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Abstract 

Production of stable enzymes is one of the actual problems in bio- and enzyme technology. Conducting of the 
fermentation processes at pasteurization temperature is of great importance (2800 strains) because of making possible 
to minimize pollution of the reaction medium. Collection of micellar fungi isolated from different ecological niches of 
the Caucasus has been created in Durmishidze Institute of Biochemistry and Biotechnology. 39 strains - producers of 
amylase were revealed in the collection as a result of screening. Most of these strains belong to the genus Aspergillus. 
The temperature optimum of thermophilic strains was studied. In the cultural liquids obtained after the submerged 
cultivation of selected strains -amylase producers were tested in the temperature range 30-45 oC, at 5 oC intervals. The 
temperature optimum of the strains was established to be within the range 65-70 oC, making possible to use them in 
bio- and enzymatic technologies to diminish the pollution of the reaction medium while conducting the fermentation 
process at pasteurization temperature (65 oC). Consequently, the selection of stable, operable at pasteurization and 
higher temperatures amylase preparation is of great importance. Proposed technology is cost-effective, ecologically 
safe, competitive and provides deep hydrolysis of starch to fermentable sugar at the elevated temperature (65-70 oC) 
in one step, by means of only one, stable amylase preparation. 
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1. Introduction

Production of enzymes preparations is one of the leading branches in modern biotechnology and belongs to constantly 
growing areas of industry with extend application of spheres, in spite of even the crisis phenomena in the world 
economy. Enzymatic biotechnologies should be considered as low power-consuming, waste less, and ecologically 
harmless with low risk level processes. The basic problems of application enzymes in the industry are high cost and low 
stability of the great majority of commercial enzymes far not always satisfying the requirements of industrial processes 
[1-3]. Latest achievements in molecular biology, genetic and protein engineering, allow the creation of qualitatively new 
generations of microbial enzymes. Often, enzymes of genetically modified microorganisms, characterized by the 
improved properties, undoubtedly expand potential for their industrial application. In particular, the stability of 
commercial preparations of cellulases, xylanases, amylases, lipases, proteases, does not correspond to the industrial 
requirements. Related to cellulase research, besides comparatively low enzyme yield, there are some critical challenges 
such as: low heat stability and specific activity [4-6]. Low stability of enzymes remains as one of the main limiting factors 
for their wide and more effective application. Selection of microorganisms for last two, three decades has proved that 
stable forms of enzymes are more expedient to search among microorganisms possessing optimum growth at unusual 
conditions [7-9]. Development of biological disciplines over the recent years, conducting of several researches in the 
areas of molecular biology, molecular genetics and genetic engineering have required to create  new microbial 
collections. The existing and new collections allow possibility to detect the industrial purpose strains, which will be 
used for creation of precious metabolites of microbial origin. Detection and receiving of microbial origin enzyme 
preparations is especially important. Receiving of enzyme preparations occupies one of the leading positions in modern 
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biotechnology and belongs to those branches of industry whose production volume is permanently growing and the 
areas of application are expanding. Hydrolytic enzymes – cellulases, xylanases, amylases, proteases, inulinases, lipases, 
composing more than 80 % of all enzymes used in industry, due to their application potential in different brunches of 
industry, medicine and agriculture are of great interest. Availability of stable forms of these enzymes would not only 
expand area of their application, but also reduce the price of products produced by the use of these enzymes. Among 
the microbial enzymes, important enzyme usable in food and light industries is amylase [10-12]. Heat stable amylases, 
active at 65 0С, undoubtedly, will find application in production of alcohol, glucose-fructose syrup, and in other 
technologies, where stability of enzymes, in many respects, defines sterility and efficiency of entire process. Receiving 
of the high activity amylase enzyme preparations is possible by detection of the active amylase producers from the 
strains existing in the collection of microorganisms. During the last 10 years, selection of microorganisms has clearly 
demonstrated that the searching for stable forms of enzymes is appropriate mainly among those microorganisms that 
exist within the relatively critical conditions [13-15]. Existence of active, genetically stable fungi strains, with 
appropriate extracellular activities of α-amylases, differing in their relation to reaction mixture, creates a good 
opportunities for their effective use in different branches of food processing. 

