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In the current study, 126 isolates representing 24 distinct fungi species from 

the genera Penicillium and Talaromyces were screened to assess their 

abilities for generating cold-active amylase at 10 and 30 oC. According to 

preliminary screening results, all investigated isolates (100%) developed 

cold-active amylase at 10 ºC, with 32 exhibiting a moderate capability and 94 

exhibiting high activity. However, 122 isolates (96.7%) produced positive 

results at 30 ºC, with 35 exhibiting high amylase activity, 50 exhibiting 

moderate activity, and 37 exhibiting low activity. Fungal isolates that 

demonstrated high activity at 10 and 30 ºC in the preliminary test (94 and 35, 

respectively) were further investigated for cold-active amylase production 

under submerged fermentation (SmF) conditions. At 10 and 30 ºC, 

respectively, Penicillium citrinum AUMC 576 and Penicillium goetzii 

AUMC 498 were the most active strains under SmF. The pH, temperature, 

nitrogen source, and fermentation time were all changed for P. goetzii 

AUMC 498 and P. citrinum AUMC 576 in order to promote the production 

of cold-active amylase. After 7.0 days, P. goetzii demonstrated its maximum 

amylase production (3.7±0.34 U/mL) at pH 7.0 and 10 ºC using the beef 

extract as the nitrogen supply. However, P. citrinum demonstrated that after 

3.0 days of employing the yeast extract as a nitrogen source, amylase activity 

peaked (9.92±0.84 U/mL) at pH 7.0 and 25 ºC. 

https://jamb.journals.ekb.eg/
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1. INTRODUCTION  

To biodegrade the starch molecule into glucose, maltose, maltotriose, and dextrin, 

amylases—more especially, α-amylase (EC 3.2.1.1), β-amylase (EC 3.2.1.2), and γ-

amylase (EC 3.2.1.3)—are the biocatalysts that break down the glycosidic bonds in the 

starch polymer [1–3]. By 2025, the enzyme market is expected to have grown from its 

2018 forecast of US$5.5 billion to US$7.0 billion [4]. With between 25 and 33 % of the 

global enzyme market, amylases are among the most important enzymes [3, 5]. They are 

widely utilised in a variety of industries, such as the food, beverage, textile, bioethanol, 

and paper sectors; they are also utilised in a wide range of other domains, such as 

pharmaceuticals, analytical chemistry, biotechnology, and medicine [3, 6–14]. 

Cold-adapted enzymes are capable of catalysing at temperatures as low as 30 °C and 

maintaining catalytic activity at 0 °C [15]. They differ from mesophilic and thermophilic 

enzymes in that they have a low reaction energy, a higher substrate affinity that can lower 

the activation energy of enzymatic reactions, and low thermal stability at high 

temperatures, which causes them to rapidly lose more than half of their activity after 10 

minutes at 50-60 °C or several hours at 37 °C [16–18]. Because of their plentiful supply, 

quick production cycle, high yield, ease of separation, easily regulated reaction 

conditions, ease of monitoring and control of manufacturing processes, and purification, 

microbial cold-active enzymes have garnered a lot of attention [19, 20]. Food processing, 

detergent production, bioremediation, environmental preservation, straw resourcing, and 

fundamental molecular biology research are just a few of the many uses and applications 

for these enzymes that have been thoroughly investigated and employed [21].  

Because of their advantages for the economy and ecology, cold-adapted amylases are 

becoming more and more common in industrial processes [15]. Stain removal in 

detergents, antistaling in bread baking, syrup production in pharmaceuticals, textile 

desizing, viscosity control in starch slurry in paper and pulp, wastewater treatment, and 

low-temperature bioremediation are just a few of the commercial uses for cold-active α-

amylases of microbial origin [22, 23]. Very little is known about cold-adapted α-amylases 

and about the microbiological origins of cold-active α-amylases. In food preparation and 

other industrial applications where operating temperatures are lower than 29 °C, cold-

active α-amylases can be required.  

Only a small number of microorganisms are allowed in the food industry, and enzyme 

producers are typically keen to expand their product lines into the food processing sector 

[24, 25]. Scientists are now concentrating their efforts on finding new enzymes that could 

replace industrial chemical catalysis since enzymatic processes are more sustainable and 

environmentally friendly than chemical ones [26, 27]. Therefore, the hunt for novel 

microbes that can be used to produce amylase is still going on [28]. Given the dramatic 

rise in the use of microbial enzymes in industrial processes in recent years, the Penicillia 

appear particularly well-positioned to play a larger role in the future production of these 

enzymes [24, 25]. This study was therefore tasked with screening many isolates of 

Penicillium and Talaromyces for amylase activity on agar medium and submerged culture 

at 10 and 30 ºC. Additionally, the fermentation conditions were optimized to maximise 

the amount of amylase produced by the most active strains.   
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2. MATERIALS AND METHODS  

2.1 Chemicals and reagents 

The sources of all the chemicals and reagents utilized in this investigation were LOBA 

CHEMIE PVT.LTD (Jehangir Villa, 107, Wodehouse Road, Colaba, Mumbai, India) and 

Sigma-Aldrich Chemical (Sigma-Aldrich, St. Louis, MO). 

