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ABSTRACT 

 

Agro-industrial wastes such as sugarcane bagasse, wheat bran, rice bran, corn cob and wheat straw are 

cheapest and abundantly available natural carbon sources. The present study was aimed to production of 

amylase and xylanase simultaneously using agro-industrial waste as the sole carbon source. Seven 

thermophilic strains of actinomycete were isolated from the mushroom compost. Among of these, strain 

designated MSC702 having high potential to utilize agro-industrial wastes for the production of amylase and 

xylanase. Strain MSC702 was identified as novel species of Streptomyces through morphological 

characterization and 16S rRNA gene sequence. Enzyme production was determined using 1% (w/v) of 

various agro-industrial waste in production medium containing (g/100mL): K2HPO4 (0.1), (NH4)2SO4 

(0.1), NaCl (0.1), MgSO4 (0.1) at pH 7.0 after incubation of 48 h at 50°C. The amylase activity (373.89 

IU/mL) and xylanase activity (30.15 IU/mL) was maximum in rice bran. The decreasing order of amylase 

and xylanase activity in different type of agro-industrial wastes were found rice bran (RB) > corn cob (CC) 

> wheat bran (WB) > wheat straw (WS) > sugarcane bagasse (SB) and rice bran (RB) > wheat bran (WB) > 

wheat straw (WS) > sugarcane bagasse (SB) > corn cob (CC), respectively. Mixed effect of different agro-

industrial wastes was examined in different ratios. Enzyme yield of amylase and xylanase was ~1.3 and ~2.0 

fold higher with RB: WB in 1:2 ratio. 
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INTRODUCTION 

 

The continued development of biosustainable and 

renewable resource technology is of great importance with 

respect to environmental concerns. The bioconversion of 

lignocellulosics, natural and anthropogenic, in the production 

of biofuels is an extremely important part of renewable 

resource technology. A large amount of agro-industrial waste 

generated every year in all over the world contained high 

lignocellulosics and starch content. Lignocellulose is the major 

component of biomass, comprising around half of the plant 

matter produced by photosynthesis (also called photomass) and 

representing the most abundant renewable organic resource in 

soil (34). It consists of three types of polymers, cellulose,
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hemicellulose and lignin that are strongly intermeshed and 

chemically bonded by non-covalent forces and by covalent 

cross-linkages (28).  

The microorganisms degrade lignocellulosic and starchy 

materials due to their highly efficient enzymatic system. The 

two types of extracellular enzymatic systems are present in 

microorganisms; the hydrolytic system (responsible for 

polysaccharide degradation) and ligninolytic system (degrades 

lignin and opens phenyl rings) (34). Thermophilic 

actinomycetes are well known components of the microbiota of 

composts and play an important role in habitats where 

decomposition of organic matter such as lignocellulose, starch 

and chitin, takes place at elevated temperatures and under 

aerobic conditions. They are aerobic, Gram-positive with high 

G + C in DNA (10). 

Amylases and xylanases are hydrolytic enzymes those 

facilitate the complete hydrolysis of starch and xylan 

respectively. Xylan is the major structural component of plant 

cell walls and the most renewable hemicellulose, composed of 

1, 4- linked β-D-xylopyranosyl residues. A great deal of 

attention has been received due to the potential application of 

amylases in sugar, textile, paper, brewing, distilling industries 

and pharmaceuticals (2, 13, 27) while of xylanases in the food, 

feed, pulp and paper industries (5, 7, 16, 24, 43). The 

advantages of using thermostable enzymes in industrial 

processes include the decreased risk of contamination, cost of 

external cooling and increased diffusion rate with resistant to 

denaturing agents, solvents and proteolytic enzymes (6, 20). 

