


Optimization of Amylases Production from Fonio Using Central Composite Design

Abstract
This study aimed to optimizethe production of amylases from grains of fonio which are of two main types; Digitaria exilis popular referred to as white fonio or Acha and Digitaria iburua, commonly known as black fonioorIburu. These are with a view of determining the suitability of amylases from these grains as a suitable alternative to amylases from other tropical cereals.Whole grains of white and black fonio (100 g) were steeped in water and water containing phosphate salt for 24 h at room temperature and germinated in a locally constructed malting chamber for six (6) days. The most appropriate conditions of pH and temperature for the induction of amylases in these grains were selected based on central composite design (CCD). Amylase activities of crude extracts from harvested malts of white and black fonio were measured by assaying the reducing sugar released from starch using dinitrosalicylic acid method and soluble proteins were quantified by Bradford method. The induced amylases are a function of the days of germination as the highest amylase activity was obtained on second day (48 h) of germination with 17, 498 U/mg protein and 24, 337 U/mg protein for white and black fonio  respectively. CCD suggested a cubic and quadratic model with range of values factor A (pH) and B (temperature) as limiting factors because any variation in themwill greatly affect the induced amylases which is the response. Specific activity (response) for both white and black fonio grains increases with an increase in both pH and temperature until further increase in these two factors resulted in a decrease in their responses (specific activity). CCD indicated that pH 6.5 and 22.5 °C were the best conditions for amylase production in black fonio grain while pH 6.0 and 20 °C were obtained for white foniograins.The study concluded that grains of white and black fonioare rich sources of amylases and they could be of high value in various biotechnological applications.
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Introduction
	Amylases (E.C3.2.1.0), a term that refers to α-amylase, β-amylase and γ-amylase, are among the most important enzymes and of great significance due to their wide areas of application and also represents second largest groupin the market after proteases. Theyare one of the most important industrial enzymes coveringaround 30% of total enzyme market in the world (Aiyer, 2005; Sivaramakrishnan et al., 2006). Amylases catalyze the hydrolysis of the 1,4-glycosidic linkages found in polysaccharides such as amylose, amylopectin, glycogen, or their degradation products. Since the breakdown products of starch are the usual sources of dietary carbon, amylases are universally distributed throughout the animal, plant and microbial kingdoms (Dehkordi-MobiniandJavan, 2012; El-Fallal et al., 2012; Hashemi et al., 2014;Shah et al., 2014).
	Most 	hydrolytic enzymes are specific for α-1,4-glycosidic link yet the α-1,6-glycosidic links must also be cleaved for complete hydrolysis of amylopectin to give some of the most impressive recent exercises in the development of new enzymes. Amylases have a great commercial value in biotechnological applications ranging from bakery, alcohol, textile to paper industries (Parmar and Pandya, 2012). They are capable of digesting glycosidic linkages in starch components and glycogen molecules and are widely utilized in brewing and detergent industries (Khan and Priya, 2011). However, amylolytic enzymes are widely distributed in plant, microbial and animal kingdoms, with varying action patterns depending on the source (Padhiar and Konmu, 2016). 
The search for an alternative source of enzymes has led to increased studies in cereal malting (Hammond and Ayernor, 2000).With the advent of new frontiers in biotechnology, the spectrum of amylolytic enzymes application has widened.There is need to explore other viable sources of amylases as cereal-based amylasesource are attractive due to their natural abundance and low cost.
Fonio
