to improve crumb strength and improve slicing 

characteristics which lead to increased loaf volume and better softness as well as maintaining a longer shelf life [2, 3]. 

However, the shelf life of fresh bread is rather short. During storage, owing to several complex physico-chemical 

alterations, which are collectively referred to as staling. The staling of bread caused it to gradually lose its pleasant aroma and 

the crispiness of its crust. In addition, the rigidity of bread crumb increases, crumb resilience deteriorates, and water 

evaporates from the surface of sliced bread, resulting in a perceived firmer and drier feeling of crumb [4, 5]. Staling is 

supported by the fact that the staling of bread increased as the storage temperature decreased, which is characteristic for 

crystallization processes but not commonly applied to chemical reactions [6]. The most important manifestations of staling are 

an increase in crumb hardness, an increase in crumbliness of the crumb, a decrease in water absorption capacity, deterioration 

of freshness, and bread flavor [7]. 

Given that the challenge encountered by food manufacturers is the enhancement of food quality [8], enzymatic treatment 

of bakery products is considered one of the most important elements that can be used to meet this challenge by preparing a 

specific combination that suits the type of flour used and improves the quality of the final product [9, 10]. 
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The enzymatic treatment of wheat flour is an interesting alternative to generate changes in the structure of the dough and 

improve the functional properties of the flours. They are generally recognized as safe (GRAS) and do not remain active in the 

final product after baking [11]. Thus, many studies have praised their effective role in improving dough handling [12] specific 

volume of bread [13, 14], sensory properties, and color [15], in addition to the possibility of gliadin degradation [16]. 

Several additives are used to improve the physicochemical shelf-life of bread, with specific amylases, particularly a 

Bacillus stearothermophilus maltogenic α-amylase, being very effective antistaling agents [17, 18, 19]. The use of commercial 

enzymes to improve the quality of flour products has gained increasing attention recently. Enzymes (microbial source) are 

much safer and more efficient in comparison to chemical additives [20, 21]. Since enzymes with different biochemical 

activities could induce synergistic effects on dough behavior or product quality. Thus, enzymatic treatments improve the 

rheological behavior of doughs and the quality of the final product [22, 23]. Various types of enzymes can be used as 

alternatives to chemical improving agents, such as some hydrocolloids and emulsifiers. Many enzymes occur naturally in 

flour, but several enzymes are added, specifically for their beneficial effects on the dough and bread characteristics. Outcomes 

include increased dough handling and hydration, improved volume and/or crumb texture, reduced rate of staling, or improved 

nutritional qualities. Commonly used exogenous enzymes include xylanase, phytase, and amylases [24]. Enzymes most 

frequently used in breadmaking are the α-amylases from different origins (cereal and microbial), although they have different 

properties [25, 26]. Modification of initial structures of wheat non-starch polysaccharides through enzyme addition usually 

brings positive effects on dough and bread characteristics [27]. Cellulases and hemicellulases are used to improve the quality 

of bread, that leads to an increase in the bread volume and better crumb porosity in whole wheat bread [28, 29]. Maltogenic 

amylases have the best affinity toward cyclodextrins (CD), compared to starch and pullulan. Moreover, they hydrolyze CD 

and starch mainly to maltose and produce panose from pullulan [30]. The bakery industry seems to be one of the most 

promising industrial applications of amylases owing to its ability to reduce the degree of retrogradation phenomenon 

responsible for bread stalling based on their limited and specific hydrolytic action on flour starch [31, 32]. 

The maltogenic and fungal α-amylase turned out to be an ideal antistaling enzyme in bread, causing to clear anti-firming 

effects and maintain the elastic recovery levels, which can be ascribed partly to its intermediate thermal stability [33]. 

Biodegradation of cellulose with the formation of soluble sugars is catalyzed by a specific multi-enzyme cellulase system 

composed of endo-1,4-β-glucanase (EC 3.2.1.4), exo.1,4-β-glucanase (EC 3.2.1.91), exo.1,4-β-glucosidase (EC 3.2.1.74), and 

cellobiase (EC 3.2.1.21) [34, 35]. 

The main component of the cellulases is endo.1,4-β-glucanase which plays a critical role in the action of the multi-enzyme 

system. This enzyme is the first to attack cellulose, hydrolyzing internal β-1,4-glycosidic bonds at sites remote from the ends 

of the polymer chain to form cello-oligosaccharides such as mono-, di-, and tri-saccharides [36], While the endoglucanases 

randomly attack the internal chain of cellulose to produce cello- oligosaccharides [37]. However, cellulase did not 

significantly alter the farinographic or extensographic properties of whole wheat dough or the specific volume or final 

moisture content of whole wheat bread [38, 39]. 

β-glucanase can act both as exo- as well as endo-hydrolase., endo-β-glucanase randomly slices β-glucan chain internally 

while exo-β-glucanase acts on the non-reducing ends where they release glucose residues. Based on the type of glycosidic 

linkage cleaved, they are further classified as 1,3-β-glucanases, 1,4-β-glucanases, and 1,6-β-glucanases [40]. The known 

specificity and mechanism of the enzyme activity within the immense substrate range would allow us to realize that the β-glucanases 

are diverse from cellulases. Based on their action patterns, they are divided into two types: exo and endo-hydrolases. Exo-hydrolase 

catalyzes the hydrolysis of the non-reducing ends of the β-glucan chain and sequentially releases glucose residues as the sole 

hydrolysis product. Endo-hydrolase cleaves β-glycosidic linkages at random sites laterally in the polysaccharide chains and 

releases smaller oligosaccharides [40, 41]. Others [42, 43, 44] reported that the presence of carbohydrases (cellulase, xylanase, 

and β-glucanase) during breadmaking led to an improvement of the specific bread volume and better crumb texture. In 

addition, carbohydrases induced a retardation of the bread staling by reducing the initial crumb firmness and the kinetics of 

the firming process during storage. 

Overall, the rheological properties of doughs are considered one of the most important indicators of the quality of the final 

product [45]. The primary objectives of rheological measurements are to get a quantitative description of the material’s 

mechanical properties, to gain information related to the molecular structure and composition of the material, to guess the 

material’s performance during processing, and for quality control [46]. Therefore, many rheological tests are used to predict 

end-product quality, such as mixing behavior, sheeting, and baking performance [47]. Therefore, the current study aims to 

improve the rheological properties of medium-strength flour (MSF) by enzymatic treatments to simulate the rheological 

properties of strong flour (SF) by using different concentration levels of β-glucanase and maltogenic α-amylase to obtain the 

suitable levels that cause to improve the extensograph parameters of MSF compared to SF and the extent of the effect of these 

enzymatic treatments on the physical and sensory properties of the pan bread. 
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2. Materials and methods 

2.1. Materials 

Medium-strength flour (Semi-hard commercial Russian wheat flour, 72 % ext.) was obtained from Amoun for Milling 

Company, Giza, Egypt. Strong strength flour (Commercial Australian wheat flour, 72 % ext.) was obtained from Five Stars 

Milling Company, Suez, Egypt.  

