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ABSTRACT  
 
 The use of waste as raw material is important for government economy and natural balance. The purpose of 
this work was to study the production of α-amylase from B. megaterium in solid state fermentation (SSF) using 
different agricultural residues as substrates with only distilled water. The highest level of enzyme was produced 
in wheat bran. Stability of α-amylase was investigated using stabilizing agents (sugars, polyhydric alcohols, 
plants polysaccharides, salts and surfactants). Among the tested additives used throughout this study, sulphated 
polysaccharide (PS3) which extracted from Mexican fan palm seed (Washingtonia robusta) appeared to be the 
best effective one increased α-amylase activity by 211.9% compared with native enzyme. PS3 was used as a 
novel stabilizer (non toxic, from safe nature, cheap, available, water soluble, ease used) for α-amylase enzyme. 
Maximal enzyme stability (relative activity 121.3%) was achieved by using low concentration of PS3 (0.25%). 
Ratio between PS3 and enzyme 1:3 (v/v) enhanced α-amylase activity about 25.4% compared with the control 
ratio (1:1 v/v). Optimum treatment time and temperature were 60 min and 4ºC. The enzyme was found to show 
optimum activity under acidic condition (pH 5.5) which make it useful for various industrial applications like 
starch liquefaction. Furthermore, the optimum assay temperature for α-amylase was increased by 10ºC when 
adding PS3. The enzyme thermostability after 60 min at 50ºC was increased from 63.4 to 75.7%, respectively in 
the presence of PS3. After 30 min at 70ºC, stabilized and native enzyme retained 78.8 and 3.7%, of its initial 
activity respectively. Both form of enzyme had maximum activity in presence of 2% NaCl. The results 
suggested that the stabilized α-amylase by PS3 is industrially important from the perspective of its tolerance to a 
broad temperature range and its high tolerance to a wide range of NaCl concentration.  
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Introduction 
 