2.2 Fungal strains 

There were 126 different fungal strains in this study. They included 11 isolates from three 

species of Talaromyces and 115 isolates from 21 species of Penicillium. The fungi were 

all taken from the culture collection of the Assiut University Mycological Centre in the 

Assiut Governorate, Egypt. 

    2.3 Fermentation medium 

Sucrose-free Czapek’s mineral medium was used as fermentation medium. The medium 

contained (g/L): sodium nitrate, 2.0; dipotassium hydrogen orthophosphate, 1.0; 

potassium chloride, 0.5; magnesium sulphate, 0.5; ferrous sulphate, 0.01; zinc sulphate, 

0.01; and copper sulphate, 0.005 

    2.4 Preliminary screening of amylase activity on agar medium 

The examined fungi were allowed to colonize for seven days before 50 μL of spore 

suspension (made in 10 % Tween 80) was collected and inoculated into wells that were 

5.0 mm in diameter and created on the agar medium. After that, the plates were incubated 

for 72 hours at 10 and 30 °C. A 0.25 % aqueous iodine solution (iodine, 1.0 g; potassium 

iodide, 3.0 g, and 400 mL of distant water) was added to the plates after they had been 

incubated. The clear zone surrounding fungal colonies against the blue media colour 

indicates the amylase activity. 

   2.5  Screening of amylase activity in submerged fermentation (SmF) 

A 250 mL Erlenmeyer conical flask with 50 mL of the fermentation medium was used to 

culture each of the fungal strains with the highest amylase activity. Each flask was 

inoculated with a 5.0 % (v/v) spore suspension made from cultures that were 7 days old, 

containing 1.8 × 108 spores/mL. After that, the flasks were shaken at 150 rpm for seven 

days at 10 and 30 °C. 

    2.6 Extraction and assay of amylase and estimation of total protein content 

Following the incubation time, the cell-free supernatant was extracted using 

centrifugation (10,000 rpm for 10 minutes at 4 °C) and utilized as a source of amylase. 

By combining 0.5 mL of filtered crude enzyme with 0.5 mL of 1.0 % starch (made in 50 

mM Na-citrate buffer, pH 5.0), amylase activity was measured. The cold-active amylase 

was incubated for 20 minutes at 10 °C, and the mesophilic amylase was incubated for 20 

minutes at 50 °C [29]. After that, 2.0 mL of 3, 5-dinitrosalicylic acid (DNS) was added, 

and the mixture was boiled for 10 minutes in a water bath to stop the reaction [30]. 

Following cooling, a UV-Visible spectrophotometer (T80+; UK) was used to detect the 

colour absorbance at 540 nm. The quantity of amylase needed to release 1.0 µmol 

glucose per millilitre per minute under standard test conditions was referred to as one unit 
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of amylase activity. Amylase activity calculations were performed in accordance with 

AL-Kolaibe, Moharram [32]. 

Amylase activity      U/mL/min 

Where: DF = the dilution factor for enzyme; x = the volume of enzyme used; y = the 

volume of hydrolysate used for assay of reducing sugars; t = the time of hydrolysis; slope 

was determined by the standard curves of glucose. Folin Lowry's approach [31], which 

used bovine serum albumin (BSA) as a reference, was used to measure soluble protein.  

      2.7  Optimization of fermentation parameters 

The most powerful strains produced the highest levels of amylase when two factors at a 

time (TFAT) conditions were met. For the tests, 50 mL of the fermentation medium 

supplemented with 1.0 % soluble starch served as the sole carbon source in 250 mL 

Erlenmeyer flasks. Each flask was separately inoculated with 5.0 % (v/v) of spore 

suspension that contained 1.5 × 108 spores/mL of the potent strains that were 7 days old. 

The flasks were subsequently incubated at 10, 15, and 20 ºC for the cold-active amylase 

and at 25, 30, and 35 ºC for the mesophilic amylase production, with varying operating 

parameters, including pH (4–10) each. The incubation period, which varied from one to 

ten days, also included several nitrogen sources (peptone, yeast extract, beef extract, 

sodium nitrate, ammonium sulphate, and ammonium chloride, each at 0.2%). There were 

three trials carried out. 

