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The production of amylase by Aspergillus niger on three cassava whey media in liquid shake culture 
was compared. The supplemented cassava whey (SCW) medium exhibited gave amylase activity of 495 
U/ml. Biomass cropped was 1.63 g/l in the SCW medium. Yeast extract employed as a nitrogen 
supplement increased biomass yield of A. niger to 2.75 g/l with maximum amylase activity of 643 U/ml. 
Sodium nitrate (NaNO3) as nitrogen supplement had the lowest biomass yield of 0.77 g/l and amylase 
activity of 206 U/ml. Thus yeast extract as nitrogen supplement of cassava whey medium supported 
maximum production of amylase and biomass of A. niger. 
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INTRODUCTION 
 
Amylase is a commercially important enzyme in the 
starch bioprocessing and brewing industries responsible 
for breakdown of starch or glycogen into simple sugar 
constituents (Akpan et al., 1999; Aiyer, 2005). Starch 
hydrolyzing enzymes such as amylase has received a 
great deal of attention because of their benefits. Tremen-
dous research effort have been made on the applications 
of amylase for the conversion of starch to sugars (Hyun 
and Zeikus, 1985) and is currently most widely utilized in 
biotechnological applications ranging from food, fermen-
tation, textile to paper industries (Lin et al., 1997; Pandey 
et al., 2000; Kurosawa et al., 2006). Amylases are widely 
distributed in plants and animals (Aiyer, 2005) and the 
enzyme from microbial sources are generally used to 
meet the expanding industrial demands (Pandey et al., 
2000; Kurosawa et al., 2006). Among the microorgani-
sms, many fungi had been found to be good sources of 
amylolytic enzymes. Studies on fungal amylase especial-
ly in the developing countries have concentrated mainly 
on Rhizopus sp. and Aspergillus niger probably because 
of the ubiquitous nature and non fastidious nutritional re-
quirements of these organisms (Abe et al., 1988). 

Wastes from  the  agricultural  products  during  proces- 
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sing such as cassava whey can be used for bioconver-
sion to produce protein enriched foods and other forms of 
value added products like amylase (Okolo et al., 1995; 
Ubalua, 2007). This paper provides an information on the 
use of cassava whey in amylase production by A. niger 
and effects of nitrogen supple-ments on the yield of 
biomass and amylase. 
 
 
MATERIALS AND METHODS 
 
Raw materials and cultures 
 
Fresh cassava whey samples were obtained from a small scale 
cassava grating and processing plant site at Isihor, Benin City, 
Nigeria. Collection was into 4.5 litre plastic container previously 
cleansed and rinsed with 70% ethanol and distilled water, succes-
sively. The samples were allowed to sediment out for 6 h, solids 
were removed and supernatants used immediately. 
Known strain of A. niger identified by Oshoma and Ikenebomeh 
(2005) was obtained from the culture collection of the Microbiology 
laboratory of the University of Benin, Benin City. The culture was 
maintained  on  potato  dextrose  agar  (PDA)  at  28  ±  2°C. 
 
 
Preparation of cassava whey and fermentation 
 
Fermentation was carried out in an orbital shaker at 120 rpm using 
three trial media. The first medium, supplemented cassava whey 
(SCW) medium had the following composition per litre MgSO4 (0.5 
g), KH2PO4 (1.0 g), CaCl2 (0.5 g), cassava whey (292 ml) and made 
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Table 1. Changes in pH values of supplemented and unsupplimented 
cassava whey medium for 5 days fermentation period using Aspergillus 
niger. 
 

