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Abstract: In this research, crude α-amylases associated with the spoilage of cassava (Manihot esculenta) tubers/ product 

(‘eba’) were biochemically characterized. They were isolated from five fungi: Aspergillus sp. CSA25, Aspergillus sp. CSA26, 

Aspergillus sp. CSA27, Aspergillus sp. CSA35 and Aspergillus sp. CSA38. The results of the analyses showed that the 

activities of α-amylase obtained from both sources (cassava tuber/ eba) were optimal at 45°C and pH 5.0. The maximum 

specific activity (Vmax) of the enzyme was found to be 10 U/mg protein, while its Michaelis-Menten constant (Km) was 

between 0.37 -1.25%w/v. The α-amylase is thermally stable for 1 - 2 h at optimum temperature and pH (45°C; pH 5.0). A 

broad range of substrate specificity was expressed by the enzyme for cassava starch-containing products (tapioca flour, garri 

flour, cassava flour, 1%, w/v); however, potato (Ipomoea batatas) starch, yam (Dioscorea rotundata) flour and cocoyam 

(Colocasia esculenta) flour were relatively minimally hydrolyzed by the crude α-amylases obtained from Aspergillus spp. that 

caused spoilage of cassava. Ethylenediamine tetraacetic acid (1 mM EDTA) and Mg
2+

 treatment had no significant (p > 0.05) 

effect on the activities of the amylase, but Na
+
, K

+
, Ca

2+
, Fe

3+
, thiourea and 5′,5′-dithiobis-2-nitrobenzoate (1 mM DTNB) 

enhanced its activities. The fungal α-amylases were most activated by K
+
 and had a salt tolerance of 1 - 2 M NaCl for 24 h. 

The fungal α-amylases reported in this study would find useful application in industries like food industry, detergent industry, 

paper industry, textile industry, pharmaceutical industry, etc where microbial α-amylases would be required for efficient and 

cost-effective hydrolysis of cassava starch, cassava flour and or its products. 
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1. Introduction 

Alpha amylase (E.C 3.2.1.1) is an extracellular enzyme 

that catalyzes the hydrolysis of α -D-(1, 4) glycosidic 

linkages in starch components and related polysaccharides to 

release maltose, a disaccharide [31, 29, 46]. 

The enzyme is also referred to as 1,4-α-D-glucan-

glucanohydrolase. It is a key enzyme in the production of 

starch derivatives and has also found reputable application in 

fabrics designing industries, baking industry, pharmaceuticals 

and detergents making industries [22, 37]. At present, a 

renewed interest in the exploration of the enzymatic activity 

of extracellular enzymes like amylases in several 

microorganisms has been stimulated in the mind of many 

research workers that look forward to using such 

microorganisms as biotechnological sources of industrially 

relevant enzymes [38, 41, 46, 23, 3]. Most plants, bacteria, 

fungi and even animals have been severally reported to 

secrete a number of industrial enzymes like amylases [43, 9, 

22]. 

Generally, fungi are a group of microorganisms known to 

grow on substrates to which they can easily secrete digestive 

enzymes. They have been found growing on foods like rice, 

bread, cooked garri (a cassava product), cooked yam 

(Dioscorea rotundata), and even on leather materials (fabrics) 

undergoing spoilage. Manihot esculenta (cassava), a 
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perennial woody shrub, is widely cultivated for its starchy 

tuberous roots across the tropical and subtropical regions of 

the world. The tubers and leaves of cassava are highly rich in 

starch and have also been reported to contain some essential 

nutrients [20]. When processed or fermented, other cassava-

based food products such as dry garri, ‘eba’, tapioca, ‘fufu’, 

‘usi’ (cooked starch), ‘akpu’ (commonly prepared and 

consumed in the Southern part of Nigeria) are obtained 

amidst others. Cassava products form a major part of the 

staple food in the Niger-Delta Region of Nigeria [35; 45]. 

Due to their rich nutrient contents, cassava tuber and its 

products tend to support the growth of fungi upon exposure 

to air for some weeks. According to [43] and [44], most of 

these microorganisms are able to utilize cassava products as 

their sole source of carbon because of their ability to secrete 

starch degrading enzymes, such as amylases, glucoamylase, 

etc that assist in converting starch to simple digestible sugars. 

