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ABSTRACT  
This study aimed to outline the opportunities of use fungal amylase from Aspergillus niger, 

isolated from mango kernel as a waste  and the tendencies of improving the rheological properties of 
the dough with  low content of α-amylase induced by the addition of three  different  α amylase 
activity (300,400,500 U/100g flour).         

The results showed that, the fermentation increased in all samples by increasing the 
supplementation of α-amylase activity unit and decrease of fermentation time. Also this enzyme 
improves the organoleptic such as taste, color and toasting qualities of the pan bread. Also improved 
loaf volume, crumb texture and crumb color. The results showed that the degree of pan bread 
hardness decreased by increase addition of α-amylase during storage 96 hours .Maximum specific 
volume of the bread was occurred at the treatment of 500U. The results showed that the bacterial 
counts completely disappeared up to storage time 72hours with the treatments of 400U and 500U α-
amylase activity as compared to the control. It was also noticed that the treatment of 500U was the 
most effective. Reduction of water activity affected the microbial growth in pan bread, in turn, the 
shelf-life of bread increased. We suggested that a significant affect of the recovered α-amylase in the 
prepared bread and allowed us to improve the quality of the bread. The study indicated clearly that the 
recovered is a potential candidate for future applications in the bread-making industry.  
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Introduction 

Fungal enzymes are preferred over other microbial sources owing to their widely accepted 
Generally Regarded as Safe (GRAS) status (Karim, and Tasnim, 2018). Improvement and correction 
of flour properties are necessary to ensure their standardized quality for production of bread and 
pastry products Therefore, one of the options to regulate baking in order to produce products with the 
desired high quality is the use of specific improvers that act on the protein and carbohydrate-amylase 
complexes (Gerasimova et al. 2004 and Matveeva 2007). In many countries the widespread use of 
exogenous enzymes in flour directly in mills makes it possible to obtain high quality flour from low 
quality raw materials (Kapreglianz 2009). Rakita et al. (2015) reported that alpha-amylase activity in 
wheat flour and bread making properties in relation to different climatic conditions, the same author 
found that  falling number method is a widely used for commercial estimation of alpha-amylase 
activity, measuring time needed to stir through hot aqueous flour suspension. These methods are 
indicators of alpha-amylolitic activity, which is determined through its effect on the pasting 
characteristics. Therefore, lower maximum viscosity or shorter time needed to stir through liquefied 
starch paste indicate increased alpha-amylase activity, and vice versa.  

Based on the bread improvers must not disturb the organoleptic and technological properties of 
flour. The requirements for the improver was decided to use enzyme preparations of fungal origin that 
were inactivated during baking and thus did not have a negative effect on the human   (Zhygunov et 
al., 2018). The α-amylases degrade damaged starch in wheat flour into small dextrin thus allowing 
yeast to work continuously during dough fermentation, proofing in the early stage of baking. 
However, the level of α-amylase in some flour is sometimes very low and thus there is a need for 
wheat flours to be supplemented with α-amylase (Dam and Hille 1992).A large number of 
microorganisms can produce starch hydrolyzing enzymes such as α-amylases, glucoamylase (GA), 
isoamylases and β-amylases that are able to hydrolyze the amylose, amylopectin and other 
polysaccharides (Koc and Metin 2010). In the enzyme industry exclusive use of glucoamylase was 
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recorded from, Rhizopus oryzae, Aspergillus niger and Aspergillus oryzae (Wang et al. 2006) and the 
fungal sources of enzyme is regarded as safe (Sindhu et al., 2009) . 

In the food processing industry, amylase is comprehensively used in baking, brewing, starch 
syrups, juice and production of cakes (Lee et al., 2015). Couto and Sanroman, (2006) reported that α-
amylase has been used in the baking industry, these enzyme are able to reduce the starch in the flour 
into smaller dextrin, The addition of the α-amylase to dough consequently increased the fermentation 
rate and reduced the thickness of the dough, therefore improved the texture and volume of the product 
(Rakita et al., 2015) . 