 
Medium 

pH 
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 

SCW 4.50 4.50 4.48 4.42 4.35 4.30 
UCW 4.50 4.50 4.48 4.46 4.46 4.40 
UICW 4.50 4.50 4.50 4.49 4.49 4.48 
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Figure 1. Total Aspergillus niger biomass cropped in sup-
plemented and unsupplemeted cassava whey media for 5 
days fermentation. SCW, Supplemented cassava whey me-
dium with the following composition per litre MgSO4 (0.5 g), 
KH2PO4 (1.0 g), CaCl2 (0.5 g), cassava whey (292 ml) and 
made up to 1 litre with distilled water; UCW, unsupplemented 
cassava whey (UCW) medium had cassava whey (292 ml) 
made up to 1 litre with distilled water; UICW, uninoculated 
cassava whey medium with the same composition as UCW 
medium but was not inoculated. 

 
 
 
up to 1 litre with distilled water. The second medium unsupplemen-
ted cassava whey (UCW) medium had cassava whey (292 ml) 
made up to 1 litre with distilled water. The third medium uninocula-
ted cassava whey (UICW) medium had the same composition with 
the UCW medium but was not inoculated. 

The effects of various nitrogen supplements and amylase activity 
was studied. SCW medium was used with each of the following 
nitrogen sources; yeast extract (2.0 g), NaNO3 (4.5 g) and (NH4)2 

SO4(3.32 g). 
In all the media, initial pH was adjusted to 4.5 using 1 N HCl and/ 

or 1 N NaOH. Each medium (98 ml) was transferred into 250 ml 
Erlenmeyer flask and sterilized at 121°C for 15 min. Inoculum size 
of 2.0 ml from homogenate of A. niger culture was aseptically tran-
sferred into each medium. Fermentation was at a temperature of 28 
± 2°C on an orbital shaker at a speed of 120 rpm followed by deter-
mination of amylase activity and other parameters at 24 h interval 
for 5 days. 
 
 
Analytical methods 
 
Amylase activity was assayed as described by Ramakirshna et al. 
(1982) using a reaction mixture comprising of 1 ml of crude enzy-
me, 1 ml of 1% starch solution and 0.1 ml of citrate buffer solution 
(pH 4.5). Incubation was at 60°C for 1 h and the reaction was termi- 

nated by immersing the reaction tube in boiling water (100°C) for 2 
min. The reducing sugars liberated were estimated by the DNS 
methods (Miller, 1959). 1 unit of amylase activity (U) was defined as 
the amount of enzyme that liberated 1.0 �mole of D-glucose from 
starch in 1.0 �l reaction mixture under the assay conditions. 

Dry mycelia biomass of A. niger was determined in the growth 
medium after each fermentation period. The mycelia were paste-
urized at 65°C for 30 min in a water bath, removed from the flasks, 
placed on a dried and preweighed Whatman No 1 filter paper and 
washed twice with 50 ml of sterile distilled water. The biomass on 
the filter paper was dried at 90°C in a Genlab hot air oven YIA 110 
model England until constant weight was obtained. 

The initial and final pH values of fermentation media were deter-
mined using pH meter 3305 supplied by Jenway, England. 

Titratable acidity was determined by transferring 10 ml of the fil-
trate into 250 ml Erlenmeyer flask and titrated against 0.1 N NaOH 
using phenolphthalein as indicator. 
 
 
RESULTS AND DISCUSSION 
 
A. niger was cultured in three liquid cassava whey media; 
supplemented cassava whey (SCW) medium, unsupple-
mented cassava whey (UCW) medium and uninoculated 
cassava whey (UICW) medium at 28 ± 2°C under sha-
king conditions. pH values (Table 1) were found to decli-
ned from 4.50 to 4.3, 4.40 and 4.48 for SCW medium, 
UCW medium and UICW medium, respectively. The 
titratable acidity had a corresponding increase of 13.60, 
10.90 and 9.80 ml (0.01M NaOH) on day for SCW 
medium, UCW medium and UICW medium respectively 
(Table 2). Changes in reducing sugars values during the 
fermentation period are shown in figure 2. The values all 
declined on day 5 at 2.40, 2.50 and 5.70mg/ml for SCW 
medium, UCW medium and UICW medium respectively.  
The result of the dry biomass of A. niger peaked on day 5 
at 1.63g/L, 0.79g/L and 0.01g/L for SCW medium, UCW 
medium and UICW medium respectively (Figure 1). The 
media resulted in varied amylase activity (Figure 3). The 
SCW medium had the highest peak of amylase activity of 
495U/ml on day 3. 