 The starch industry is one of the largest users of enzymes for the hydrolysis and modification of this useful 
raw material. α- amylases have potential application in a wide number of industrial processes such as food, 
starch syrups, preparation of digestive aids, fermentation, textile, paper, detergent and pharmaceutical industries 
(Gupta et al., 2003; Tanyildizi et al., 2005; Uzyol et al., 2012 ). These enzymes account for about 30% of the 
world’s total enzyme production (kumara et al., 2012; Amoozegar et al., 2013). α- amylase (EC.3.2.1.1) is an 
extracellular enzyme that catalyses the hydrolysis of internal α-1,4-glycosidic linkages in starch in low 
molecular weight products, such as glucose, maltose and maltotriose units (Gupta et al., 2003; Konsoula and 
Liakopoulou-Kyriakides, 2007). α- amylase is mainly obtained from several sources, such as plants, animals and 
microorganisms. However, microbial amylases have dominated applications in industrial sectors as they are 
more stable than other sources (Tanyildizi et al., 2005). The major advantages of using bacteria for production 
of amylases of bulk production capability, cost effectiveness, consistency, less time, space required for 
production, ease of process modification and optimization, and to obtained enzymes of desired characteristics 
(Irshad et al., 2012; Sajjad and Choudhry, 2012; Amoozegar et al., 2013). The production of α- amylase has 
generally been carried out using submerged fermentation (SmF), but solid state fermentation (SSF) systems 
appear as a promising technology because of simple technique, low capital investment, lower levels of catabolite 
repression and end-product inhibition, low waste water out put, better product recovery, and high quality 
production (Couto and Sanromán, 2006; Gangadharan et al., 2008; de Souza and Magalhães, 2010). In addition, 
the utilization of agro-industrial wastes, provide alternative substrates and also help in solving pollution 
problems, which other wise may cause their disposal (Sajjad and Choudhry, 2012). Experience has shown that 
bacterial cultures can be well managed and manipulated for SSF processes because it resembles the natural 
habitat of microorganism (Pandey, 2003). The major limitation of enzymes is their in ability to stay active at 
high temperatures. Thermostable enzymes are gaining wide industrial and biotechnological interest due to the 
fact that their enzymes are better suited for harsh industrial processes (Haki and Rakshit, 2003). The valuable 
advantage of conducting biotechnological processes at elevated temperatures are: (1) reducing the risk of 
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contamination by common mesophiles (2) significant influence on the bioavailability and solubility of organic 
compounds (3) higher reaction rates (4) higher process yield (Kumar and Swati, 2001; Haki and Rakshit, 2003). 
The properties of each α- amylase must be matched to its application, for example, α- amylase used in starch 
industry must be active and stable at low pH, but at high pH values in the detergent industry. Enzymes with 
optimal activity at high-salt concentrations are useful for many harsh industrial processes, where concentrated 
salt solutions otherwise inhibits many enzymatic conversions   (Prakash et al., 2009; Uzyol et al., 2012). Most 
enzymatic reactions are performed in aqueous media, high temperature, which favors inactivation. Enzyme 
stability is a critical feature for many applications. The utility of an enzyme depends mainly on its operational 
and storage stability (Sivaramakrishnan et al., 2006). Even if an enzyme is identified to be useful for a given 
reaction, its application is often hampered by a lack of long-term stability under process conditions (Lu et al., 
2009). Therefore, it is important for many biomedical and industrial applications with enzymes to select proper 
stabilization or immobilization methods to improve enzyme activity to preserve function for the intended use. 
Many modes of enzyme stabilization have been studied including lyophilization, covalent immobilization (Lu et 
al., 2009), chemical modification (Darias and Villalonga, 2001), genetic modification (Minagawa and Kaneko, 
2000), using water-soluble polyols (Fernández et al., 2004) and adding stabilizing additives (Triantafyllou et al., 
1997). Stabilization by water-soluble polyols as thermoprotectant additives appears as the most economic 
approach, taking into account the simplicity and low cost of the method (Fernández et al., 2004). In this regard, 
carbohydrates are the polyols used most successfully as additives for stabilizing enzymes (Lozano et al., 1994; 
Fernández et al., 2004; Esawy et al., 2007). Plant extracts (polysaccharide) are non toxic due to the safe nature 
of Mexican fan palm (Washingtonia robusta seeds), readily water soluble, inexpensive and recommended the 
enzyme to be used safety in an industrial application. The purpose of the present study was to produce α- 
amylase using SSF. Stabilization of the produced enzyme using different stabilizing additives and optimizing 
stabilizing condition. Enzyme properties of stabilized enzyme were studied compared with unstabilized enzyme. 
 
Material and Methods  
 
Microorganism: 
 
 Bacillus megaterium strain used in the present work was obtained from the Center of Culture Collection of 
National Research Center, Dokki, Cairo, Egypt. The original culture was kept on nutrient agar slant at 30ºC and 
transferred monthly. 
 
Solid substrate preparation: 
 
 Residues (molokhia stalks, wheat bran, wheat straw, rice straw, and sugarcane bagasse) were obtained from 
agro industries and farms from local market in Egypt. All the agricultural residues were washed, dried and 
powdered to a diameter of ~2.0 mm. 
 
Extraction of polysaccharides from plant materials: 
  
1- Aqueous extraction: 
 