Normally, the activities of enzymes are known to be 

affected or regulated by a number of biochemical and 

physico-chemical factors [24, 16], some of which may 

interact with the enzyme molecule in a non-covalent manner 

inducing a temporary, reversible effect (decrease or increase 

in activity) [25] or in a covalent interaction causing a 

permanent or irreversible change in the enzyme’s 

conformation (protein denaturature) [18]. Hence, enzymes 

can be characterized based on their responses to the 

influence(s) of effector molecules and/ or physico-chemical 

factors such as change in temperature, pH, presence of a 

ligand, cofactors (metal ions), affinity for substrate/ substrate 

specificity, thermal stability, salt tolerance, values of 

Michaelis-Menten constants (Vmax, Km), etc. 

In this study, we biochemically characterized crude α-

amylases isolated from Aspergillus spp.CSA25-38, 

previously identified in a preliminary study to be associated 

with spoilage of cassava (M. esculenta) and its products in 

Nigeria [6]. This is to provide adequate knowledge of the 

optimal conditions at which the enzyme can best be applied 

for potential industrial uses. 

2. Materials and Methods 

2.1. Harvesting and Processing of Cassava Tubers 

Fresh cassava roots (also called tubers) were harvested 

from HarmonyPath Farm, Otorho-Agbon, Delta State, using 

a sharp cutlass. A portion of the tubers was simply peeled 

(but not processed further) and used as fresh cassava tubers, 

while the other portion was processed into garri through a 

series of methods described by [36], that involved peeling the 

cassava roots, washing, grating, solid state fermentation, 

pulverizing and roasting or frying to obtain a dry yellow 

granular cassava product called garri. 

2.2. Preparation of Eba 

This was carried out as described by [5] and [33] with 

some modifications. Garri, a dry granular processed cassava 

product, was prepared into a stiff paste or gel called ‘eba’ by 

adding the granules into hot water (90 -100°C) in a plastic 

bowl and stirring to make a paste of desired consistency. The 

paste (now eba) was later thoroughly mixed with a carved 

wooden apparatus. 

2.3. Preparation of Cassava Flour 

The method described by [36] was followed with some 

modifications. Peeled cassava tubers were sliced into chips 

using a knife and sun-dried to brittle point. The dried cassava 

chips were grinded into powder form (referred to as cassava 

flour) using a grinding device (Blender). The cassava flour 

(powder) was stored at room temperature till later use. 

2.4. Preparation of YPD Agar 

YPD (yeast extract-peptone dextrose) agar was prepared 

by measuring 2.0 g of glucose monohydrate, 1.0 g yeast 

extract, 2.0 g peptone and 1.5 g agar-agar powder into a 250 

ml conical flask. Little volume of distilled water was added 

to dissolve the flask contents and thereafter, the solution was 

made up to 100 ml with dH2O. The solution was sterilized by 

autoclaving for 15 min at 121°C. 

2.5. Growth of Fungal Isolates 

Peeled cassava tubers and eba were exposed to air for 7 

days to allow the cassava-degrading fungi to grow on them. 

Thereafter, Aspergillus species (Aspergillus sp.CSA25, 

Aspergillus sp.CSA26, Aspergillus sp.CSA27, Aspergillus 

sp.CSA35, and Aspergillus sp.CSA38) were collected from 

the samples [6] with a sterilized spatula and transferred into a 

sterile YPD agar in a Petri dish and allowed to grow (and 

sporulate) for one week in the dark. The fungal isolates were 

then sub-cultured for another 7 days in sterilized Cassava 

Starch Agar (CSA) containing 2% cassava flour as the sole 

source of carbon, 1% NaNO2 and 1.5% agar powder to 

ensure that only cassava starch-degrading fungi grew. 5 µl of 

a 20% antibiotic (ampicilin) was added to each subculture to 

prevent growth of bacteria. 

2.6. Fungal Production of Amylase 

This was carried out according to the method described by 

[26], with little modifications. About 5-10 ml of sterile 

normal saline (0.89% NaCl) was added to each cassava 

starch agar (CSA) plate containing grown cassava starch-

degrading Aspergillus species (Aspergillus sp.CSA25, 

Aspergillus sp.CSA26, Aspergillus sp.CSA27, Aspergillus 

sp.CSA35, and Aspergillus sp.CSA38). A sterile toothpick 

was used to gently mix the fungi spores with the normal 

saline and thereafter 2 ml of spore suspension was inoculated 

into 30 ml of sterilized fungi amylase production medium 

containing soluble starch (20 g/l), (NH4)2SO4FeSO4.6H2O 

(0.1 g/l), KH2PO4 (1.4 g/l), NaNO2 (10 g/l), MgCl2.6H2O 

(0.1 g/L), KCl 0.5 g/l, and H2O (1 L) (pH 6.5). The medium 

was covered with aluminum foil and incubated at 30°C for 

one week till grown fungal spores, hyphae and colour 

appearance became visible. The medium was stirred twice 

daily to ensure even distribution of nutrients, thereby 
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facilitating release of more amylase by the fungi to degrade 