2. Material and methods 

Screening of strains active amylase producers was hold in submerged cultures. Conidial suspension of 10-12 days 
cultures served as inocula. Cultivation was conducted in 750 ml Erlenmeyer flasks, on temperature-controlled shaker 
(160-220 rev/min) at 30°С, for 72 hours. In order to obtain amylases, in deep cultivation was carried out in a liquid 
medium supplemented with %: starch – 6.0; NaNO3 – 0.91; KH2PO4 – 0.1; MgSO4×7H2O – 0.05, KCl – 0.05, FeSO4 – 0.0002, 
malt extract– 1.5 ml per 50 ml [16-17].  After cultivation, the culture solution was centrifuged at 4000 rpm. In the 
cultural liquids obtained after the submerged cultivation the amylase activity was studied. 

 Determination of α-amylase activity was based on decreased staining value of blue starch-iodine complex [18-19]. 
Glucoamylaze activity was determined with respect of glucose. The concentration of free glucose was assayed, using a 
glucooxidase reagent after 10 min hydrolysis.  

 To obtain enzymatic preparations, filtrate of culture liquid was centrifuged at 4000 rpm and cooled to +4° C. Ethyl 
alcohol (1/4) was added to cold enzyme solution under the conditions of gradual stirring. After 20-30 min formed pellet 
was removed by centrifugation (4000 rpm for 10 minutes) and lyophilized [20-21].  

3. Results and discussion 

At Durmishidze Institute of Biochemistry and Biotechnology, Georgian Agrarian University, is created a collection of 
micellar fungi, isolated from different ecological zones of Caucasus, accounting about 2500 strains of various taxonomic 
groups. Among this strains are producers of carbohydrolases – cellulases, amylases, proteases, xylanases. As a result of 
screening our collection 39 strains producing amylases were selected with different degree of α- and glucoamylase 
activities. Most of them belong to the genus Aspergillus . 

Application of amylases (α- and glucoamylases) is an obligatory tecnological operation in the production of glucose-
fructose syrup from starch containing substrates (wheat, corn, potato, maize, buckwheat peas, etc.). Stability of enzyme 
preparetion determines sterility and effectiveness of the whole process. Consequently, the selection of stable, operable 
at pasteurization and higher temperatures amylase preparation is of great importance. Proposed technology is cost-
effective, ecologically safe, competitive and provides deep hydrolysis of starch to fermentable sugar at the elevated 
temperature (65-70 oC) in one step, by means of only one, stable amylase preparation. Sugar yield from starch much 
depends on the type of amylases and their activities. This feature will largely determine enzyme loading and duration 
of hydrolysis, which in turn determines overall process economics. We have selected most active producers with both 
α- and glucoamylase activities. 
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Figure 1 Amylase producers of different genera  

 

 

Figure 2 Microscopic fungi strains – producers of amylolitic enzymes  
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Table 1 Extracellular α-amylase and glucoamylase activities of selected strains  

Strain 
α-Amylase 

U/ml 

Glucoamylase   
U/ml 

Aspergillus niger P8-3 0.67   40.5 

Aspergillus niger B6 0.45   22.6 

Aspergillus awamori S16 0.60   12.5 

Aspergillus niger  ch-26 0.65   35.8 

Aspergillus oryzae  BS 27 0.55   30 

Mucor sp.  T 37 0.42   8.5 

Rhizopus sp. S 75 0.55   9.2 

Penicillium sp. S 80 0.8   11.6 

Penicillium sp.T 52 0.52   7.2 

Mortierella sp. S 34 0.67  12.3 

As much as temperature is extremely important in microorganism growth regulation and physiological activity, at first 
the effect of temperature on the enzyme production was studied. Taking into consideration the optimum growth 
temperature for enzyme active producers, their submerged cultivation was performed at 20 – 40 C. Aspergillus oryzae  
BS 27 was found to reveal high α-amylase and glucoamylase activity at 30 0C, the culture of Aspergillus nigerch-26 and 
Aspergillus niger  p8-3 at 35 C (Figure 3 and 4). 