 The plant polysaccharides (PS) were extracted according to Sanya et al. (2004) and Hussein et al. (2011) by 
heating 5g of the plant material (Table 1) with 100 ml water at 100ºC under reflux for 2 h. After cooling and 
filtration, the residual material was further extracted under the same conditions and the resulted extract was 
mixed with the first one and then concentrated under vacuum (45ºC) to half volume, then dialyzed against 
distilled water for 48 h. The dialyzed solution was then centrifuged (4000 rpm for 15 min) and the supernatant 
containing the PS were precipitated with 3 volumes of ethanol. After another centrifugation (4000 rpm for 10 
min), the resulted precipitate was then dried (under vacuum) at 45ºC, weighed and designated as S1 type. The 
ethanol-soluble material (supernatant) was similarly dried by evaporation under reduced pressure, weighed and 
designated as S2 typ. The previous method was adopted to prepare polysaccharides of S1 and S2 types from all 
of the investigated plant materials except the seeds of Washingtonia robusta. For extraction of Washingtonia 
robusta, according to Abd El-Galil (2012) 5 g of the seeds of this plant was autoclaved with 100 ml HCl 
solution (pH 1) at 120ºC for 20 min. After cooling and filtration, the resulted extract was neutralized (pH 7) with 
saturated NaOH solution, concentrated under vacuum to half volume, then dialyzed against distilled H2O for 48 
hrs. The dialyzed solution was then centrifuged and the supernatant (a mucilage) containing the polysaccharide 
was precipitated with 3 volumes of ethanol. After centrifugation, the resulted precipitate was then dried and 
weighed and designated as S1. The supernatant was dried by evaporation under reduced pressure, weighed and 
designated as S2 product. 
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2- Preparation of modified polysaccharide by sulphation:  
 
 Crude polysaccharides type (S1), extracted from all of the investigated plants, and were subjected to 
sulphation in an attempt to increase the biological activities of such polysaccharides. The sulphation process was 
achieved adopting the method of Hussein (1994), using chlorosulphonic acid as a sulphating agent. The resulted 
sulphated product was isolated from the reaction mixture by precipitation with 3 volumes of methanol. 
Purification was performed by repeated dissolution in water and re-precipitation with methanol, dried, weighed 
and designated as S3 product. 
 
Table 1: Plant material name. 

English name Scientific name Family Extraction type 
Ear fruit Enterlobium timbora Leguminosae PS1 

Giant taro Alocasia macrorrhiza Araceae PS1, PS2 
Jew's mallow Corchorum olitorius Tiliaceae PS2 

Mexican fan palm fruit Washingtonia robusta Palmae PS1, PS2 
Mexican fan palm seed Washingtonia robusta Palmae PS3 
Okra or Lady's Fingers Hibiscus esculentus L. Malvaceae PS1, PS3 

Taro Arum colocasia Araceae PS2, PS3 
* (PS1) =Ethanol insoluble polysaccharides. *(PS2) =Ethanol-soluble PS. *(PS3) = Modified (Sulphated) of ethanol insoluble PS. 
 
Determination of total carbohydrates: 
 
 Total carbohydrate contents of the various polysaccharides isolated from various plant samples were 
determined adopting the phenol-sulfuric acid method (Dubois et al., 1956) 
 
Determination of soluble proteins: 
 
 Determination of proteins was carried out using the colorimetric method of Lowery et al. (1951). 
 
Acid hydrolysis:  
 
 Complete acid hydrolysis of the various preparations of the plant polysaccharides was carried out according 
to the modified method by Fischer and Dörfel (1955) 
 
Qualitative examination of the hydrolysis products:  
 
        This was performed by chromatography of the resulted hydrolyzate on Whatman No. 1 filter paper, using 
the solvent system: n-butanol- acetone- water (4:5:1, v/v/v) (Jayme and knolle, 1956). Detection of spots was 
achieved by spraying with aniline-phthalate reagent (Partridge, 1949). 
 
Determination of sulphate ester groups: 
 
1- Cleavage of the sulphate ester groups 
 This was done, according to the method of Larsen et al. (1960) 
2- Turbidimetric assay of the liberated sulphate 
Sulphate content (of the aforementioned hydrolyzate) was determined, adapting to the   Turbidimetric method of 
Garrido (1964). 
 
Reaction with Toluidine blue: 
 
 Solutions of the investigated polysaccharide preparations were examined for their abilities to react with 
Toluidine blue (T.B.) as a characteristic reagent for sulfated and other acidic polysaccharides. This was achieved 
according to Hussein and Helmy (2000). 
 