The supplementation with α-amylase can be realized during the grinding of the wheat, further in 
the flour or during the preparation of the dough (Bordei, 2000 and Leahu  and Codina, 2008). 

This study aimed to evaluate the effects of α-amylase enzyme which extract from Aspergillus 
niger on dough rheology properties and consequently bread quality. 
 
Materials and Methods  
 
Raw Materials: Australian wheat flour (72% extraction) was obtained from Five Stars Company, 
Swiss City, Egypt. Ingredients like sugar, salt, instant active dry yeast were purchased from the local 
market. 
 
Methods 
  
Preparation of α-amylase concentrations: 

Enzyme preparations with amylase activity are presented by α-amylase enzyme of fungal origin 
that is produced from Aspergillus niger according to El-Kholany et al. (2019) which isolated α-
amylase from the mango kernel as a waste. One unit of enzymes was defined as the amount of 
enzymes that produced 1 μmol of reducing sugar per minute under standard conditions (Rick and 
Stegbauer, 1974). 

The enzyme was extracted from fermented medium according to the method of Miller, (1959). 
The enzyme was dried by freeze drying technique using (Snijders Scientific, 2040). Finally, the α-
amylase powdered was weighted and transferred in clean dried vial, then stored in refrigerator at 4oC 
until use.  

One gram α-amylase powdered having activity 168213U/gm. was added to 300gram wheat flour 
to obtain amylase activity 560.71U/gm. From this mixture, 0.535, 0.714 and 0.893gram, were 
separately and added to 100gram wheat flour extraction 72% to α-amylase activity 300U, 400U and 
500U/100g flour to use concentrations in  pan bread making. 

 
Fermentation power (dough – raising capacity): 

Cylinder test was used to determine the fermentation power according to method described by 
(Fernandes et al. 1985). 

 
Falling number: 

The falling number of different formulae have determined by using falling number instrument 
type (1400 No. 4044 Perten) according to the method described by A.A.C.C. (1983).  
 
Rheological properties: 
 
Farinograph for different formulae: 

Farinograph instrument (Brabender Duis Bur G, type 810105001 No. 941026 (West Germany) 
was used to determine water absorption (%), arrival time (min): dough development time (min), 
dough stability time (min) and degree of softening (B.U) as described in the A.A.C.C. (2000). 

 
Extensograph for different formulae: 

Extensograph test was carried out to determine the different formulae according to the method 
described in the A.A.C.C. (2000). Extensograph (Brabender Duis Bur G type 860001 No. 946003 
(West Germany), was used to measure the following parameters: dough extensibility millimeters 
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dough resistance to extension (Elasticity) B U Proportional number: It is obtained by dividing of the 
resistance to extension by the extensibility (R/E) ratio. dough energy (cm2). 

  
Pan bread preparation: 

In experiment was used wheat flour with 14.4% moisture, 0.64% ash content,28.7% wet gluten 
content, 5 mm gluten deformation, and falling number 429 sec. 

Pan bread was prepared according to the methods described in A.A.C.C.(2000) with some 
modifications by addition of  (300, 400 ,and 500 U/gm of α-amylase enzyme) and the different 
formula are recorded in Table (1).Dough was baked in electrically oven at 210-220oc for 15-20 min. 
After baking, loaves were separated from the metal pan and allow to cool at room temperature before 
kept in polyethylene bags then stored at room temperature (20 ±2 o C). 
 
Table 1: The different formula of pan bread  

Ingredients 
pan bread samples 

Control 
α-amylase units 

300U 400U 500U 
Wheat flour 72% (control) 100 100 100 100 
α-amylase(gm) - 0.535 0.714 0.893 
Sugar (%) 5 5 5 5 
Oil (corn oil) (%) 10 10 10 10 
Dry yeast (%) 0.1 0.1 0.1 0.1 
Salt (%) 0.5 0.5 0.5 0.5 

 
Hardness measurement of pan bread during storage period: 