Fonio (Digitaria exilis and Digitaria iburua) is one of Africa’s oldest cultivated cereals, yet it remainssignificantly underutilized despite its cultural, nutritional and economic potential. It is indigenous to West Africa, especially prevalent in countries like Mali, Guinea, Senegal, Burkina Faso and Nigeria. Fonio grains are rich in starch (typically 65-75% of dry matter), making them excellent substrates for amylase activity. Fonio is not just an underutilized grain for food but it holds significant untapped potential as a natural source of amylase. Like other cereals, germinated fonio produces α-and β-amylase essential for converting starch to maltose and glucose. Promoting research into fonio germination and enzyme extraction could unlock new functional food products, industrial enzymes and cost –effective biotechnological solutions (Akinola&Eniolz, 2006; Baroet al., 2013; Onyekwelu&Omodamiro, 2014).
Materials and methods
	Digitaria exilis and Digitaria iburua grains were purchased from Sabon Gari market in Zaria, Kaduna State, Nigeria. These grains were authenticated at the Herbarium of Department of Biological Science, Kaduna State University, Kaduna, Nigeria.
Chemicals
All reagents were of analytical grade.
Methods
Production of amylases
	Amylases were produced following established method Adefila et al., 2012, which steeped grains in water and water containing phosphate salts for 24 hrs before germinating them in a locally constructed germinating chamber.Optimum pH and temperature for amylase induction was investigated by steeping grains in pH range of 4.0 to 8.0  and temperature ranges of 0oC - 30oCusing Central Composite Design (CCD) which computed a set of experimental conditions based on two factors (pH and T ºC) and steeping process was conducted based on the experimental design of CCD
Extraction of amylases
	Produced amylases from D.exilis and D.iburua malts were extracted by preparing 30% homogenate of the malted grains using water and water containing phosphate sulphate (10 mM sodium phosphate buffer pH 6.5 containing 1 mM CaCl2),  following the method of Adefila et al. (2012). The 30% homogenate was prepared by homogenizing 100 g of malted D.exilis and 170 g of malted D.iburua in cold 10 mM sodium phosphate buffer pH 6.5 containing 1 mM CaCl2. The crude homogenates were centrifuged at 13,000xgfor 30 min at 4 ˚C using Hitachi High speed Refrigerated Centrifuge Himac CR21G H. The pellets were discarded while the supernatants were collected. Amylase activities and protein concentration in each supernatant were determined and the supernatants were stored at -20 ˚C until further use. 
Standard procedures for amylase activity assay
		The amount of reducing ends released upon starch hydrolysis by amylolytic enzymes was estimated using the modified method of Bernfeld (1951). A unit of amylase activity was defined as the amount of enzyme which liberated reducing sugar equivalent to 1 μg of D-glucose per minute at 25 ˚C under the standard assay condition.
Protein concentration determination
	The protein concentration in the crude supernatants was determined using Coomassie dye binding assay, following the method of Bradford (1976) using bovine serum albumin as the standard protein.
 Results and Discussion
	Levels of amylase activities in Digitaria exilis and Digitaria iburua grains
	Figure 1 is a summary of the levels of amylase activities in the crude homogenates of malted D.exilis and D.iburua in water and water containing phosphate salts. High amount of amylases was found higher in grains steeped with water containing phosphate salts when compared with water for both grains.
Effect of days of germination on malted D.exilis and D. iburua grains
	Grains of D.exilis and D.iburua were steeped in water and water containing phosphate salts and were germinated for couple of days. Harvested malts were subjected to homogenization and a specific activity of 17,948 U/mgprotein and 24,337 U/mgprotein for D.exilis and D.iburua respectively at day two (2) of germination produced the highest amount of amylases for both grains as summarized in Figure 2.
Central Composite Design approach of producing amylases
	The experimental outcome of these designs was used to construct the 3-dimensional graph for producing amylase from D.exilis and D.iburua grains.
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Fig.1: Germination profile of malted grains. (a) Malted Digitaria exilis grains (b) Malted 	Digitaria iburua grains
Table 1: CCD experimental design for the production of amylase from malt of D. 		exilis grains. 
	Standard
	RUN
	BLOCK
	FACTOR 1A:pH
	FACTOR 2B: Temperature
	

