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The digestibility of gelatinized starch by crude amylases from Aspergillus niger was investigated. 
The starch extracted from yellow maize after steeping for 72hrs and purified by sedimentation 
method had the greatest yield of 86.71% (4.34 ± 0.37g) followed by the starch made from millet 
and sorghum with a yield of 65.94% (3.30 ± 0.25g) and 64.71% (3.23 ± 0.09g), respectively. The 
lowest gelatinization onset temperature of 59.25 ± 0.90

o
C was observed with sorghum starch. 

Susceptibility of the starches to hydrolysis was tested by the crude filtrate of the starch degrading 
microbe. Yellow maize was most susceptible to hydrolysis by Aspergillus niger giving a reducing 
sugar yield of 9.81 ± 0.17mg/ml in 10 minutes. Millet and sorghum starches were hydrolysed with 
a yield of 8.15 ± 0.15mg/ml and 6.15 ± 0.12mg/ml at 10 minutes, respectively. However, a peak 
yield of 14.34 ± 0.07 and 13.46 ± 0.12 mg/ml was observed for sorghum and millet respectively 
after 1

1
/2hr. The activity recorded with pure amyloglucosidase from Rhizopus mold produced 

17.15 ± 0.10 mg/ml reducing sugar from yellow maize starch after 10 minutes.  Millet and 
sorghum starch followed with a yield of 15.79 ± 0.20mg/ml and 11.32 ± 0.26mg/ml in 10 minutes, 
respectively. Yellow maize gelatinized starch exhibited good potential as substrates for the crude 
amylases of Aspergillus niger. 
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The utilization of starchy substrates for 
the industrial production of ethanol, glucose, 
maltose and dextrin involves gelatinization, 
liquefaction and saccharification processes 
(Suresh et al., 1999; Hall, 2001). Ealier 
developments involved aid hydrolysis, but due 
to the formation of undesirable side products 
the use of amylolytic enzymes from microbial 
and plant sources have gained fame (Robyt 
and Ackerman, 1955, Suresh et al., 1999). 
Cereal grains such as maize, millet and 
sorghum are important staple foods found in 
the diet of the people within the Northeastern 
Nigeria. These cereals are widely cultivated 
within the sub region, and to a larger extent, 
the country with an aggregate annual 
production of 23.9 million tons in year 2003 
(FAO Reviews, 2006). However, despite their 
importance, a large proportion of these 
cereals are lost yearly due to non-availability 
of appropriate technology and industry to 

harness these into various useful products 
such as ethanol, glucose syrup, maltose 
syrup, high fructose corn syrup and 
maltodextrins. Starch hydrolysis for the 
production of syrups such as glucose and 
other sweeteners has form part of the major 
requirements in the food processing industries 
(Rothwell, 1981), Pharmaceutical (Aboje 
2007), and confectionary industry (Fox and 
Cameron 1982). Glucose itself is formed by 
the hydrolysis of starch (Microsoft Encarta, 
2007). Fermentation of glucose by yeast 
produces ethyl alcohol (ethanol) and carbon 
dioxide (Suresh et al., 1999 Microsoft Encarta, 
2007). The production of glucose, maltose 
and dextrins from starch of maize (Sutherland 
et al., 1986), banana (Igoe, 1989; Bello-Perez 
et al., 2002) cassava (Aboje, 2007) and sweet 
potato (Omemu et al., 2004) has been well 
documented in many parts of the world. 
However, production of these important 
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products of starch hydrolysis in Nigeria has 
been largely obtained from starch of cassava 
whose cultivation flourishes in the Southern 
part of the country (Aboje, 2007). 

This study is aimed at the hydrolysis of 
gelatinized Maize, Millet and Sorghum starch 
using crude amylases of Aspergillus niger. 

 
MATERIALS AND METHODS  
Source of Materials 
Maize (yellow), Millet (gero) and sorghum 
(chakalari white) was obtained from the 
Maiduguri Monday Market. Nigeria. The 
materials were cleaned and stored for further 
analyses. 
 
