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Abstract: Even though fungal proteases are under interest, bulk fungal growth during production 

decreases the overall mass transfer and consequently the yield. In this study, instead of inorganic 

microparticles, various organic microparticles were used in the production medium to prevent bulky 

fungal growth and increase homogeneity. Results showed that all microparticle additions increased the 

maximum protease activity remarkably and also lowered the required time to reach the highest value. 

Among organic microparticle addition productions, the highest protease activity was reported as 100,76 

U/mL in walnut shells added flasks, which was approximately 1,4 fold higher compared to the highest 

activity obtained in the control production. It was also reported that microparticle addition increased 

the homogeneity but also resulted in higher viscosity due to hyphae-type growth. Additionally, 

evaluation of various storage temperatures showed that produced enzyme lost only its 7% activity at 

4oC at the end of 25 days.    
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1. Introduction 

Proteases, which break down proteins into their subunits are produced by many organisms from 

viruses to prokaryotes and eukaryotes. Among them, microorganisms are the main commercial protease 

producers due to their biochemical diversity and being able to be modified with genetic modifications 

[1]. Even though Bacillus strains dominate the current protease production, interest in fungal proteases, 

especially in Aspergillus strains is increasing due to advantages in terms of high production levels, 

growth on waste solid materials, low cost, and ease of downstream process step [2,3]. 

In fungal productions, morphology is one of the most effective factors in yield and productivity. 

However, the tendency of fungal stains to create bulk growth in the production medium generally ends 

up with inefficient mass transfer and consequently low product formations. Therefore, preventing bulk 

fungal growth and the formation of a homogenized production medium is crucial to ensure stable, 

repeatable, and sustainable productions [4]. Various microparticles such as titanium oxide, aluminum 

oxide, and talcum were used in fungal productions to prevent bulky growth and aggregation and also to 

increase homogenization and production yield [5-11]. Even though this technique has many advantages 

such as low cost, ease of implementation, and not interfering with the fungal metabolism; waste 

management of these microparticles is a critical environmental problem. Due to the fact that they cannot 
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be biologically metabolized, disposal of these microparticles creates the necessity for extra costly 

process steps. 

In this study, talcum and various organic microparticles such as walnut shells, pistachio shells, 

and coffee seeds were evaluated for their ability to enhance protease production with Aspergillus niger 

by controlling fungal growth in shake flask productions. 

2. Materials and methods 

2.1. Fungal strain and inoculum preparation  

 A. niger ATCC 11414 was kindly donated by Prof. Dr. Gülşad Uslu Şenel from Firat University, 

Department of Environmental Engineering, Turkey. The fungal strain was grown on potato dextrose 

agar (PDA) plates at 25°C for 6 days. The culture was transferred to sterile agar plates biweekly in order 

to maintain cellular viability. After the incubation, spores were collected by adding 8 mL of sterile 0,1% 

Tween 80. Suspension, which had approximately 108 spores/mL was used to inoculate the production 

media.  

2.2. Shake flask productions  

In this study, talcum, walnut shells, pistachio shells, and brewed coffee seeds were used as 

microparticles. Talcum was used without any pretreatment, whereas walnut shells, pistachio shells, and 

coffee seeds were first grinded in the coffee grinder and then sieved by using a 750 µm pore size sieve. 

Thereafter, grinded coffee seeds were brewed with an excessive amount of water to minimize extraction 

in the protease production medium. After that, all grinded organic microparticles were transferred into 

75 mL of double distilled water in 250 mL flasks and autoclaved at 121oC for 15 minutes to minimize 

plant-originated extractions. Organic microparticles were then filtered and dried at 55oC for 8 hours 

before use. The chemical composition of the protease production medium consisted of 15 g glucose, 3 

g meat extract, 2 g KH2PO4, 10 g casein, 10 g peptone, and 10 g NaCl per liter of double distilled water. 

The prepared media was transferred into 250 mL shake flasks with 75 mL working volume and 5% 

(w/v) microparticles were added to the media. Thereafter, flasks were autoclaved at 121oC for 15 

minutes and after cooling to room temperature, 3% (v/v) inoculum was added into each flask. Flasks 

were cultured at 25oC and 180 rpm for 6 days. Samples were collected every 24 hours to measure 

protease activity.  