Both purified fungal (Aspergillus oryzae) α-amylase, glucose oxidase and phospholipase were purchased from Novozymes 

Company, Denmark. Purified fungal (Aspergillus niger) β-glucanase was obtained from Escaut Valley BVBA Company, 

Belgium. Bacillus stearothermophilus maltogenic α-amylase was obtained from AB Enzymes Company, Germany. Ascorbic 

acid (purity > 99 %). All chemicals used in this study were analytical grade. 

2.2. Methods 

2.2.1.  Physicochemical properties 

Wheat flour (72% ext.) was chemically analyzed for moisture and ash according to standard methods AACC [48]. Crude 

fiber, total lipids and crude protein (Nx5.7) contents were carried out according to the methods described in AOAC [49]. Total 

carbohydrates were calculated by differences. Falling number, starch damage using Chopin SD Matic instrument, wet and dry 

gluten were determined according to AACC [48]. 

2.2.2.  Enzymatic activity measurements 

2.2.2.1. Alpha-amylase activity  

Wheat flour sample was prepared by adding 0.5 g of the flour sample to 100 ml of buffer solution (phosphate buffer, pH 

6.9) then, incubated at 25 ○C in a water bath and allowed the enzyme to extract over 10 min with occasional mixing. Extracted 

amylase and fungal α-amylase activities were determined according to the method of Liu et al. [50] using soluble starch as 

substrate. The mixture was contained of 1 mL from prepared sample or enzyme solution (1mg/mL), and 2 mL of soluble 

starch (1% starch in 100 mM Tris buffer) then incubated at 25 ○C for 3 min. The reducing sugar generated by the hydrolytic 

activity of the enzyme was determined by 3,5-dinitrosalicylic acid (DNS) method [51]. One unit (U) of α-amylase activity was 

defined as the amount of enzyme capable of producing 1μ mol of maltose per minute and monitoring the absorbance at 540 

nm. Optical density at 25 ○C and pH 6.9 for 3 min. A standard curve of maltose was used to calculate the amount of maltose 

and α-amylase activity was expressed as μ mole of maltose liberated in min at pH 6.9  and 25 ○C. 

2.2.2.2. Maltogenic α-amylase assay 

Maltogenic amylase activity was assayed at 55°C in 50 mM sodium citrate pH 6.0, using of 1% soluble starch (Showa 

Chemicals Inc.) as substrate [52]. The reducing sugar generated by the hydrolytic activity of the enzyme was determined by 

the 3,5-dinitrosalicylic acid method [51]. One unit of enzyme activity was defined as the amount of enzyme giving an increase 

in absorbance at 575 nm of 1μ mol of maltose equivalent per min when the reaction was carried at 55°C and pH 6.0 for 30 

min. A standard curve of maltose was used to calculate the amount of maltose and maltogenic α-amylase activity was 

expressed as μ mole of maltose liberated in min at pH 6.0  and 55 ○C. 

2.2.2.3. Phospholipase assay 

Phospholipase activity was assayed according to Kurioka and Liu [53] by using lecithin sol (U-sol) as substrate where the 

Inorganic phosphate generated by the hydrolytic activity of the enzyme was measured spectrophotometrically at 500 nm. 

Optical density by the method of Horecker et al. [54]. One unit of enzyme activity was defined as the amount of enzyme 

which releases 1 µmol of pi (inorganic phosphorus) per min at 37 °C and pH 7.2 for 30 min. A standard curve of phosphate 

was developed to calculate the amount of inorganic phosphorus. 

2.2.2.4. Glucose Oxidase assay 

Glucose oxidase activity was determined by oxidizing 3,5,3’,5’-Tetramethyl benzidine (TMM) through a peroxidase-

coupled system [55]. One unit of enzyme activity (U) was defined as the amount of glucose oxidase which will oxidize 1.0 μ 

mole of β-D-glucose to D-gluconic acid and H2O2 per min at 25 ○C and pH 6.0 [56]. A standard curve of glucose was used to 

calculate the amount of glucose and Glucose Oxidase activity was expressed as μ mole of glucose oxidized in min at pH 6.0  

and 25 ○C. 

2.2.2.5. β-glucanase assay 

β-glucanase activity was assayed by the reaction system containing 250 μl of a laminarin solution (1%) dissolved in 50 

mM sodium acetate buffer (pH 5.0) and 0 -125 μl of enzyme solution. Reaction was allowed to proceed for 30 min at 37 ○C 

and stopped., The reducing sugar formed was then determined spectrophotometrically at 550 nm by the DNS method [51] One 

unit of enzyme (U) was defined as the amount of enzyme produced one micromole of reducing sugar per min at 37 ○C and pH 

5.0 for 30 min [57]. A standard curve of β-1.3-D-glucan with alcian blue dye was used to calculate the enzyme activity. 
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2.2.3. Pasting properties 

Pasting properties of wheat flour for control and prepared samples were estimated [48], by using a Rapid Visco Analyzer, 

RVA 4500 (Perten instruments a PerkinElmer com., Australia) Standard profile. The studied properties were Test Peak 

viscosity, Trough viscosity, Breakdown, Final viscosity, Setback and Pasting Temp of all investigated samples were recorded. 

2.2.4. Rheological properties 

Rheological properties of wheat flour dough prepared from the various treatments were evaluated by using Brabender 

farinograph and extensograph (Brabender GmbH, Duisburg, Germany) [58]. 

2.2.5. Preparation of pan bread  

Pan bread was prepared by the method of Cauvain et al. [59] with some modifications, according to the straight-dough 

procedure for making pan bread with open top. The recipe used to prepare control pan bread treated flour was 1 Kg (72% 

ext.). Farinograph water absorption plus 20-40 g that depends on optimum consistency, 20 g dry yeast, 10 g sugar and 10 g 

salt [48]. 

2.2.6. Specific volume  

According to AACC [48], loaf weight (g) was recorded after cooling at 25±2 ºC for 2 h while, the loaf volume (cm3) was 

measured with measurement apparatus (SIMSEK LABORTEKNIK LTD. STI., Turkey) by rapeseed displacement method. 

On the other hand, the specific volume (cm3/g) of pan bread was calculated. Specific volume (cm3/g) was calculated with 

formula:  

Specific volume = Loaf volume (cm3) / Loaf weight (g) 

2.2.7. Texture profile analysis   

Texture profile analysis (TPA) of pan bread was carried out by using TA-XT2i Texture Analyzer (Mult-test 1d, Mecmesin, 

Food Technology Corporation, Slinfold, W. Sussex, UK) according to Bourne [60]. 

2.2.8. Sensory evaluation   

The quality attributes of prepared pan bread are evaluated after cooling for 2 h from baking at room temperature 25 ± 2 °C 

(zero time) then, every 24 h till 72 h. Sensory evaluation was carried out by ten experienced panelists from the staff of Amoun 

for Milling Co. Crust color, symmetry, crumb color, pore size, uniformity of pore size, taste and overall acceptability were 

evaluated according to the 1–9 hedonic scale. The scale had verbally anchored with nine categories as follows: like extremely, 

like very much, like moderately, like slightly, neither like or dislike, dislike slightly, dislike moderately, dislike very much 

and dislike extremely [61]. The quality attributes of treated pan bread were evaluated in comparison with the control samples. 