Production of α-amylase: 
 
 Inoculum preparation was done by scratched 5 slants (48 h old) with 20 ml sterilized saline solution (0.89% 
NaCl) and transferred to 100 ml-Erlenmeyer flask, mixed for 1 h at 30ºC in a rotary shaker at 150 rpm to obtain 
cell suspension. One ml of this cell suspension was used as inoculum to a 250 ml-Erlenmeyer flask containing 
solid medium (SM). The SM was prepared by mixing 10 ml H2O with 2 g of each of the following agroresidues: 
Molokhia stalks, wheat bran, wheat straw, rice straw, or sugarcane bagasse and was autoclaved at 121ºC for 20 
min. After 48 h of incubation at 40ºC (under static condition), 25 ml of H2O was added to the flasks and they 

https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=10&cad=rja&ved=0CGAQtwIwCQ&url=http%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3D8gFvkoOCz2E&ei=w3LYUYy3BYWEtAa3tYCYBg&usg=AFQjCNFNH24eeGhZNlcypoSGRPafX5wDVg&sig2=i_zjSWgphjGz_fDzAtwZIw&bvm=bv.48705608,d.Yms�
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were maintained under shaking at 150 rpm and 30ºC for 1 h. The fermented media was centrifuged for 15 min at 
3000 rpm and the clear supernatant was designed as crude enzyme and used for assay activity. All experiments 
were performed in triplicate and mean values and standard deviations are presented. 
 
Assay of α-amylase: 
 
 Unless other wise stated, α-amylase activity was determined according to the method of Bergmann et al. 
(1988). The reaction mixture was consisted of 0.5 ml of 1 % soluble starch in 0.05 M citrate buffer (pH 6.5) and 
0.5 ml enzyme solution. Incubation of the reaction mixture was performed for 30 min at 40ºC. The released 
reducing sugars were determined by the Somogyi method (1952). One unit of the enzyme activity (U) was 
defined as the amount of enzyme releasing 1 μ mol of reducing sugar per ml per min under assay conditions. 
 
Stabilization of α-amylase enzyme: 
 
 Different stabilizing additives (sugars, plant polysaccharides, polyhydric alcohols, salts and   surfactants) 
were added to the crude enzyme solution in a final concentration 1%. The mixture was preincubated at 33ºC for 
1 h (Fernández et al., 2004). After incubation, enzyme activity was determined under optimal conditions and 
compared with native enzyme (without stabilization). 
 
Effect of stabilization conditions: 
 
1. Stabilizer PS3 concentration: 
 
 In this experiment different Washingtonia robusta (Seeds) extract (PS3-type) concentrations were incubated 
with enzyme solution to obtain final concentration ranging from 0.25 to 2.0 %. The enzyme activity was 
determined after incubation with PS3 at 33ºC for 1 h. 
 
2. Stabilizer: enzyme ratio: 
 
 Different PS3: enzyme ratios (3:1, 2:1, 1:1, 1:2, 1:3 and 1:4 v/v) were examined. After incubation for 1 h at 
33ºC, enzyme activity was determined. 
 
3. Incubation time: 
 
 The effect of incubation time on the activity of stabilized enzyme was investigated by   incubating PS3 and 
enzyme solution at 33ºC for different time (15-120 min).The enzyme activity was determined at the optimum 
conditions of assay. 
 
 4. Effect of temperature: 
 
  In this experiment, enzyme solution was incubated with PS3 for 60 min at different temperature ranging 
from 4 to 45ºC. After incubation period the enzyme activity was determined at optimum conditions. 
 
Properties of stabilized α-amylase: 
 
1- Optimum temperature and pH of the enzyme: 
 
  To determine the optimum temperature and pH of enzyme the stabilized α-amylase was measured under 
standard assay conditions, except that temperature was ranging from 35 to 55ºC, and 0.05 M buffer with pH 
ranging from 4.0 to 7.0. 
 
2- Thermal stability:  
 
 To test the heat stability of the enzyme, the stabilized enzyme and crude enzyme were incubated at various 
temperatures (from 40 to 70ºC) for different time (from 15 to 90 min). The reaction was stopped in ice-cold 
water and the remaining activity was measured under standard assay condition. The residual activity was 
measured under standard assay conditions.  
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3- Effect of salinity on α-amylase activity: 
 
  The enzymatic reaction was carried out in presence of different concentration of NaCl (0-6 %). The residual 
activity was determined as described above.  
 
