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Production and effect of some factors on α-amylase secretion by Rhizopus microsporus isolated from coconut meat waste and Trichoderma viride from soil of cassava dumpsite





ABSTRACT   
The amylolytic fungal strains Rhizopus microsporus and Trichoderma viride with high α-amylase activity were isolated from coconut meat waste and soil from cassava dumpsite respectively.  Some factors that affect the secretion of the enzyme were optimized. Optimum amylase production from R. microsporus and T. viride were obtained at pH 7 and 9 at 50OC and 60OC respectively.  Five different agro wastes (corn starch, potato starch, rice bran powder, cassava peel powder, wheat husk powder) used as substrates for alternative source of carbon revealed cassava peel to be the best substrate for alpha amylase production from both fungal isolates.  Among the different nitrogen sources supplanted in the culture media, yeast extract yielded maximum activity and production of α-amylase considerably.  The optimum activity and growth rate of alpha amylase produced by R. microsporus reached its peak at 40 h and 60 h of incubation respectively while T. viride showed optimum activity at 50 h and optimum growth rate at 70 h.
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1.0. INTRODUCTION
Amylases are extracellular enzymes capable of hydrolyzing alpha 1,4 and 1,6 glycosidic bond present in starch polymers to yield several dextrins of short chain length comprising of glucose unit (Damien et al., 2010). Amylases could be produced by plants, microorganisms and animals (Pandey et al. 2000). 
[bookmark: _Hlk194852420]Microorganisms are good sources of industrially important enzymes. Microbial amylases have almost surpassed synthetic sources in different industries (Pandey et al. 2000). The major advantage of using microorganisms for amylase production is economical bulk production capacity and also microbes are easily manipulated to obtain enzymes of desired characteristics (Lonsane and Ramesh, 1990). Selection of the right organism plays a key role in high yield of desirable enzymes (Jinu, 2017). Amylolytic enzymes are widely distributed in bacteria and fungi.  Fungi species have been known to be excellent sources of amylolytic enzymes with high activity and yield (Kazunari et.al. 2011). The isolation and manipulation of pure culture of starch-degrading microorganisms have a great importance in the field of biotechnology. Thus, isolating and manipulating pure cultures from various waste materials have manifold importance for various biotechnology industries (Rwarinda and Ranganathan, 2013).  
Microbial amylases are commercially produced by two main methods; Submerged (SmF)  and Solid state fermentation (SSF). SSF is a fermentation process which involves the use of solid substrate to produce metabolites.  Submerged fermentation is a method of cultivating microorganisms in liquid nutrient media for secretion of biomolecules. When the microorganisms interact with the nutrients in the broth, they break them down, resulting in the formation of enzymes.  Although amylases are produced generally by submerged cultures because of easy handling and greater control of environmental factors such as temperature and pH (Xusheng et al. 2011). 
The contents of synthetic media such as nutrient broth, soluble starch, as well as other components are very expensive and these could be replaced with cheaper agricultural by-products for the reduction of cost (Solange et al. 2010). Production of enzymes for industrial use, isolation and characterization of new promising strains using cheap carbon and nitrogen source is a continuous process. The solid substrate from agro wastes provide support and nutrition (Harshemi et al. 2011).  Optimization of the various parameters and manipulations of media are one of the most important techniques used in the production of amylases in large quantities (Balasubramanien et al. 2014). The production and stability of α-amylase in the medium is affected by a variety of physicochemical factors, morphological and metabolic state of the culture (Bahrami et al. 2009). Growth of mycelium is crucial for extracellular enzyme like α-amylase (Sangeeta et al. 2009). Various physical and chemical factors have been known to affect the production of α-amylases, factors such as temperature, pH, incubation period, carbon, nitrogen sources, surfactants, phosphate, different metal ions, moisture and agitation with respect to SSF and SmF (Ellaiah et al., 2002). 
Amylases have found practical applications in various commercial process such as in the brewery, textile, pharmaceutical, biofuel production, soap making and food industries (Jinu, 2017). The use of agro-wastes as substrate for the growth of microorganism is cost effective and help in the management of these wastes in the environment. Hence there is the need to explore more agro-waste sources for α-amylase production. The current study reports the production and the effect of some process factors for the optimum secretion of α-amylase produced by R. microsporus isolated from coconut meat waste and T.  viride from soil of cassava dumpsite. 
2.0. MATERIALS AND METHOD
2.1. Screening and maintenance of amylase producing fungi using cultural method
A total of 25 fungal isolates from 14 sources including rotten date fruit, shea seed, cassava peel, cassava tuber waste, soil from the dump site of the cassava waste, coconut meat waste, rotten starch growth medium, waste water from parboiled rice and noodles, rotten potato (Sweet and Irish) and yam tuber waste and soil from oil palm plantation were screened for amylase production on starch agar plates at 30oC. Fungal isolates were screened by flooding the starch agar plates with grams iodine solution to visualize the starch hydrolysis. Fungal isolates with zone of clearance were selected, grown in liquid broth and the amount of amylase production determined from the culture filtrate. The isolates with optimum amylase activity were selected for further study. The fungal isolates were kept aseptically in starch agar slants in McCartney bottles and then stored at 30oC in an incubator.
2.1.1. Identification of the fungal isolates 
Colonies from the total viable count of the pure isolates were sub-cultured until pure cultures were obtained. Morphological identification was carried out using International Mycological Institute text on fungi. Observations such as colour, texture, shape, elevation and growth pattern of the fungal cultures were recorded. The septa and shape of spores of the microorganisms isolated were observed microscopically.
	