Organoleptic characteristics of pan bread were evaluated for Crumb softness, Crumb folding and Mouth feeling as staling 

characteristics. According to Matveeva et al. [62] staling parameters defined as follow: 

Crumb softness: Judgment of the overall crumb softness, while touching the bread slice by hand. 

Crumb folding: Judgment of the fold ability, while folding+ the bread slice by hand. 

Mouth feeling: Judgment of the overall eating quality. 

2.2.9. Statistical analysis  

Predicting individual extensograph parameters (Y) was assumed by quadratic (Eq. 1) or cubic (Eq. 2) polynomial 

regression model for the independent variables (maltogenic α-amylase concentrations or β-glucanase concentrations (X)) to 

optimize the extensograph parameters (Y) used regression analysis. The model proposed for response of (Y) as follows: 

𝒀 =  𝒚˳ + 𝒂𝒙 + 𝒃𝒙𝟐                                                                                                                                                                                   [𝐄𝐪. 𝟏] 

𝒀 =  𝒚˳ + 𝒂𝒙 + 𝒃𝒙𝟐 + 𝒄𝒙𝟑                                                                                                                                                                       [𝐄𝐪. 𝟐] 

Where, (y˳), (a), (b) and (c) are intercept, linear, quadratic and cubic regression coefficient terms, respectively and (X) is 

independent variable. The data were statistically analyzed using the Statistical Analysis System software [63] by one-way 

analysis of variance (ANOVA). Differences among mean values were compared using Duncan’s Multiple range test at a 

significance level of 95% (P≤0.05). Results followed by different alphabetical letters significantly differed. Three-dimension 

contour plot was used as a method to study the response surface of different extensograph parameters (Y) as dependent 

variables with maltogenic α-amylase concentration and β-glucanase concentration (X and Z) as independent variables. The 

response surface methods were applied using Sigma Plot Program [64] to locate the optimum maltogenic α-amylase and β-glucanase 

concentrations to obtain the optimum extensograph parameters that can produce high quality pan bread. The model proposed 

for Three-dimension response surface of Y as follows: 

𝒀 =  𝒚˳ + 𝒂𝒙 + 𝒃𝒛 + 𝒄𝒙𝟐 + 𝒅𝒛𝟐 + 𝒆𝒙𝟑 + 𝒈𝒛𝟑 + 𝒉𝒙𝟒 + 𝒊𝒛𝟒 + 𝒋𝒙𝟐𝒛𝟐 + 𝒌𝒙𝟑𝒛𝟑 + 𝒍𝒙𝟒𝒛𝟒                                                        [𝐄𝐪. 𝟑]  
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3. Results and discussion 

3.1. Physicochemical properties of wheat flour  

The proximate chemical composition of used wheat flour (72% ext.) including Medium-strength flour and strong wheat 

flour was estimated and the obtained results are presented in Table 1. The results showed that there were no significant 

differences for moisture content between Medium-strength flour and strong wheat flour (P≤0.05). Whereas, the strong wheat 

flour showed the highest values of ash, protein, crude fiber (0.54, 13.90 and 0.49% respectively) with significant differences 

compared with Medium-strength flour. The highest values of total carbohydrates content (74.10%) recorded by Medium-strength 

flour. These results are similar with Šramková et al. [65], they studied the chemical gross of wheat flour and reported that the 

protein content of wheat flour may vary between 10% - 18% of the total dry matter. While Beshir et al. [66] stated that wheat 

flour contained 14.20% moisture, 0.47% ash, 10.40% protein, 0.45% crude fiber, 1.00% ether extract and 87.68% total 

carbohydrates. Others [67] found that wheat flour contained 10.90% protein, 1.22% fat, 0.45% crude fiber and 86.40% total 

carbohydrates.  

The quality of wheat flour including gluten content, falling number and damaged starch has an important impact parameter 

on the end products [68]. Where during wheat milling a portion of the starch granules sustains mechanical damage, the level 

of which depends on the wheat hardness and milling technique [69], consequently the parameters were estimated, and the 

obtained results are shown in Table 1. The lower values of wet and dry gluten (26.1 and 12.7% respectively) were observed 

by medium-strength flour with statistical differences (P≤0.05), whereas the strong wheat flour recorded the lowest value of 

gluten index with no significant difference, where the gluten quality and quantity affect the functional properties of flour and 

the quality of bakery products [70, 71]. On the other hand, wheat flour with gluten index in the range of 75-95% caused the 

optimal bread making quality [72]. The medium-strength flour recorded the highest value of falling number (461.0 sec.) 

compared to 343.0 sec. for the strong wheat flour with significant differences. Struyf et al. [73] mentioned that the falling 

number (FN) is an important quality characteristic of cereal products. For instance, the flours with a high FN (>350 sec.) 

which have a reduced capability to form fermentable sugars [74], meanwhile, the flours with a low FN (<250 s) caused to 

produce dough that is difficult to handle and bread with a sticky crumb [75]. Thus, FN should be adjusted to 250-300 sec to 

avoid the lower quality [76]. In contrast, the highest value of damaged starch (5.6%) was significantly recorded by the strong 

wheat flour where, hard and soft wheat fracture were varied during the milling process which caused to difference in damaged 

starch levels and particle size [77]. However, the difference in damaged starch ratios had occurred during milling caused some 

starch granules are mechanically damaged, the level of damage may vary with the severity of grinding and the hardness of the 

kernel [78, 79]. Our results agreed with other findings [1, 80, 81]. 

Table 1: Physicochemical properties of wheat flour (on dwb) 

 Means in the same row with different letters are significantly different (P≤0.05). 

 Data means ± SD; n = 3. 

* 14% moisture base. 

3.2. Activities of investigated enzymes 

The activities of enzymes were 2239, 1714, 1541, 7452, 24249 and 7753, Unit/g/min for MSF, Fungal α-amylase, BG, 

GOX, Phospholipase and MAA, respectively according to the mentioned methods for determined the enzymes activities. 

3.3. Effect of maltogenic α-amylase activity on the extensograph parameters  

The effect of maltogenic α-amylase (MAA) activity on the extensograph parameters for medium-strength flour (MSF) that 

contained fixed levels of fungal α-amylase, glucose oxidase, phospholipase and ascorbic acid compared with strong flour (SF) 

are presented in Table 2. 

