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1. Introduction

1.1. Starch

Starch is a major reserve carbohydrate of all higher plants. In some cases it accounts 70% of the wet weight of plant material. It occurs in the form of water insoluble granules. The size and shape of the granules are often characteristic of the plant species from which they are extracted. When heated in water the hydrogen bonds holding the granules together begin to weaken and this permits them to swell and gelatinize. Ultimately they form paste or dispersion, depending on the concentration of polysaccharide (Prasanna, 2005).

Starches are produced commercially from the seeds of plants, such as corn, wheat, sorghum or rice; from the tubers and roots of plants such as cassava, potato, arrowroot and the pith of sago palm. The major commercial source of starch is corn from which it is extracted by a wet milling process (Crab, et al., 1997). 
Starch is a heterogeneous polysaccharide composed of two high molecular weight entities called amylose and amylopectin which are differ in structures and physical properties. The insoluble amylose, composed of linear chains of α-1, 4 linked D-glucose residues can be separated from soluble amylopectin fraction by addition of a polar solvent, e.g. n-butanol. Even if amylose has a degree of polymerization of several thousands of glucose units, because of the molecular shape and structure, it is not stable in aqueous solution and retrogrades (precipitates spontaneously) this is because linear chains align themselves by hydrogen bonding and thus forms aggregates. Due to its molecular shape amylose has also considerable viscosity in alkaline solutions and forms complex with iodine to form intense blue color and this forms the basis of a method for quantitative determination of amylose.
Amylopectin accounts for 75 to 85% of most starches. It has molecular weight of 107 – 108 and has a branched structure composed of chains of about 20 – 25 α-1,4 linked D-glucose residues. Amylopectin which is branched by α-1,6 linkages may contain 4 to 5% α-1,6-D-glucosidic bonds. In aqueous solutions, amylopectins are relatively stable due to branched molecules and are not able to form compact aggregates (Fogarty and Kelly, 1990).

1.2. Applications of starch

Starch can be used directly in textiles, paper industries, in the manufacturing of biodegradable plastic film, pharmaceuticals, adhesives etc. In addition starch can be chemically or enzymatic ally processed into a variety of starch derivatives such as, glucose and maltose syrups of various dextrose levels that are used as sweetener or as chemical feed for further bioconversion in to different products. 

1.3. Starch hydrolyzing enzymes

The hydrolysis of starch carried out using either acid or enzyme as catalyst. Enzyme hydrolysis has several advantages: it is more specific, therefore fewer byproducts are formed, and hence yields are higher. Conditions for enzyme hydrolysis are milder therefore refining stages to remove ash and color is minimized. The enzymatic hydrolysis of starch has been practiced on an industrial scale for many years and is gradually replacing the traditional acid hydrolysis process (Dilek, et al., 2006).

The ability to use starch as a carbon and energy source is a common phenomenon among different organisms. Since this polymer is water insoluble and too large to pass across the cell membrane, biodegradation occurs extra-cellular. Different kinds of enzymes are required for the conversion of the starch polymer into mono and disaccharides. Animals, plants and large variety of bacteria, filamentous fungi and yeast possess starch-degrading enzymes to convert it in to usable forms (Castro et al, 1992).

Nowadays, enzymes from fungal and bacterial sources have a great application promise for industrial sectors. Fungal sources are mainly restricted to a limited number of genera mostly Aspergillus and Penicillium species (Kunamneni et al., 2005). On the other hand the genus Bacillus produces a large variety of extra-cellular enzymes, of which amylase and proteases are of significant industrial importance.  

The genus Bacillus from different biotropes has begun to exploit for production of different potential enzymes (Choi et al., 2005). Recently there are new and unique biotropes for the discovery of generally bioactive compound and specifically functionally divers and industrially important enzymes from endophytic microorganisms (Strobel and Daisy, 2003).
Endophytic microorganisms are those which inhabitat the internal part of plants, causing apparently no visible changes to their hosts. Although known since long time, their importance become evident only more recently when it was shown that they play specific roles as for instance, protecting the host-plants against insects and diseases. It has been found also that some endophytic microorganisms can produce valuable bioactive compounds of biotechnological interest including enzymes (Strobel et al., 2002).
The properties of starch degrading enzymes however, vary with the source organism, and different organisms produce one kind or a mixture of these amylolytic enzymes. The complete hydrolysis of starch to its monomers, glucose involves three groups of enzymes (Cereia et al., 2006).

1.3.1. Endoamylase

Endoamylases (α- amylase) randomly cleave α-1,4 glycosidic bonds in amylose, amylopectin and related polysaccharides, and produce oligosaccharides of varied chain lengths with α-configuration on the C1 of the reducing glucose unit produced (Reddy et al., 2003). Α-lpha- amylases are the well known endoamylase. They are the most widely distributed enzymes in nature (Sivaramakrishnan et al., 2006). These enzymes are classified into two groups: liquefying and saccharifying α-amylases.
A liquefying α-amylase hydrolyses 30- 40%, and a sacharifying one hydrolyses 50- 60% of the glycosidic linkage of starch (Vihienen and Mantsala, 1990). While the majority of α-amylases are extracellular a few others were found to be intracellular. Such intracellular α-amylases enable producer organisms either to utilize maltodextrin or storage polysaccharides during the exponential growth phase (Ballschmiter et al., 2006). The extra cellular bacterial α-amylases are the most thermostable proteins known; they also show optimum pH activities from acidic to alkaline pH. On the other hand, most α-amylases known to be localized in the cytoplasm are reported to have a pH optimum for activity at neutral pH or below (Ballschmiter et al., 2006).