2.2.  Crude Enzyme Preparation
2.2.1. Culture media preparation
Potato dextrose agar (PDA) was prepared by measuring 39g of the powdered PDA into1000mL conical flask. Distilled water was added to the powdered PDA and was dissolved by sterilizing in an autoclave. The conical flask was made up with distill water to the 1000ml mark.  The flask was corked with cotton wool and wrapped with aluminum foil and sterilized by autoclaving at 121oC for 15minutes. Chloramphenicol (0.02g per 200mL of medium) was introduced into the prepared PDA medium to inhibit the growth of bacteria. The culture media was inoculated with the fungal isolates under sterile conditions.

2.2.2. Preparation of fungal mycelial broth solution 
The fungi (10%) from the culture medium was transferred to 1000 mL of freshly prepared mineral salts medium (2.75g/L of K2HPO4, 2.23g/L of KH2PO4, 1.0g/L of (NH4)2NO3, 0.2g/L of MgCl2.6H20, 0.1g/L of KCl, 0.01g/L of FeSO4.6H2O and 0.02g/L of CaCl2) pH 7.0, supplemented with 1% w/v starch (Toye, 2009). The medium was incubated at 30oC under sterile condition on a rotary shaker at 200 rpm for 72hrs. Crude enzyme extract was prepared by filtering through a pre-weighed Whatman filter paper No. 1, the filtrate obtained was centrifuged at 4oC for 15 minutes at 5000 rpm to separate cells and spores. The supernatant was used as source of the crude enzyme which was further dialyzed in distilled water for 24 hours to remove residual sugars.

2.3. Determination of α-Amylase Activity
The α-amylase activity was determined by Dinitrosalicyclic acid (DNS) method (Toye, 2009). The amylase activity of the culture filtrates were expressed as the amount of protein required to liberate 1mmol of reducing sugar (D-glucose) from starch/minute under the assay condition (mmol/min/ml). 

