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ABSTRACT 

Microorganisms had been an encouraging means of economical production of enzymes in large 
scale for the food and drug industry. The isolated fungal species was studied to produce α- Amylase 
from kernels of mango. The use of amylase in many industries has made it very important to optimize 
production process to achieve maximum yields. The enzyme activity was determined and optimum 
conditions were obtained. The isolated fungal species from three Egyptian varieties the kernels of 
mango were Aspergillus niger, Rhizopus stolonifer, Penicillium chrysogenum, Cladosporium herbarum 
and Mucor globosus. The mango kernel (Zebdia) exhibited the highest number of fungal population 
(16× 102). A. niger was the most dominant with high frequency 50% followed by R. stolonifer 25%.α- 
Amylase from Aspergillus niger isolated from mango kernel .The maximum activity of α-amylase 
(168213U/gm) was found with A. niger. The results showed that the activity of α- amylase increased 
by increasing the PH value increased up to pH 6.5. The maximum activity of α-amylase was recorded 
at temperature 45oC. This research work suggested that mango kernel could be potential source of α-
amylase enzyme needed for various industrial processes.  
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Introduction 

Amylases are starch hydrolyzing enzymes derived from different sources including plants, 
animals and microorganisms (Abu et al., 2005).  

α -Amylases are enzymes that catalyzes the hydrolysis of internal α -1,4-glycosidic linkages in 
starch in low molecular weight products, such glucose, maltose and maltotriose units (Gupta et al., 2003 
& Rajagopalan and Krishnan, 2008). 

Amylases from plants and microbe sources have been employed for centuries in brewing 
industry. Fungal amylases are widely used for the preparation of oriental foods (Mabel et al., 2006). 
Amylases of bacteria, fungi and viruses are increasingly studied due to the relative ease of large scale 
production (low downstream cost as they are extracellular in nature) as compared to amylases from 
plants and animals and their importance in subsequent application at industry (Ashis et al., 2009).  

Fungal enzymes are preferred over other microbial sources owing to their widely accepted 
Generally Regarded as Safe (GRAS) status (Karim and Tasnim, 2018). Fungi such as Aspergillus niger 
can produce different cell wall degrading enzymes that breaks down large polysaccharides into simple 
reducing sugars which are used up for growth and multiplication (Ajayi and Adedeji, 2014).  

The growth of microorganism and enzyme production is greatly affected by temperature and pH 
which varies from microorganism to microorganism (Deshmukh et al., 2011). Microbial growth and 
enzyme production are inhibited at elevated temperature, due to the formation of metabolic heat in the 
media (Babu and Satyanarayana, 1995).   The physical parameter, like pH has also significant effects 
to the growth and enzyme production. Most of the fungi and yeasts are active at acidic environment (pH 
4.0 - 6.5) for enzyme production (El-Gendy, 2012). Long duration of cultivation periods resulted in a 
decrease in the secretion of the enzyme by the culture of Aspergillus sp. due to the formation of other 
by-products and deficiency of nutrients in the media, (Abdelwahab, 2015). 

The use of amylase in many industries has made it very important to optimize production process 
to achieve maximum yield (Obafemi et al., 2018). Amylase is also used in bioethanol, confectionary, 
pharmaceuticals, beverage and different fermented food in industries (Al-Hindi et al., 2011). Fungal 
alpha-amylase extracts are primarily used as a dough improver in the preparation of bakery products. 
The maximum production of α-amylase was noticed at 30°C incubated for 96h. Characterization of 
amylase confirmed that the purified α-amylase was found to be most stable at pH 5.0, 60°C temperature, 
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and a substrate concentration of 1.25%. The enzyme was active for 40 min at 70°C with an optimum 
enzyme–substrate reaction time of 60 min (Sethi et al. 2016). 

After industrial processing, considerable amounts of mango and litchi kernels (seeds) are 
discarded as waste and creates problem for both industry and environment, therefore, if utilized as starch 
source it will minimize industrial waste and adds in profit (Thorya and Sandhu 2017). 

Mango (Mangifera indica L.) is one of the most important tropical fruits in the world, thanks to 
its pleasant taste and aroma and high nutritional value (Ibarra et al., 2015). It is a fruit which is processed 
into a variety of products and after about 40-50% of solid waste is generated in form of peel and stones 
(Garg and prakash, 2006). Mango kernel, obtained after decortications of mango stone, is a rich source 
(up to 60%) of starch (Kaur et al., 2004) which is not used for any purpose commercially expecting for 
its use as flour supplements in some parts of India.    

The aim of this work was isolate some fungal species from mango kernel and screening for 
production of α-amylase. α-Amylases production conditions were optimized, followed by 
characterization and industrial application.    

 
Material and Methods 
 
Materials 
  Different varieties of mango (Mangifera indica L.)  Zebdia, Ananas and Mesk were collected 
from some local markets in Giza governorate, Egypt. They were transferred to laboratory in an ice box 
for isolation of fungi from the seed kernels of mango. 

Most chemicals (analytical grade) were purchased from Elgomhouria pharmaceuticals Co., 
Cairo, Egypt. Potato dextrose agar (PDA) was obtained from Oxoid, Hampshire, England. 
 