 

 

Physiochemical parameters Medium-strength flour Strong flour 

Moisture (%) 14.00 a ± 0.20 14.00 a ± 0.10 

Ash (%) 00.52 b ± 0.01 00.54 a ± 0.01 

Protein, N= 5.7 (%) 10.20 b ± 0.30 13.90 a ± 0.20 

Crude fiber (%) 00.42 b ± 0.02 00.49 a ± 0.02 

Total lipids (%) 01.18 a ± 0.03 01.03 b ± 0.07 

Total carbohydrates (%)  84.10 a ± 0.30 80.53 b ± 0.25 

Wet gluten* (%) 026.1 b ± 00.1 032.5 a ± 00.1 

Dry gluten* (%) 012.7 b ± 00.1 013.4 a ± 00.1 

Gluten index (%) 093.0 a ± 02.0 090.0 a ± 04.0 

Falling number* (sec.) 461.0 a ± 11.0 343.0 b ± 11.0 

Damaged starch (%) 005.4 b ± 00.1 005.6 a ± 00.1 
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 According to the statistical data, there were no significant differences (P≤0.05) between SF and MSF or other samples 

which contained different maltogenic α-amylase activity (0.16, 0.31, 0.47 and 0.62 U/g) in relation to dough energy. The 

lowest values of relative resistance (868 and 909 BU) were obtained by MSF and SF, respectively. However, MAA at 

activities 0.31 and 0.47 U/g significantly increased the relative resistance of MSF (1115 and 1009 BU, respectively), then 

decreased at high MAA activity (0.62 U/g) to record lower relative resistance (926 BU) with no significant differences 

compared to SF. Also, there were no significant differences between all flour samples in terms of extensibility except the 

sample contained (MAA activity 0.31 U/g) which recorded the lowest value of extensibility (94 mm). On the other hand, there 

were no significant differences between all treated samples which recorded the maximum resistance values except for the 

sample treated with (MAA at activity 0.47 U/g) which recorded the highest values of the maximum resistance (1181 BU) and 

MSF which recorded the lowest maximum resistance value (967 BU).  

The highest values of ratio number were (10.8 and 10.9) obtained by MSF treated with 0.31 and 0.47 U/g MAA, 

respectively with no significant differences between them and with significant differences in comparison with other samples. 

While the highest values of max. ratio number were (11.6, 115 and 10.5) by adding 0.31, 0.47 and 0.62 U/g of MAA 

respectively with no significant differences between them, where the MSF recorded the lowest value of max ratio number 

(9.4) followed by treatment contained 0.16 U/g (9.7) and 9.8 for strong wheat flour with no significant differences between 

them. These results are in a harmony with Gerrard et al. [82], they stated that, maltogenic amylase exhibits minimal influence 

on the rheological properties of dough, primarily due to its limited activity at temperatures below 35 °C. Its optimal enzymatic 

activity is observed at the temperature associated with starch gelatinization, where it effectively hydrolyzes the glycosidic 

bonds present in gelatinized starch during the baking process.   

Results of quadratic and cubic polynomial trends are illustrated in Figure 1. The models were tested for adequacy by 

analysis of variance. Where, the maltogenic α-amylase concentration was the independent for variables ranged between 0 to 

80 ppm (0.62 U/g). Maltogenic α-amylase ratios had a significant (P ≤ 0.05) effect on the extensograph parameters. However, 

the obtained equation 4 (r2 = 0.2256) presented quadratic trend, and it was predicted that no effect of maltogenic α-amylase on 

the Energy behavior. 

𝒀 =  𝟏𝟐𝟑. 𝟎𝟐𝟖𝟔 + 𝟎. 𝟔𝟑𝟐𝟏 𝒙 − 𝟎. 𝟎𝟎𝟕𝟎 𝒙𝟐                                                                                                                                              (𝟒) 

Meanwhile, the resistance increased from 868 to 1115 BU with increasing the ratio of maltogenic α-amylase from 0.0 to 

80 ppm (0.62 U/g). Equation 5 (r2 = 0.8881) presented cubic trend, which was used to predict the resistance behavior. Where 

the resistance dramatically increased from 868 BU at 0.0 ppm of maltogenic α-amylase to the maximum level which was 

recorded 1090.3 BU at 55.3 ppm (0.428 U/g) of maltogenic α-amylase, then declined to the minimum value recorded 489 BU 

with 100 ppm (0.78 U/g) of maltogenic α-amylase. 

𝒀 =  𝟖𝟕𝟓. 𝟒𝟐𝟖𝟔 + 𝟎. 𝟗𝟏𝟓𝟓 𝒙 + 𝟎. 𝟏𝟕𝟗𝟑 𝒙𝟐 − 𝟎. 𝟎𝟎𝟐𝟑 𝒙𝟑                                                                                                                    (𝟓)  

Equation 6 (r2 = 0.1558) presented quadratic trend, and it was predicted that no effect of maltogenic α-amylase on the 

Extensibility behavior. 

𝒀 =  𝟏𝟎𝟓. 𝟐𝟖𝟓𝟕 − 𝟎. 𝟏𝟖𝟑𝟔 𝒙 + 𝟎. 𝟎𝟎𝟏𝟔 𝒙𝟐                                                                                                                                               (𝟔)  

 

Equation 7 (r2 = 0.8786) presented cubic trend, and it was predicted the Maximum resistance behaviour. Maximum 

resistance was increased from 967 BU with 0.0 ppm maltogenic α-amylase to the maximum level which was 1157.9 BU with 

55.8 ppm (0.433 U/g) maltogenic α-amylase and lowering to the minimum value 772.4 BU with 100 ppm (0.78 U/g) 

maltogenic α-amylase. 

Table 2: Effect of maltogenic α-amylase on the extensograph parameters 

Level of 

addition 

(U/g) 

Extensograph parameters 

Energy 

(cm2) 

Relative 

resistance 

(BU) 

Extensibility 

(mm) 

Max. 

resistance 

(BU) 

Ratio no. 

Ratio no. 

(max) 

 

SF 123a ± 10 909d   ± 37 103ab ± 11 1014bc ± 42 8.8b   ± 0.8 9.8b    ± 0.5 

MSF 121a ± 07 868d   ± 11 103ab ± 05 967c    ± 04 8.4b   ± 0.6 9.4b    ± 0.4 

0.16 142a ± 07 977bc ± 43 109a   ± 10 1066bc ± 15 8.9b   ± 0.2 9.7b    ± 0.6 

0.31 122a ± 18 1009a ± 19 94b    ± 07 1088ab ± 40 10.8a ± 0.6 11.6a ± 0.6 

0.47 147a ± 12 1115a ± 21 102ab ± 05 1181a   ± 14 10.9a ± 0.4 11.5a ± 0.4 

0.62 126a ± 23 926bcd ± 26 101ab ± 15 1040bc ± 23 9.3b   ± 1.0 10.5ab ± 1.0 

 Means in the same column with different letters are significantly different (P≤0.05). 

 Data means ± SD; n = 3. 

SF= strong flour, MSF= medium strength flour with fixed mix. 
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𝒀 =  𝟗𝟕𝟑. 𝟒𝟕𝟏𝟒 + 𝟏. 𝟓𝟐𝟐𝟎 𝒙 + 𝟎. 𝟏𝟐𝟑𝟐 𝒙𝟐 − 𝟎. 𝟎𝟎𝟏𝟔 𝒙𝟑                                                                                                                    (𝟕)  

Equation 8 (r2 = 0.9697) presented cubic trend, and it was used to predict the Ratio number behaviour. Where, the Ratio 

number rose from 8.4 at 0.0 ppm maltogenic α-amylase to the maximum level which was recorded 11.12 with 56.7 ppm 

(0.439 U/g) maltogenic α-amylase and then lowering to the minimum value 3.46 with 100 ppm (0.78 U/g) maltogenic α-amylase. 