Instrumental texture evaluation of crust and crumb was performed using a TA.XT2 Texture 
Analyzer equipped with a 25 kg load cell (Stable Micro Systems, Goldalming, UK) and Texture 
Expert for Windows software (version 1.22) for data analysis. A puncture test was used to measure 
crust hardness using a 3mm diameter stainless steel probe and test speed of 60 mm min-1. Maximum 
peak force (N) was measured from the penetration curve and taken as crust hardness. Six 
measurements were taken on the crust of each loaf at preselected locations. Texture Profile Analysis ( 
TPA) was carried out to evaluate crumb texture using cylindrical aluminum probe (35mm diameter) 
and a crosshead speed of 60mm mim-1 to compress crumb samples to 50% of their original height 
.Measurements were carried out on three slices (20mm thickness) taken from center of the loaf. Three 
crumb samples were extracted from the center of each slice (Bourne, 1978).  

 

 Sensory evaluation of pan bread from different formulae: 
Loaves were organoleptically evaluated for their external and internal properties by a thirteen 

stuff members of Food Technology Research Institute, Agricultural Research Center, Giza, Egypt. 
According to the Pyler (1973). The panelists were asked to score for Shape (10), Odor (10), Taste(20), 
color Crust (10), color Crumb(10), Crumb texture(10)  grain crumb (10)  break crust (10), appearance 
crust (10) and Overall acceptability.  
 

Water activity (aw) of pan bread  
Water activity (aw) of pan bread samples was measured at 25°C using Decagon Aqua lab Meter 

Series 3TE (Pullman, WA, USA). Four different samples were stored at room temperature for (Zero, 
24, 48, 72 and 96 hours) for each sample of pan bread and compared with that at zero time. 
 

Statistical analysis:                                                 
The obtained data were statistically analyzed according to Snedecor and Cochran (1980) 

using LSD to compare the significance of the results. 

Results and Discussion
 

 
 Effect of alpha amylase falling number of dough and its formulae: 

Falling number is a method which measures the alterations in the physical properties of the starch 
caused by enzymes during the test, rather than actual level of alpha-amylase activity (Johansson, 
2002). 
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Table (2) showed that the effect of different concentrations of α-amylase falling number (sec).  
The results observed that increased the concentration of α-amylase when decreasing the falling 
number compared with the control.  Also it was reached to 254 seconds with the highest concentration 
of α-amylase as compared to 430 seconds in the control dough. 

Therefore, (Mares and mrva 2008) reported the low values that there is inverse proportion 
between α-amylase and falling number. Elevated level of α-amylase could cause diverse problems in 
baking quality which can be demonstrated in lower water absorption, mechanical handling 
deteriorating and sticky dough (Sorenson, 2006).   Bordei, (2005)  reported that These flours have a 
low maltose index  and a high falling number value (over 300 sec). Leahu and Codina (2008) reported 
that the strongest effect of the optimization of the falling number for dough preparation was observed 
at the concentration 500U/100g of α-amylase. 
 
 Table 2: Effect of alpha amylase on falling number 

α-amylase concentration Falling number(sec) 
Control 430 

300U/100g 386 
400U/100g 351 
500U/100g 254 

 
Effect of different α-amylase units on the dough fermentation during 2 hours:  
    

Table (3) illustrated the effect of α-amylase activity units on the dough fermentation during 2 
hours. This helps to increase the gas formation properties of the flour and to intensify the dough 
fermentation in bread production (Drobot et al. 2001). 

The results showed that by time, the fermentation increased in all samples. Increasing the 
concentration of α-amylase decrease the fermentation time. After 1 hour it increased from 
39cm3(control) to 41mm3, 55mm3 and 60mm3 at the treatments of 300U, 400U and 500U respectively. 

Maximum fermentation (98cm3) was achieved after 2 hours due to the treatment of 500U as compared 
to (79mm3) for  the control. At the appropriate concentrations, this enzyme acts on the starch to 
increase the fermentable sugars, affecting directly on the bread volume (Katina et al., 2006). 

The supplementation of flour with α-amylase intensifies the amylose and increases the quantity 
of fermentable carbohydrates from the dough, through maltose formation, capable of ensuring the 
formation of gas on the entire duration of the technological process, including in its final phase, at a 
level which guaranties the obtaining of a quality bread  (Leahu and Codina 2008). Also Amodt et al. 
(2003) reported that α-amylase enzyme with different concentrations act on the starch to increase the 
fermentable sugars, affecting directly on the bread volume, the released sugar is the main factor that 
affects the yeast cell growth and production of CO2.  