1.3.2. Exoamylases

Exoamylases act preferentially on α-1,4 linkages from the non-reducing end successively, resulting in low molecular weight products. Exoamylases of microbial origin are various types with respect to bond and substrate preference as well as products formed. These enzymes either exclusively cleave α- -1,4 glycosidic bonds as β -amylase  or cleave both α-1,4 and α-1,6 glycosidic bonds like glucoamylase and α-glucosidase (Sivaramakrishnan et al, 2006). Glucoamylase and α-glucosidase produce only glucose, where as β-amylase results in maltose and β-limit dextrin. Beta-amylase and glucoamylase also convert the anomeric configuration of the liberated product from alpha to beta (Pandey et al., 2000).
Glucoamylase and α-glucosidase differ in their substrate preference: for example α-glucosidase acts best on short maltooligosaccharides and liberates glucose with α-configuration while glucoamylase hydrolyzes long-chain polysaccharides (Fogaty and Kelly, 1990).

1.3.3. Debranching enzymes

Debranching enzymes, includes isoamylases and pullulanases. Pullulanases acts specifically on α-1, 6 linkages in pullulan, starch, amylopectin and related oligosaccharides, whereas isoamylase hydrolyses α-1, 6 linkages in amylopectin (Grennan, 2006). Generally debranching enzymes exclusively degrade amylopectin, thus result in long linear polysaccharides (Sivaramakrishnan et al., 2006).

1.4. Application of Amylase

The history of the industrial production of enzymes dates back to the time when Dr. Jhokichi Takamine began the production of digestive enzyme preparation by wheat bran koji culture of Aspergillus oryzae in 1894. Industrial production of dextrose powder and dextrose crystals from starch using α-amylase and glucoamylase began in 1959. Since then, amylases are being used for various purposes. Conversion of starch into sugar, syrups and dextrins forms the major part of the starch processing industry (Marshall, 1975). The hydrolysates are used as carbon sources in fermentation as well as sources of sweetness in a range of manufactured food products and beverages. Some of the applications of amylase are:

1.4.1. Starch processing industries

In starch processing industries the hydrolysis of starch may be carried out using either acid or enzyme as catalyst. Acid conversion has, however, many limitations: it is non-specific, lacks ways of controlling saccharide composition, requires high refining coasts and is less environmentally friendly. The application of enzymes for this process has avoided these limitations (Crabb and Shetty, 1999).

The main applications amylases in starch processing industries are the production of simple sugar syrup (glucose, maltose, maltotriose, dextrins sugar, or fructose syrups) and these hydrolysates are used as carbon sources in fermentation as well as sources of sweetness in a range of manufactured food products (Reddy et al, 2003).

The use of starch degrading enzymes was the first large-scale application of microbial enzymes in food industry. Mainly two enzymes carry out conversion of starch to glucose: α-amylase cuts rapidly the large α-1,4-linked glucose polymers into shorter oligomers in high temperature. This phase is called liquefaction and is carried out by bacterial enzymes. In the next phase called saccharification, glucoamylase hydrolyses the oligomers into glucose. This is done by fungal enzymes, which operate in lower pH and temperature than α-amylase. Sometimes additional debranching enzymes like pullulanase are added to improve the glucose yield (Arasaratnam and Balasubram, 1993).
Similarly the application of enzymes in the production of sweeteners from starch has the potential to make food processing less dependent on sugar cane in areas which are unsuitable for sugar production, or where starch is more cheaply accessible than cane sugar. Furthermore, starch-sweetener bioconversions offer alternative uses for starchy materials, which are highly perishable and lack proper preservation techniques particularly in the tropics (Hyun and Zeirkus, 1985).

1.4.2. Textile desizing

The use of enzymes in textile industry is one of the most rapidly growing fields in industrial enzymology. Starch has been used as a protective glue of fibres in weaving of fabrics. This is called sizing. Enzymes are used to remove the starch in a process called desizing. Amylases are used in this process since they do not harm the textile fibres.
Before the discovery of amylase enzymes, the only alternative to remove the starch-based sizing agent was extended treatment with caustic soda at high temperature. However such chemical treatment was not totally effective in removing the starch, Appropriate desizing of starch is now possible by application of α- amylase (Tsurikova et al., 2002).
1.4.3. Paper desizing

As for textiles, sizing of paper with starch is performed to protect the paper against mechanical damage during processing. It also improves the quality of the finished product, enhances stiffness, and elasticity of paper. Since starch is added to paper at a temperature range of 45- 600C, and the viscosity of the natural starch is too high for paper sizing partial degradation of this polymer is essentially possible by α- amylase (Gupta et al., 2003).

Αlpha-amylase also involves in recycling purpose in paper industries. Starch used in sizing can accumulate in the treatment water of fiber recycling mills and interfere with drainage. In such instances, α- amylase can improve drainage properties, presumably by reducing the viscosity of the backwater.

1.4.4. Detergent additives 

The largest applications of industrial enzymes were in detergent industries. The demand for α- amylase for use in laundry and automatic dishwashing is very high. Alkaliphilic Bacillus strains often produce enzymes active at alkaline pH, including alkaline α-amylase (Horikoshi, 1996). The use of detergents containing enzyme is an effective means of reducing costs and maintaining cleaning performance at lower temperature and alkaline pH (Horikoshi, 1999).

