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Abstract 

Amylases are a group of commercially important enzymes with various clinical, medical and 

biotechnological applications. The current study aims to optimize the agitation and aeration (oxygen transfer) 

conditions for α-amylase production by Aspergillus flavus using water hyacinth extract; as an available waste and 

very cheap nutritional substance, in a lab scale stirred tank bioreactor (submerged fermentation). Data showed 

that the maximal cell biomass and enzyme specific activity were reached at low aeration rate (0.5 v/v/m) and 

moderate agitation speed (200 rpm). The maximum specific amylase production rate has been reached after 24 

hrs. In addition, it has been confirmed that scaling-up Aspergillus flavus does not, inversely, affect α-amylase 

productivity compared with flask level production. Aspergillus flavus has been approved as promising fungal 

isolate for production of a-amylase using water hyacinth for application in many fields.   
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1- Introduction 

Amylases are class of enzymes that catalyze the hydrolysis of starch and similar 

polysaccharides to produce smaller oligosaccharides, maltose and/or glucose units [1]. α- 

amylases, β -amylases and glucoamylases are among the various amylases that rank first in 

terms of their commercial and industrial exploitation. Amylases represent, approximately, 

about 25–33% of the world enzyme market [2, 3 and 4] and expected to increase during the 

years. 

Alpha-amylase (E.C. 3.2.1.1.) is an extra-cellular, starch-degrading enzyme which catalyzes 

break-down of the endo α-1, 4-O-glycosidic bonds in starch to lower molecular weight 

products, such as maltotriose, maltose and glucose units with the retention of α -anomeric 

configuration [5]. Although acting on intra-bonds, α-amylases are nonspecific and, randomly, 

act during hydrolysis. It has many applications all starch-based industries such as detergent, 

textiles and paper industries, food and pharmaceutical industries, animal feed, baking, alcohol 

fermentation, [6 and 7]. Bacteria, fungi, yeasts, and actinomycetes are the main sources for 

industrial production of α-amylases under submerged mode of fermentation [8, 9 and 10]. 

Generally, the bacterial and fungal sources of enzymes are more favorable for industrial 

applications [11]. 
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For scaling-up of microbial α-amylase production from flask to industrial levels, the 

optimization of culture conditions in fermentation processes is mandatory [12]. So far, it has 

been reported that the stirred-tank reactors (STRs) is the most common laboratory scale 

fermenters used for studying Submerged Fermentation (SmF) [13]. The production of 

microbial amylases in the fermentation process depends on several factors; chemical 

composition of the production medium, type of strain, and also fermentation conditions i.e. 

agitation, dissolved oxygen concentration, temperature, pH, etc. [14]. 

In stirred tank bioreactors agitation and aeration are two main important operational 

parameters in the scaling up of the aerobic biosynthesis systems and industrial bioprocess 

development [15]. In aerobic fermentation, the presence of oxygen influences the enzyme 

secretion which may be attributed to the metabolic activities in the organism [16]. It has been 

reported by many researchers that amylase production by Bacillus spp. is highly affected by 

the presence of dissolved oxygen. Consequently, providing air to the fermentation medium 

using compressor under sterile conditions could be a promising process as it offers higher 

efficiency by combining agitation with aeration [17]. 

Water hyacinth (Eichhornia crassipes solms) is an aquatic, free-floating and flowering 

invasive plant. It was recorded in the Nile river of Egypt at the end of the 19th century. It has 

been reported by Batanouny and El-Fiky [18] that during the growing season and after 200 

days, a plant of water hyacinth would produce about 3,418,800 new offsets, which cover 14, 

928 m2 of the river surface area. It has many negative impacts all over the world as it disrupts 

the waterbody and aquatic environment. It clogs the waterways including irrigation canals, 

ruins fishing grounds, destroys paddy rice fields etc. On the other hand, it has been reported to 

contain 26.9% total carbohydrates, 49.6% protein and 16 % total lipids [19] which can 

represent a fermentable waste substrate for microbial biosynthesis of add-value products [20 

and 21]. 

The present study intends to optimize and investigate the effect of incubation time, agitation 

speed and aeration rate on the production of α-amylase by Aspergillus flavus under Lab-scale 

bioreactor using water extract of Water hyacinth. 

2- Materials and Methods 

This work is part and completion of a project for optimization and production of microbial 

α-amylase starting from shake-flask up-to bench scale using 2L bioreactor. 

Organism: 

The fungus Aspergillus flavus was isolated, purified and identified using 18S rRNA as it has 

been reported in the previous work (under publication). This fungus was recorded in the 

Genbank under the Accesion number (MN559650.1).   

Medium preparation: 

The medium composition used in the current work is the flask level results of optimization 

process reported in the previous work [22]. The medium was prepared as follows: 

Water hyacinth (8.5 g) was cut in to small pieces and then added to tap water (100 ml), 

autoclaved  for 5 minutes and filtered through a piece of cotton. To the obtained filtrate, 3.65 
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% Starch, 0.114 % NaNO3 and 109 ppm Vitamin B6 were added. The medium was adjusted at 

pH 4.4, autoclaved and allowed to cool before inoculation. The culture was incubated at 36⁰C 

for 4 days. 