Methods 
 
Isolation of fungi  

 Dilution plate method (Johnson and Curl, 1972) was used for the estimation of the numbers of 
fungi using potato dextrose agar medium (PDA).In addition the developed fungal species were isolated, 
identified and its numbers per gram were recorded. 

 
 Identification of fungi 

The obtained fungal isolates were identified according to their macroscopic and microscopic 
features for determination of the genera and species (Barnett and Hunter, 1972, Hanilin, 1990 and 
Moubasher, 1993). 
 
Screening of fungal isolates for amylase production 

All the fungal isolates were screened for amylase production according to Khan and Yadav 
(2011) the clearing zones around the fungal inoculum indicate the positive reaction. 
 
Detection of mycotoxins 

A known volume of the fungal culture filtrate (25ml) was extracted with chloroform in separating 
funnel. The combined layer was filtered to a small volume (1-2ml) by the evaporation using water bath. 
Qualitatively detection of produced mycotoxins in culture filtrate was carried out according to A.O.A.C 
(1990).   
 
Extraction of Crude Enzyme 

The enzyme was extracted from fermented medium according to the method described by Miller 
(1959).The enzyme was dried by freeze drying technique using (Snijders Scientific, 2040). Finally 
powdered extract and transferred in clean dried vial, then stored in refrigerator at 4oc until use.  
 
Estimation of alpha amylase activity enzyme (in liquid sample) 

 The method based on the estimation of reducing sugars produced from potato starch with 3, 5-
dinitrosalicylate spectrophotometrically according to the method described by Rick and Stegbauer, 
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(1974).One unit of enzymes was defined as the amount of enzymes that produced 1 µmol of reducing 
sugar per minute under standard conditions. 
 
Estimation of alpha amylase activity enzyme (in dry sample) 

Alpha amylase activity was determined according to the method described by McCleary et al. 
(2002).  
 
Effect of Temperature on amylase production 

To determine the optimum temperature for the amylase production, the partially purified enzyme 
were subjected to various temperatures; 20, 25, 30, 35, 40 and 45°C for 20 min. The enzyme activity 
was determined as previously described (Adejuwon et al., 2013). 

 
Effect of pH on amylase production  

The effect of pH on the enzymes activity was determined by varying the pH of the substrate 
from 3.5 to pH 8. The substrate consisted of 0.2% (w/v) of soluble starch dissolved in 0.2M citrate 
phosphate buffer pH 6.0 of varying pH. Incubation was at 35°C for 20 min. Amylase was determined 
as previously described by (Bekler and Guven, 2014).  

 
Results and Discussion 
 
Isolation of fungal species from different mango kernel varieties  

The agro wastes have gained significant interest as an abundant renewable bioenergy resource 
and economic substrates for fermentation processes in the production of enzymes. The results presented 
in Table (1) and Fig. (1) Showed that the isolated fungal species from the kernels of mango were 
Aspergillus niger, Rhizopus stolonifer, Penicillium chrysogenum, Cladosporium herbarum and Mucor 
globosus.  

The mango kernel (Zebdia) exhibited the highest number of fungal population (16× 102) 
followed by Mesk (15×102), respectively. While, A. niger was the most dominant with high frequency 
50% followed by R. stolonifer 25% for Zebdia. Meanwhile, A.niger was the most common with high 
frequency 60%, and R. stolonifer showed the lowest frequency 40%. In case of Ananas variety, A. niger 
showed frequency 53.8% followed by P. chrysogenum 46.2%. Also, it was noticed that all fungal 
species were isolated from mango variety (Zebdia) except P. chrysogenum isolated only from Ananas 
variety.  These results are in agreement with those reported by Kayode and Sani (2008) who isolated 
ten fungal species from naturally decomposed mango kernel meal. These were identified as Rhizopus 
oligosporus , Aspergillus flavus, Aspergillus niger , Curvularia lunata, Cladosporium cladosporides, 
Rhizopus stolonifer, Penicillium chrysogenum, Trichoderma longibrachiatum  , Sporendonema casei 
and Rhizopus oryzae . Moreover, these agro industrial residues can be employed in many large-scale 
industrial fermentation processes as an effective renewable bio-energy source, further; it will serve as 
the suitable substrate for growth of micro-organisms and production of low-cost high-valued products 
(Sethi et al., 2016).  
 
Table 1: Isolation of fungal species from different mango kernel varieties 

 

Fungi 

Fungal count ( ×102 ) 

Mango varieties 

Ananas 
Frequency 

% 
Mesk 

Frequency 

% 
Zebdia 

Frequency 

% 

Aspergillus niger 7 53.8 9 60 8 50 

Cladosporium herbarum - - - - 2 12.5 

Penicillium chrysogenum 6 46.2 - - - - 

Rhizopus stolonifer - - 6 40 5 31.25 

Mucor globosus - - - - 1 6.25 

   Total number  ( ×102 ) 13      15  16  
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Fig. 1: Counts of fungal isolates (×102) isolated from 3 varieties of mango kernals Ananas, Mesk and  

Zebdia 
 
Screening for α-amylase production 

All five fungal isolates were screened for production of α- amylase qualitatively and the results 
are showed in Table (2). It was found that all isolates have the potential to produce amylase enzyme at 
different degrees (+ to +++) according to the appearance of clearing zone around the fungal inoculum. 
A. niger was the most common among all the species followed by R. stolonifer this result is in agreement 
with those obtained by Khan and Yadav (2011). 