2.4. Optimization of Crude α-Amylase Production Parameters
2.4.1. Effect of pH 
Culture medium of different pH values ranging from 3-9 were prepared in different tubes using 1N HCl and 1 N NaOH to adjust pH where needed.  Fungi isolates which had the highest alpha amylase activity were inoculated and incubated in the medium of different pH values on a shaker for 72 hours and the α-amylase activity determined.	
2.4.2. Effect of Temperature
The effect of temperature on α-amylase production was examined by inoculating and incubating the fungi isolates in the culture medium at varying temperatures of 30oC, 40oC, 50oC, 60oC, 70oC and 80oC at optimum pH for 72 hours. The α-amylase activity was assayed and expressed as relative activity
2.4.3. Effect of Carbon Sources on α-Amylase Production
The effect of carbon on α-amylase production was determined by adding 2% w/v of five different carbon sources (corn starch, potato starch, rice bran powder, cassava peel powder and wheat husk powder) individually to the production medium while keeping other components of the basal medium constant. The medium was autoclaved at 121oC at 15 atm for 20 min. The culture was inoculated with the fungi isolates and incubated in a rotary shaker at 30oC and 200 rpm for 72 hours. The progressive growth of cells was measured by the absorbance readings 600 nm and the α-amylase activity determined.
2.4.4. Influence of nitrogen sources on amylase secretion
The different nitrogen sources used were ammonium chloride, ammonium nitrate, sodium nitrate, potassium nitrate and yeast extract (0.5% w/v).. These nitrogen sources were supplemented as individual components in the production media to check their effect on enzyme production by determining the activity of the α-amylase. 
2.4.5. Production Medium	
The production medium was prepared based on the optimum conditions. The fungi isolates were inoculated and incubated under sterile conditions for 80 hours. Growth and alpha amylase activity were determined from aliquots (5 mL) collected every 12 hours. Growth in the production medium was monitored turbidmetrically at an optical density of 660nm (Femi-Ola and Ibikunle, 2012; Kumar et al 2016).

3.0. Results and Discussion:
Table 1 shows all fungal isolates isolated from various agro-industrial wastes and their amylase activities. It is observed that the fungal isolates from coconut meat waste and soil from cassava dumpsite had optimum activity of 5.8mmol/min/ml and 5.5mmol/min/ml respectively and were selected as potent producers of α-amylase enzyme. Based on their colony morphology and properties, the selected isolates from coconut meat waste was identified as R. microsporus and cassava effluent as T. viride as shown plates 1 and 2. Though there are little or no literature on the production of α-amylases from R. microsporus and T. viride, however isolation of α-amylase from Trichoderma pseudokoningii has been reported (Abdulaal, 2018).

Table 1. Fungal isolates obtained from different agro-industrial wastes.
	S/N
	AGRO WASTES
	FUNGAL ISOLATES
	AMYLASE ACTIVITY (mmol/min/ml)

	1
	Waste water from parboiled noodles
	Penicillium sp.
Penicillium sp. 
	1.62
1.61

	2
	Soil from cassava dumpsite
	Fusarium sp.
Trichoderma sp
Geotricum sp
Aspergillus sp.             
	1.62
5.50
1.04
4.53

	3
	Spoilt date seed 
	Aspergillus sp.            
	2.99

	4
	Soil from oil palm plantation
	Fusarium sp. 
	1.57

	5
	Par boiled rice water waste
	Fusarium sp.
Penicillium sp
	2.61
5.04

	6
	Palm fruit waste
	Rhizopus sp.
	3.12

	7
	Coconut meat waste
	Rhizopus sp.
	5.80

	8
	Cassava peel
	Penicillium sp.
	3.8

	9
	Shea nut waste
	Penicillium sp
	2.9

	10
	Irish potato waste
	Geotricum sp
	3.34

	11
	Soil from oil palm plantation
	Fusarium sp.
	2.12

	12
	Yam waste

	Penicilium sp
Penicillium sp 
	1.07
4.39

	13
	Starch medium
	Fusarium sp.
	2.7
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Plate 1: Photomicrograph of T. viride showing mycelium (red arrow) and spores in cluster arrangement (black arrow)
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Plate 2: Photomicrograph of R. microsporus showing mycelium (red arrow) and collumella (black arrow)
Microbial growth and secretion of extracellular enzymes are greatly affected by the chemical and physical nature of their environment (Jinu, 2017). Some of these factors include temperature, pH, presence of metal ions, incubation period, carbon and nitrogen sources. The result obtained from the effect of some parameters in the production of crude α-amylase reveals optimum temperature of 50oC for R. microsporus (figure 1) and 60oC for T. viride (figure 2). Similar finding of 50oC optimum temperature of Bacillus sp. was reported by Rajshree and Rajni (2011). Prakasham et.al (2007) reported the optimum incubation temperature of Penicillium janthinellum to be 45°C, also Feller et al. (1998) reported the optimal activity of α-amylase produced by Clostridium acetobutylicum to be at 45°C. Paquet et. al. (1991) reported 60°C as the optimum temperature for production of α-amylase by Bacillus sp. In the temperature optimization process, the activity of the crude α-amylase increases with temperature till it reaches the optimum, further increase in temperature resulted to a sharp decline in amylase activity as shown in figures 2 and 3. 