Increasing the rate of fermentation of dough was occurred after addition of α-amylase, resulting 
in improvements in the volume and texture of the product (Katina et al. 2006). Besides generating 
fermentable compounds, α-amylase also have an anti-staling effect and improve the softness retention 
of bread products and increasing the shelf-life of these products (Gupta et al. 2003). 
 
Table 3: Effect of different α-amylase activity units on the dough fermentation during 2 hours.  

Treatments 
Dough volume 

Time (minutes) 
control 

cm3 
300U/100g 

cm3 
400U/100g 

 cm3 
500U/100g 

cm3 

Zero time 24 25 25 25 
15 min 25 30  30 31 
30 min 29 33 35 40 
45 min 34 37 43 45 
60 min 39 41 55 60 
75 min 45 59 67 75 
90 min 51 64 74 81 

105 min 63 79 81 88 
120 min 79 84 88 98 

LSD 17.0 19.2 22.2 25.3 
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 Effect of alpha amylase concentrations on different dough formulae rheological properties  
  
1-Farinograph test: 

Rheological properties: An important test to examine the action of improvers on dough 
rheology (Malomo et al., 2011). Farinograph and extensograph showed the general quality of the 
mixture and water absorption of the wheat flour dough under investigation. 
    The results present in Table (4) and fig (1) illustrated that the Rheological properties of the of 
wheat flour dough.  The results, showed that the addition of α -amylase to flour increased the stability 
time of dough. It increased significantly from 2.5 min. (control) to 11min. In the present study, the 
results of farinograph showed the general quality of the dough and water absorption in the dough of 
wheat flour. Our results are in agreement with those obtained by Maeda et al. (2003) who they found 
that the addition of fungal α-amylase to flour was significantly increased the stability time, 
development time and arrival time of dough formulas. 
 
Table 4: Effect of alpha amylase concentrations on dough rheological properties of based on the 

farinograph analysis. 

α-amylase 
concentration 

Water 
absorption (%) 

Arrival time 
(min) 

Dough 
development 

(min) 

Stability 
(min) 

Degree of  
softening(B.U) 

Control 64.0 1.0 2.1 2.5 50 
300U/100g 61.2 0.9 1.4 3.5 60 
400U/100g 61.1 0.8 1.3 4.5 70 
500U/100g 60.6 0.7 1.3 11.0 90 

 

Control 300U/100g 400U/100g 500U/100g 
 

Fig 1: Effect of alpha amylase concentrations on dough rheological properties of based on the 
farinograph analysis. 

 
2: Extensograph test: 

The results presented in Table (5) fig (2) showed that the degree of softening of dough was 
significantly increased with increasing α-amylase concentration. The highest degree (90 BU) was 
occurred at the highest α-amylase concentration (500U) compared to the control. 

The same trend was observed with the degree of resistance of dough to extension R (Elasticity).It 
was  increased from 320mm (control) to 440mm and 520mm at α-amylase concentrations 400U and 
500U respectively. Also, it was appeared from the results that the degree of elasticity at 300Uwas not 
significantly different from the control. The R/E values increased significantly from 2.06(control) 
to2.27, 3.14 and 3.85 due to the treatments   of 300U, 400U and 500U respectively. Kim et al. (2006) 
found that the values of R/E ratio of dough samples containing α-amylase were higher than 1.0.They 
reported that the R/E ratio increased when α-amylase increased. The dough properties during 
fermentation were improved by addition of α-amylase to the flour. Amodt et al. (2003) reported that 
the gluten network is responsible for dough elasticity, resistance and stability,  
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Table 5: Effect of alpha amylase concentrations on dough rheological properties of the preparations 
based on the extensograph analysis 