Results and Discussion 
 
Evaluation of agro-industrial as substrates for SSF Production of α-amylase: 
 
 The production of α-amylase by SSF is limited to the genus Bacillus. Bacillus. megaterium has been used 
for α-amylase production in SSF (Baysal et al., 2003). The selection of a suitable substrate for a fermentation 
process is a significant factor for SSF. In the present study, different agricultural by-products such as molokhyi 
stalk, wheat bran, wheat straw, rice straw and sugarcane bagasse as basal carbon source were evaluated (Fig. 1). 
An extremely lower enzyme production (4.9 U/ g dry solid substrate) was observed with sugarcane bagasse. 
However, wheat bran supported maximal enzyme production (20.8 U/ g dry solid substrate) without enrichment 
of the medium only distilled water. Zar et al. (2012) reported that wheat bran supported maximal α-amylase 
productivity (28.3 U/mg) by B. amyloliquefaciens 11B-14. The maximum production of B. subtilis α- amylase 
obtained by Hassan and Abd.Karim (2012) was 39.9 U/ g of SSF using rice straw as a substrate. Widespread 
suitability of wheat bran due to the presence of sufficient nutrients and its ability to remain loose even in moist 
conditions, thus providing large surface area for the growth of microorganism substantiating the findings 
reported earlier (Anto et al., 2006; Zar et al., 2012).   
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Fig. 1:  Production of α-amylase by B. megaterium using different agro-residues. 
 
Stabilization of α-amylase enzyme: 
 
 The commercial use of α-amylase generally dos not require purification of the enzyme, but require high 
stability toward application conditions such as temperature, pH, organic solvent, inhibitors and storage. For this 
purpose α-amylase was stabilized using different stabilizers and compared with un-stabilized enzyme. Many 
modes of enzyme stabilization have been studied, including lyophilization, covalent immobilization, chemical 
and genetic modification of enzymes and using nonaqueous organic solvents (Lu et al., 2009). The most 
important common characteristic of all of these chemicals is that they modify the structure and the motion of the 
water molecules in their immediate vicinity (Ragoonanan and Askan 2007). 
 
1. Stabilization of α-amylase enzyme using sugars: 
 
 The effect of glycosylation on structure and stability of glycoproteins has been a topic of considerable 
interest (Kaushik et al., 2011). The results in Fig. 2 showed that treatment with dextran (200x103-275x103) 
enhancement the activity by 33.9% in compared with native enzyme. Solá and Griebenow (2009) reported that 
glycans increasing the overall stability of glycoproteins. Samborska (2007) used sucrose for stabilization of A. 
niger α-amylase. 
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2. Stabilization of α-amylase using plant polysaccharides: 
 
 Derivatization with polymers is being increasingly proposed for the stabilization of soluble enzymes 
(Sundaram and Venkatesh, 1998). Eleven polysaccharides (PS) were extracted from investigated plants (Fig. 3). 
These products were isolated as ethanol insoluble materials (PS1-type), ethanol soluble substances (PS2-type) 
and modified (sulphated) polysaccharides (PS3-type).  As seen in result, all investigated PS led to increase the 
α-amylase activity. Sulphated PS exhibited the greatest activation effect on α-amylase especially in case of 
Washingtonia robusta (Mexican fan palm seeds) extracts, where it was increased the enzyme activity about 
211.9% when compared with the native enzyme. The result could be attributed to the presence of 27.0% (SO-