 
Table 2: Screening for α-amylase production 

Detection of amylase Fungi 

+++ Aspergillus niger 
+ Cladosporium herbarum 
+ Penicillium chrysogenum 

++ Rhizopus stolonifer 
+ Mucor globosus 

 

Estimation of alpha amylase enzyme (in liquid sample) 
      The amounts of amylase produced by all the fungal isolates were determined and the results are 
presented in Table (3). The results showed that A. niger  had the maximum value (1.55 mg/ml) followed 
by R. stolonifer which were  1.25mg/ml. Meanwhile, P. chrysogenum and M. globosus were also 
detected in moderate amounts (0.48 mg/ml and 0.42 mg/ml, respectively). Whereas,  C. herbarum had 
the lowest amount (0.12 mg/ml). These results are in agreement with Hernández et al. (2006) who found 
that Aspergillus species produce a large variety of extracellular enzymes and amylases are the one, with 
most significant industrial importance. 
 
Table 3: Estimation of α-amyalse 

α-amylase (mg/ml) Fungi 

1.55 Aspergillus niger 
0.12 Cladosporium herbarum 
0.48 Penicillium chrysogenum 
1.25 Rhizopus stolonifera 
0.42 Mucor globosus 

 

Gupta et al. (2003) reported that fungi which produce α-amylase were limited to a few species 
of mesophilic fungi and attempts have been made to specify the culture conditions and to select superior 
strains of the fungus to produce on commercial scale. While Kathiresan and Manivannan (2006) 
demonstrated that the fungal sources are confined to terrestrial isolates, mostly to Aspergillus species 
and Penicillium speciese. 

Djekrif-Dakhmouche et al. (2006) recorded that A.niger has important hydrolytic capacities in 
the α-amylase production and to its tolerance of acidity (PH<3). The fungal α-amylases are preferred 
over other microbial sources due to their more accepted GRAS (Generally Recognized As Safe) Karim 
and Tasnim , 2018) 
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Estimation of α-amylase activity (U/gm)  

From the data in Table (4), it could be clearly noticed that the highest activity was observed 
with A. niger (168213 U/gm) followed by R. stolonifer (154731 U/gm). Hernadez et al.، (2006) found 
that Aspergillus species produce a large variety of extracellular enzymes and amylases are the one, with 
most significant industrial importance .These results are in agreement with (Sindhu et al., 2009) who 
mentioned that the two isolates that produced highest concentration of amylase with higher activity 
were detected for mycotoxins formation. The result showed that no toxins produced by the tested 
fungus, as indication of safety to apply later in bread making. The fungal sources of enzyme are regarded 
as safe. 

In liquid fermentation, the secreted proteins are released into the culture medium resulting in 
substrate degradation in the whole culture (Ellaiah et al., 2002). 

 
Table: 4: Estimation of α-amylase activity (U/gm) 

Fungi α-amylase activity(U/gm) 

Aspergillus niger 168213 

Rhizopus stolonifera 154731 

 
Effect of pH and temperature on activity α-amylase enzyme production 

The use of amylase in many industries has made a very important process to achieve optimize 
production with maximum yields. The effect of pH values and temperature on α-amylase production 
was determined and the results are shown in Fig. 2 and 3. The amount of α- amylase increased 
significantly by increasing the pH value up to 6.5. It was reached 1.45mg/ml compared to 1.3mg/ml at 
pH 3.5. Also, the results showed that increasing the temperature to 45 oC caused elevation in α- amylase 
production and recorded the highest value (1.47mg/ml) and then decreased. These results are in 
agreement with those obtained by Saxena and Singh (2011). They reported that the production of α- 
amylase was observed at 50°C and pH 6.0. As well as, Raul et al. (2014) demonstrated that the maximum 
enzyme activity was 8.74 µ mol/mg  at 40oC and pH 7.1. Conversely, Gupta et al. (2008) reported that 
the production of α-amylase by A. niger was found to be the best at pH 5 and 30oC after 5 days 
incubation. Below and above this pH value, production of α-amylase was significantly lower. 
Also,Oyeleke et al. (2010) who found  that Bacillus megaterium is a good producer of extracellular 
amylase at high temperature (60oC) and pH 7 and also, Zaferanloo et al. (2014)  who reported that the 
maximum production of α-amylase by the fungus Preussia minima was obtained at 25oC and pH  9.  

 

 

Fig. 2: Effect of temperature on production of α-amylase  enzyme 
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Fig. 3: Effect of PH on production of  α-amylase enzyme. 

Conclusion  
We concluded that use of α–amylase produced by A. niger that isolated from the waste of mango 

kernels, can be used in bread making to improve the bread quality. The fungal α-amylases are preferred 
over other microbial sources due to their more accepted GRAS (Generally Recognized As Safe) 
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