Investigations showed that of the 3 nitrogen sources 
(yeast extract, (NH4)2SO4 and NaNO3), yeast extract sup-
ported highest biomass of 2.75 g/l (Figure 4). Yeast 
extract also gave the best amylase activity of 643 U/ml 
(Figure 6) followed by (NH4)2SO4 of 435 U/ml on day 3. 
From the 3 media tested in the study, supplemented cas-
sava whey medium exhibited highest biomass cropped at 
1.63 g/l on day 5 (Figure 1) and amylase activity of 495  
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Figure 2. Changes in reducing sugar values of supplemented 
and unsupplemented cassava whey medium for 5 days fer-
mentation period using Aspergillus niger. SCW, Supple-
mented cassava whey medium with the following composition 
per litre MgSO4 (0.5 g), KH2PO4 (1.0 g), CaCl2 (0.5 g), 
cassava whey (292 ml) and made up to 1 litre with distilled 
water; UCW, unsupplemented cassava whey (UCW) medium 
had cassava whey (292 ml) made up to 1 litre with distilled 
water; UICW, uninoculated cassava whey medium with the 
same compo-sition as UCW medium but was not inoculated 
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Figure 3. Total amylase production in supplement and 
unsupple-mented cassava whey medium with Aspergillus niger. 
SCW, Supplemented cassava whey medium with the following 
composi-tion per litre MgSO4 (0.5 g), KH2PO4 (1.0 g), CaCl2 (0.5 
g), cassava whey (292 ml) and made up to 1 litre with distilled 
water; UCW, unsupplemented cassava whey (UCW) medium 
had cassava whey (292 ml) made up to 1 litre with distilled 
water; UICW, uninoculated cassava whey medium with the 
same composition as UCW medium but was not inoculated. 

 
 
 
U/ml on day 3 (Figure 3) indicating that the cassava whey 
starch is a possible inducer of amylase production by A. 
niger. This possibility has earlier been reported upon by 
Akpan et al. (1999).  Thus, it is clearly evident from the 
results of the present study that SCW medium appeared 
to support better growth and production of amylase by A. 
niger. Similar observation was made by Narasimha et al. 
(2006). Maximum efficiency of A. niger amylase was 
noted at 72 h by Omemu et al. (2005). 
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Figure 4. Effect of different nitrogen source in cassava whey me-
dium on the dry biomass cropped of Aspergillus niger for 5 days 
fermentation period. 
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Figure 5. Effect of different nitrogen sources on reducing 
sugar in cassava whey medium for 5 days fermentation using 
Aspergillus niger. 
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Figure 6. The effect of different nitrogen sources on Aspergillus 
niger amylase production. 

 
 
 
Higher values of A. niger biomass were obtained with 
nitrogen supplementation and yeast extract gave the 
highest biomass yield (Figure 4). Since cassava is poor in 
protein content (Ugwu and Odo, 2008), any addition of 
nitrogen supplement would be expected to  enhance  bio-  
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Table 3. Changes in pH values of supplemented cassava whey medium 
(SCW) with different nitrogen source during 5 days fermentation at 28 ± 2°C by 
Aspergillus niger. 
 

Medium pH 
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 

Yeast Extract 4.50 4.40 4.30 4.20 4.08 3.91 
(NH4)2SO4 4.50 4.44 4.35 4.26 4.08 4.09 

NaNO3 4.50 4.49 4.42 4.37 4.30 4.27 
 
 
 

Table 4. Changes in titratable acidity [ml(0.1N NaOH)] values of supplemented 
cassava whey medium (SCW) with different nitrogen sources during 5 days 
fermentation at 28 ± 2°C by Aspergillus niger. 
 