Bioreactor and Conditions: 

The production of α-amylase enzyme was studied under different aeration rates viz. 0, 0.5 

and 1 v/v/m and at different agitation speeds viz. 150, 200 and 250 rpm in 2 liter bioreactor 

(CelliGen Plus, New Brunswick, United States). The apparatus was supplemented with 

temperature control system, spurger for gas addition, agitator with two marine impellers and 

pH sensors. A sample was collected daily and assayed for α-amylase specific activity (enzyme 

activity and total proteins), pH, dissolved oxygen and cell mass dry weight. 

Specific growth rate and specific amylase production rate were calculated by the 

differentiation of the polynomial equation fitted for the experimental data of biomass dry 

weight and specific activity of amylase produced per unit biomass dry weight. 

The analysis, calculations and graphical representation of data were performed in Microsoft 

Excel 2019.   

Assay for α-amylase activity: 

The enzyme assay is based on hydrolysis of starch and then determination of the total 

reducing sugar produced as a result of enzyme activity using dinitrosalysilic [23]. 

α-amylase unit (U) was defined as the amount of the enzyme required to catalyze the liberation 

of reducing sugar equivalent to 1 mg of glucose per minute under the assay conditions. 

Protein determination: 

Protein content of the samples was determined using Folin reagent by the method reported 

by Lowery et al. [24]. Bovin serum albumin was used for preparation of the standard protein 

curve. 

Biomass dry weight: 

The cell biomass was collected from samples by filtration using Whatman filter paper No. 

1 and then oven dried to constant weight. The eight of the biomass was determined in (g/l). 

3- Results 

The data obtained from all the fermentation processes were analysed and calculated on 

Microsoft Excel 2019. The data were represented in charts and the trend lines along with 

correlation coefficients (R2) were plotted on each chart. All the calculated R2 showed excellent 

correlations between data. 

Comparison between three levels of aeration for the production of α-amylase: 

Data in figures (1-5) show that the specific growth of the fungus Aspergillus flavus and α-

amylase production rates were higher at 0.5 v/v/m aeration rate. The dry cell mass reached 

about 10 g/l at 0.5 v/v/m after 24 hours which was the maximum production level. The 

maximum specific activity was reached at 0.5 v/v/m at the end of incubation time. The pH at 

0.5 v/v/m show minimum variation from that at zero time though the whole run compared with 

0.0 v/v/m and 1 v/v/m. The rates for specific growth and production at 0.5 v/v/m and 1 v/v/m 
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showed very close results compared with that at 0.0 v/v/m.  

 

Fig. 1 Comparison between biomass dry weights produced using three aeration levels for the production 

of α-amylase  

 

Fig. 2 Comparison between specific growth rates of amylase produced using three aeration levels for the 

production of α-amylase 

 

Fig. 3 Comparison between specific activities of amylase produced using three aeration levels for the 

production of α-amylase  
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Fig. 4 Comparison between specific production rates of amylase produced using three aeration levels for 

the production of α-amylase 

 

Fig. 5 Comparison between pH recorded for amylase produced using three aeration levels for the 

production of α-amylase 

Comparison between three levels of agitation for the production of amylase 

Through figures (6-10), data show that the growth, specific growth and α-amylase 

production rates of the fungus Aspergillus flavus were higher at 200 rpm agitation speed 

compared with 150 rpm and 250 rpm. The specific activity of amylase was maximum (>10 

U/mg protein) at agitation speed 200 rpm at the end of the incubation period. 
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Fig. 6 Comparison between biomass dry weights produced using three agitation levels for the production 

of α-amylase  

 
Fig. 7 Comparison between specific growth rates of amylase produced using three agitation levels for the 

production of α-amylase 

 

Fig. 8 Comparison between specific activities of amylase produced using three agitation levels for the 

production of α-amylase 
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Fig. 9 Comparison between specific production rates of amylase produced using three agitation levels for 

the production of α-amylase 

 
Fig. 10 Comparison between pH recorded of amylase produced using three agitation levels for the 

production of α-amylase 

4- Discussion 

It is well known that the industrial production of microbial extracellular enzymes in 

bioreactors is affected by the chemical composition of production medium and various physical 

and environmental factors [25]. The scaling-up of the fermentation processes from lab to 

commercial levels is facing a challenging problem which is the difficulty to track the impact 

of factors influencing the scaling-up during the fermentation bio-process [26]. One of the major 

problems facing scaling-up microbial production is the simulation of shaking process in the 

flask level. However, agitation and aeration (oxygen transfer) can be used to perform the 

functions of shaking process including homogenization of the production medium and 

dissolution of oxygen. Therefore, studying the effect of aeration rate and agitation speed on 

enzyme production on a lab scale levels might provide more comprehensive understanding and 

reliability about the enzyme synthesis conditions. 