       2.8  Morphological identification of the potent strains 

Petri plates containing Cz, MEA, and CYA were inoculated with a fungal spore 

suspension (made with 30% glycerol, 0.2% agar, and 0.05 % Tween 80 solution) of the 

powerful strains using an inoculum size of 1.0 μL/spot [33]. Following seven days of 

incubation at 25 °C, microscopic characteristics were analysed using lacto-phenol cotton 

blue and a Zeiss microscope (Axio Star, Germany). 

3. RESULTS  

     3.1 Preliminary screening of cold-active amylase activity on agar medium 

This test included 126 isolates from two genera, Penicillium and Talaromyces, 

representing 24 different fungal species. All examined isolates (100%) were found to be 

positive producers of cold-active amylase at 10 ºC, with 94 exhibiting high activity and 

32 a moderate capability, based on the preliminary screening results. However, 122 

isolates, or 96.8% of the screened isolates, showed positive results at 30 ºC; there were 35 

isolates with high activity, 50 with moderate activity, and 37 with low amylase activity 

(Table 1).  
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Table 1. Screening of cold-active amylase activity of 126 Penicillium and Talaromyces isolates 

on agar medium and submerged fermentation at 10 ºC and 30 ºC. 

Fungal species 
No. of 

isolates 

Screening at 10 °C Screening at 30 °C 

Positive  
On agar  

Submerged 

fermentation Positive  
On agar 

Submerged 

fermentation 

H M L H M L H M L H M L 

Penicillium 115 115 59 17 - 3 6 51 115 24 31 21 4 1 20 

P. aurantiogriseum 4 4 3 1 - - - 3 4 2 2 - 1 - 1 

P. brevicompactum 1 1 1 - - - - 1 2 2 - - - - 2 

P. camemberti 1 1 1 - - - - 1 1 - - 1 - - - 

P. canescens    1 1 1 - - - - 1 1 - - 1 - - - 

P. chrysogenum 18 18 10 8 - 1 2 7 18 3 12 3 1 - 2 

P. citrinum 7 7 5 2 - - - 5 7 2 4 1 1 - 1 

P. corylophilum 3 3 3 - - - 1 2 3 1 - 2 - - 1 

P. digitatum 2 2 2 - - - - 2 2 1 1 - - - 1 

P. expansum 5 5 5 - - - 1 4 4 - 2 2 - - - 

P. goetzii 1 1 1 - - 1 - - 1 1 - - - - 1 

P. griseofulvum    5 5 3 2 - - - 3 5 2 2 1 - - 2 

P. italicum 4 4 2 2 - - - 2 4 2 1 1 - - 2 

P. janczewskii 1 1 1 - - - - 1 1 - - 1 - - - 

P. oxalicum 5 5 5 - - - - 5 5 - 1 4 - - - 

P. polonicum 1 1 1 - - - - 1 1 - 1 - - - - 

P. scleratiogenum 1 1 1 - - - - 1 1 1 - - - - 1 

P. simplicissimum 2 2 2 - - - 1 1 2 2 - - - - 2 

P. solitum  10 10 9 1 - - 1 8 10 4 5 1 - 1 3 

P. velutinum 1 1 1 - - - - 1 1 1 - - - - 1 

P. dierckxii 1 1 1 - - - - 1 1 - - 1 - - - 

P. jensenii    2 2 1 1 - - - 1 2 - - 2 - - - 

Penicillium spp. 39 39 28 11 - 1 4 23 35 10 14 10 1 - 9 

Talaromyces 11 11 7 4 - - 2 5 11 1 5 5 - - 1 

T. duclauxii  7 7 4 3 - - 1 3 7 1 2 4 - - 1 

T. pinophilus 1 1 1 - - - - 1 1 - - 1 - - - 

T. purpureogenus 3 3 2 1 - - 1 1 3 - 3 - - - - 

Total 126 126 94 32 - 3 12 80 122 35 50 37 4 1 30 

No. of genera 2 2 2 2 2 1 2 2 2 2 2 2 1 1 2 

No. of species 24 24 24 9 - 2 7 23 24 14 12 15 3 1 14 

 3.2 Determination of cold-active amylase activity in SmF 

The purpose of this test was to determine the cold-active amylase activity of 94 and 35 

fungal isolates under SmF conditions, respectively, that showed high activity at 10 and 30 

ºC in the preliminary test. Only three of the ninety-four isolates that were examined for 

amylase production at 10 ºC were found to be very active; Penicillium goetzii AUMC 498 

was the most active strain. Eighty isolates produced modest amounts of amylase at 10 ºC, 

whilst twelve isolates exhibited considerable amounts. Thirty isolates were found to 

produce little amylase at 30 ºC, and only one fungus displayed intermediate activity. 