𝒀 =  𝟖. 𝟑𝟓𝟐𝟗 − 𝟎. 𝟎𝟎𝟔𝟒 𝒙 + 𝟎. 𝟎𝟎𝟐𝟖 𝒙𝟐 − 𝟑. 𝟐𝟐𝟗𝟐𝒆−𝟓 𝒙𝟑                                                                                                                   (𝟖)  

Equation 9 (r2 = 0.9221) presented cubic trend, and it was considered as predicted the Ratio number (max) behaviour. 

Ratio number (max) was increased from 9.4 at 0.0 ppm maltogenic α-amylase to the maximum level was 11.8 with 58.1 ppm 

(0.45 U/g) maltogenic α-amylase and was decreased to the minimum value 5.94 with 100 ppm (0.78 U/g) maltogenic α-amylase. 

𝒀 =  𝟗. 𝟑𝟑𝟐𝟗 − 𝟎. 𝟎𝟎𝟑𝟗 𝒙 + 𝟎. 𝟎𝟎𝟐𝟑 𝒙𝟐 − 𝟐. 𝟔𝟎𝟒𝟐𝒆−𝟓 𝒙𝟑                                                                                                                   (𝟗)  

For instance, the obtained predicted equations showed that the adequate dough behaviour contained different levels of 

maltogenic α-amylase was suitable for dough to obtain the ideal extensograph parameters from Medium-strength flour to 

prepare pan bread in the presence of ascorbic acid, fungal glucose oxidase, fungal α-amylase and fungal phospholipase to 

obtain the optimum conditions for preparing the pan bread from Medium-strength flour. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Polynomial quadratic and cubic trends of maltogenic α-amylase levels (ppm) versus the extensograph parameters. 

3.4. Effect of β-glucanase activity on the extensograph parameters 

The effect of β-glucanase (BG) activity on the extensograph parameters of medium-strength flour with fixed levels of 

fungal α-amylase, glucose oxidase, phospholipase and ascorbic acid (MSF) compared to strong flour (SF) are shown in Table 3. 

The obtained results indicated that the lowest BG activity (0.015 U/g) caused a positive impact on MSF energy by 

increasing the rates of BG from 121 cm2 for MSF to 144 cm2 with significant differences between them and other samples 
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except for the sample containing 30 ppm of BG (0.046 U/g activity). Relative resistance also showed the highest value which 

was (1036 BU) for the sample contained (0.015 U/g) with significant differences on comparing with other tested samples. 

However, there were no significant differences between all investigated samples regards the extensibility parameter. Results 

also showed that there were no significant differences between all tested samples in terms of maximum resistance except the 

sample contained (0.015 U/g) which recorded the highest value (1158 BU). while the highest values of ratio number (9.6 and 

8.8) were observed by MSF containing (0.015 U/g) and strong wheat flour respectively with no significant differences 

between them, in contrast to the lowest Ratio number values (7.1, 7.6 and 7.7) were recorded in the presence of 0.062, 0.046 

and 0.031 U/g respectively. Also, the same trend was observed in the case of maximum ratio number. 

Figure 2 illustrates the quadratic and cubic polynomial trends. The models were obtained for adequacy by analysis of 

variance. The ratios of β-glucanase were in the range between 0 to 40 ppm (0.062 U/g). The different ratios of β-glucanase 

had a significant (P ≤ 0.05) effect on the extensograph parameters. Equation 10 (r2 = 0.3934) indicated that cubic trend, and it 

was predicted with no effect of β-glucanase on the Energy behaviour. 

𝒀 =  𝟏𝟐𝟐. 𝟕𝟐𝟖𝟔 + 𝟐. 𝟕𝟎𝟔𝟎 𝒙 − 𝟎. 𝟏𝟒𝟕𝟗 𝒙𝟐 + 𝟎. 𝟎𝟎𝟐𝟏 𝒙𝟑                                                                                                                 (𝟏𝟎)  

Equation 11 (r2 = 0.5533) presented cubic trend and used to predict the resistance behaviour. Resistance was increased 

from 868 BU with 0.0 ppm β-glucanase to the maximum level which was 978 BU with 10.12 ppm (0.016 U/g) β-glucanase 

and then decreased to the minimum value which was 794 BU with 34.56 ppm (0.053 U/g) β-glucanase and then increased again. 

𝒀 =  𝟖𝟖𝟐. 𝟒𝟓𝟕𝟏 + 𝟐𝟐. 𝟕𝟒𝟓𝟐 𝒙 − 𝟏. 𝟓𝟓𝟓𝟕 𝒙𝟐 + 𝟎. 𝟎𝟐𝟑𝟖 𝒙𝟑                                                                                                               (𝟏𝟏)  

Equation 12 (r2 = 0.8666) showed quadratic trend and used to predict the Extensibility behaviour. Extensibility increased 

from 103 to 116.6 mm with increasing the level of β-glucanase from 0.0 to 50 ppm (0.077 U/g). 

𝒀 =  𝟏𝟎𝟑. 𝟑𝟏𝟒𝟑 + 𝟎. 𝟑𝟑𝟕𝟏 𝒙 + 𝟎. 𝟎𝟎𝟏𝟒 𝒙𝟐                                                                                                                                            (𝟏𝟐)  

Equation 13 (r2 = 0.7312) presented cubic trend, and it was used to predict the Maximum resistance behaviour. Maximum 

resistance increased from 967 BU with 0.0 ppm β-glucanase to the maximum level was 1115 BU in the presence of 10.13 

ppm (0.016 U/g) β-glucanase and then declined to the minimum value 917 BU with 34.33 ppm (0.053 U/g) β-glucanase and 

then increase again. 

𝒀 =  𝟗𝟕𝟕. 𝟓𝟖𝟓𝟕 + 𝟑𝟎. 𝟓𝟑𝟒𝟓 𝒙 − 𝟏. 𝟗𝟕𝟑𝟔 𝒙𝟐 + 𝟎. 𝟎𝟑𝟎𝟏 𝒙𝟑                                                                                                               (𝟏𝟑)  

Equation 14 (r2 = 0.8079) presented cubic trend and used to predict the Ratio number behaviour. Ratio number dramatically 

increased from 8.4 at 0.0 ppm β-glucanase to the highest level which was 9.23 with 8.1 ppm (0.012 U/g) β-glucanase and 

decreased to the minimum value 6.97 with 35.25 ppm (0.054 U/g) β-glucanase. 

𝒀 =  𝟖. 𝟓𝟎𝟏𝟒 + 𝟎. 𝟏𝟗𝟑𝟐 𝒙 − 𝟎. 𝟎𝟏𝟒𝟔 𝒙𝟐 + 𝟎. 𝟎𝟎𝟎𝟐 𝒙𝟑                                                                                                                       (𝟏𝟒)  

 

 

Equation 15 (r2 = 0.8122) presented quadratic trend and used to predict the Ratio number (max) behaviour. Ratio number (max) 

decreased with increasing the adding ratios of β-glucanase. The lowest Ratio number (max) was 7.1 with 50 ppm (0.08 U/g) 

of β-glucanase. while the highest Ratio number was 9.82 with 4.18 ppm (0.006 U/g) of β-glucanase. 