the substrate (soluble starch). 50 µl of 20% antibiotic 

(ampicilin) was added to each 1 litre of culture medium to 

prevent growth of bacteria. 

2.7. Isolation of Crude Enzyme Extract 

This was carried out as described by [29] with a slight 

modification. The fungi hyphae were removed from the 

growth media using sterile forceps and the growth media 

containing the extracellular enzyme (α-amylase) were 

diligently filtered using Whatman No 1 filter paper. The 

filtrate was kept in a refrigerator (4°C) and later used for 

analysis as the crude enzyme. 

2.8. Assay for α-Amylase Activity 

α-Amylase activity was determined according to the 

method described by [31], with some little modifications. 

The reaction mixture contained 0.5 ml of 1% (w/v) soluble 

starch in 100 mM phosphate buffer (pH 6.5) and 0.5 ml of 

enzyme extract. The reaction mixture was incubated for 30 

min at 40°C and thereafter, 1 ml of 3, 5-dinitrosalicylic acid 

(DNS) solution was added and heated at 90°C for 10 min to 

develop red brown colour. Before cooling, 0.3 ml of Rochelle 

salt (40% sodium potassium tartrate) was added to stabilize 

the colour [30]. The colour absorbance was measured at a 

wavelength of 575 nm after cooling to room temperature in a 

cold water bath. The blank was prepared using 0.5 ml of 

enzyme extract that has already been boiled for 15 min (to 

inactivate the enzyme) and all other assay conditions 

followed. Maltose was used to construct a standard curve. 

One unit (U) of amylase activity was defined as the amount 

of enzyme that released 1 µg of maltose (as reducing sugar 

equivalent) per ml per min under the assay conditions. 

Specific activity is expressed as amylase activity (U) per mg 

of protein. 

2.9. Biochemical Characteristics of the Enzyme 

2.9.1. Effect of Temperature on Amylase Activity 

To determine the optimum temperature as well as effect of 

temperature on the fungi amylase activity, the activity of 

amylase isolated from the fungi isolates was measured at 

different temperatures (25-60°C) following the assay 

conditions [29]. 

2.9.2. Effect of pH on Amylase Activity 

Measurement of optimum pH for amylase activity was 

carried out under the assay conditions for pH range of 3.0-

10.0, using 50mM of three buffer solutions: Glycine-HCl (pH 

2.2-3.6), sodium acetate (pH 3.6 – 5.6), potassium phosphate 

(pH 5.8- 8.0) and glycine-NaOH (pH 8.6-10.6). The method 

described by [44] was followed with some little 

modifications. 

2.9.3. Effect of Metal Ions on Amylase Activity 

To ascertain the effect of metal ions (NaCl, KCl, MgCl2, 

CaCl2, and FeCl3) on amylase activity, the enzyme assay was 

performed after pre-incubation of enzyme extract with the 

metal ion at a final concentration of 1 mM in 100 mM 

phosphate buffer (pH 6.5) for 30 min at 40°C according to 

[44], with some little modifications. 

2.9.4. Effect of Chelating Agent (EDTA), Thiourea and 

DTNB on Amylase Activity 

The effects of thiourea, DTNB and chelating agent on 

amylase activity were also evaluated by pre-incubating the 

enzyme in the presence of the effectors (1 mM) for 30 min at 

40°C [44]. 

2.9.5. Enzyme Substrate Specificity 

The substrate specificity of the Aspergillus spp. α-

amylases was determined using cassava flour, yam flour, 

cocoyam flour, potato flour, garri flour, tapioca flour and 

soluble starch (as control). Substrate solutions were prepared 

in 100 mM phosphate buffer (pH 6.5) at a concentration of 

1%w/v and the hydrolytic activity was measured following 

the standard assay procedures [29]. 