4 
group) and 77.8% carbohydrate as major components in this PS3. The effect of glycosylation on structure and 
stability of glycoproteins might be due to that it helps in forming long-range contacts between amino acids, 
which are separated in sequence and thus provides a folding nucleus (Kaushik et al., 2011). The composition of 
aqueous extract of Washingtonia robusta (seeds) which yielded 76% were found to be: 77.8% carbohydrate and 
16.8% protein. Complete acid hydrolysis afforded 39.5% galactose, 14.4% glucose and 46.1% mannose, this PS 
was selected for further experiments. Plant extract (PS) is non toxic due to the safe nature and it is readily water 
soluble. With safety, energy, health and the environment issues becoming more pronounced the utilization of 
plant extracts (PS) in  the food industry that are environmentally friendly.     
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Fig. 2: Stabilization of α-amylase by sugars. 
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Fig. 3: Stabilization of α-amylase by plant polysaccharides (PS). 
* (PS1) =Ethanol insoluble polysaccharides. *(PS2) =Ethanol-soluble PS. *(PS3) = Modified (Sulphated) of 
ethanol insoluble PS. 
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Alocasia macrorrhiza (1S1), Washingtonia robusta fruit (2S1), Hibiscus esculentus L (3S1), Enterlobium 
timbora (4S1), Arum colocasia (1S2), Corchorum olitorius(2S2), Alocasia macrorrhiza (3S2), Washingtonia 
robusta fruit (4S2), Washingtonia robusta seed (1S3), Arum colocasia (2S3), Hibiscus esculentus L (3S3) 
 
3. Stabilization of α-amylase using polyhydric alcohols: 
 
 In order to stabilize α-amylase enzyme, the eventual protective effect of mannitol and glycerol in aqueous 
solution was investigated. Both polyhydric alcohols had a positive effect on enzyme stability (data not shown). 
However, the highest stability obtained in presence of mannitol (~126.49% relative activity). According to the 
literatures, the protective effect of polyols depends on the increasing number of hydroxyl groups (Lemos et al., 
2000). Graber and Combes (1989) observed a protective effect of α-amylase enzyme with sorbitol treatment. 
Izutsu et al. (1994) found that mannitol stabilized L-lactate dehydrogenase, β-galactosidase and L-asparaginase 
as model proteins. The phenomenon of protein stabilization by polyhydric alcohols may be explained by 
changes in the microenvironment of the enzyme, which result in a more rigid conformation of the enzyme 
structure (Lemos et al., 2000). Singh et al. (1990), Shata (2005) and Terakita et al. (2009) reported that the 
stability of enzymes can be improved by using polyhydric alcohols.  
 
 4. Stabilization of α-amylase using salts: 
 
 The stabilizing effect of some salts on crude B.megaterium α-amylase was presented in Fig. 4 and show that 
NaCl enhanced the enzyme stability by 25.1%, on the other hand, ZnSO4 inhibited the stability by 26.8%. 
Similar observation was reported by Sivaramakrishnam et al. (2006) on the inhibition of thermostable α-
amylase from a thermophilic Bacillus sp. in presence of Zn2+. Uzyol et al. (2012) reported that α-amylase from 
Halomonas sp.AAD21 stabilized in presence of 2% NaCl by 1.7 times greater than in the absence of NaCl. In 
contrast, KiKani and Singh (2011) found that Na+ inhibited the activity of B. amyloliquifaciens TSWK1-1 α-
amylase. 
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Fig. 4: Stabilization of α-amylase by Metal salts. 
 
5. Stabilization of α-amylase using surfactants: 
 
 Surfactant could increase the stability of the enzymes and thus reduce enzyme denaturation during the 
hydrolysis (Eriksson et al., 2002). As shown in Fig. 5, all surfactants tested showed an increase in enzymatic 
stability ranging from 3.9 to 44.9%. Tween-40 showed the highest improvement of B. megaterium α-amylase 
stability (about 44.9%). Our results agree with Eriksson et al. (2002), Akacha et al. (2010) and Zhang et al. 
(2011) with the stability of enzymes. 
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Fig. 5: Stabilization of α-amylase by surfactants. 
SDS (Sodium Dodecyl Sulphate), EDTA (Ethylene Diamine Tetra Acetic acid) and PEG (Poly Ethylen Glycol) 
PEG (Poly Ethylen Glycol) PEG (Poly Ethylen Glycol) 
 
