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ABSTRACT 

Solid state fermentation holds tremendous potentials for the production of the enzyme amylase by 

Aspergillus niger. Different solid substrates like rice bran, wheat bran, black gram bran, coconut oil cake, 
gingerly oil cake and groundnut oil cake are rich in starch. These agro industrial residues are cheap raw 

materials for amylase production. Aspergillus niger was identified to be the best producer of amylase. 

Among four substrates screened; coconut oil cake (COC) gave highest enzyme production 4.08 x 109 
moles), which was almost two times higher than that produced by other substrates. Coconut oil cake has 

been a highly reported substrate producing promising results, among the various agro-industrial substrates 

used. Widespread suitability of COC may be due to the presence of sufficient nutrients and its ability to 

remain loose even in moist conditions, thus providing a large surface area. Oil cake especially coconut oil 
cake are rich source of starch. Oil cakes are rich in fiber, protein and energy contents. These agro 

industrial residues are cheap raw materials for amylase production. Extracellular production of α-amylase 

by Aspergillus niger under solid state fermentation using coconut oil cake as substrate was evaluated. 
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INTRODUCTION 

Amylases are a group of hydrolases, widely distributed in nature and can be extracted from plants, 

animals and microorganisms (Pandey et al., 2005; Reddy et al., 2003). Among these fungal and bacterial 

α-amylases have predominant applications in the industrial sector.  
Fungi are used mainly for the production of amylase because of its bulk production capability and ease of 

manipulation. Aspergillus and Rhizopus species are mainly used as a source fungal α-amylase (Pandey et 

al., 2005). 
Recently both submerged fermentation (SMF) and solid state fermentation (SSF) are carried out for the 

fugal production of amylase (Miranda et al., 1999; Norouzian et al., 2006; Bhatnagar et al., 2010). In 

cause solid state fermentations the extraction procedure are cheaper (Kumar and Duhan, 2011). Agro-

industrial waste has been reported to be good substrate for the production of α-amylase because synthetic 
media used has been costlier (Miranda et al., 1999; Norouzian et al., 2006; Bhatnagar et al., 2010). Crop 

residues such as bran, husk, bagasse and fruits seeds have been used as a potential raw material in enzyme 

production because they provide an excellent substratum for growth and supply the essential nutrients to 
them (Pandey and Soccol, 1998; Pandey et al., 2000a,b,c,d,e).  

Coconut cake has been used as a potent substrate for production of amylase by Aspergillus niger in solid-

state fermentation because as it rendering both carbon and nitrogen (Benjamin and Pandey, 1997). Rice 
bran contains fat, crude fiber, carbohydrate (34%) and protein and its moisture content in the range 7-

13%.  

It also contains minerals such as potassium, phosphorus and calcium in considerable amounts. Therefore, 

rice bran potentially can be used as a substrate without further supplementation (Aikat and Bhattacharyya, 
2001; Amissah et al., 2003).  

Rice husk used for enzyme production by solid state fermentation contains cellulose (35%), hemicellulose 

(25%), and lignin (20%) and it is a good source of lignocellulosic biomass that may be utilized as raw 
material (Abbas and Ansumali, 2010). 

Thus the present study screens a variety of easily available and inexpensive agro-industrial substrate for 

the production of α-amylase using Aspergillus niger under solid state fermentation. 
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MATERIALS AND METHODS 

Substrate Selection and Sterilization 

Rice bran and rice husk were collected from a rice mill from Ramapuram, Kottayam district of Kerala, 
India. Coconut oil cake was procured from a local mill located at Udambannor, Idukki district of Kerala, 

India and ground nut was purchased from a provisional store. All the samples are subjected to steam 

sterilization for an hour at 121°C.  

Isolation and Identification of Aspergillus niger 

The fungus was isolated from moistened bread by serial dilution and spread plate technique. The different 

fungal strains were selected and subjected to lactophenol cotton blue staining and from the morphology 

and spore colour the culture was confirmed as Aspergillus niger (Aneja, 2003).  

Determination of Amylase Activity 

Aspergillus niger isolate was tested for amylase production by starch hydrolysis. 