1.4.5. Beverage alcohol and fuel ethanol production

Brewing is an enzymatic process. Malting is a process, which increases the enzyme levels in the grain. In the mashing process the enzymes are liberated and they hydrolyze the starch into soluble fermentable sugars like maltose. As a result the significance of application of β-amylase enzyme in brewing industries includes: to aid cereal amylase in the production of fermentable sugar, modified wort viscosity, reduce calories, or remove chill haze (Goldammer, 2002).

Over the past decades, there has been an increasing interest in fuel ethanol as a result of increased environmental concern and higher crude oil prices. Ethanol fuels can be derived from renewable resources such as agricultural crops and by products. Enzymes such as α-amylase, glucoamylase and cellulases are important to produce fermentable sugars to produce ethanol (Kirk et al., 2002).

1.4.6. Baking industries

Food fermentation processes are reliant on both endogenous and microbial enzymatic activities for the degradation of starch and other polymers. In baking industries α-amylase and glucoamylase are employed to supplement the natural enzyme coming from the grains in producing fermentable glucose by yeast. Alpha-amylases have been most widely studied in connection with improved bread quality and increased shelf life of the bread (Sahlstrom and Brathen, 1997).

1.4.7. Manufacturing of maltose

Maltose is a naturally occurring disaccharide. Its chemical structure has 4-O-α-D-glucopyranosyl-D-glucopyranose. It is the main component of maltosugar syrup (Sugimoto, 1977). Maltose is widely used as sweetener and also as intravenous sugar supplement. It is used in food industries because of low tendency to be crystallized and is relatively non hygroscopic. Corn, potato, sweet potato, and cassava starches are used for maltose manufacture. The concentration of starch slurry is adjusted to be 10 – 20% for production of medical grade maltose and 20 – 40% for food grade.

1.4.8. Manufacture of oligosaccharides mixture

Oligosaccharides mixture (maltooligomer mix) is obtained by digestion of corn starch with α-amylase, β-amylase and pullulanase. Maltooligomer mix is a new commercial product. Its composition is usually as follows: glucose, 2.2%; maltose, 37.5%; maltotriose, 46.4%; and maltotetraose and larger maltooligosaccharides, 14%. Maltooligomer mix powder obtained by spray drying is highly hygroscopic. Therefore it serves as a moisture regulator of the food with which it is mixed. Maltooligomer mix tastes less sweet that sucrose. Its solution shows a lower viscosity than corn syrup because of its low content of glucose. Maltooligomer mix is mainly used as a substitute for sucrose and other saccharides. It is also used for preventing crystallization of sucrose in foods and keeping a certain level of hardness of the texture during storage (Parasanna, 2005).

1.4.9. Other applications

The spectrum of amylase application has widened in many other fields, such as clinical, medical,   and analytical chemistries (Pandey et al., 2000; Cherry et al., 2004). To some extent amylases are also used to improve digestibility of some of the animal feed ingredients (Kumar et al., 1995)

In light with the above art of knowledge this research was conducted to fill the gap for the requirement among other things the presence of starch degrading enzymes mainly β-amylase from endophytic microorganisms that do have potential industrial applications for the development of starch based industry in countries like Ethiopia with agriculture-based economy and surplus production of cereals and enset as a source for starch.  

1.5. Objectives of the study

· To isolate β-amylase producing endophytic microorganisms.
· To characterized and evaluate industrial potentials of the enzyme.

· To optimize cultivation conditions for enzyme production by the isolates.

2. Method and Materials
2.1. The organisms and cultivation conditions
 Endophytic microorganisms were isolated according to the method followed by Strobel and Daisy (2003). The plant surface was sterilized to remove all microbial epiphytes by soaking in 70% ethanol for 30 min and sodium hypochlorite 3-5% available chlorine for 30 sec followed sequential immersion in sterile distil water. There after, the outer tissues of the sample were cut using a sterilized knife in a laminar-flow hood so as to expose the interior surface to water agar (Agar, (15.0g), CaCl2·2H2O (1.0g) per liter). After incubation for one week at ambient temperature, hyphal tips of fungi and bacterial growth can be seen extruding out of the plant sample. Small cuts of these growth are then transferred onto more nutrient rich potato dextrose and starch casein agar (Agar (15.0g), Soluble starch (10.0g), K2HPO4 (2.0g), KNO3, (2.0g), NaCl (2.0g), Casein (0.3g) MgSO4·7H2O (0.05g), CaCO3, (0.02g), FeSO4·7H2O, (0.01g) per liter at pH 7.5) plates, and repetitive plating of the microbial growth was continued until a pure culture was obtained. Differences in morphology shape and colour helped to distinguish between different microbial isolates.