Medium Titratable acidity ml (0.01 N NaOH) 

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 
Yeast Extract 9.20 13.20 15.00 16.60 19.00 22.30 

(NH4)2SO4 9.30 12.60 13.40 15.40 17.40 20.40 
NaNO3 9.30 9.50 10.40 11.20 13.00 14.19 

 
 
 

mass production. Yeast extract gave the highest biomass 
yield of 2.75 g/l (Figure 4), but according to Ikenebomeh 
and Chikwendu (1997), the preferred nitrogen source for 
A. niger biomass production was ammonium sulphate. 
Cassava is rich in starch hence the high values of the 
reducing sugars on day 0 of 9.40 mg/ml, 5.90mg/ml and 
5.90mg/ml for SCW medium, UCW medium and UICW 
medium respectively (Figure 2), and 11.60, 10.60 and 
9.50 mg/ml for Yeast Extract, (NH4)2SO4 and NaNO3 
supplemented medium respectively (Figure 5). 
Consequent metabolism of A. niger resulted in the 
reduction of the sugars values. The utilization of sugars in 
the media by A. niger increased the production of 
amylase (Omonigho and Ikenebomeh, 2000). 

Maximum amylase activity of 643 U/ml on day 3 (Figure 6) 
was achieved when yeast extract was the nitrogen source 
supplement. (NH4)2SO4 gave higher amylase activity than 
NaNO3. Hamilton et al. (1999) and Hayashida et al. 
(1988) reported that organic nitrogen sources are pre-
ferred for amylase production. They observed maximum 
amylase was produced when supported by yeast extract. 
Akpan et al. (1996) observed that increase in the organic 
nitrogen content enhanced amylase production to 411 
U/ml by Rhizopus sp. which was far better than the in-
organic nitrogen supplement. 

Physical parameters such as pH of the growth medium 
play important roles by inducing morphological changes 
in microbes and enzyme secretion. The pH change ob-
served during the growth of microbes also affects product 
stability in the medium (Gupta et al., 2003). The final pH 
values when yeast extract and (NH4)2SO4 supplementa-
tions were used (Table 3) were 3.91 and 4.09, respec-
tively. This agreed with Ikenebomeh and Chikwendu 
(1997) observation that nitrogen supplements increased 
acid production in the  medium  and  this  might  eliminate  

the need for pH control equipment. Alva et al. (2007) 
reported that maximum amylase was produced at a pH of 
5.8. 

In conclusion, cassava whey medium with a relatively 
high starch concentration and simple nitrogen supple-
ments (organic) can be successfully employed as a 
medium for the production of amylase using A. niger. 
Cassava whey is an agricultural waste, readily available 
and cheap in the tropics. A. niger could grow and 
produce the amylase at 28 ± 2°C, a common temperature 
in the tropics. 
 
 
ACKNOWLEDGEMENTS 
 
We acknowledged the assistance of staff of Green 
Consultants Ltd and Edo State Environmental 
Laboratory, Benin City, Nigeria. 
 
 
REFERENCES 
 
Abe J, Bergman FW, Obeta K, Hizukuri S (1988). Production of the raw 

starch degrading amylase of Aspergillus sp. K-27. Appl. Microbiol. 
Biotechnol. 27 :447-450. 

Aiyer P (2005). Amylases and their applications. Afri. J. Biotechnol.  
4(3) :1525-1529. 

Akpan I, Bankole MO, Adesemowo AM, Latunde-Dada GO (1999). 
Production of amylase by A. niger in a cheap solid medium using rice 
bran and agricultural materials. Trop. Sci. 39 :77-79. 

Akpan I, Ikenebomeh MJ, Doelle HW (1996). Effect of carbon and 
nitrogen supplements to rice bran-based medium on amylase 
production by Rhizopus sp. Trop. Sci. 36:166-173. 