Sample Preparation 
Extraction of Starch from Maize, Millet and 
Sorghum 
Extraction and quantitative determination of 
maize, millet and sorghum starch was done 
as described by White et al., (1990) modified 
by Krieger et al., (1997). 5g each of the 
cleaned yellow maize, millet and sorghum 
grains were steeped in 30mL of 1% sodium 
metabisulfite solution at ambient temperature 
for 24h, 48h and 72h. This was followed by 
manual removal of the pericarp and germ. 
Each of the separated endosperm was placed 
in a 50mL centrifuge tube with 10mL distilled 
water and homogenized using a vortex type 
tissue homogenizer (Ultra Turrax, 170W, 
20000 rpm) at 5000 x g for 2 minutes. The 
homogenized slurry was filtered using a 
muslin cloth with several washes until the 
wash water became clear with a total volume 
of 500mL. The starch slurry was allowed to 
sediment and the supernatant drained. Each 
of the three starches was rinsed with 250mL 
of distilled water, drained twice and the 
sediment air dried. 
 
Starch yield 
The dry matter recovered from the 
sedimentation procedure may contain trace 
amount of protein, fiber and other residues. 
The various starch yields were determined as 
described by Ji et al., (2004). 
 
% yield = Dry weight of Starch Recovered 
from Extraction/Dry weight of whole grains x 
100    
                        
 
 
 

Gelatinization of Starch 
A modification of the method described by Ji 
et al. 2004 was used to study gelatinization of 
the three cereals. Starch granules have the 
ability to absorb water and swell when cooked 
in boiling water. This makes the bonds holding 
the granules more susceptible to hydrolysis.  
 
Isolation of Amylolytic Fungi from Rotten 
Potato 
 Aspergillus niger was isolated from rotten 
potato as described by Omemu et al., (2004) 
About 10 grams of the rotten potatoes was 
suspended and properly mixed in 90ml of 
sterile distilled water. 10ml of this solution was 
then diluted in 90ml of water. The solution 
was again diluted twice more with 90ml each 
of sterile distilled water. 
An aliquot (O.lml) from the diluted solution of 
rotten potatoes was inoculated on potato 
dextrose agar (PDA) plates. It was incubated 
at room temperature for about 72 hours such 
that starch degrading colonies will have an 
area of clearing around them, the isolate was 
sub cultured for 72 hours on PDA containing 
1% starch to obtain pure isolates.  
 
Production of Crude Fungal Amylolytic 
Enzymes 
Isolated amylolytic fungi A niger maintained 
on PDA slants was used to produce crude 
enzymes as described by Omemu et al., 2004 
and Pazur, 1972). To the                                                                                                                                                               
inoculum on the slant containing fungal 
spores, 10ml of sterile distilled water was 
added and using a wireloop to loosen the 
spores, an aliquot (0.5ml) spore suspension 
was inoculated in a mineral salt medium 
consisting of KH2PO4 (0.1%) NH4NO3 (0.1%) 
NH4 (S04)2 (0.1%) MgS04.7H2O (0.1%) CaCl2 
(0.1%) FeSO2.7H2O (0.05%) and starch (2%). 
This was then sterilized at 121°C for 15 
minutes and cooled to room temperature 
before inoculation with the microorganism. 
This was followed by incubation at room 
temperature for 72 hours with intermittent 
shaking. The method described by Pazur, 
(1972) was adopted for extraction of Crude 
Fungal Amylolytic Enzymes.   
 
Commercial amyloglucosidase E.C.3.2.1.3 
The enzyme was supplied by Sigma – 
Aldriech Co and had an activity of 21000 
units. An aliquot (1mL) each of the gelatinized 
starch was incubated with 1mL of 0.5% (w/v) 
buffered amyloglucosidase pH 4.6 and 
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temperature of 55C with intermittent shaking 
for a period of 5minutes – 60 minutes. The 
reducing sugar released was estimated.  
 