In order to convert biomass to ethanol, the efficient 

utilization of both starch-derived and hemicellulose-derived 

carbohydrates is essential. At present, the dominant cost 

element in fermentative production of fuel ethanol is starch, 

though some fermentable starch and sucrose are easily 

obtainable from agricultural by-products such as sugarcane 

bagasse, wheat bran, rice bran, corn cob and wheat straw (12, 

19, 36). Expansion of this fermentation process towards 

utilization of low-value substrates such as agro-industrial 

wastes offers a great potential for reducing the production cost 

and increasing the use of ethanol as a fuel additive. The 

conventional method of starch and hemicellulose hydrolysis 

using acid has been replaced by processes using saccharifying 

enzymes of microbial origin (39). 

The selection of a particular strain, however, remains a 

tedious task, particularly when commercially significant 

enzyme yields are required. Agro-industrial wastes are 

generally considered the best substrates for the solid state 

fermentation (SSF) processes (17) but in present study we 

utilized these in submerged fermentation (SmF). Since 

thermostability is a feature of most of the enzymes sold in bulk 

for industrial application, thermophilic microorganisms are of 

particular interest for the production of thermostable amylases 

and xylanases. This study was focused on the isolation and 

selection of particular strain having affinity to produce 

industrially valuable thermostable extracellular enzymes 

(amylase and xylanase) from the low cost carbon substrates to 

reduce the cost of enzyme production and make a better 

alternative for utilization of crop biomass (largest renewable 

reservoir of potentially fermentable carbohydrates) generated 

every year in million tones as “waste”. 

 

MATERIALS AND METHODS 

 

All the media ingredients and chemicals were of analytical 

grade, procured from E-Merck, Hi-Media and Qualigen 

Chemicals, India, Ltd. All agro-industrial wastes (sugarcane 

bagasse, wheat bran, rice bran, corn cob and wheat straw) used 

as sole carbon source, were obtained from the local market, 

Kanpur, India. All the substrates prior to the use for enzyme 

production were oven dried at 65°C. Sugarcane bagasse, corn 

cob and wheat straw were powdered in a grinder to get 4-5 mm 

particle size while wheat bran and rice bran were used at mesh 

size 2-4 mm.  

 

Sampling site and collection of samples 

Our sampling site Kanpur is situated in India within Uttar 

Pradesh province in between 26° 28′ North latitude and 80° 21′ 
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East longitude with an elevation of 125.6 m. Twelve mushroom 

compost samples were collected from Mushroom Research and 

Development Centre, Department of Plant Pathology, Chandra 

Shekhar Azad University of Agriculture and Technology, Kanpur, 

India. These samples were collected from four different zones 

(outermost, under depth 25 cm, under depth 50 cm, centre) 

covering whole diameter of the heap of mushroom compost, in 

three visits.  

Samples of mushroom compost were collected by inserting a 

polyvinyl corer (10 cm diameter) (previously sterilized with 

alcohol) into the heap of mushroom compost. The central portion 

of the top 2 cm sediment sample has been taken out with the help 

of a sterile spatula. These samples have been transferred to a 

sterile polythene bags and kept at 4ºC until the experiments were 

carried out.  

 

Isolation and maintenance of isolates 

Serial dilution method (42) was applied for isolation of 

thermophilic actinomycetes. They were isolated on M medium 

agar (25) containing (g/100mL) soluble starch 1.0, dipotassium 

hydrogen phosphate (K2HPO4) 0.1, ammonium sulphate 

{(NH4)2SO4} 0.1, sodium chloride (NaCl) 0.1, magnesium 

sulphate (MgSO4. 7H2O) 0.1, pH 7.0 at 45°C. M medium was 

modified with 1% (v/v) trace metal salt solution (40). All isolated 

strains of thermophilic actinomycetes were maintained on 

modified M medium agar slants at 4ºC. 

 

Selection of working strain 

Selection of working strain was done on the basis of their 

enzyme (amylase and xylanase) productivity on agro-industrial 

waste (wheat straw). Seven isolated strains of thermophilic 

actinomycetes were inoculated in M broth medium (25) contained 

1% (w/v) wheat straw (WS). Highest enzyme (amylase and 

xylanase) producing strain was selected for further study.  