2.2. Screening of beta amylase producing endophytes
A total of 96 endophytes were screened for starch hydrolysis using the modified method of Mai et al. (1992). Starch agar consisting of: (Agar (12.0g), Soluble starch (10.0g), Beef extract (3.0g) at pH 7.5) per liter were prepared and autoclaved. Pure cultures of the isolate were inoculated on the media and incubated overnight. Amylolytic endophytes were determined by flooding Lugol’s iodine solution (0.15 g iodine and 1.5 g potassium iodide in 100 mL distilled water) onto the agar plates. Colonies that had a distinct clear zone were considered to be good starch hydrolyzing enzyme producers. The colonies were chosen and purified by several transfers on starch agar, and designated with code numbers. 
2.3. Enzyme production in liquid culture  
To select the best enzyme producing isolate, all the positive isolates (32) for amylase production on starch agar plates were grown in liquid culture. Fifty milliliter starch liquid medium in 250 ml flasks was inoculated with 5 ml of a 24 h fresh culture aseptically and fermented with rotary shaker (120 rpm at ambient temperature) for three days. The ability of amylase production was determined from the cell free culture supernatant after centrifugation at 10,000 g for 5 min following the standard method of enzyme assay procedure followed by Gashaw Mamo and Amare Gessesse, (1997).

2.4. Enzyme assay

Amylase activity was assayed based on the amount of reducing sugar released following the dinitro salicylic acid (DNS) method as followed by (Gashaw Mamo and Amare Gessesse, 1997). Two percent (w/v) wheat starch was gelatinized by heating to90-1050C and diluted with the equal volume of 200 mM phosphate buffer (pH 7.0) to make the final concentration 1%.

The reaction mixture composed of 1% starch (980ul) in 200 mM phosphate buffer (pH 7.0), and crude enzyme (20 ul). After 10 min incubation at 400C, the reaction was terminated by adding 2 ml DNS (2 g phenol; 0.5 g sodium sulfite; 200 g sodium potassium tartarate ; 10 g Sodium Hydroxide (NaOH); and 10 g Dinitro salicylic acid (DNS), per liter). The reaction mixture was then boiled for exactly 5 min in boiling water bath. Finally the test tubes were cooled in running water for about 5 min and the optical density of the resulting colored solution was measured at 540 nm against an enzyme blank by using reagent blank for calibration. One unit of enzyme activity was defined as the number of micromoles of reducing sugar produced per minute in the reaction condition.

2.5. Thin layer chromatography (TLC)
TLC analyses were performed to determine the reaction products of the enzyme generated from the reaction end product according to the method followed by Horikosh, (1989); cited in (Gashaw Mamo and Amare Gessesse 1999a). The TLC plate (Kiesel Gel-60 plate) was activated in the oven at 1050C for 10 min.  Wheat starch (980 ul) mixed with 20 ul crude enzyme was incubated for 30 minutes in water bath adjusted at 400C. The reaction end product was spotted on TLC plate along with standard known sugar (glucose and maltose) solutions by using capillary tubes , and then developed in a TLC chamber with 1-butanol :ethanol: water, 5:3:2 (v/v/v) at room temperature. The plate was dried and developed by spraying 30% H2SO4 in ethanol; thereafter, the plate was dried   in an oven at 1050C for 10 min.

2.6. Enzyme characterization
2.6.1. Effect of pH on the activity and stability of enzyme
The effect of pH on enzyme activity and stability was evaluated as follows: The pH optimum of the enzyme was determined by varying the pH of the reaction mixtures using the following buffers: citrate phosphate buffer (pH 3.0 to 7.0) 0.2 M potassium phosphate buffer (6.0 to 8.0), 0.2 M Tris -HCl buffer (7.5 to 9.0), and 0.2 M glycine-NaOH buffer (8.6 to 10.6) in the interval of 0.5. The residual enzyme activity was assayed in 0.2 M phosphate buffer (pH 7.0) following the method described previously in section (2.4).
To determine the effect of pH on enzyme stability, the crud enzyme was used without dilution (for normal assay it must be diluted 10x). The enzyme was mixed with equal amount of different buffer systems, the step lowered the final concentration of the enzyme mentioned above by half, before the enzyme was incubated for one h at 400C in pre heated water bath. Then pre incubated enzyme was assayed in such a way that the final concentration of the incubating buffer is reduced 10x. This was to minimize the effect of the incubating buffer by reducing its concentration from 0.2 M to 20 mM.

2.6.2. Effects of temperature on the activity and stability of enzyme
The temperature optimum of the enzyme was evaluated by measuring the amylase activity at different temperatures (300C to 700C) in 50C interval with 0.2 M phosphate (pH 7.0) in the presence and absence of 5 mM Ca2+ ion. The effect of temperate on the enzyme stability was also determined by maintaining the enzyme at various temperatures ranging from 300C – 700C in the same interval for 30 min in 0.2 M phosphate buffer (pH 7.0) in the presence and absence of 5 mM Ca2+ ion. The residual enzyme activity of the enzyme was measured based on the standard assay procedure described above in section (2.4).
Thermostability of amylase was determined after incubation of the enzyme at a temperature range of 40-500C with 50C interval for 1 h in water bath. First each labeled test-tube filled with enzyme in potassium phosphate buffer (pH 7.0) in the presence and absence of 5 mM Ca2+ ion were incubated in a water bath for 1 h and one test-tube every 10 min was taken and stored in refrigerator (-4 OC). After incubation, the enzyme was assayed and the residual activity was determined.

2.7. Culture conditions for enzyme production
2.7.1. Time course for enzyme production
To determine the time for maximum enzyme production, in relation to cell biomass, the isolate was allowed to grow in liquid medium pH adjusted to 6.8 at ambient temperature in a rotary shaker. The change in the relative enzyme activity and cell biomass was evaluated by taking aseptically 2 ml of the culture broth in every 12 h interval till 96 h. At the same time the cell biomass was measured at 600 nm as described by Soni et al. (2003) against blank, and the relative enzyme activity of the culture filtrate was determined based on the standard assay procedure described earlier.
 2.7.2. Effect of Initial pH
The effect of initial pH on enzyme production by isolate EB 281 was determined by growing the organism at room temperature in liquid media with an initial pH of 3, 4, 5, 6,7,8,9 and10. Sample was taken at 24, 48 and 72 h to measure biomass and amount of enzyme production following the standard procedure described earlier.