Reducing Sugar Assay for Amylolytic 
Enzymes 
Reducing sugar was estimated by the method 
of Omemu et al (2004) . An aliquot (1mL) of 
the crude enzyme was incubated for 3 
minutes at ambient temperature with 1mL 
each of the substrate solutions. The enzyme 
reaction was interrupted by the addition of 
2mL dinitrosalicylic acid reagent. The test 
tubes were heated for 5 minutes in boiling 
water and then cooled under running tap 
water. After the addition of 20mL water, the 
optical density of the solution containing the 
brown reduction product was determined 
photometrically at 540nm by means of 
Corning colorimeter (253) and a blank was 
prepared in the same manner without 
enzyme. A calibration curve established with 
glucose was used to convert the colorimeter 
reading into milligram of glucose or maltose. 
 
Statistical Analysis 
The data obtained from this study was 
subjected to statistical analyses using SPSS 
and randomized block design using SPSS 
version 13 and mini tab version 11 where 
SPSS fails to address the problem. Where the 
statistical differences where significant 
multiple comparison was further employed 
using the Duncan Multiple Range Test 
(DMRT). Means and standard errors were 
also computed. 
 
RESULTS AND DISCUSSION 
Effect of steeping time on starch yield 
Starch yield increased as the steeping time 
increased from zero to 24 hrs up to 48 hrs for 
all the three cereals. However from 48hrs to 
72 hrs a decrease was observed in the yield 
of millet starch (Table 1). Steeping time > 
48hrs resulted in higher starch yield with lower 
protein content. Wang and Johnson, 1992 
reported a similar pattern of results. 
Possibilities might be as a result of unbroken 
particles from homogenization, which might 
result to the decreased starch yield in millet.
  It might again be due to the 
separation method adopted (sedimentation). 
The heavy starch fraction settled to the 
bottom of the beaker and the lighter protein 
fraction remained suspended in the water, 
thus lost in the in the top water in the process 

0f decanting. The effectiveness of this 
technique has been reported by other workers 
like Gausman et al., (1952); Biss and Cogan 
(1988); Steinke and Johnson (1991) and Ji et 
al., 2004. 
 
Effect of temperature on the cereal 
starches 
The onset gelatinization temperatures for the 
three cereal starches (Table 2) differed 
significantly (P<0.01). Millet starch showed 
significantly (P<0.05) higher onset (67.25 ± 
0.96

o
C) and peak (71.25 ± 0.96

o
C) 

gelatinization temperatures compared to 
those of yellow maize and sorghum. The 
differences obtained for both onset and peak 
gelatinization temperatures of the three 
cereals may be related to the steeping time. It 
has been reported that starch from kernels 
steeped for 48 hours or more had greater 
onset gelatinization temperature and a 
narrower gelatinization temperature range 
than starch from kernels steeped for only 24 
hours (Ji et al., 2004). The likelihood of the 
starch undergoing annealing and thereby 
decreasing swelling power and solubility, and 
consequently delayed gelatinization had been 
reported (Krueger et al., 1987; Fisher and 
Thompson, 1997). Krieger et al., (1997) had 
also studied the annealing of commercial corn 
and observed that annealing narrowed the 
gelatinization temperature range and 
increased peak temperature. The possibility 
that the starch used in this study may also 
have undergone some level of annealing with 
steeping time as observed by other workers, 
thus cannot be ruled out in this present study.  
 The hydrolysis of the gelatinized 
starch using culture filtrate of Aspergillus niger 
as crude enzymes resulted in increase in 
reducing sugar concentration as the reaction 
time increased from 10 minutes through to 
120 minutes (Figure 1). Although the optimal 
hydrolytic reaction time for all the three 
cereals were found to be between 60 and 90 
minutes. Comparing these results with a 
commercial enzyme amyloglucosidase 
(Figure 2), an optimal glucose concentration 
within 10 minutes of reaction time and 
significant decreases in glucose 
concentrations (starch hydrolysis) were 
observed for all the three cereal starches as 
the reaction time increased from 10 minutes 
to 60 minutes. This appears to suggest that 
starch hydrolysis by the commercial  
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Table 1. Starch Yield (g) with Various Steeping Time (hr) 

 

Variety/time                              24hrs                           48hrs                    72hrs    