Effect of treatment conditions: 
 
Effect of Washingtonia robusta (seeds) PS3 concentration: 
 
 In order to determine the optimum concentration of the PS3 for α-amylase stability, the activity was tested 
in the presence of different concentration (0.25-1.5 %).  The results in Fig. 6 showed that, final concentration of 
PS3 (0.25%) gave the highest activity of B. megaterium α-amylase, where it was increased to 121.6% compared 
with control (1% PS3). As the PS3 concentration gradually increased above 0.25%, the α-amylase activity 
gradually decreased. This result pointed that lower concentration of PS3 was sufficient for maximum enzyme 
activity. On the contrary, Samborska (2007) suggested that the protective effect of stabilizers on A.oryzae α-
amylase was stronger at higher concentration. Esawy et al. (2007) found that Neem extract (0.05%) increased 
Geobacillus caldoxylosilyticus IRDO alkaline protease activity to 170% in comparison with untreated enzyme. 
Also, Ahmed and Helmy (2012) reported that the highest activation of B. licheniformis 5A5 milk-clotting 
enzyme (128.1%) was obtained in the presence of 2.5% Fenugreek extract.  
 
Effect of (PS3: enzyme) ratio: 
 
 Different PS3 to enzyme ratios were tested to obtain highest activity (Fig 7). From the result it can be seen 
that PS3 and enzyme solution in ratio 1:3 (v/v) showed the greatest relative α-amylase activity (125.4%). 
Increasing PS3 with decreasing enzyme concentration (in ratio 3:1) led to decreasing in enzyme activity to about 
58.1%. This result was also supported by the results reported in figure 7, in which the stabilizing effect 
conferred to α-amylase was associated with lower PS3 concentration. 
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Fig. 6:  Effect of plant polysaccharide concentration on the activity. 
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Fig. 7:  Effect of plant polysaccharide: enzyme ratio on the enzyme activity. 
 
Effect of treatment time: 
 
 Data illustrated in Fig. 8 showed that 60 min incubation was the suitable time for α-amylase stabilization. 
However, when the treatment time extended to 120 min or decreased to 15 min the corresponding activity were 
84.8% and 75.1%, respectively compared to 60 min treatment. of the activity at 60 min treatment. Zhang et al. 
(2011) suggested that when cellulase enzyme and PEG-4000 interact for only a short time (30 min), the activity 
becomes 98%. 
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  Fig. 8:  Effect of treatment time on the enzyme activity. 
 
Effect of treatment temperature: 
 
 In this experiment, enzyme solution was incubated with PS3 for 60 min at different temperature ranging 
from 4 to 40ºC (data not shown). It was found that the highest activation of enzyme obtained after treatment at 
4ºC (about 107.4%). Higher treatment temperature (40 ºC) decreasing α -amylase activity to 86.1% in 
comparison with control (treatment at 33 ºC). 
 
The effect of stabilization on enzyme characteristics:  
 
Optimum temperature assay: 
 
 The temperature profile of the α-amylase produced by B. megaterium is shown in Fig. 9. Addition of PS3 
allowed a 10 ºC increase in optimum temperature (from 50 to 60 ºC). This might be due to that glycosylation 
helps in forming long-range contacts between amino acids, which are separated in sequence and thus provides a 
folding nucleus (Kaushik et al., 2011). The temperatures reported here are higher than that reported for α-
amylase from Nesterenkania strain F. (40 ºC) and Ganoderma tsuage at 35 ºC (Amoozegar et al., 2013; Irshad 
et al., 2012). Similar result was observed by Eriksson et al.(2002) on stabilized cellulases by Tween 20. Also, an 
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increase of about 10 ºC was determined for trypsin enzyme in the presence of polysucrose derivative (Fernández 
et al., 2004). 
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Fig. 9: Effect of assay temperature on the enzyme activity. 
 