To enhance the production of both enzymes, different other 

types of agro-industrial wastes (sugarcane bagasse (SB), wheat 

bran (WB), rice bran (RB) and corn cob (CC)), its combinations 

(1:1 ratio) and ten combinations (0.5:0.5; 1:1; 1:2; 1:3; 1:4; 1:5; 

2:1; 3:1; 4:1 and 5:1) of the rice bran and wheat bran were 

analyzed. 

Inoculum preparation 

The inoculum was prepared by adding 10 ml sterile distilled 

water into the 2-3 days old culture slant and a cell suspension was 

made with the help of a sterile loop. 1 ml of the cell suspension 

(1.9-2.2 x 108 CFU/ml) was used in 100 ml medium (250 mL 

Erlenmeyer) as the inoculum for subsequent fermentation. The 

number of viable spores in the inoculum was determined by the 

pour plate count technique.      

 

Enzyme production in submerged fermentation (SmF) 

Amylase and xylanase production in SmF was carried out 

using the basal medium containing (g/100mL) dipotassium 

hydrogen phosphate (K2HPO4) 0.1; ammonium sulphate 

{(NH4)2SO4} 0.1; sodium chloride (NaCl) 0.1; magnesium sulfate 

(MgSO4.7H2O) 0.1, pH 7.0. Initially all the tested agro-industrial 

wastes were used at 1% (w/v) in basal medium. Production 

medium (100 mL) was placed in Erlenmeyer flask (250 mL) and 

autoclaved at 121°C (15 lbs pressure) for 20 min and cooled. After 

sterilization, production medium was inoculated with 1% 

inoculum and incubated at 50°C for 48 h. The fermented biomass 

were filtered with Whatman filter papers 1 (qualitative circles, 125 

mm diameter) and centrifuged at 5000 g for 20 min at 4°C, and the 

clear cell-free supernatant was used as a source of enzymes. 

 

Analytical procedure 

Amylase and xylanase activity was estimated by measuring 

the reducing sugar released during hydrolysis of 1.0% (w/v) starch 

and oat-spelt xylan, respectively in 0.1 M phosphate buffer (pH 

7.0) by enzyme (cell free supernatant) incubated at 50°C for 10 

minutes using 3, 5-dinitrosalicylic acid method (21). Absorbance 

at 550 nm and 540 nm respectively was recorded by using UV-

visible spectrophotometer (UV-1700 Pharmaspec Shimadzu) and 

activity was calculated from a standard curve using maltose and 

xylose as the standard. One unit (U) of enzyme activity was 

defined as the amount of enzyme required for the liberation of 1 

μmol of reducing sugar equivalent to maltose or xylose 

respectively per minute under assay condition. All experiments 

were carried out in triplicate and average values were given in 

presented data. 
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Sequencing of 16S rRNA and analysis of sequence data 

The chromosomal DNA of strain MSC702 was isolated 

according to Rainey et al. (32). The 16S rRNA gene was amplified 

with primers 8-27f (5'-AGAGTTTGATCCTGGCTCAG-3') and 

1500r (5'-AGAAAGGAGGTGATCCAGCCA-3'). The amplified 

DNA fragment was separated on 1% agarose gel, eluted from the 

gel and purified using a QIAquick gel extraction kit (Qiagen). The 

purified PCR product was sequenced with four forward and three 

reverse primers, namely 8-27f, 357f (5'-CTCCTACGGGAGGCA 

GCAG-3'), 704f (5'-TAGCGGTGAAATGCGTAGA-3'), 1114f 

(5'-GCAACGAGCGCAACC-3'), 685r (5'-TCTACGCATTTCAC 

CGCTAC-3'), 1110r (5'-GGGTTGCGCTCGTTG-3') and 1500r 

(Escherichia coli numbering system). The 16S rRNA gene 

sequence was determined by the dideoxy chain-termination 

method with the Big-Dye terminator kit using an ABI 310 Genetic 

Analyzer (Applied Biosystems). The 16S rRNA gene sequence of 

strain MSC702 generated in this work (1474 bases) was aligned 

with 16S rRNA gene sequences of other members of the genus 

Streptomyces. A sequence similarity search was done using 

GenBank BLASTN (1).  