      
            Yellow Maize                         3.79

c
                        4.19

c
                 4.34

c
 

                                                         ± 0.47                      ± 0.37                  ± 0.37 
             Millet                                    3.74

c
                        3.87

c
                 3.30

b
 

                                                         ± 0.31                      ± 0.19                ± 0.25 
            Sorghum                               3.07

a
                        3.16

a
                3.23

a
 

                                                          ± 0.12                      ± 0.13                 ± 0.09 

 
      Values are presented as Mean ± Standard Deviation of four determinations. 
      Mean values with different superscript along a column are statistically different (P< 0.05) 

 
Table 2. Gelatinization Temperature of the cereal starches 

Temperature/ 
Variety 

Onset 
Temperature Ti 

(
o
C) 

Peak 
Temperature Tp 

(
o
C) 

Final   
Temperature Tf 

(
o
C) 

Range (Tf – Ti) 
R (

o
C) 

Yellow Maize            63.00
a
  + 1.42 69.25

a
 + 0.50 73.00

a
 + 0.00 10.00 

Millet 67.25
 b

+ 0.96 71.25
 b

+ 0.96 77.75
b
+ 1.26 10.50 

Sorghum 59.25
c
+ 0.90 70.00

a b
 + 0.5 75.00

c
+ 0.82 15.75 

 
Values are presented as Mean ± Standard Deviation of four determinations. 
Mean values with different superscript along a column are statistically different (P< 0.05) 
 
amyloglucosidase may be limited to a time 
space between 10 – 30 minutes. The 
significant differences observed with respect 
to starch hydrolysis using the crude culture 
filtrate as compared to the commercial 
enzyme may largely be due to the crude 
nature of the enzymes in the culture filtrate as 
compared to the purified commercial enzyme. 
 
Effect of temperature on the cereal 
starches 
The onset gelatinization temperatures for the 
three cereal starches (Table 2) differed 
significantly (P<0.01). Millet starch showed 
significantly (P<0.05) higher onset (67.25 ± 
0.96

o
C) and peak (71.25 ± 0.96

o
C) 

gelatinization temperatures compared to 
those of yellow maize and sorghum. The 
differences obtained for both onset and peak 
gelatinization temperatures of the three 
cereals may be related to the steeping time. It 
has been reported that starch from kernels 
steeped for 48 hours or more had greater 
onset gelatinization temperature and a 
narrower gelatinization temperature range 
than starch from kernels steeped for only 24 
hours (Ji et al., 2004). The likelihood of the 
starch undergoing annealing and thereby 
decreasing swelling power and solubility, and 

consequently delayed gelatinization had been 
reported (Krueger et al., 1987; Fisher and 
Thompson, 1997). Krieger et al., (1997) had 
also studied the annealing of commercial corn 
and observed that annealing narrowed the 
gelatinization temperature range and 
increased peak temperature. The possibility 
that the starch used in this study may also 
have undergone some level of annealing with 
steeping time as observed by other workers, 
thus cannot be ruled out in this present study.  
 The hydrolysis of the gelatinized 
starch using culture filtrate of Aspergillus niger 
as crude enzymes resulted in increase in 
reducing sugar concentration as the reaction 
time increased from 10 minutes through to 
120 minutes (Figure 1). Although the optimal 
hydrolytic reaction time for all the three 
cereals were found to be between 60 and 90 
minutes. Comparing these results with a 
commercial enzyme amyloglucosidase 
(Figure 2), an optimal glucose concentration 
within 10 minutes of reaction time and 
significant decreases in glucose 
concentrations (starch hydrolysis) were 
observed for all the three cereal starches as 
the reaction time increased from 10 minutes 
to 60 minutes.  
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Figure 1. Glucose Release Using Aspergillus niger. 

 
 

 
Figure 2. Glucose Release using amyloglucosidase 

 
This appears to suggest that starch hydrolysis 
by the commercial amyloglucosidase may be 
limited to a time space between 10 – 30 
minutes. The significant differences observed 
with respect to starch hydrolysis using the 

crude culture filtrate as compared to the 
commercial enzyme may largely be due to the 
crude nature of the enzymes in the culture 
filtrate as compared to the purified commercial 
enzyme. 
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