2.9.6. Determination of Kinetic Constants (Km and Vmax) 

The effect of different concentrations (0.2-1.0%w/v) of 

soluble starch on amylase activity was determined under 

standard assay conditions. The kinetic rate constants, Km and 

Vmax values, were calculated after extrapolations from the 

Lineweaver-Burk plot. 

2.9.7. Salt Tolerance 

In order to determine salt tolerance capacity of the amylase, 

the enzyme extracts were incubated at final concentrations of 

1 - 3 M NaCl at 4°C for 2 and 24 h, respectively. After 

incubation, the enzyme activities were measured under 

standard assay conditions (29]. 

2.9.8. Enzyme Stability 

The stability of the amylases at temperature 45°C and pH 

5.0 was ascertained by subjecting the enzyme extracts to pH 

5.0 and incubating at 45°C for different periods, ranging 

from 1 - 4 h, respectively. After the incubation, the enzyme 

activities were measured under standard assay conditions 

[29]. 

2.9.9. Total Protein Measurement 

Protein was measured by the method of [47] with bovine 

serum albumin (BSA) as standard. The concentration of 

protein in each fungi amylase extract was calculated from a 

standard curve. 

3. Results 

3.1. Effect of Temperature on the Activity of the Amylase 

45°C was determined to be the optimum temperature for 

the Aspergillus spp. α-amylases investigated (Figure 1). The 

activities of the α-amylases were quite very low at room 

temperature (25°C), steadily increased between temperatures 

30-40°C, and eventually peaked at 45°C. At temperatures 

above 45°C the amylase activities of the fungi grown on 

cassava tubers (Aspergillus sp. CSA25, Aspergillus sp. 
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CSA26, and Aspergillus sp. CSA28) and eba (Aspergillus sp. 

CSA27 and Aspergillus sp. CSA35) tend to decrease, 

respectively (Figure 1). 

 

Figure 1. Effect of temperature change on activities of α-amylases of 

Aspergillus spp. associated with cassava spoilage. CSA25, CSA26, and 

CSA38 are Aspergillus spp. associated with spoilage of cassava; CSA27 and 

CSA35, are Aspergillus spp. associated with spoilage of eba. 

3.2. Effect of pH on Fungi Amylase Activities 

The specific activity of α-amylases isolated from 

Aspergillus spp. associated with spoilage of cassava was 

optimum within the pH range of 4.0-5.0 (Figure 2). While 

amylases from Aspergillus spp. in cassava tuber (CSA 25, 26, 

and CSA 38) peaked at pH 4.0, 5.0, and 5.0 respectively, 

those from eba (CSA 27 and 35) peaked at pH 8.0 and 5.0. 

The optimum α-amylase activities of Aspergillus spp. CSA25 

(pH 4.0), CSA26 (pH 5.0), CSA35 (pH 5) and CSA38 (pH 5) 

were about 53, 70, 92 and 86%, respectively, higher than that 

measured at the normal assay condition (pH 6.5). 

Correspondingly, the optimum amylase activity of 

Aspergillus sp. CSA27 (obtained at pH 8.0) was only about 

50% higher than that measured at the normal assay condition. 

These data indicate that the α-amylase activities of the 

cassava-degrading Aspergillus spp. are higher at relatively 

acidic pH values (pH 5). 

 

Figure 2. Effect of pH change on activities of α-amylases of Aspergillus spp. 

associated with cassava spoilage. CSA25, CSA26, and CSA38 are 

Aspergillus spp. associated with spoilage of cassava; CSA27 and CSA35, are 

Aspergillus spp. associated with spoilage of eba. 

3.3. Effect of Metal Ions on α-Amylase Activity 

As indicated in Figure 3, the enzyme activities of α-

amylases from the cassava-degrading Aspergillus spp. were 

strongly activated by potassium ion (K
+
) and moderately 

activated by Ca
2+

 and Fe
3+

. The enzyme was, however, 

slightly stimulated by Na
+
 and Mg

2+
. In some of the cassava 

fungi amylases investigated (Aspergillus spp. CSA25 and 

CSA35), the amylase was partially inhibited by Mg
2+

. 

2 2 

 

Figure 3. Effect of metal ions (mM) on activities of α-amylases of 

Aspergillus spp. associated with cassava spoilage. CSA25, CSA26, and 

CSA38 are Aspergillus spp. associated with spoilage of cassava; CSA27 and 

CSA35, are Aspergillus spp. associated with spoilage of eba. 