α-amylase 
concentration 

Resistance 
(mm)(R)* 

Extensibility 
(mm)(E)** 

R/E 
ratio 

Energy (cm)2 

Control 320 155 2.06 142 
300U/100g 340 150 2.27 112 
400U/100g 440 140 3.14 78 
500U/100g 520 135 3.85 62 

* R) Resistance (mm).  
 )E) Extensibility (mm(**  

 

Control 300U/100g 400U/100g 500U/100g 
 

Fig 2: Effect of alpha amylase concentrations on dough rheological properties of the preparations 
based on the extensograph analysis 

 
Effect of different concentrations of α- amylase on physical properties of the pan bread: 

The results presented in Table (6) give the effect of different concentrations of α-amylase on 
the bread volume. The results showed that there are significant differences between all preparations 
compared with the control. Increasing the amount of α-amylase increased the pan bread volume .It 
increased from 380cm3 (control) to 430cm3, 470cm3and 480cm3 at the concentrations of 300, 400, and 
500U/100g respectively .The same trend was observed with the pan bread weight and specific 
volume. Maximum specific volume of the pan bread (3.12cm3/g) was occurred due to addition of α- 
amylase   at 500U/100g.It could be concluded that the volume, weight and specific volume increased 
significantly in parallel with α-amylase concentration. α-amylase is one of the major hydrolytic 
enzymes used for  pan bread-making, which has been reported to improve the  pan bread volume and 
crumb hardness (Afiukwa et al., 1997 and  Si, 1997). 

 
Table 6: Effect of different concentrations of α- amylase on baking Properties of pan bread 

α-amylase 
concentration 

Properties of  pan bread 
Volume (cm3) Weight (gm) Specific volume (cm3/gm) 

Control 380 145.48 2.61 
200U/100g 430 149.98 2.87 
400U/100g 470 150.99 3.11 
800U/100g 480 154.01 3.12 
LSD 5% 45.0 3.2 0.14 

 
Effect of different α-amylase units on the sensory evaluation of produced pan bread. 

Table (7) Fig (3) showed the effect of different α-amylase units on the Sensory attribute of 
produced pan bread. The data revealed that the improvement of the pan bread was in parallel with α-
amylase units. For instant addition of 500u/100g ofα-amylase resulted in highly significant 
improvement than those of other units and control for all sensory attributes.    

In this respect Sorenson, (2006) observed influence of α-amylase on loaf volume, crumb 
texture and crumb color. Also this enzyme gives additional sugar in the dough which improves the 
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taste, color and toasting qualities of the bread (Van der Maarel et al. 2002) and (Sanz-Penella et 
al.2012) The use of α-amylase enzyme is very important as improver for bread making because all 
consumers don, t prefer the chemical additives to be used for bread making (Harada et al. 2000). 
Nanditha and Prabhasankar (2009) found that the addition of α-amylase to the flour improved the 
organoleptic qualities especially the bread crumb texture. 
  

 
500U/100g 400U/100g 300U/100g Control 

 

Fig 3: Effect of different α-amylase units on produced pan bread 
 
Table 7: Effect of different α-amylase units on the Sensory evaluation of produced pan bread 

Treatment 
Color 
Crust 

10 

Appearance 
  Crust 

10 

Break 
Crust 

10 

Color 
Crumb 

10 

Grain 
Crumb 

10 

Crumb 
Texture  

10 

Shape 
10 

Odor  
10 

Taste 
20 

M.M. 

Control c7.49  d7.00  d7.71 d7.56 c7.21 c7.09  c6.7  7.02 c d15.58  d73.36  
300u/100g b8.19 c8.27 c8.27 c8.47 c8.28  b7.98  b7.68  b8.13  c 17.37 82.65 c 
400u/100g a8.83 b8.76 b8.81  b8.83 b8.26  b8.09  b8.37  a8.88  b18.05  b86.88  
500u/100g a9.36  a9.22 a9.15 a9.33 a9.30  a8.92  a9.08  a9.18  a18.82  a92.27  

 
Effect of α- amylase on the pan bread hardness (N) during storage for four days: 

Table (8) showed the effect of different concentrations of α- amylase on the pan bread hardness 
during the storage period for 4 days. The results showed that the degree of pan bread hardness 
decreased by addition of α-amylase. 