 

 

Figure 3 α-amylase activity      
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        Figure 4 Glucoamylase activity 

Conducting of the fermentation processes at pasteurization temperature (65 °C) is of great importance as it minimized 
pollution of the reaction medium. Reviling the strains of amylase producers, which retain activity at high temperature, 
is perspective for solving this problem. To determine temperature optimums of activity for amylases, enzymatic activity 
was measured between 30 – 80 C, by 5 C temperature interval. Optimal temperatures of action of amylases from three 
producers were established to be within the range 67-70 C.  A. oryzae showed higher α-amylase and glucoamylase 
activity at 40 °C, A. niger ch-26 and A. niger p8-3 showed higher α-amylase and glucoamylase activity at 70 C (Figure 5 
and 6). 

 

Figure 5 α -amylase activities of Aspergillus strains within the range of 30-75 C 
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Figure 6 Glucoamylase activities of Aspergillus strains within the range of 30-75 C. 

Selection of microorganisms for last two, three decades has proved that stable forms of enzymes are more expedient to 
searche among the microorganisms possessing optimum growth at unusual conditions [22] In order to obtain stable 
enzymes of micromicetes, cultivation of producers under extreme conditions attracts peculiar interest. Not all enzymes, 
formed by extremophiles have increased stability in comparison with their mesophiles analogues. However, there are 
quite a few examples that some enzymes produced by fungi extremophiles, do not require additional stabilization [23]. 
Large amounts of patents, original publications, reviews and monographs are devoted to the ways of application of 
hydrolytic enzymes. In 2007, "Springer" has published the reviews devoted to the manufacture and application of 
enzymes. Peculiar interest attracts the material devoted to industrial enzymes [24] in which the separate chapters are 
devoted to the application of enzymes in food processing and other branches of industry and in agriculture. 
Traditionally, amylases of fungal and bacterial origin have been long time used in different branches of food processing. 
First of all it is application of α-amylase and glucoamylase in starch hydrolysis (wheat, corn, potato, etc.) to fermenting 
sugars [10]. Amylases is an important technological operation in brewing industry. 

4. Conclusion 

Collection of micellar fungi isolated from different ecological niches of South Caucasus has been created in Durmishidze 
Institute of Biochemistry and Biotechnology. As a result of screening among collection strains 39 producers of amylase 
were selected with different degree of α and glucoamylase activities. Most of them belong to the genus  Aspergillus.  The 
temperature optimum of growth of enzyme active producers, their submerged cultivation was performed within 20- 40 
C. Aspergillus oryzae BS 27 was found to reveal high α-amylase and glucoamylase activity at 30 C, the culture of 
Aspergillus nigerch-26 and Aspergillus niger p8-3 at 35 C. Optimal temperatures of action of amylases from three 
producers were established to be within the range 67-70 °C. A.oryzae showed the highest α-amylase and glucoamylase 
activity at 40 °C, A.niger ch-26 and A.niger p8-3 showed the highest α-amylase and glucoamylase activity at 70 C. 
Detailed analysis of α-amylases and glucoamylase of mold origin has revealed the existence of two types of enzymes. 
Regular α-amylase and glucoamylase from mesophilic yellow-green fungi with the optimum of action temperature 40 
C Aspergillus oryzae  BS 27; Heat-stable α-amylase and glucoamylase from thermophilic fungi, with the optimum of 
action above 70 C Aspergillus nigerch-26 and Aspergillus niger p8-3. As a result of exhausted hydrolysis of different 
types of starch form fermentable sugars: glucose, maltose and maltotriose (maltotetrose in trace amounts). Existence 
of active, genetically stable fungi strains, with appropriate extracellular activities of α-amylases and glucoamylase, 
differing in their relation to reaction mixture, creates a good opportunities for their effective use in different branches 
of food processing. 
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