 

 

 
Figure 1: Various agro-industrial bye products used as substrates for the production of amylase, 

coconut oil cake (top left); ground nut oil cake (top right); rice bran (bottom left); rice husk 

(bottom right) 
 

Enzyme Production by Solid State Fermentation 

Aspergillus niger was subjected to solid state fermentation in different substrates like rice husk (S1, S2, 

S3), rice bran (S4,S5,S6), coconut oil cake (S7,S8,S9) and groundnut oil cake (S10,S11,S12) which was 
used as solid substrates for SSF. Each substrate was taken in about half inch thickness in all the bottles 

and hydrated with 25ml of basal salt solution and adjusted with moisture content from 43-81%. 1% of 

inoculums was inoculated after sterilization and incubated at room temperature for six days. 

Enzyme Extraction Assay 
25 ml of 0.1M phosphate buffer saline (pH 7) was added to each of the inoculated substrate beds and was 

vigorously shaken in rotary shaker for 15 minutes at 120rpm. The mixture was filtered through cheese 

cloth and centrifuged at 8000rpm at 40°C for 15min. The supernatant was filtered through cheesecloth 
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and the filtrate was used as the crude enzyme preparation. Enzyme amylase was assayed by 

Dinitrosalicyclic acid method. 

Statistical Analysis 
The results were analyzed and descriptive statistics were done using SPSS 12.0 (SPSS Inc., an IBM 

Company, Chicago, USA) and graphs were generated using Sigma Plot 7 (Systat Software Inc., Chicago, 

USA). 

 

RESULTS AND DISCUSSION 

Evaluation of Agro-industrial Residues as Substrates for SSF 

Enzyme activity in the extracted enzymes from different substrates was determined by DNS assay and the 
results of the same can be seen in table 1-4 and chart 1-4. The histogram in chart 5 shows a comparison 

between the alpha amylase activities in the bottles containing different substrates used in the present 

study. All the four were found to be good substrates as the alpha amylase activity was seen in all the four 
flasks. It can be seen that maximum amylase activity was seen when coconut oil cake was used as 

substrate followed by ground nut oil cake, rice bran and rice husk enzyme activity was maximum in the 

bottle containing coconut oil cake as substrate and it was found to be 4.08 x10-9mols/ml followed by 
ground nut oil cake (2.19 x10-9mols/ml), Rice husk (1.19 x10-9mols/ml) and rice bran (0.64 x10-9 

mols/ml). 

 
Figure 2: Enzymatic activity of various agro-industrial bye products (rice husk, rice bran, coconut 

oil cake, ground nut oil cake) used as the substrates for production of amylase  

 

Table 1: Activity of amylase produced from different substrates (rice hush, rice bran, coconut oil 

cake, ground nut oil cake; n=4) three trials and the total trial average  

 Rice husk Rice bran Coconut oil cake Ground nut oil 

cake 

Trial 1 1.23 ± 0.26 0.64 ± 0.01 4.25 ± 0.08 2.35 ± 0.13 

Trial 2 1.23 ± 0.26 0.72 ± 0.08 4.01 ± 0.06 2.22 ± 0.06 
Trial 3 1.10 ± 0.22  0.67 ± 0.04  3.98 ± 0.03  2.00 ± 0.10  

Trial average 

(total) 

1.18 ± 0.04  0.67 ± 0.02  4.08 ± 0.08  2.19 ± 0.10  

Numbers represent means ± one standard error (SE) of the mean  
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Conclusion 

Solid state fermentation holds tremendous potentials for the production of the enzyme amylase by 

Aspergillus niger. Different solid substrates like rice bran, wheat bran, black gram bran, coconut oil cake, 
gingely oil cake and groundnut oil cake are rich in starch. These agro industrial residues are cheap raw 

materials for amylase production. Aspergillus niger was identified to be the best producer of amylase. 
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Appendix 1 

Standard Graph of Maltose 

Concentration of working standard: 3mg/ml 
 Reagents  Blank  S1  S2  S3  S4  S5 

Volume of working Standard 
(ml) 

_ 0.2 0.4 0.6 0.8 1.0 

Conc. in moles 0 1.66 x10-9 3.33x 10-9 4.99x 10-9 6.66x 10-9 8.32x 10-9 
Distilled Water (ml) 1 0.8 0.6 0.4 0.2 0 
 DNS Reagent (ml)  3  3  3  3  3  3 

Incubation: Boiling water bath, 5 minutes 
 Distilled Water (ml)  2  2  2  2  2  2 
OD AT 520nm  0  0.12  0.24  0.36  0.48  0.60 
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