Alva S, Anupama J, Savla J, Chiu YY, Vyshali P, Shruti M, Yajeetha 
BS, Bhavya D, Purvi J, Ruchi K, Kumudini BS, Varalakshmi KN 
(2007). Production and characterization of fungal amylase enzyme 
isolated from Aspergillus sp. JGI 12 in solid state culture. Afri. J. 
Biotechnol. 6(5):576-581. 



686         Afr. J. Biotechnol. 
 
 
 
Gupta R, Gigras P, Mohapatra H, Goswami VK, Chauhan B (2003). 

Microbial �-amylases : a biotechnological perspective. Process. 
Biochem. 38 :1599-1616. 

Hamilton LM, Kelly CT, Fogarty WM (1999). Production and properties 
of the raw starch-degrading �-amylase of Bacillus sp. IMD 435 
Process. Biochem. 35 : 27-31. 

Hayashida S, Teramoto Y, Inoue T (1988). Production and 
characteristics of raw potato starch digesting �-amylase from Bacillus 
subtilis. Appl. Environ. Microbiol. 54 :1516-1522. 

Hyun HH, Zeikus JG (1985). Regulation and genetic enhancement of �-
amylase production in Clostridium thermosulfurogenes. J. Bacteriol. 
164(3) :1162-1170. 

Ikenebomeh MJ, Chikwendu AE (1997). Aspergillus niger biomass 
production in cassava whey medium. Nig. J. Microbiol. 11: 52-63. 

Kurosawa K, Hosaka T, Tamehiro N (2006). Improvement of �-amylase 
production by modulation of Ribosomal component protein S 12 in 
Bacillus subtilis 168. Appl. Environ. Microbiol. 72(1):71-77. 

Lin LL, Hsu WH, Chu WS (1997). A gene encoding for �-amylase from 
thermophilic Bacillus sp strain TS-23 and its expression in 
Escherichia coli. J. Appl. Microbiol. 82: 325-334. 

Miller GL (1959). Use of dinitro-salicylic acid reagent for determination 
of reducing sugar. Anal.Chem. 31:426-429. 

Narasimha G, Sridevi A, Buddolla V, Subhosh CM, Rajasekhar RB 
(2006). Nutrient effects on production of cellulolytic enzymes by 
Aspergillus niger. Afri. J. Biotechnol. 5(5):472-476. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Okolo BN, Ezeogu LI, Mba CN (1995). Production of raw starch 

digesting amylase by Aspergillus niger and Bacillus alvei grown on 
Native starch sources J. Sci. Food Agic. 69: 109-115. 

Omemu AM, Akpan I, Bankola MO, Teniola OD (2005). Hydrolysis of 
raw tuber starches by amylase of Aspergillus niger  AM07 isolated 
from the soil. Afri. J. Biotechnol. 4(1):19-25.  

Omonigho SE, Ikenebomeh MJ (2000). Effects of different preservative 
treatments on the chemical changes of pounded white yam 
(Dioscorea rotundata) in storage at 28±2oC. Food Chem. 68: 201-
209. 

Oshoma CE, Ikenebomeh MJ (2005). Production of Aspergillus niger 
biomass from Rice bran. Pak. J. Nutr. 4(1):32-36. 

Pandey A, Nigan P, Soccol VT, Singh D, Mohan R (2000). Advances in 
microbial amylases. Biotechnol. Appl. Biochem. 31: 135-152. 

Ramakirshna SV, Suseela T, Ghilyal NP, Jaleel A, Prema P, Lonsane 
BK, Ahmed SY (1982). Recovery of amyloglucosidase from Mouldy 
bran. Indian J. Technol. 20: 476-480. 

Ubalua AO (2007). Cassava wastes: treatment options and value 
addition alternatives. Afri. J. Biotechnol. 6(18): 2065-2073. 

Ugwu FM, Odo MO (2008). Effect of Cassava variety on the quality and 
shelf stability of Soy-Garri, Pak. J. Nutr. 7(2): 381-384. 

 
 