2.7.3. Effect of different carbon source on enzyme production
The effect of carbon source on growth and enzyme production by isolate EB281 was determined by growing the test organism in liquid medium (pH adjusted to 6.8) in which 10% of either of the following carbon sources: glucose, lactose, maltose, glucose (25%) + starch and starch was used as a sole carbon source in the presence of control (without carbon source). After 24, 48 and 72 h incubation at ambient temperature on a shaker (120 rpm) the cell biomass was measured at 600 nm and the crude enzyme was harvested and assayed to determine enzyme activity. 

2.7.4. Effect of different nitrogen source on enzyme production
To determine the appropriate nitrogen source for amylase production by the isolate, the test organism was cultivated in liquid medium (the same initial pH of media, fermentation temperature and agitation as in section 2.7.3 above) in which 0.3% (w/v) of either of the following nitrogen sources:   NaN03, (NH4)2 S04, peptone, tryptone, yeast extract, peptone + yeast extract and peptone + yeast extract +NaNo3 was used as sole nitrogen source in the presence of basal medium as a control. At the end of 24, 48 and 72 h of incubation the biomass and enzyme activity were determined following the same procedure in section (2.7.3).

2.8. Application of the enzymes for starch saccharification

The applicability of enzymes in starch saccharification was tested by allowing β-amylase to act alone or in the presence of malt enzyme after gelatinizing wheat starch at 1050C for 10 min. Eighty five ml of 1% gelatinized wheat starch with 15 ml (2783 (U/ml)) of enzyme was incubated at its optimum temperature (400C) and pH (6.0) of the enzyme for 120 min. In similar condition 85 ml of the same concentration of starch was taken in the presence of the same amount of enzyme but supplemented with 5 ml (2889 (U/ml)) of malt enzyme. Two ml Samples were taken from the incubated flasks in every 10 min and 10 µl of Lugol’s iodine were added followed by shaking (Guraya and Toledo, 1993). Thereafter, the intensity of color was observed at 600 nm using a spectrophotometer. The resulting OD reading was related with the starch standard curve to quantify the amount of starch degraded and sugar analysis of the end products also conducted following the method described in section (2.5).
2.10. Standard curves
2.10.1. Maltose standard curve
The standard curve for maltose was prepared with similar manner with glucose using the standard proportion of glucose. The standard proportion for glucose was prepared by adjusting the final concentration to 2mg/ml as 0, .02, 0.05, 0.1, 0.15, 0.18 and 0.2 and following the DNS method (Miller, 1959) where the actual proportion of maltose to water was 0:1000, 10:990, 25:975, 50:950, 75:925, 90:910, 100:900 and 1000:0. The standard formula, Y= aX + b were developed based on the result obtained.

Y= the amount of maltose equivalent and

X= absorbance value
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Figure 2.1. Maltose standard curve used to estimate the amount of maltose equivalent liberated per minute by the action of beta- amylase. It was developed by varying the proportion of glucose to the final concentration of 0, .02, 0.05, 0.1, 0.15, 0.18 and 0.2 and following the DNS method (Miller, 1959) where the respective average values of spectrophotometer readings are laid on X axis and concentration of maltose on Y axis.

The standard curve was used to estimate the amount of maltose equivalent liberated per minute by the action of beta- amylase. The standard formula obtained was Y=246.9(OD)-4.6 based on the result of standard curve (Fig. 1).                             

2.10.2. Starch Standard Curve 

Starch standard curve was prepared using the standard proportion of wheat starch. The standard proportion for starch was prepared by adjusting the final concentration to 10 mg/ml as 0, 0.05, 0.125, 0.2, 0.3, 0.375, and 0.5 by following the iodometry method (Guraya and Toledo, 1993) where the actual proportion of starch solution to water was 0:2000, 10:1990, 25:1975, 40:1960, 60:1940, 75:1925 and 100:1900 . And 10 ul of Lugol’s iodine was added in to the starch and distilled water solution of all proportions followed by shaking. After 1 min, absorbance was measured at 600nm.The standard formula, Y= aX + b were developed based on the result of standard curve.

Y= the amount of starch equivalent and

X= absorbance value
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Figure 2.2. Starch standard curve used to estimate percentage of starch hydrolyzed by the enzyme. It was developed by varying the proportion of starch to 00, 0.05, 0.125, 0.2, 0.3, 0.375, and 0.5 by following the iodometry method (Guraya and Toledo, 1993) where the respective average values of spectrophotometer readings are laid on X axis and concentration of starch on Y axis.

The standard curve was used to estimate the total amount of starch remaining unhydrolsed by the enzyme in the reaction mixture. The standard formula obtained was Y=223.53 (OD)-6.83
 based on the result of standard curve (Fig. 3.3).