 
RESULTS AND DISCUSSION 

 
Thermophilic microorganisms have been proven as a 

potential source of bioactive compounds and richest source of 

secondary metabolites. They are the most economically and 

biotechnologically valuable microorganisms. However, the 

research on thermophilic actinomycetes from Indian peninsula is 

very scanty. In the present study we have demonstrated that our 

isolated strains of thermophilic actinomycetes having potential to 

produce extracellular enzymes (amylase and xylanase) 

simultaneously using agro-industrial waste as sole carbon source. 

The increasing expansion of agro-industrial activity has led to the 

accumulation of a large quantity of lignocellulosic residues all 

over the world.  

 

Isolation and screening of thermophilic actinomycetes 

In the course of isolation and systematic screening of 

thermophilic actinomycetes, we have isolated seven thermophilic 

strains of actinomycetes. 10-6 dilution was found to be most 

suitable for isolation of thermophilic actinomycetes from 

mushroom compost. Morphological and colony characteristics of 

isolates were described in Table 1. Screening of isolates for 

utilization of agro-industrial wastes and their simultaneous 

production of amylase and xylanase was done on wheat straw as 

sole carbon source. Out of seven isolates four isolates (MSC702, 

MSC703, MSC704 and MSC707) have potential to produce 

amylase and xylanase enzymes simultaneously on agro-industrial 

waste (wheat straw) (Table 1). Isolate designated MSC702 having 

highest potential to produce amylase (234.54 IU/ml) and xylanase 

(28.40 IU/ml) on wheat straw. Strain MSC702 seems to be a novel 

species of Streptomyces through morphological characterization 

and 16S rRNA gene sequence. 

 

Table 1. Colony characteristics of isolates and their enzyme (amylase and xylanase)  productivity. 

Colony characteristics Enzyme productivity  
Isolates 

 
Aerial 

mycelia 
Substrate 
mycelia 

Colony form 
(Growth, Colony type, Edge, Elevation, Texture)

Soluble 
pigment

Amylase activity 
(IU/mL) 

Xylanase activity 
(IU/mL) 

MSC701 
 

MSC702 
 

MSC703 
 

MSC704 
 

MSC705 
 

MSC706 
 

MSC707 

White 
 

White 
 

White 
 

Steel grey 
 

White 
 

White 
 

White to 
grey 

Colorless 
 

Colorless 
 

Colorless 
 

Cream 
 

Colorless 
 

Colorless 
 

Colorless to 
black 

Abundant, Irregular, Undulate, Flat, Pasty 
 

Abundant, Circular, Entire, Raised, Dry Powdery 
 

Circular, Entire, Raised, Granular 
 

Circular, Entire, Umbonate, 
Pasty 

Punctiform circular, Entire, Raised, Dry Powdery 
 

Circular, Entire, Convex, Dry Powdery 
 

Circular, Entire, Raised, Dry Powdery 

None 
 

None 
 

None 
 

None 
 

None 
 

None 
 

None 

194.82 
 

234.54 
 

203.29 
 

186.41 
 
- 
 

129.76 
 

197.55 
 

- 
 

28.40 
 

16.28 
 

26.98 
 
- 
 
- 
 

22.93 
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Characterization of the strain 