Figure 1: Effect of temperature on α-amylase production by R. microsporus


Figure 2: Effect of temperature on α-amylase production by T. viride

The pH of the production process of an enzyme is an important factor that affects the optimal performance of the microorganism, its activity as well as the rate of secretion of the enzyme of interest. Optimum pH is a critical factor for the stability of enzyme produced. In this study, the optimum  pH for α-amylase activity of R. microsporus was 7 (figure 3) and T. viride was 9 (figure. 4) thereafter a decline in the enzyme activity was observed. Ramachandran et al. (2004) reported the optimum pH for the production of extracellular α-amylase by Bacillus amyloliquefaciens to be 7.0. It is observed from previous reports that amylases could have optimum pH range of 7 to 9.

Figure 3: Effect of pH on α-amylase production by R. microsporus

 
Figure 4: Effect of pH on α-amylase production by T. viride

Some agro-industrial wastes and by-products could serve as alternative source of carbon and nitrogen substrates required for growth and enzyme secretion in fermentation process, thus reducing the cost of the culture media. The carbon sources used as substrates for the production of alpha amylase by R. microsporus and T. viride were  corn starch, potato starch, rice bran powder, cassava peel powder and wheat husk. The fungi isolates were able to utilize these carbon sources for growth and enzyme production as shown figures 5 and 6; it was observed that cassava peel powder had the optimum activity in the production process. Kalaiarasi and Parvatham (2013) reported that cassava peel powder had optimum activity for Bacillus cereus. Yeast extract was found to be the best nitrogen source in the production of α-amylase by R. microsporus and T. viride when compared to other inorganic nitrogen sources used as shown in figures 7 and 8. Oshoma et. al. (2010) reported that yeast extract also enhanced growth and amylase activity of A. niger. Kalaiarasi and Parvatham (2013) also reported that the most suitable nitrogen supplement for the production of α-amylase by Bacillus Cereus was found to be yeast extract. 

 Figure 5: Effect of carbon sources on α-amylase production by R. microsporus 


Figure 6: Effect of carbon sources on α-amylase production by T. viride


Figure 7: Effect of nitrogen sources on α-amylase production by R. microsporus

Figure 8: Effect of nitrogen sources on α-amylase production by T. viride

In this present study, the activity and growth rate of α-amylase produced by R. microsporus (figure 9) reached its peak at 40 h and 60 h of incubation respectively while T. viride (figure 10) showed optimum activity at 50 h and optimum growth rate at 70 h. There was decrease in amylase activity of both fungi isolates on further extension of fermentation time. Anto et al. (2006) reported optimum secretion of  B. cereus MTCC 1305 amylase at 72 h of incubation.  


Figure 9: Secretion of α-amylase by R. microsporus


[bookmark: _Hlk194853669]Figure 10: Secretion of α-amylase by T. viride

4.0. Conclusion
This study established the ability of T. viride and R. microsporus to secrete α-amylase with high amylolytic activity.  The protein concentration, enzyme activity, fungal growth and rate of amylase secretion in the production medium are affected by changes in environmental factors such as pH, temperature, carbon and nitrogen sources. It also reveals that the enzyme from these sources had some physico-chemical and biochemical properties that are similar to what have been obtained from other plant and microbial sources. Some of these properties could make the enzyme find usefulness in various commercial processes. Thus, this investigation will serve as a guide to the optimum production of α-amylases from T. viride and R. microsporus in small and large scale industrial applications.
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