3. Results

3.1. Morphological and biochemical characterization of the isolates
Morphological and biochemical characterization of endophytic isolates was carried out. The isolated entophyte (EF281) used in this study was a Gram-positive rod; motile; Catalase positive; oxidase positive; limus milk reaction negative and central endospore former. Based on these morphological and biochemical features the isolate was tentatively grouped under the genus Bacillus (Bisen and Verma, 1994).
Table 3.1. Morphological and Biochemical characterization of the isolate EB281

	Characteristics
	Appearance of the isolate

	Colony colour
	white 

	Colony texture
	mucoide

	Cell shape
	rod

	Gram reaction
	gram-positive

	Oxygen relation ship
	aerobic

	Oxidase test
	positive

	Catalase test
	positive

	Endospore
	Central

	Litmus milk reaction
	negative
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Figure 3.1. Plate illustration of of endophytic Bacillus out of fragment plant tissue.
3.2. Screening of β-amylase producing endophytes
Amylolytic test shows that amongst 96 isolates only 32 (33.3%) of them formed clear zone formation on starch agar plate. All amylase positive isolates were grown in liquid starch medium and the level of amylase activity was determined from the cell free culture supernatant. A total of 12 isolates produced appreciable amylase activity in liquid culture, out of which 5 produced amylase activity greater than 500 U/ml. Finally, two isolates, designated as EF262 and EF281 were selected based on TLC analysis of enzymatic end product. Based on the amount of enzyme production EA281 was selected for further study. 
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Figure 3.2. Illustration of Clear zone formation by amylolytic endophytes on starch agar plates.

3.3. Qualitative and quantitative estimation of products of starch hydrolysis
The end-product profile produced by enzymatic hydrolysis of wheat starch on TLC plate showed maltose as a major spot and little amount of limited dextrin or maltotriose.
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Figure 3.3. Spots developed from starch hydrolysates on TLC by the action Bacillus β-amylase. In the presence of the crude enzyme (E), the substrate (S) and control (glucose and maltose) to demonstrate the hydrolysis end product (R).

3.4. Characterization of the enzyme

3.4.1. Effect of temperature on the activity and stability of the enzyme

In the absence of Ca2+ the enzyme was optimally active at 400C. Its activity gradually declined until 550C beyond which the activity declines rapidly (Fig. 3.4).  More than 80% of the enzyme activity was observed between 40 and 500C. In the presence of 5 mM calcium ion the optimum temperature was at 550C and more than 60% of the maximum activity was displayed between 35-550C. While the lowest enzymatic activity was observed below 350C and above 600C (fig. 3.4) 
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Figure 3.4. Temperature profile of β-amylase in difference temperature. Wheat starch was used as substrate with and without Ca2+ ion and incubated with the enzyme. The activity of the enzyme was determined by assaying enzyme activity at different temperature values using phosphate buffer (pH 7).

The effect of temperate on enzyme stability was determined by maintaining the enzyme at various temperatures ranging from 30 – 700C in interval of 50C for 30 min in 0.2 M phosphate buffer (pH 7) in the presence and absence of 5 mM Ca2+ ion. The enzyme retained more than 95% of its original stability between 30-450C but, after 45OC the enzyme lost its stability through time when incubated in the presence of 5 mM Ca2+ ion. While, in the absence of 5 mM Ca2+ ion the enzyme retains more than 80% its stability in a temperature range of 30-400C beyond it released its stability through time (fig. 3.5). 
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Figure 3.5. Effect of temperate on β-amylase stability. Determined by maintaining the enzyme at various temperatures ranging from 300C – 700C in interval of 50C for 30 min in 00.2 M potassium phosphate buffer pH 7 in the presence and absence of 5 mM Ca2+ ion. 
Thermal stability of the enzyme was determined by incubating the enzyme for one hour at 400C, 450C and 500C in the same buffer with and without 5 mM ca2+ ion. The enzyme showed good stability up to 50 min at 400C and up to 30 min at 450C but it lost its activity rapidly at 500C in both conditions (Fig. 3.6). In the absence of Ca2+ ion the activity of the enzyme becomes slightly decrease through time both in 400C and 450C.
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Figure 3.6. Thermal stability of β-amylase after 60 minutes of incubation without 5 mM CaCl2 (left) with CaCl2 (right). The thermal stability was determined by taking sample every 10 min interval incubated at different temperatures (40, 45 and 500C) and following standard assay procedure to evaluate residual activity.

3.4.2. Effect of pH on the activity and stability of the enzyme

The activity of the enzyme at various pH values was measured by using different buffer with pH range of 3-10. The enzyme showed to be active in a range of 5-7 pH (Figure 3.7). The optimum pH for activity was at pH 5.5 to 6.5, and over 80% of the optimum activity was displayed between pH 5 and 7.
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Figure 3.7. pH profile of β-amylase activity. Effects of pH on enzyme activity was determine by incubating the enzyme in different buffers, citrate phosphate buffer (pH 3.0 to 7.0) 0.2 M potassium phosphate buffer (6.0 to 8.0), 0.2 M Tris-HCl buffer (7.5 to 9.0), and 0.2 M glycine-NaOH buffer (8.6 to 10.6) for 30 min at 400C and following standard assay procedures. OC
The effect of pH on stability of enzyme was also tested by incubating the enzyme at 400C for 1h in different buffers of varying pH values and residual activity was measured following standard assay procedure. The enzyme attains more than 85% of its original activity at pH 5 to 7 in citrate and more than 94% in phosphate buffer of pH 6-7.6 (Fig. 3.8). 
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Figure 3.8. pH stability of β-amylase. The stability of amylase at different pH was studied by incubating the enzyme with different buffer (citrate phosphate buffer (pH 3.0 to 7.0) 0.2 M potassium phosphate buffer (6.0 to 8.0), 0.2 M Tris -HCl buffer (7.5 to 9.0), and 0.2 M glycine-NaOH buffer (8.6 to 10.6) for 1hr at ambient temperature followed with standard assay procedure using each sample as a source of enzyme.