An almost complete 16S rRNA gene sequence (1474 

nucleotides) for strain MSC702 was determined in this study. This 

sequence was subjected to similarity searches against public 

databases to infer a possible relationship of strain MSC702. This 

analysis revealed that strain MSC702 was a member of the genus 

Streptomyces. The comparative analysis of 16S rRNA gene 

sequence yielded following closest fits: 98.28% (25 nucleotides 

differences out of 1492) S. thermocoprophilus B19T (18), 98.13% 

with S. mexicanus CH-M-1035T (27 nucleeotides differences out 

of 1450) (29), 98.08% with S. laurentii LMG 19959T (28 

nucleotides differences out of 1460) (41), 97.94% with S. 

coeruleorubidus NBRC 12761T (30 nucleotides differences out of 

1459) (31), 97.89% with S. curacoi NRRL B-2901 (31 nucleotides 

differences out of 1471) (Cataldi 1963; have no publication) and 

97.88% with S. thermoviolaceus subsp. apingens DSM 41392T (31 

nucleotides differences out of 1462) (14).  

It is apparent from the genotypic data that strain MSC702 

forms a distinct centre of taxonomic variation within the genus 

Streptomyces.  Further chemotaxonomical and biochemical studies 

will be carried out for this microorganism be recognized as a novel 

species of Streptomyces. 

Streptomyces sp. MSC702 was deposited in the Microbial 

Type Culture Collection and Gene Bank (MTCC), Chandigarh, 

India with accession number MTCC 10772. 

 

Production of amylase and xylanase by Streptomyces sp. 

MSC702 

To check the agro-industrial wastes suitability for amylase 

and xylanase production by Streptomyces sp. MSC702, 

fermentation was done with the addition of 1 % (w/v) sugarcane 

bagasse (SB), wheat bran (WB), rice bran (RB) and corn cob (CC) 

separately in the production medium by replacing wheat straw 

(WS). The order of substrate suitability was RB > CC > WB > WS 

> SB and RB > WB > WS > SB > CC for amylase and xylanase 

production respectively (Table 2). Table 2 also describes the starch 

and hemicelluloses content in agro-industrial wastes. Rice bran 

was found most suitable for amylase (373.89 IU/mL) and xylanase 

(30.15 IU/mL) production by Streptomyces sp. MSC702. Present 

study on utilization of agro-industrial wastes for the production of 

amylase and xylanase by Streptomyces sp. MSC702 showed that 

production of amylase is directly related to the raw starch content 

in agro-industrial wastes while high hemicellolose content in agro-

industrial wastes have no effect on xylanase production. This may 

be due to the preferred utilization of starch for their metabolic 

activities by Streptomyces sp. MSC702 over hemicellulose. 

Stutzenberger (38) reported production of extracellular enzymes 

(amylase and xylanase) on sugarcane bagasse as sole carbon 

source by Thermomonospora curvata. Recently, both the enzymes 

were attempted separately by the workers.  Kammoun et al. (15) 

reported amylase (148.0 U/mL) production on gruel (wheat 

grinding by-product) based medium by Aspergillus oryzae CBS 

819.72 in SmF. Dey et al. (8) used wheat bran as media 

component for the production of amylase (76.4 U/ml) by Bacillus 

circulans GRS 313 in SmF. Shatta et al. (35) utilized many agro-

industrial wastes (wheat bran, rice bran, yellow maize meal, dry 

yeast, brewery yeast and corn steep liquor) in basal medium as 

sole carbon source for the production of amylase by Streptomyces 

aureofaciens 77 in SmF. Dhillon et al. (9) found that agro-

industrial wastes (bagasse, rice straw, oat husk, rice husk and 

wheat straw) were the best inducers for the xylanase production by 

Bacillus circulans AB 16 in SmF. They reported highest xylanase 

activity (20.6 IU/mL) on rice straw. 

 

 

Table 2. Starch and hemicellulose contents of utilized agro-industrial wastes and amylase and xylanase activity by Streptomyces sp. 

MSC702 in presence of agro-industrial waste in basal medium.   