𝒀 =  𝟗. 𝟓𝟕𝟏𝟒 − 𝟎. 𝟎𝟎𝟕𝟑 𝒙 − 𝟎. 𝟎𝟎𝟎𝟔 𝒙𝟐                                                                                                                                                 (𝟏𝟓)  

Table 3: Effect of β-glucanase on the extensograph parameters 

Level of 

addition 

(U/g) 

Extensograph parameters 

Energy 

(cm2) 

Relative 

resistance 

(BU) 

Extensibility 

(mm) 

Max. 

resistance 

(BU) 

Ratio no. 

Ratio no. 

(max) 

 

SF 123  b ± 09 909 bc ± 37 103  c ± 11 1014 bc ± 42 8.8 ab ± 0.8 9.8 bc ± 0.5 

MSF 121 b ± 07 868 cd ± 11 103  c ± 05 967    c ± 04 8.4 bc ± 0.6 9.4 c ± 0.4 

0.015 144  a ± 06 1036 a ± 23 108 bc ± 10 1158  a ± 10 9.6  a ± 0.8 10.7 a ± 0.6 

0.031 124  b ± 11 819  d ± 47 107 bc ± 04 976    c ± 13 7.7 cd ± 0.5 9.1  cd ± 0.3 

0.046 134 ab ± 06 866 cd ± 30 114  b ± 06 972    c ± 48 7.6 cd ± 0.9 8.5   d ± 0.8 

0.062 126  b ± 11 814  d ± 14 114  b ± 10 956    c ± 07 7.1  d ± 0.6 8.4   d ± 0.7 

 Means in the same column with different letters are significantly different (P≤0.05). 

 Data means ± SD; n = 3. 

SF= strong flour, MSF= medium strength flour with fixed mix. 
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For instance, the obtained predicted models for the adequate dough behaviour with different levels of β-glucanase to prepare 

suitable dough with ideal extensograph parameters from Medium-strength flour to prepare pan bread with addition of ascorbic acid, 

fungal glucose oxidase, fungal α-amylase and fungal phospholipase in a trial to obtain the optimum conditions to prepare pan bread 

from Medium-strength flour. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Polynomial quadratic and cubic trends of β-glucanase levels (ppm) versus the extensograph parameters. 

3.5. Effect of interaction between maltogenic α-amylase and β-glucanase on extensograph parameters 

The three-dimension response surface study was necessary to optimize the combined ratios of maltogenic α-amylase and 

β-glucanase. The plot in Figure 3 shows the response surface of extensograph parameters as observed in the presence of 

maltogenic α-amylase and β-glucanase at different levels for MSF. The equations obtained relation between MSF contained 

mixing of maltogenic α-amylase and β-glucanase. 

The best energy value for mixing maltogenic α-amylase and β-glucanase at different levels was 120.6 cm2. The quaternary 

model (Eq. 16) showed the best between maltogenic α-amylase and β-glucanase levels to obtain the high-quality dough with 

(r2=0.6955) as follows: 

Y=130.3133+0.2974X+0.5540Z-0.0071X2-0.0081Z2-0.0009X3-6.6448E-5Z3+2.5370E-5X4+8.4346E-Z4-4.7265E-

5X2Z2+3.8096E-8X3Z3-7.5121E-12X4Z4                                                                                                                      [Eq. 16] 

The predicted model (Eq. 17) had a high determination coefficient (r2=0.8925). From output data where, the 

best predicted resistance for that equation was 946.6 BU. 
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Y=902.2945+11.6375X+9.1768Z-0.4383X2-0.1170Z2+0.0015X3-0.0008Z3-0.0002X4+1.1535E-5Z4-0.0001X2Z2+ 

3.7210E-8X3Z3-3.1024E-12X4Z4                                                                                                                                    [Eq. 17] 

According to the response surface, the optimum extensibility was 103.1 mm predicted from the model (Eq. 18) with high 

determination coefficient (r2=0.9177) as follows: 

Y=106.3198-0.2845X-0.1684Z+0.0059X2+0.0011Z2-0.0008X3+3.2401E-6Z3+4.3603E-5X4-6.6691E-8Z4-1.5826E-

5X2Z2+1.7856E-8X3Z3-4.0455E-12X4Z4                                                                                                                      [Eq. 18] 

The response surface showed a high determination coefficient (r2=0.8020) between the maltogenic α-amylase and β-glucanase 

combination at maximum resistance. The same observation was noticed in the response surface for resistance data. Predicted 

model (Eq. 19) fits the relationship of maltogenic α-amylase and β-glucanase levels versus maximum resistance. The optimum 

maximum resistance was 999.6 BU. 

Y=1009.3270+13.2421X+7.4579Z-0.4703X2-0.0951Z2-0.0017X3-0.0007Z3-4.1104E-5X4+9.2452E-6Z4-0.0002X2Z2+ 

1.5048E-7X3Z3-2.5891E-11X4Z4                                                                                                                                                                                                          [Eq. 19] 

The ratio number obtained from the output data from the predictive model (Eq. 20) with high determination coefficient 

(r2=0.8975). According to that output data it could be concluded that the optimum ratio number for pan bread preparation with 

mixing of maltogenic α-amylase and β-glucanase was 9.3. 

Y=8.3371+0.2151X+0.1239Z-0.0092X2-0.0015Z2+ 8.7240E-6X3-9.1211E-6Z3-3.0040E-7X4+1.3137E-7Z4-4.7623E-7X2Z2-

3.8808E-10X3Z3+1.4763E-13X4Z4                                                                                                                                                                                                     [Eq. 20] 

At the same time the ratio number (Max) gave similar trend from three-dimension response surface plot of ratio number. 

The ratio number (Max) was 9.8. Equation 21 was used to plot the maximum ratio number data depending on the variables of 

maltogenic α-amylase and β-glucanase levels with high determination coefficient (r2=0.9261) as follows: 

Y=9.3755+0.2186X+0.1070Z-0.0090X2-0.0012Z2-7.8572E-6X3-7.8478E-6Z3-2.2747E-8X4+1.0936E-7Z4-1.4745E-6X2Z2+ 

4.2953E-10X3Z3-1.3221E-14X4Z4                                                                                                                                     [Eq. 21] 

Figure 3 helped to predict the optimum maltogenic α-amylase and β-glucanase levels with extensograph parameter values. 

The determined optimum maltogenic α-amylase and β-glucanase levels were (37.5 ppm [0.29 U/g] and 26.5 ppm [0.04 U/g], 

respectively). These levels can be used to obtain the suitable MSF for making pan bread harmony with strong flour. 

3.6. Verification of predictive Extensograph parameters 

Table 4 showed that MSF contained a mixture of 37.5 ppm (0.29 U/g) of maltogenic α-amylase with 26.5 ppm (0.04 U/g) 

of β-glucanase owing to the predictive values obtained from the former equations. Where the extensograph parameters for the 

Medium-strength flour contained mixture of 37.5 ppm (0.29 U/g) maltogenic α-amylase and 26.5 ppm (0.04 U/g) β-glucanase 

were 116, 931, 102, 1016, 9.1 and 10 for Energy (cm2), Relative resistance (BU), Extensibility (mm), Max. resistance (BU), 

Ratio number and Ratio number (max), respectively. While the extensograph parameters for strong flour were 123, 909, 103, 

1014, 8.8 and 9.8 for energy (cm2), relative resistance (BU), extensibility (mm), max. resistance (BU), ratio number and ratio 

number (max), respectively. 