3.4. Effect of Thiourea, DTNB and Chelating Agent (EDTA) 

on α-Amylase Activity 

From the results in Figure 4, it was observed that the 

activities of α-amylases of all the Aspergillus spp. (CSA 25-

38) associated with cassava spoilage were slightly stimulated 

in the presence of 1mM thiourea and 1mM 5,5'-dithiobis-(2-

nitrobenzoic acid) (DTNB or Ellman’s reagent). However, 

the presence of the chelating agent, ethylenediamine 

tetraacetic acid (EDTA, 1mM) weakly inhibited the enzyme 

activity (Figure 4) in Aspergillus spp.CSA27 and CSA35 

(unlike in Aspergillus spp.CSA25, CSA26, and CSA38). 

 

Figure 4. Effect of thiourea, DTNB and EDTA on activities of α-amylases of 

Aspergillus spp. associated with cassava spoilage. CSA25, CSA26, and 

CSA38 are Aspergillus spp. associated with spoilage of cassava; CSA27 and 

CSA35, are Aspergillus spp. associated with spoilage of eba. 

3.5. Substrate Specificity 

The α-amylases of Aspergillus spp.CSA25-38 expressed 

higher activities for hydrolysis of cassava starch containing 

products (cassava flour, garri flour and tapioca flour) than for 

the non cassava starch products such as yam (Diascorea 

rotundata) flour, cocoyam (Colocasia esculenta) flour and 

potato (Ipomea batatas) flour (Figure 5). This observation or 

pattern of hydrolysis reveals that the cassava-degrading 

Aspergillus spp. α-amylases have a unique broad range of 
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substrate specificity for cassava starch products and an 

extremely low affinity for non cassava starch products. 

3.6. Kinetic Constants (Km and Vmax) 

Michaelis-Menten type kinetics was shown by the α-

amylases isolated from Aspergillus spp associated with 

cassava spoilage using soluble starch as substrate. As 

calculated from the Lineweaver-Burk plots (Table 1), the 

Vmax of the α-amylases of Aspergillus spp. associated with 

cassava spoilage ranges from 5.56 -10.00 U/mg protein, 

while the Km values are within the range of 0.37 -1.25 %w/v. 

The highest rate of catalysis was found in α-amylase from the 

Aspergillus sp.CSA27 (Vmax = 10 U/mg protein), while the 

highest affinity for substrate was shown by α-amylase from 

Aspergillus sp. CSA38 (Km =0.37%w/v) (Table 1). 

 

Figure 5. Substrate specificity of α-amylases of Aspergillus spp. associated 

with cassava spoilage. CSA25, CSA26, and CSA38 are Aspergillus spp. 

associated with spoilage of cassava; CSA27 and CSA35, are Aspergillus spp. 

associated with spoilage of eba. 

Table 1. Km and Vmax values of amylase of cassava-degrading fungi extrapolated from Lineweaver-Burk plots. 

Kinetic parameters of amylase 

isolated 

Cassava-degrading fungi 

Aspergillus 

sp.CSA25 

Aspergillus 

sp.CSA26 

Aspergillus 

sp.CSA27 

Aspergillus 

sp.CSA35 

Aspergillus 

sp.CSA38 

Km (%w/v) 0.57 1.25 0.91 0.67 0.37 

Vmax (U/mg protein) 5.56 6.67 10.0 6.90 9.01 

Km, Michaelis-Menten constant; Vmax, specific maximum enzyme activity; Aspergillus sp.CSA25, Aspergillus sp.CSA26, and Aspergillus sp.CSA38 are 

Aspergillus species associated with spoilage of cassava; Aspergillus sp.CSA27 and Aspergillus sp.CSA35, are Aspergillus species associated with spoilage of 

eba. 

3.7. Salt Tolerance 

The ability of the α-amylases of Aspergillus spp.CSA 25-

38, associated with cassava spoilage, to tolerate or withstand 

various concentrations of sodium chloride (1, 2 and 3 M) for 

24 h was tested. The result (Figures 6) showed that the 

activities of the α-amylases increased with increasing salt 

concentration (1 -2 M NaCl) for 24 h. However, the α-

amylase activities were observed to decline when the salt 

concentration was increased beyond 2 to 3 M. 

 

Figure 6. Aspergillus species amylase salt tolerance for 24 h. CSA25, 

CSA26, and CSA38 are Aspergillus spp. associated with spoilage of cassava; 

CSA27 and CSA35, are Aspergillus spp. associated with spoilage of eba. 