2.3. Protease activity measurement 

Fungal protease activity was measured spectrophotometrically [12] with minor modifications. 

First, taken samples were centrifuged at 5500 rpm for 10 minutes and then 0.5 mL of supernatant was 

mixed with 2.5 mL of phosphate buffer (50 mM, pH: 7.0), which contained 0.6% (w/v) casein. After 

incubation at 25oC for 20 minutes, the reaction was finalized by the addition of 2.5 mL of 0.44 M 

trichloroacetic acid. The mixtures were settled for 10 minutes at room temperature and then centrifuged 

again at 5500 rpm for 10 minutes. From the supernatant, 0.25 mL liquid was first mixed with 1.25 mL 

of 0.5 M Na2CO3 and then 0.25 mL Folin-Ciocalteu phenol. The mixtures were stored at room 

temperature and dark for 30 minutes. The absorbance was measured at 600 nm using an uninoculated 

medium as blank. Enzymatic activity value was calculated using a pre-calculated tyrosine standard. One 

unit of enzyme unit (U) was defined as the amount of enzyme, which is required to release 1 μmol of 

tyrosine at 25oC per minute. 
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2.4. Stability of protease activity under various storage temperatures 

Fungal protease, which was produced in walnut shell added flasks at the maximum level, was 

centrifuged at 5500 rpm for 10 minutes and then supernatants were transferred into the sterile 

microcentrifuge tubes. Thereafter, tubes were stored at -20, 4, and 25oC conditions, and samples were 

taken periodically to calculate the stability of activity. 

3. Results and discussion 

 In this study, the effect of talcum and various organic microparticles on protease production by 

A. niger was evaluated. Fungal growth morphology, protease production yield, productivity, also 

enzyme stability under different temperature storage conditions were evaluated.  

Viscosity is a key parameter to be considered in bioprocessing systems, which directly affects 

mass transfer, aeration and agitation efficiency, and power input [13]. Addition to production medium 

composition, fungal growth structure is also highly effective on medium rheology and viscosity. At 72 

hours of the shake flask production, images were taken from the bottom of the flasks to make an 

evaluation of fungal growth morphologies (Figure 1). As it can be seen in Figure 1a, a heterogeneous 

fungal formation occurred in the flask, in which there was not any microparticle added. Lots of small 

sizes and also big bulk fungal growth structures were observed, which decreases the reliability of 

stability and repeatability of the productions. On the other hand, the production broth showed clear and 

not viscous characteristics in the control flask, which provides advantages during separation and 

purification steps. In all microparticle-added flasks, fungus performed only small or hyphae growth 

structures. Whereas talcum-added production flasks resulted in a very high viscous broth (Figure 1b), 

walnut shells added flask (Figure 1c) showed lower resistance to flow. Also, pistachio shells (Figure 1d) 

and coffee seed shells (Figure 1e) added flasks resulted in mild-level viscous broths.  

 

 

Figure 1. Fungal growth morphologies of A. niger with the effect of microparticles (a: Control,                   

b: Talcum addition, c: Walnut shell addition, d: Pistachio shell addition, e: Coffee seed 

addition) 
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Fungal protease activities during the production were measured and graphed in Figure 2. It can 

be clearly seen from Figure 2 that, all microparticle-added flasks resulted in higher maximum protease 

activities compared to the control. The highest protease activity was calculated as 127,16 U/mL in 

talcum-added production and the lowest was in coffee seed-added production as 83,16 U/mL. Among 

organic microparticle-added productions, the maximum protease activity was calculated as 100,76 

U/mL in walnut shells added flasks. However, the highest enzyme activity was computed as 73,26 U/mL 

in the control flask. It was also reported that the highest protease activities were obtained at 120 hours 

of production in all microparticle-added flasks. Nevertheless, the maximum protease activity was 

observed at 144 hours of production in the control. These results clearly state that microparticle addition 

both increased the maximum enzyme activity and also lowered the time to reach the top point, which 

resulted in higher productivity. Productivity values were calculated as 0,7, 1,74, 0,84, 0,9, and 0,97 

U/mL/h for control, talcum added, walnut shell added, pistachio shell added, and coffee seed added 

productions, respectively. It was also noted that protease activities followed almost the same pattern till 

24 h of the production, however lower enzyme activity was measured in coffee seed-added flasks 

compared to control at 48 h of the fermentation and then activity increased in the further sampling times. 