 

 

 

Table 4: Extensograph parameters for MSF contained optimal ratios of additives, fungal BG and MAA  

Optimum ratio for additives Extensograph parameters 

MAA 37.5 ppm (0.29 U/g) 

BG 26.3 ppm (0.04 U/g) 

Energy 

(cm2) 

Relative 

resistance 

(BU) 

Extensibility 

(mm) 

Max. 

resistance 

(BU) 

Ratio 

no. 

Ratio 

no. 

(max) 

 

Verified values 116 931 102 1016 9.1 10 

SF (Target) 123 909 103 1014 8.8 9.8 

BU = Brabender unit 
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Fig. 3. Three-dimension regression plot to predict the extensograph parameters against different fungal β-glucanase 

and maltogenic α-amylase levels. 

3.7. Pasting properties  

The pasting behaviour is influenced by specific starch attributes, including swelling capacity, the extent of gelatinization, 

and the reassociation of amylose and amylopectin during the cooling phase following starch cooking. The term setback 

viscosity is often used interchangeably with retrogradation, referring to the increase in paste viscosity that occurs as the starch 

paste cools. The heating of pre-gelatinized starch results in a reduction in viscosity, attributed to the thinning of the slurry 

[83]. Data recorded in Table 5, showing the pasting properties of medium-strength flour with fixed additives for (MSF) and 

other additives with 0.63 U/g maltogenic α-amylase (MAA), 0.034 U/g β-glucanase (BG) and mixture of them (0.29 U/g 

MAA + 0.04 U/g BG) were estimated. According to the obtained data, MAA showed a clear impact on most pasting 

parameters by decreasing peak viscosity (1448 cP), trough viscosity (556 cP) and final viscosity (1296 cP) while, setback 

viscosity (742 cP) with significant differences compared to MSF. The reason for decreasing viscosity by maltogenic α-amylase, and 

other α-amylase are primarily linked to the reduction of short outer amylopectin chains, which subsequently inhibits 

retrogradation by decreasing the recrystallization of amylopectin [84]. Furthermore, the amylolytic action on starch granules 

results in observable surface alterations [85]. 

However, the connection between these modifications and the property of starch remains inadequately explored [86]. 

Meanwhile, adding BG with (0.034 U/g) caused to increase the same parameter (1634, 812, 1672 and 863 cP, respectively) 

with significant differences compared to the control sample. Accordingly, the wheat flour contained a mixture of enzymes 

(0.29 U/g MAA + 0.04 U/g BG) and showed higher values (1630 and 887 cP) of peak viscosity and breakdown respectively. 

Data also indicated that there were no significant differences between all tested samples concerning pasting temperature. 

These results agreed with Ferry et al. [87] they reported that, at the same level of amylases addition the decrease in viscosity 

was. Also, Barrera et al. [88] studied the effect of maltogenic α-amylase on dough rheology, and they mentioned that 

maltogenic α-amylase led to decrease peak viscosity, breakdown, setback and pasting temperature. Moreover, amylases 

decrease the dough viscosity and improve the quality of the technological process which caused an improvement of the quality 

of the bread by reducing the aging process and increasing volume. Others [89, 90, 91] found that maltogenic α-amylase had a 

positive impact on bread freshness by decreasing peak viscosity and increasing breakdown viscosity compared to untreated flour. 
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3.8. Specific volume of Pan Bread  

The effect of enzymes activity on specific volume of pan bread was estimated compared to MSF bread (produced from 

MSF contained fungal α-amylase, phospholipase, glucose oxidase and ascorbic acid). The obtained results in Table 6 

illustrated in Fig. 4, indicated positive effect of enzymatic treatments on specific volume with significant differences 

compared to the control bread. Results indicated that MSF contained the mixing of MAA and BG had the highest specific 

volume (5.7 cm3/g) followed by MSF contained MAA, BG and control, 5.40 cm3/g, 4.90 cm3/g and 4.60 cm3/g, respectively. 

Generally, the ability of MAA and BG activity to increase the specific volume of bread and enhance its water retention can be 

attributed to their distinct effects on the structure and properties of dough. Where, MAA hydrolyses starch, breaking down 

these large molecules into smaller dextrins and oligosaccharides. This partial hydrolysis softens the dough by reducing starch 

rigidity, which allows for better gas retention during proofing and baking. Consequently, this enhances the dough’s expansion, 

leading to an increase in bread volume [92, 93]. Also, the degradation of β-glucans reduces dough viscosity, enhancing the 

dough’s extensibility and elasticity. This allows the dough to expand more easily, improving gas retention and increasing 

bread volume [94]. 

Table 6: Specific volume   

Pan bread samples Specific volume (cm3/g) 

MSF 4.60d ± 0.04 

MAA (0.63 U/g)   5.40b ± 0.02 

BG (0.034 U/g) 4.90c ± 0.01 

MAA (0.29 U/g) + BG (0.04 U/g) 5.70a ± 0.02 

 Means in the same column with different letters are significantly different (P≤0.05). 

 Data means ± SD., n = 3. 

MAA= maltogenic amylase, BG=β-glucanase 

 
Fig. 4. Specific volume of pan bread. 

Table 5: Pasting properties 

Pasting parameters 

Samples 

Control 
MAA 

(0.63 U/g) 

BG 

(0.034 U/g) 

MAA (0.29 U/g) 

+BG (0.04 U/g) 

Peak viscosity (cP) 1598b ± 9.0 1448c ± 10 1634a ± 14.0 1630a ± 11.0 

Trough viscosity (cP) 757b ± 6.0 556d ± 12.0 812a ± 7.0 746c ± 5.0 

Breakdown viscosity (cP) 841b ± 10.0 893a ± 13.0 825c ± 9.0 887a ± 22.0 

Final viscosity (cP) 1605b ± 15.0 1296d ± 11.0 1672a ± 17.9 1576c ± 5 

Setback viscosity (cP) 846b ± 5.0 742d ± 11.0 863a ± 13.0 832c ± 9.0 

Pasting Temp. ○C 68.6a  ± 0.1 68.6a ± 0.3 68.6a ± 0.1 68.6a ± 0.5 

 Means in the same row with different letters are significantly different (P≤0.05). 

 Data means ± SD; n = 3. 