3.8. Enzyme Stability at Optimum Temperature (45°C) and 

pH (5.0) 

From the results shown in Figure 7, the activity of the α-

amylase after being incubated at the optimum temperature 

and pH (45°C, pH 5.0) steadily increased for the first 1-2 h, 

but subsequently declined upon further incubations for 2.5, 

3.0, 3.5 and 4.0 h at the same temperature and pH conditions. 

The results show that the Aspergillus spp. α-amylases are 

thermally stable for 1 - 2 h at 45°C and pH 5.0. 

 

Figure 7. Enzyme stability at optimum temperature (45°C) and pH (5.0) of 

amylase isolated from Aspergillus species. CSA25, CSA26, and CSA38 are 

Aspergillus spp. associated with spoilage of cassava; CSA27 and CSA35, are 

Aspergillus spp. associated with spoilage of eba. 

4. Discussion 

In this investigation, α-amylases of Aspergillus species 

associated with spoilage of cassava (Manihot esculenta) were 

biochemically characterized. The Aspergillus spp. had 

previously been identified using traditional microbiology 

approach and 18S rRNA gene sequences as Aspergillus 

sp.CSA25, Aspergillus sp.CSA26, Aspergillus sp.CSA27, 

Aspergillus sp.CSA35 and Aspergillus sp.CSA38, as reported 

by [6]. 

The activities of enzymes are generally affected or 

regulated by a number of biochemical and physico-chemical 

factors [24, 16], some of which may interact with the enzyme 

molecule in a non-covalent manner inducing a temporary 
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effect (decrease or increase in activity) [25] or in a covalent 

interaction causing a permanent or irreversible change in the 

enzyme’s conformation (protein denaturature) [18]. Hence, 

enzymes can be characterized based on their responses to the 

influence(s) of effector molecules and or physico-chemical 

factors such as change in temperature, pH, presence of a 

ligand, cofactors (metal ions), affinity for substrate/ substrate 

specificity, thermal stability, salt tolerance, values of 

Michaelis-Menten constants (Vmax, Km), etc. 

As reported by [23] and [42], the optimum temperature for 

α-amylases from fungal and yeast sources has generally been 

found to be between 30 and 70°C. Studies on Penicillium 

species (a fungus) reported its α-amylase optimum 

temperatures to be between 30 and 60°C [14, 15, 7, 40, 17]. 

Similarly, [31] and [32] had also reported an optimum 

temperature of 30 and 60°C for Penicillium camemberti 

PL21 and Saccharomyces cerevisae, respectively. These 

reports are consistent with our findings in which the optimum 

temperature for the Aspergillus species α-amylases is 45°C 

(Figure 1). 

The results of the effect of pH on the α-amylase activity of 

Aspergillus species (Figure 2) show that majority of α-

amylases are optimally active at pH 5.0, a relatively acidic 

pH. The optimum α-amylase activities of Aspergillus 

sp.CSA25 (pH 4.0), Aspergillus sp. CSA26 (pH 5.0), 

Aspergillus sp.CSA35 (pH 5) and Aspergillus sp.CSA 38 (pH 

5) were about 53, 70, 92 and 86%, respectively, higher than 

the ones measured at the normal assay condition (pH 6.5). 

Correspondingly, the optimum amylase activity of 

Aspergillus sp.CSA27 (obtained at pH 8.0) was only about 

50% higher than that measured at the normal assay condition. 

The results indicate that significantly higher enzyme 

activities were obtained at the acidic pH, 5.0. Cassava (M. 

esculenta) is naturally acidic due to its rich content of 

thiocyanic acid [45, 8]. This acidity is, however, reduced 

when cassava is processed under intense heat and by the 

addition of palm oil. According to [45], who reported the 

effect of different processing methods on cyanide content of 

garri from cultivars of cassava, the volatile thiocyanic acid 

dissociates under heat, leaving cassava products (such as 

garri, eba fufu, akpu, tapioca) less acidic for human 

consumption. It could, therefore, be expected of fungi 

growing on and degrading cassava tubers/products to be able 

to secrete amylases with optimum activities predominantly 

within acidic pH ranges. This finding is in agreement with 

those of [23] who reported that the optimum pH values for α-

amylases from most bacteria and fungi are within acidic to 

neutral range. The finding of the present study is also in line 

with that of [1] who reported an optimum pH of 5.0 in their 

work on the α-amylase activity of a mutant strain of 

Aspergillus oryzae EMS-18 in Pakistan. 