	12
	1
	Block 1
	6.00
	15.00
	

	2
	2
	Block 1
	8.00
	0.00
	

	7
	3
	Block 1
	6.00
	0.00
	

	10
	4
	Block 1
	6.00
	15.00
	

	5
	5
	Block 1
	3.50
	15.00
	

	13
	6
	Block 1
	6.00
	20.00
	

	1
	7
	Block 1
	4.00
	0.00
	

	6
	8
	Block 1
	9.00
	15.00
	

	3
	9
	Block 1
	4.00
	30.00
	

	4
	10
	Block 1
	8.00
	30.00
	

	11
	11
	Block 1
	5.00
	20.00
	

	8
	12
	Block 1
	6.00
	30.00
	

	9
	13
	Block 1
	5.00
	20.00
	



Table 1 is showing the computed set of conditions for the production of amylases by CCD. The table was used as an aid to determine the optimum conditions for production of amylases.
Table 2: CCD experimental design for the production of amylase from malt of D. iburua grains
	Standard
	RUN
	BLOCK
	FACTOR 1A:pH
	FACTOR 2B: Temperature
	

	8
	1
	Block 1
	3.00
	     20.00
	

	1
	2
	Block 1
	4.00
	     10.00
	

	3
	3
	Block 1
	4.00
	     30.00
	

	16
	4
	Block 1
	4.00
	     30.00
	

	12
	5
	Block 1
	4.00
	     10.00
	

	11
	6
	Block 1
	5.00
	     20.00
	

	4
	7
	Block 1
	6.00
	     20.00
	

	7
	8
	Block 1
	6.00
	    30.00
	

	10
	9
	Block 1
	6.00
	     0.00
	

	15
	10
	Block 1
	6.00
	    20.00
	

	13
	11
	Block 1
	5.00
	    20.00
	

	14
	12
	Block 1
	8.00
	    30.00
	

	5
	13
	Block 1
	8.00
	    10.00
	

	6
	14
	Block 1
	8.00
	    10.00
	

	2
	15
	Block 1
	8.00
	    30.00
	

	9
	16
	Block 1
	9.50
	    20.00
	



Table 2 is showing the computed set of conditions for the production of amylases by CCD. The table was used as an aid to determine the optimum conditions for production of amylases by CCD in D. iburua grains.
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Fig. 2:3D Surface Model graph for induced amylase by central composite design approach. (a)  amylase from Digitaria exilis grain (b) 	amylase from Digitaria iburua grain
Discussion
	This study optimized germinating conditions for the production of amylases in D.exilis and D.iburua grains. High malting loss has previously been reported with these grains, which was experienced in the preliminary experiments in this work. High malting loss in D.exilis and D.iburua grains was prevented by steeping grains in large volume of water (1:20 (w/v) of water). After 24 h D.exilis and D.iburuagrains became swollen this could be as a result of higher water absorption capacity of these grains, probably because of their thin seed coat. As such, D.exilis and D.iburua require high moisture for germination. To ensure uniform germination grains were sprinkled at 12 h interval contrary to the 6 h usually employed for other grains such as sorghum. However, studies have shown that the rate of water diffusion in grains depends on some factors like steeping duration, water temperature, grain dimension, and protein content of grains and possibly the quantity of available oxygen (Francis, 2003). 
	Maximal enzyme activity was obtained in 2 days which is lower than the number of days required achieving the same result in other grains (Adewale et al., 2006; Adefila et al., 2012). The enzyme was extracted and the resulting supernatants were assayed for amylase enzyme activity. The amylase produced is a function of the days of germination as the highest amylase activity was obtained on second day (48 h) of germination with 17498 U/mg protein and 24337 U/mg protein for D.exilis and D. iburua respectively (Figure 1 a and b)  for grains steeped in water containing phosphate salts. About 5000 U/mg protein was the difference in the amylase activity produced under the same condition but with only water as the medium of steeping. Water is traditionally the steeping medium in most industries. The observed reduction in the amylase after 48 h is an indication that produced enzymes have possibly been degraded to produce other biomolecules required by the growing plant. 
	This study therefore established that more amylases were produced in D.exilis and D.iburua grains within a very short germination when compared with other grains such as sorghum and millet which require 3-5 days for maximal amylase activity (Egwim and Oloyede, 2006). This implies that D.exilis and D.iburua grains would generate far larger amount (quantity) of amylases. This will invariably increase the economic value of these underutilized African grains. 
	A further study on how pH and temperature could affect amylase produced was investigated using Central Composite Design (CCD) tool, in which pH and temperature factors were optimized (Table 1 and 2). CCD allows the verification of variables individually and their interactions. It is a statistical model that correlates variables and permits the optimization of the hydrolysis process. The experimental design for variables used here were based on preliminary study which established that an optimum amylase could be producedwithin the range of parameters studied. Malts from D.exilis and D.iburua grains were steeped at designated values of pH, temperature and were germinated under the same atmospheric condition taking into consideration the best day of germination. However, the pH and temperature ranges were based on previously established studies of Adefila et al. (2012). So, pH values of 4.0-8.0 and temperature of 0 - 30 °C were fed into CCD for the design; having malted according to the design, amylasesproduced from D. exilis and D.iburua grains were extracted using 10 mM sodium phosphate buffer pH 6.5 containing 1 mM CaCl2 and calculated specific activity was used as a response to the experimental design of composite design. The methodology suggested a cubic and quadratic model and range of values given were significant. Hence, factors (pH and ToC) are limiting factors because any variation in these two factors will greatly affect the induced amylases which is the response. Specific activity (response) for both D.exilis and D.iburua grains increases with an increase in both pH and temperature until further increase in these two factors resulted in a decrease in their responses (Figure 2a and b). From the CCD, pH 6.5 and 22.5 °C were the best conditions for amylase induction in D.iburua grain while pH 6.0 and 20 °C were obtained for D.exilisgrains (Figure 3a and b). A similar condition was obtained by Adefila et al. (2012) in which pH 6.5 and 20 °C gave optimum amylase induction in Sorghum bicolor. Amylases used for further studies in this report were therefore obtained based on this optimum conditions established by CCD.
This study therefore concluded that about 7-fold increased amylases were induced when malts were produced from D.exilis grains steeped in water containing phosphate salts at pH 6.0 and temperature of 20°C and pH 6.5 at 22.5°C for malts of D.iburua when compared to water. 
 Conclusion
D.exilis and D.iburua are good sources of amylases and could be alternative sources to those currently utilized in most starch-based industries. 
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Water containing phosphate salt @ pH 6.5	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	1987	4898	17948	13218	3407	3112	2347	Water	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	1758	2516	12046	10010	3177	2434	1472	Days of Germination

Specific Activity (U/mg protein)


Water containing phosphate salt @ pH 6.5	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	3272	6628	24337	16426	4696	3737	2399	Water	Day 0	Day 1	Day 2	Day 3	Day 4	Day 5	Day 6	3003	3032	15794	12161	3707	2592	1362	Days of Germination

Specific  Activity (U/mg protein)
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