MAA= maltogenic α.amylase , BG=β-glucanase 
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3.9. Texture profile analysis of pan bread 

The texture profile analysis results, obtained by means of double cycle compressions evidenced the structural changes that 

affected the samples during storage and clearly differentiated control from the various enzyme-added samples [95]. Therefore, 

the effect of maltogenic α-amylase (MAA) and β-glucanase (BG) activity on the texture profile of pan bread during storage 

period (zero time, after 24, 48 and 72 hrs.) was investigated and the obtained results are presented in Fig 5. Results indicated 

that the enzymatic treatments were strongly influenced for the reduction of hardness at the initial time and during storage 

durations (24, 48, and 72 hours) on comparing to the control sample. Meanwhile, the mixed enzymes-treated flour used to 

make pan bread (0.29 U/g MAA + 0.04 U/g BG) had the greatest effect in reducing the hardness after (72 hrs.) of storage 

compared to MSF contained each enzyme lonely. On the other hand, the springiness also showed a positive effect by adding 

enzymes activity (MAA or BG) after storage at (24, 48 and 72 hrs.) compared to untreated flour (control), where the highest 

values of springiness were 0.79, 0.67 and 0.60 mm, respectively after (24, 48 and 72 hrs.) of storage which recorded by mixed 

enzymes followed by 0.69, 0.62 and 0.50 mm, respectively for bread samples which caused 0.62 U/g MAA. While MSF 

contained BG at activity 0.034 U/g recorded the lowest values of springiness during storage (0.64, 0.57 and 0.41 mm, 

respectively). However, MAA activity caused the highest value of cohesiveness after 72 hrs. Data also indicated that the 

control bread recorded the highest values of chewiness and gumminess during all storage periods up to 72 hrs. compared to 

other treated bread. Enzymatic approaches can mitigate starch retrogradation by altering the distribution of amylopectin chain 

lengths. MAA is frequently employed in these enzymatic strategies [96, 97]. Specifically, MAA is utilized in bread 

formulations to prolong freshness and delay staling [98]. Thus, MAA proved to be effective in decreasing crumb firmness 

over time. A positive correlation between the crumb firmness and the amount of recrystallized amylopectin implies that crumb 

hardening might be caused by the increasing amount of amylopectin retrogradation [92]. Additionally, Aoki et al. [99] 

evaluated the texture of breads with MAA after six days of storage and suggested that MAA treatment increased the relative 

content of amylopectin short chains in starch leading to reduced hardness during all storage periods. 

3.10. Sensory evaluation 

Sensory evaluation of pan bread prepared by using optimum levels of maltogenic α-amylase (0.29 U/g) and (0.04 U/g)     

β-glucanase presented in Figure 6. the sensory parameters of pan bread made with adding enzymes to MSF used to make pan 

bread at zero time. Statistically, analysis showed that there were no significant differences between MSF contained fixed 

additives (control) bread and other treatments with different activity of maltogenic α-amylase (MAA) and β-glucanase (BG) 

or mixing of them regards to the symmetry, pore size, taste and overall acceptability scores. While the highest crust color 

scores (5.6 and 5.9) were recorded by bread samples which contained 0.63 U/g MAA and others treated with 0.29 U/g MAA 

+ 0.04 U/g BG, respectively with no significant differences between them and significant differences were noticed between 

other bread samples. The same trend was observed in uniformity of pore size parameter, where the increasing levels of 

reducing sugars promote the generation of Maillard reaction products [100, 101], which intensify bread flavor and crust color. 

However, the crust character mainly depends on the Maillard reaction [102]. 

Staling characteristics of pan bread. 

Pan bread was stored for 24, 48 and 72 h in sealed polyethylene bags at room temperature (25 ± 2 °C). The thickness of 

sample slice was 1 cm. A part of 2.5 cm must be cut and discarded from the bread from the front and end of the loaf. Stalling 

characteristics during 72 h of pan bread prepared with MSF contained optimum levels of maltogenic α-amylase (0.29 U/g) 

and β-glucanase (0.04 U/g) are presented in Figure 7. The effect of enzymatic treatments on bread stalling characteristics was 

sensory evaluated during different storage periods (zero time, after 24, 48 and 72 hrs.). According to the hedonic scale, the 

control bread sample had recorded score of 5.0 for all storage periods. Thus, during zero time the control bread significantly 

recorded the lowest scores of crumb softness, crumb folding and mouth feeling, conversely, the highest score of crumb 

softness significantly recorded by MAA (8.60) followed by 7.40 for samples contained BG then 7.00 for beard sample that 

contained a mixed enzyme (0.29 U/g MAA + 0.04 U/g BG). However, MSF contained a mixture of enzymes and showed a 

positive effect regards the crumb folding to record the highest score (8.80) with significant differences compared to other 

bread samples. Whereas there were no significant differences between all treated MSF which is used to prepare pan bread in 

terms of mouth feeling. 
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Fig. 5. Texture profile analysis of pan bread. 
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Fig. 6. Sensory evaluation of pan bread. 
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Fig. 7. Staling characteristics of pan bread. 



 Shebl et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 68, No. 10 (2025) 

 

 

568 

Pan On the other hand, after 24 hrs. of storage, the control (MSF contained fixed additives, fungal α-amylase, phospholipase, 

glucose oxidase and ascorbic acid) bread recorded the lowest scores for all sensory parameters, according to the statistical data 

no significant differences between all treated bread samples regards crumb folding and mouth feeling, while the flour treated 

with enzymes (0.034 U/g BG) significantly showed lower score of crumb softness compared to other treated samples. 

However, after 48 hrs. the highest scores of crumb softness and crumb folding were recorded by flour treated with MAA 0.63 

U/g and mixed enzymes respectively, with significant differences compared to the control bread and BG 0.034 U/g treatment. 

However, mixed enzymes presence of flour caused to obtain the highest score after 48 hrs. regards mouth feeling score with 

significant differences compared to other bread samples. After 72 hrs. of storage periods, a lower score (5.50) of crumb 

softness was recorded by bread sample prepared with flour contained 0.034 U/g BG with significant differences compared 

(7.20 and 7.40) which recorded by bread samples which treated with 0.63 U/g MAA and other treated with mixed enzymes 

activity (0.29 U/g MAA + 0.04 U/g BG) respectively. Meanwhile, the highest scores of crumbs folding and mouth feeling 

after 72 hrs. were significantly recorded by mixed enzyme activity (7.20 and 6.40, respectively). It can be concluded that pan 

bread sample that prepared using treated MSF had significant (P ≤ 0.05) crumb softness with high mean values compared to 

the control storage up to 72 hrs. of storage. The crumb folding and mouth feeling values were higher in treated pan bread than 

control with mean values. Also, Bread prepared without enzyme showed a more open structure, and a dry and opaque crumb, 

with rigid and fragile features typical of retrograded starch [103]. 

Generally, it could be observed that the treated pan bread with MAA and BG had significantly higher characteristic values 

for staling, which caused to delay the stalling.    

4. Conclusion 

In conclusion, MAA showed a clear impact on most pasting parameters by decreasing peak viscosity. Accordingly, the 

treatment of wheat flour by mixture enzymes (0.29 U/g MAA + 0.04 U/g BG) showed positive impacts by decreasing 

hardness and increasing the springiness values of treated bread during different storage periods compared to the control bread. 

However, treating MSF with maltogenic enzyme improved the freshness and volume of pan bread to a greater extent than 

treating with β-glucanase, while the combination of both maltogenic α-amylase and β-glucanase had a greater effect than the 

effect of each enzyme alone. 
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