Optimum pH of assay: 
 
 The pH profile (data not shown) showed that the activity of treated and untreated enzyme revealed its 
highest activity at pH 5.5. A further decrease in pH caused denaturation of enzyme as a gradual decline of the 
enzyme activity was revealed. However, at pH 7.0, treated enzyme with PS3 was more stable (relative activity 
93.9%) in comparison with native enzyme (relative activity 71.9%). Amoozegar et al. (2013) found that the 
optimum pH value for α-amylase from Nesterenkania strain F. was 7.0. In contrast to this finding, the activity of 
some α-amylases produced by different species the acidic range (pH 5-7), being rather unstable at alkaline pH 
(Coronado et al., 2000). 
Thermal stability of enzyme: 
 
 After the enzyme was pre-incubated at several temperatures during different periods of times, the α-amylase 
activities tested were carried out under the optimal conditions. As shown in Fig. 10, the thermal resistance of α-
amylase at the tested temperatures was increased in the presence of the PS3. At 50ºC and 60ºC for 60 min, 
native enzyme retained 63.4 and 48.5%, respectively of its original activity. However, stabilized enzyme at the 
same conditions retained 75.7 and 60.0% of its original activity. Fernández et al. (2004) found that maximal 
thermal stabilization of enzyme was achieved by using highly substituted polysaccharides. Carbohydrates are 
used most successfully as additives for stabilizing enzymes and the improvement on enzyme thermal stability 
achieved (Lozano et al., 1994). On the other hand, Samborska (2007) reported that sugars had a positive effect 
on the thermal stability of α-amylase from A. oryzae. At 70 ºC for 30 min α-amylase from Halobacillus sp. MA-
2 retained 50% of its initial activity (Amoozegar et al., 2003) however, stabilized enzyme with PS3 in this study 
was more stable (78.8% retained activity). Kiran and Chandra (2008) suggested that Bacillus sp.TSCVKK α-
amylase retained 10% from its initial activity after preheated at 55 ºC for 5 min. 
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Fig. 10: Thermal stability of α-amylase enzyme. 
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Effect of salinity on α-amylase activity: 
 
 The effect of NaCl concentration on α-amylase activity is shown in Fig. 11, Salt concentration significantly 
affects enzyme activity. In the presence of 2% NaCl, stabilized and native enzyme activity increased about 
396.9 and 26.1%, respectively compared with the absence of NaCl. As the NaCl concentration gradually 
increased above up to 6%, α-amylase started to decrease its activity (210.9 and 95.2%), respectively for 
stabilized and native enzyme compared with control. Similar result was obtained by Uzyol et al. (2012) on the 
activation of α-amylase from Halomonas sp.AAD21 in the presence of 2% NaCl (1.7 times greater than in the 
absence of NaCl. Also, α-amylase from Bacillus sp. TSCVKK is unstable in the absence of NaCl (Kiran and 
Chandra, 2008). In contrast, Prakash et al. (2009) suggested that α-amylase I from Chromohalobacter sp. TVSP 
101 is highly stable in the absence of NaCl. Yoshioka et al. (1993) reported that mobility which affected by salt 
concentration is an important factor in the denaturation rate of proteins. 
 
Conclusion: 
 
 In this work, B. megaterium was submitted to SSF using different residues as raw material. Wheat bran 
possessed good efficiency as a substrate only with distilled water for high yield of α-amylase because of its high 
carbohydrate content, suitable texture with significant buffering capacity. α-amylase was stabilized using 
stabilizing agents (sugars, plants polysaccharides, polyhydric alcohols, salts and surfactants). Polysaccharides 
(PS3) which extracted from Mexican fan palm seed (Washingtonia robusta) after modification (by sulphation) 
was used as a novel stabilizer (non toxic, from safe nature, cheap, available, water soluble, ease used) for α-
amylase enzyme. The results suggest that stabilized α-amylase by PS3 is industrially important from the 
prespective of its tolerance to abroad temperature range and its high tolerance to a wide range of NaCl with 
relative activity 310.9% at 6% NaCl concentration.     
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Fig. 11: Effect of NaCl concentration on the enzyme activity.  
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