Recently, it has been reported in some studies a phenomenon called “impeller flooding” in 

which at lower agitation speeds accompanied by higher aeration flows, the air stream up in the 

bioreactor increased along the stirrer shaft resulting in poor mixing, reduced air dispersion and 
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diminished oxygen transfer rates. This phenomenon results in a column of air surrounds the 

impeller, consequently, there will no longer be a proper contact between air and liquid in the 

vessel. This phenomenon has to be avoided during the production bio-process by finding an 

appropriate combination of agitation speed and aeration rate together [27]. This study supports 

this phenomenon as it indicated that a low aeration rate of 0.5 v/v/m with moderate agitation 

speed of 200 rpm resulted the highest; biomass concentration and specific enzyme activity after 

only 24 hrs fermentation time. Reducing the fermentation time in parallel with increasing 

productivity is a major economic factor in industrial scale production.  

In the presence of low concentrations of the dissolved oxygen, the metabolic process of 

Aspergillus flavus diminishes to minimum levels as oxygen is one of the essential requirements 

for microbial growth and activity [28]. On the other hand, the increase in levels of dissolved 

oxygen (hyperoxia) may be toxic as it may produce excess levels of reactive oxygen species 

(ROS) that accumulate in the microbial cells causing cell death [29]. Furthermore, ROS could 

contribute in chemical changes in the produced enzyme(s) by protein carbonylization which 

reduces its activity [30]. This case was encountered in this study as the biomass and enzyme 

production were very low at 0 v/v/m and 1 v/v/m aeration rate while 0.5 v/v/m aeration rate 

supplied the required oxygen for the process instead of the oxygen starvation at 0 v/v/m and 

the over flooding of oxygen at 1 v/v/m which affected the specific biomass growth rate and the 

specific amylase production rate to be at their highest values through the first 24 hrs. 

Agitation has a crucial role in the improvement of the interfacial gas/ liquid exchange 

through increasing the available gas area by breaking the air stream into smaller bubbles [31]. 

The increase in agitation rate causes destruction of the microbial cells through imposing high 

sheer stress [32] and, also, production of higher ROS. On the other hand, at lower agitation 

speeds, improper mixing of nutrients and oxygen may, ultimately, affect amylase yield [32]. It 

has been reported that the agitation speed affects the morphology and, subsequently, the 

microbial biosynthetic activity [33]. This study was in agreement with previous published 

work. 

In this study it’s obvious that α-amylase production from Aspergillus flavus was maximal 

at 0.5 v/v/m aeration rate and 200 rpm agitation speed. Noteworthy, at these conditions, the 

specific amylase activity reached about 10 (U/mg protein) after 48 hours of the fermentation 

process while biomass dry weight reached its maximal value about 10 g/l after only 24 hours 

at which the specific enzyme activity was about 9 (U/mg protein). This incubation period is 72 

hours less than that in shake flask. This note may not only reduce the production time but the 

production cost, also. The lag phase was significantly shortened in the bioreactor compared 

with shake flask. In stirred tank bioreactor, the lag phase was much faster and after only about 

16 h of incubation, the fungal growth entered the logarithmic phase to reach the maximum 

production after 24 hours. The longer fermentation process in shake flask cultures may be 

attributed to the limited gas exchange and oxygen uptake. In shake flasks, most cultures, 

rapidly, reach death phase when the available ambient oxygen is depleted from the surrounding 

medium [34]. 
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At the optimum aeration rate (0.5 v/v/m) and agitation speed (200 rpm), few changes in pH 

value was noted in the range between 5.5 and 6.5 through all the process period. This result 

excluded the need to study the effect of constant pH on the enzyme production and we can 

conclude that the optimum pH for α-amylase production from the fungus Aspergillus flavus 

was 6±0.5. This pH value is matched with the results obtained by most researchers [35 and 36] 

who reported maximum amylase productivity by fungal isolates at the pH of around 6. On the 

other hand, other optimal pH values were reported by some others [37 and 38]. 

 

5- Conclusion 

In a previous study, among the isolated fungi from fermented water hyacinth, A. flavus has 

been found as an appropriate isolate for production of a-amylase. In addition, screening and 

optimization of the significant factors affecting a-amylase production were conducted in the 

flask level with the purpose of lowering the production cost of fermentation medium containing 

water hyacinth extract. In the current work, we have attempted to optimize the aeration and 

agitation conditions for α-amylase production from A. flavus in a lab scale stirred tank 

bioreactor. The results showed that the maximal a-amylase productivity was obtained at 0.5 

v/v/m aeration rate and 200 rpm agitation speed at 36°C after only a single day of incubation. 

This incubation time is shorter compared to the flask experiments and subsequently may reduce 

the production cost. Kinetic study of the fermentation parameters confirms the prevalence of 

fermenter cultures. Further studies should be performed in pilot-scale for scaling up before 

commercialization and testing larger samples in production scale. Furthermore, the success of 

the enzyme production testing in fed batch fermentation system is going to be a bonus for 

economic commercial production. 
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