3.5. Cultivation conditions for enzyme production
3.5.1. Time course of enzyme production

Maximum enzyme production was observed after 48 h incubation at room temperature in submerged fermentation. Enzyme production increased as time of fermentation from 0 h – 48 h (Fig. 3.9). There was however a gradual reduction in the relative enzyme activity after 48 h of fermentation of the organism. 
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Figure 3.9. Enzyme production and biomass increment through fermentation period. A duplicate of experiment flasks were set to determine biomass of the organism in relation to enzyme production by taking sample in every 12 h interval using the standard assay method.

3.5.2. Effect of initial pH on enzyme production  

The highest relative enzyme activity was observed in culture filtrates in which the initial pH was 5.0. There was also relatively high enzyme activity in all culture filtrates with an initial pH 4 - 7. When the initial pH was below 4 and above 8 enzyme productions was almost negligible (Fig 3.5.2).
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Figure 3.10. Effects of initial pH on production of β-amylase. Carried out by growing the test organism in liquid media with different initial pH (3-10) and measuring the amount of enzyme produce by using the standard procedure stated earlier.

3.5.3. Effect of carbon source on enzyme production
Glucose, maltose and lactose showed no significant yield increment on amylase production over the control whereas the media supplemented with glucose (glucose + starch) showed interesting increment in enzyme production (Table 3.2).

Table 3.2. Effects of carbon source on β-amylase production where starch in the basal medium was replaced with glucose, maltose, lactose and glucose + starch and fermented for 48 hrs. 

	Carbon source
	Amount of enzyme (U/ml)

	Glucose
	510.2

	Maltose
	693.5

	Lactose
	616.6

	Glucose+ Starch
	1026.8

	Starch
	697.1

	No carbon source
	231.9


3.5.4. Effect of Nitrogen source on Enzyme production
Possible nitrogen sources were replaced with 0.3% (w/v) of different organic and inorganic compounds as nitrogen source keeping the rest components of the media composition the same. Peptone + yeast extract was the best organic nitrogen source followed by peptone (Table 5). Sodium nitrate was the best inorganic nitrogen source with 37% less yield than Peptone + yeast extract (Table 6).  

Table 3.3.  Effects of nitrogen source on amylase production. Nitrogen sources of the basal medium were replaced with the following organic and inorganic sources.

	Nitrogen source
	Amount of Enzyme (U/ml)

	Peptone
	744.9

	NaNo3
	444.2

	Yeast extract
	685.0

	(NH4)2So4
	181.1

	Peptone + yeast extract
	1173.8

	Beef extract
	1067.9

	Tryptone
	707.4


3.6. Application of the enzymes in starch saccharification
The applicability of enzymes in starch saccharification was evaluated by allowing β-amylase to act alone or in supplement with malt enzyme. The rates of substrate degradation by β-amylase in both conditions were rapid till 30 min of incubation.  Beyond which the enzyme shows constant rate of degradation resulted in 74% of starch removal when the β-amylase acts alone and resulted in 97% of starch degradation when supplemented with malt enzyme.
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Figure 3.11. Saccharification of starch by the enzyme in the presence and absence of malt enzyme, where the X axis shows the time of incubation against the amount of starch reduced.

3.7. TLC analysis of saccharification end products

The data from qualitative and quantitative estimation of starch hydrolysis end products on TLC shows that there was small amount of low molecular weight limit dextrin in the hydrolysis end product digested with the β-amylase whereas the data shows the disappearance of limit dextrin once the β-amylase supplemented with malt enzyme. The result also demonstrated that quantitative difference in the amount of maltose and glucose produced.  
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Figure 3.12. Spots developed on TLC from samples of saccharification end product after 120 min of saccharification by the enzyme in the presence (R+) and absence (R-) of malt enzyme  in comparison to the control (maltose and glucose).

4. Discussion
 Endophytes are microbes that inhabit unique biotropes, namely intercellular spaces of higher plants. Previous works indicates that endophytes are considered to be a well spring of novel secondary metabolites offering the potential for medical, agricultural and industrial exploitation (strobe and Daisy, 2003).  In this study 96 endophytes were isolated among which 34% were positive for amylase production, which gives insight towards endophytic microorganisms as a potential alternative for search of enzymes which are unique in micro biota of conventional biotropes.

The study on quantitative and qualitative analysis of hydrolysis end product of starch by the enzyme isolated from EB281 on TLC plat showed production of maltose and possibly maltotriose as reaction end products (fig.3.3). The result suggests that the enzyme produced by EB281 was β-amylase. In comparison with α-amylase, which is almost universal in starch degrading organisms, β-amylase is a property of plants and few microorganisms mainly organisms belong to the genus Bacillus (Obi et al., 1984).

Activity and stability an enzyme is affected by many factors like presence of stabilizers such as calcium and substrate (Chandra et al., 1980). The enzyme showed better activity (550C) and stability in the presence of 5mM calcium chloride (fig. 3.4). Indicates that the presence of Ca2+ ion is require for both activity and stability of the β-amylase as many extracellular proteins require Ca2+ ion for their stability.