After 3 days, the pan bread hardness decreased significantly from 28.36N in the control to 
17.09N at the highest concentration of α- amylase. The same results were recorded after 4days where, 
the lowest pan bread hardness (19.72N) was recorded at the concentration of 500U compared to 
33.29(N) in the control. Our results are in agreement with those obtained by Kim et al. (2005), who 
reported that the degree of hardness of all bread samples tested during the storage for 3 days was 
significantly decreased by the addition of fungal α-amylase to the flour. α and β amylase and amylo-
glucosidase are suggested to delay the bread staling by reducing the tendency of the amylopectin 
compound in bakery products to retrograde the starch (Wursch and Gumy, 1994) and Van der Maarel 
et al. 2000). 
 
Table 8: Effect of α- amylase on the pan bread hardness (N*) during storage (96hours) 

α-amylase concentration 
Storage for 96 hours 

Zero 24 48 72 96 
Control 13.72 16.41 17.76 28.36 33.29 
300U/100g 12.18 13.91 14.71 16.26 21.34 
400U/100g 13.63 15.09 16.08 17.65 20.03 
500U/100g 13.62 15.01 16.01 17.09 19.72 
LSD 5% 1.2 1.2 0.9 8.1 10.2 

N*: Hardness 
 
Effect of alpha amylase on water activity pan bread samples treated with different 
concentration of α-amylase  storage at room temperature for 96 hours. 

Table (9) give the degrees of water activity (aw)during the storage of bread for 96hours under the 
effect of different concentrations of α-amylase .The results revealed that the water activity (aw) 
decreased by increasing the concentration of  α-amylase during the storage period for 96hours. 
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 After 96hours of storage, the water activity decreased from 0.99(control) to 0.86, 0.80 and 0.73 
at concentrations of amylase 300U, 400U and 500U respectively. Reduction of water activity may 
affect the microbial growth in food, in turn; the shelf-life of bread may be increased. Fett (1973) 
observed that white bread after 24h of storage had aw (0.94) as compared to the control at zero time 
(0.95).In this connection. Fellows, (2000) reported that almost all microbial activity is inhibited below 
aw (0.6), most fungi are inhibited below aw (0.7), most yeasts are inhibited below aw (0.9).During the 
storage period of food, the water activity affects the growth of microorganisms. Reduction of aw often 
affects the microbial growth, therefore, it may increase the shelf life of food as a result of reduced 
availability of water (Eskin and Robinson, 2001). 
 
Table 9: Effect of alpha amylase on water activity during storage: 

Storage for 96 hours 
Pan bread 

samples 
Zero time 24 48 72 96 

Control 0.915±0.01 0.930±0.02 0.945±0.04 0.973±0.01 0.994±0.02 

300U/100g 0.913±0.01 0.907±0.01 0.890±0.01 0.821±0.02 0.865±0.01 

400U/100g 0.912±0.02 0.891±0.01 0.868±0.04 0.812±0.02 0.803±0.03 

500U/100g 0.909±0.02 0.860±0.01 0.841±0.02 0.809±0.02 0.731±0.05 

 
The results of this study showed that the water activity (aw) of pan bread samples tested 

decreased when the level of α-amylase increased. The lowest value of (aw) was 0.731 with the pan 
bread samples of 500U as compared to 0.994 in the control after 96 hour of storage. 

Microorganisms have an absolute demand of water, for growth can occur. The exact amount 
of water needed for growth of microorganisms varies. This water requirement is best expressed in 
terms of available water or water activity (aw).Each microorganism has maximal, optimal and minimal 
aw for growth (Rizk et al., 2000). 

 
Conclusion 

 We concluded *that the low level of α amylase in the wheat supposes a supplementation of flour 
with this enzyme, which has two functions in the process of pan bread making.  At the first, it 
continually provides fermentable sugars for yeast and at the same time it produces carbon dioxide, 
and on the other hand, it contributes to the improvement of dough properties and leads to 
improvement   pan bread quality 

We concluded that use of α–amylase can be improved pan bread qualities and organoleptic.  
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