Agro-industrial wastes Starch (%) Hemicellulose (%) Amylase activity (IU/mL) Xylanase activity (IU/mL) 
Sugar cane bagasse 

Wheat bran 
Rice bran 
Corn cob 

*Wheat straw 

- 
13.39 
10.0 

- 
- 

16.35 ± 0.49 
7.55 ± 0.49 
9.60 ± 1.98 

16.20 ± 0.57 
29.0 ± 3.0 

201.14 
261.48 
373.89 
368.87 
234.54 

9.32 
29.91 
30.15 
6.23 

28.40 
-, not available; Hemicellulose content from Fang et al. (11); *McKendry (22); Prassad et al. (30); Rowell (33); Starch content from Osborne et al. (26); Mihara et al. (23). 
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To enhance the production of amylase and xylanase by 

Streptomyces sp. MSC702 different combinations (1:1 w/v) of 

other agro-industrial wastes with rice bran were analyzed in 

production medium (Fig. 1). In the present study, out of the 

different combinations (RB:SB; RB:WB; RB:CC and RB:WS) 

tested, amylase and xylanase activity reached up to 398.10 IU/mL 

and 53.15 IU/mL respectively in rice bran and wheat bran 

containing medium. Ten different combinations (0.5:0.5; 1:1; 1:2; 

1:3; 1:4; 1:5; 2:1; 3:1; 4:1 and 5:1) of rice bran and wheat bran 

were analyzed to maximize amylase and xylanase production (Fig. 

2). The highest amylase (549.11 IU/mL) and xylanase (63.91 

IU/mL) activity was found at the level from the cultivation of 

mixed substrates of rice bran: wheat bran in 1:2 ratio. Mixed agro-

industrial wastes (wheat bran: rice husk; wheat bran: wheat straw) 

were also utilized by many workers for the production of amylases 

and xylanases (3, 4) by different microorganisms in SSF. 
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Figure 1. Effect of mixed agro-industrial wastes (% w/v) on the production of amylase and xylanase by Streptomyces sp. 

MSC702.  
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Figure 2. Effect of different ratios (% w/v) of rice bran and wheat bran on the production of amylase and xylanase by 

Streptomyces sp. MSC702. 

 1550



Singh, R. et al.                  Amylase and xylanase by thermophilic actinomycetes 

 
 

There are very few reports for the production of 

extracellular enzymes on mixed agro-industrial wastes in SmF. 

Mostly, mixed agro-industrial wastes are employed in SSF 

processes. Rather than applying SmF or SSF, it’s important to 

utilize the agro-industrial wastes for production of industrially 

valuable products for making low cost processes and point of 

environmental concern. Various waste and underutilized 

lignocellulosic agricultural residues can serve as low-cost feed 

stock for production of industrially important extracellular 

enzymes (amylase and xylanase).  

 

CONCLUSION 

 

Lignocellulosic residues from wood, grass, agricultural, 

forestry wastes and municipal solid wastes are particularly 

abundant in nature and have a potential for bioconversion into 

many useful biological and chemical products. The results 

showed the potential use of cheaply available raw substrates 

(agro-industrial wastes) for single step production of 

extracellular enzymes (amylase and xylanase) by a newly 

isolated strain of thermophilic actinomycete, Streptomyces sp. 

MSC702 in SmF. The mixture of rice bran and wheat bran 

(1:2) was found as the best substrate and support in SmF in 

laboratory level fermentations. The enzyme activity was 

reached up to 549.11 IU/mL (~1.3-fold increase) and 63.91 

IU/mL (~2.0-fold increase) for amylase and xylanase, 

respectively, on the mixture of rice bran and wheat bran (1:2) 

as sole carbon source. The use of this microorganism, 

Streptomyces sp. MSC702 in low cost bioremediation 

processes might be attractive for given their highly efficient 

starch and lignocellulose hydrolysis enzyme machinery. 
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