The study also depicts that the isolated β-amylase lacks the quality to withstand high temperature during the process of gelatinization of starch which is the essential step in many starch processing industries. As a result the use of the enzyme in such industries needs to cool the reaction mixture before enzymatic treatment which is time taking and energy intensive process.  

Maximum activity of β-amylase had been reported to occur in a pH values between 5.5 and 7.3 (Schmidt et al., 1994). The study also depicts β-amylase from EB281 showed high activity and stability in a pH range of 5 to 7, which is very appropriate for large scale fermentation in minimizing the cost of pH adjustment of the medium and the range of pH is also essential to minimize side reaction of starch (Nielsen et al., 2002).

From the application point of view, faster production of enzyme could be advantageous which results in appreciable reduction in the production cost of the enzyme and products can be found

in short period of time. Moreover, an organism that produces maximum β-amylase activity in short incubation time offers significant advantage in reducing the risk of contamination. In this regard, the time required for maximum enzyme production by the strain EB281 was short (2-3 days) (fig. 3.9). Most studies have found maximum enzyme production after 4 days (Lee et al., 1999); Similarity with other enzyme producing microbes was also observed in that it releases most of their enzymes during their stationary phase of growth. Decline in enzyme production through the end of stationary phase also observed, may be due to metabolic repression and/or nutrient depletion following the growth of the organism (fig. 3.9).

 Higher amount of enzyme (2058.7 U/ml) and optimal growth of the organism observed at pH 5. This may be due to the pH of their natural habitat which can vary from slightly acidic to neutral (Charles et al., 2000). A previous study by Fogarty (1983) indicates that Bacillus spp. produce maximum β-amylase between pH of 5 and 8.

It is empirically known that higher yield of amylase can be obtained in the media with complex raw material containing starch from different sources (Burbridge and Colliel, 1968). Experimental data using different carbon source showed that higher amount of enzyme production (1026.8 U/ml) was observed when glucose + starch were used as a carbon source (table. 3.2). The observation may grant EB281 build biomass using glucose as a carbon source, once the amount of simple sugar vanish the EB281 starts to utilize starch as  carbon source by producing hydrolytic enzyme. 

Beta-amylase production by EB281 was observed when the organism was grown in a media containing starch, maltose, glucose and fructose, even some amount of enzyme production was also detected in the absence of carbon sources. This study suggests that β-amylase production by EB281 is paraconstitutive and the presence of simple sugar does not repress the production of the enzyme (Chandra et al., 1980).

The nutritional requirement of Bacillus spp. was reported to be complex and some amino acids are believed to be absolutely required for the growth of many Bacillus spp. (Amartey et al., 1991). Growth and enzyme production by EB281 was higher (1173 U/ml) in the medium containing organic nitrogen source mainly peptone + yeast extract than in inorganic carbon source (NaNo3 and (NH4)2So4). The study suggests that the EB281 may need some growth factors and/or specific amino acids for their best growth and enzyme production.

Applicability of the isolated β-amylase in attempt to produce maltose syrup and oligosaccharide mixture was proved by observing a large release of reducing power with relatively little reduction of the iodine staining capacity through time after hydrolysis of starch in the presence of the enzyme resulted in 73% of removal of starch and the remaining was not hydrolysed even after a long period of incubation (fig. 3.11). The result depicts the presence of other high molecular weight molecule that can bind iodine molecule and believed to be limit dextrin, since β-amylase have no capacity to bypass α-1,6-linkage which is common in limit dextrin.  

Once the enzyme affixed with malt enzyme, since malt enzyme contains both α and β-amylase,   hydrolysis of the α-1,6-likage of limit dextrin resulted in the loss of iodine staining capacity leading to 97% reduction of starch (fig. 3.11). The result demonstrates complete hydrolysis of starch can not attain by the isolated β-amylase, rather it results in limit dextrin which needs α-amylase for further reduction.

Qualitative and quantitative analysis of hydrolysates on TLC also proves the presence of limit dextrin or maltotriose in addition to the main end product (maltose) when starch hydrolyzed without malt enzyme. In the presence of malt enzyme, the analysis showed the production of large amount of maltose and some amount of glucose (fig. 3.12), direct evidence for the presence of α-amylase in the malt extract that results in the hydrolysis of limit dextrin to glucose.

The capacity of the β-amylase to hydrolyzed 73% of starch in to maltose and some amount of limit dextrin (maltotriose) emphasizes the application of the enzyme in maltose and oligosaccharide mixture production.

In addition to the application of β-amylase in food processing industries for the production of different sweeteners, the enzyme also have potential usefulness for the production of syrups for beer industries as maltose preferred over glucose for brewing adject. 

5. Conclusion

· Endophytic Bacillus spp. are known to be alternative source of enzymes production which are characteristics of plants and very rare microorganisms.

· The production of β-amylase by the isolated Bacillus spp. can be regulated by manipulating the source of carbon and nitrogen and the initial pH of the fermented medium.

· The nature and activities of β-amylase produced from EB281 calls further study whether the enzyme is paraconstitutive and calcium dependant.

· Beta-amylase production by EB281 may appear to be a candidate for use in the industrial production maltosugar syrup and Oligosaccharides mixture (maltooligomer mix) from Corn, potato, sweet potato, and cassava starches and production of syrups for beer industries.
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