Metal ions have been widely shown to participate in 

regulation of enzyme activities. According to [41], metal ions 

could play key roles in enzyme stability and activity. The 

effects of metal ions on several α-amylases from fungi and 

yeast have also been reported [29]. α-Amylase is a 

metalloenzyme which contains at least one activating Ca
2+

 

ion [23] and enhancement of amylase activity by metal ions 

such as K
+
, Ca

2+
, Na

+
 and Fe

3+
 could be based on its ability to 

interact with negatively charged amino acid residues such as 

aspartic and glutamic acid (Linden et al., 2003). This, in turn, 

could result in stabilization as well as maintenance of 

enzyme’s conformation [29]. In this study, the enzyme 

activities of α-amylases from the cassava-degrading 

Aspergillus spp. were strongly activated by potassium ion 

(K
+
) and moderately activated by Ca

2+
 and Fe

3+
 (Figure 3). 

The enzyme was, however, slightly stimulated by Na
+
 and 

Mg
2+

. In some of the cassava fungi amylases investigated 

(Aspergillus spp.CSA25 and CSA35), the amylase was 

partially inhibited by Mg
2+

. These findings are partly in 

agreement with the report of Linden et al. (2003) who 

observed that the activity of α-amylases could be slightly 

enhanced by metal ions such as K
+
, Ca

2+
, Na

+
 and Fe

3+
. 

Figure 4 shows the effect of thiourea, 5,5'-dithiobis-(2-

nitrobenzoic acid) [DTNB], and ethylenediamine tetraacetic 

acid (EDTA) on the activity of α-amylases of Aspergillus spp 

associated with spoilage of cassava. It was observed that the 

enzyme activity was slightly stimulated in the presence of 

thiourea and 5,5'-dithiobis-(2-nitrobenzoic acid) [DTNB]. 

This indicates that cysteine residue(s) do not take part in 

catalysis [27]. Also, the enzyme activation by DTNB could 

be attributed to the reduction in aggregate size by destroying 

the intermolecular disulfide linkages and/or by the protection 

of thiol groups that stabilize the three dimensional structure 

of enzyme [27]. Thiourea also appeared to have slightly 

stimulated the amylase activity, though non-significantly 

lower than DTNB. Similar result has also been reported for 

α-amylase from Thermococcus profundus DT5432 [10]. The 

presence of EDTA, a chelating agent, weakly inhibited the 

amylase activity of Aspergillus sp. CSA27 and Aspergillus 

sp.CSA35 (unlike in Aspergillus sp. CSA25, Aspergillus sp. 

CSA26, and Aspergillus sp. CSA38), indicating that the 

amylases from Aspergillus sp. CSA27 and Aspergillus 

sp.CSA35 are likely metalloenzymes. Similar results were 

reported by [40, 42, 37, 23]. 

The substrate specificity of the α-amylase of Aspergillus 

species associated with spoilage of cassava (M. esculenta) is 

shown in Figure 5. The fungal α-amylases exhibited broad 

substrate specificity, showing intensive capacity for 

hydrolysis of α-1,4 glycosidic bonds. The hydrolysis of α- 

glucans such as cassava starch-containing products (cassava 

flour, garri flour and tapioca flour) was more efficient than 

those of yam (Diascorea rotundata) flour, cocoyam 

(Colocasia esculenta) flour and potato (Ipomea batatas) flour 

(Figure 5). According to [29], the substrate specificity of α-

amylase varies from microorganism to microorganism and 

the hydrolytic rate of the substrates is affected not only by its 

molecular size and structure but also by the types of bonds in 

its chain [19, 29]. Additionally, variations in starch granule 

surface area and the presence of amorphous regions in the 

vicinity of the granule surface of the various substrates tested 

may have contributed considerably to the differences in 

susceptibility of the test starches to enzyme attack [29, 34]. A 

cursory observation of the pattern of hydrolysis reveals that 
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the α-amylases of the Aspergillus species associated with 

cassava spoilage have a unique broad range of substrate 

specificity for cassava starch products and an extremely low 

affinity for non cassava starch products. The enzyme was 

able to hydrolyze the starch molecules in the two processed 

cassava products (garri and tapioca) more than the 

unprocessed cassava flour possibly because of the effect of 

the processing (Figure 5). However, very little or no affinity 

was shown to the non-cassava based products (yam flour, 

cocoyam flour, potato starch); hence they were minimally 

hydrolyzed by α-amylase of the Aspergillus species 

associated with cassava spoilage (Figure 5). This appears to 

be in agreement with the report of [29], who asserted that the 

substrate specificity of α-amylase as well as the hydrolytic 

rate of the substrates is affected not only by their molecular 

sizes and structures but also by the types of bonds in their 

chains. 