This can be explained by the potential negative effect of further released agrochemical byproducts such 

as phenolics and furans on microbial metabolism [14].  

 

 
Figure 2. A. niger protease activity trends during the production under the effect of various 

microparticles. 

 

The effect of microparticles on the enhancement of fungal protease production is further discussed 

and related to various physiochemical properties of the microparticles as shown in Table 1. A 

comparison of the densities of the microparticles showed that talcum is approximately 5 times heavier 

than other organic microparticles. Since all microparticles were added to the flasks based on weight per 

volume, small number of talcum microparticles were in the flask compared to others due to the higher 

density of talcum. Nevertheless, in comparison based on the particle size, talcum particles were 30 to 

75 times smaller than organic microparticles, which potentially resulted in a higher number of talcum 

particles in the flasks compared to organic microparticles added flasks. Additionally, evaluation of the 

hardness of microparticles showed that talcum is the softest and coffee seed is the hardest microparticle 

used in this study. Hardness is an effective factor in fungal growth during especially a long period of 
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cultivation (144 h) in terms of fragility and preservation of the integrity of the particles. At least but not 

the less, talcum is not biologically available for fungi, and disposal of it causes serious environmental 

problems. However, organic microparticles can be disposed of environment without any side effects, 

and additionally, various nutrients such as sugars, which are released from plant-based wastes can be 

partially metabolized by the fungi during production [14].  

Table 1. Various physicochemical properties of microparticles. 

Property Talcum Walnut Shells Pistachio Shells Coffee Seeds 

Density (g/cm3) 2.58-2.83 0.48-0.52 0.45-0.50 0.56-0.75 

Size (µm) ∼10 ∼300-750 ∼300-750 ∼300-750 

Hardness (Moh) ∼1.0 ∼3.5 ∼3.5 ∼5.0 

Biological degradation No Yes Yes Yes 

 

After all, in order to make a more efficient comparison of the effect of organic and inorganic 

microparticles on fungal productions, optimization and standardization of mechanical, physical, and 

chemical properties of the particles are required.  

Walnut shells added production broth was centrifuged and cell-free supernatants were transferred 

into the tubes and stored at -20, 4, and 25oC conditions. As seen in Figure 3, samples, which were stored 

at 4 and 25oC temperatures remained their activities at the end of the first day. However, freezing 

samples caused a sharp decrease (higher than 50%) in the protease activity even on the first day. This 

can be explained by the adverse effect of ice crystal occurrence on the protein structure of the enzyme 

[15]. Therefore, cryoprotectant addition to samples before freezing is highly recommended. After the 

first day, frozen samples almost kept their activity values the same till the end of 25 days. Activity 

differences between samples, which were kept at 4 and 25oC started to increase by the third day of 

storage. With the advantage of minimizing water activity, 4oC storage conditions resulted in better 

activity protection compared to 25oC. By the end of 25 days, protease activity losses were calculated as 

7% and 25% for 4 and 25oC storage conditions, respectively.  

 

 

Figure 3. Effect of storage temperature on fungal protease activity 
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4. Conclusion 

 In this study, it was clearly shown that organic microparticles are strong substitute candidates 

for inorganic particles, which can be used for the enhancement of fungal production. The addition of 

organic microparticles can both increase the highest protease activity and also decrease the time, which 

is required to reach the maximum activity value. Additionally, it was shown that the mechanical and 

physicochemical properties of the microparticles should be further discussed and studied in order to 

provide a better understanding of the overall process. Furthermore, it was reported that produced enzyme 

can maintain its activity by 93% at the end of 25 days at 4oC storage conditions. 
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