The relatively low Km value (0.37 -1.25%w/v of soluble 

starch) obtained (Table 1) indicates that α-amylase has a 

relatively high affinity for its substrate, starch (Roy et. al., 

2014). This may be due to an increased number of 

interactions between the active site of the enzyme and the 

substrate molecule, resulting in an increased affinity of the 

enzyme [39]. The relatively high affinity of the infesting 

Aspergillus spp α-amylases could be the biochemical 

rationale why cassava tubers or wet cassava products take 

just a few days to be invaded by these saprophytes [21]. 

Upon invasion, the saprophytic fungi (Aspergillus spp) 

gradually degrade or metabolize cassava starch in the long 

run to support their growth [21]. In a bigger view, the 

industrial strength/applicability of the α-amylases from 

Aspergillus species associated with cassava spoilage lies 

greatly on their high substrate specificity (Figure 5) as well 

as their high affinity for cassava starch (Table 1). These 

findings are in agreement with the report of [28] who 

reported a Km value of 3.7 mg/ml (i.e 0.37%w/v) for α-

amylase produced by Fusarium solani using submerged 

fermentation. 

As reported by [29], enzyme’s salt tolerance test is 

important in saccharification of starch and in treatment of 

effluent with high salinity containing starch or cellulose 

residues in pollution control mechanism. In this present study, 

the ability of the α-amylases of the Aspergillus spp.CSA25-

38 associated with cassava spoilage to tolerate or withstand 

various concentrations of sodium chloride (1, 2 and 3 M) for 

24 h was tested. The result (Figures 6) showed that the 

activities of the α-amylases increased with increasing salt 

concentration (1 -2 M NaCl) for 24 h. However, α-amylase 

activities were observed to decline when the salt 

concentration was increased beyond 2 to 3 M. These findings 

are, however, not in full agreement with reports of some 

researchers in previous studies done on some microbial α-

amylases in which about 60% loss of enzyme activity was 

observed at different salt concentrations [11, 4]. In the 

present study, the activity of α-amylase first increased with 

increase in salt concentration from 1 to 2 M, and later 

decreased upon further increase in salt concentration to 3M, 

indicating that the amylases were only tolerant to 1-2 M 

NaCl concentration over a period of 24 h. From this result, it 

could be inferred that α-amylases of the Aspergillus species 

associated with cassava spoilage would be very useful in 

industrial processes involving high salt treatment as these 

enzymes can tolerate or even take advantage of high salt 

treatment of about 1 -2 M NaCl up till 24 h. 

As shown in Figure 7, the activity of the α-amylase after 

being incubated at the optimum temperature and pH (45°C, 

pH 5.0) steadily increased for the first 1-2 h, but 

subsequently declined upon further incubations for 2.5, 3.0, 

3.5 and 4.0 h at the same temperature and pH conditions. The 

enzyme showed good stability at the optimal condition of 

45°C and pH 5.0 for 1-2 h. This property of the α-amylases 

of Aspergillus species associated with cassava spoilage could 

be used in biotechnological applications. The enzyme is 

moderately thermostable when compared with α-amylases 

isolated from Aspergillus niger and Bacillus licheniformis 

reported to be thermally stable at 20-60°C for 2 h [2]. 

5. Conclusion 

From the findings of the present study, it could be 

concluded that α-amylases from Aspergillus species 

associated with spoilage of cassava (M. esculenta) are 

optimally active at 45°C and pH 5.0; salt tolerant at 1-2 M 

NaCl for 24 hours; have a broad range of substrate specificity 

for cassava starch products and an extremely low affinity for 

non cassava starch products. These α-amylases can easily be 

activated with potassium ion (K
+
) amidst other metal ions. 

The fungal α-amylases reported in this study would find 

useful application in industries like food industry, detergent 

industry, paper industry, textile industry, pharmaceutical 

industry, etc [12, 13] where microbial α-amylases would be 

required for efficient and cost-effective hydrolysis of cassava 

starch, cassava flour and or its products. 
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