Penicillium citrinum AUMC 576 was the most active isolate among these, with four 

others exhibiting strong amylase production (Table 1). In order to maximise their 
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production of the cold-active amylase, P. citrinum AUMC 576 and P. goetzii AUMC 498 

were chosen for their optimal fermentation conditions. 

 3.3 Optimization of fermentation conditions 

    3.3.1 Cold-active amylase production by P. citrinum AUMC 576 

The pH and temperature of the fermentation medium have been adjusted for P. citrinum 

AUMC 576 in order to enhance the synthesis of cold-active amylase. This led to the 

production of cold-active amylase, which was active throughout a wide pH range (4–10) 

and temperature range (25–35 ºC). The amylase activity peaked at 7.63±0.68 U/mL at pH 

7.0 and 25 ºC (Figure 1). When yeast extract was given as a nitrogen source after three 

days of incubation, the cold-active amylase activity peaked at 9.92±0.84 U/mL (Figure 

2). 

 

Figure 1. Effect of medium's pH and temperature on the cold-active amylase activity produced 

by P. citrinum AUMC 576 (Mean values±SD with different letters are significantly different; p < 

0.05; n = 3). 

 

Figure 2. Effect of medium's nitrogen source and fermentation time on the cold-active amylase 

activity produced by P. citrinum AUMC 576 (Mean values±SD with different letters are 

significantly different; p < 0.05; n = 3). 
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    3.3.2 Cold-active amylase production by Penicillium goetzii AUMC 498 

In order to boost the production of cold-active amylase in P. goetzii AUMC 498, the pH 

and temperature of the fermentation medium were changed. Amylase was produced as a 

result, and it showed activity over a wide pH range (4–10) and temperature range (10–20 

ºC). The maximum amylase activity, 2.187±0.2 U/mL, was found at pH 7.0 and 10 ºC 

(Figure 3). Following seven days of incubation, amylase activity peaked at 3.7±0.34 

U/mL when beef extract was introduced as the nitrogen source (Figure 4). 

 

Figure 3. Effect of medium's pH and temperature on the cold-active amylase activity produced 

by P. goetzii AUMC 498 (Mean values±SD with different letters are significantly different; p < 

0.05; n = 3).  

 

 

Figure 4. Effect of medium's nitrogen source and fermentation time on the cold-active amylase 

activity produced by P. goetzii AUMC 498 (Mean values±SD with different letters are 

significantly different; p < 0.05; n = 3). 

 3.4  Morphological identification of the potent strains 

     3.4.1 Penicillium citrinum AUMC 576 

The strain P. citrinum AUMC 576 in this study showed the morphological characteristics 

of the type species P. citrinum. Conidial color varied ranging from gray green to dark 
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green, with moderate to good sporulation. Conidiophores biverticillate; stipes smooth, 

width 2.0–3.0 µm; metulae, 12–16 × 2.0–2.7 µm; phialides ampulliform, 7.5–10 × 2.0–

2.5 µm; conidia smooth walled, globose to subglobose, 20–2.5 × 1.8–2.5 µm (Figure 5). 

 

 

Figure 5. Penicillium citrinum AUMC 576. (A–C) Seven-day-old colonies on Cz, MEA, and 

CYA at 25 C. (D–F) Smooth biverticillate conidiophores bearing metulae and ampulliform 

phialides and globose to subglobose conidia (Scale bar = 20 μm). 

    3.4.2 Penicillium goetzii AUMC 498 

Mycelium white, conidia grey-green, exudate sparsely produced. Colonies on MEA 

floccose; sporulation variable, absent to dense, conidia grey-green; mycelium white, 

exudate droplets absent or produced as clear or light brown droplets. Conidiophores 

borne from surface and aerial mycelium, terverticillate to quarterverticillate, 200–400 × 

2.5–3.5 μm, smooth walled. Branches 12–20 × 2.5–3.5 μm. Metulae, 8–12(−15) × 2.5–

3.5 μm. Phialides ampulliform, 7–9(−10) × 2–3 μm. Conidia broadly ellipsoidal, smooth, 

2–2.5 × 2–3 μm (Figure 6). 
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Figure 6. Penicillium goetzii AUMC 498. (A–C) Seven-day-old colonies on Cz, MEA, and CYA 

at 25 C. (D–F) Smooth biverticillate conidiophores bearing metulae and ampulliform phialides 

and globose to subglobose conidia (Scale bar = 20 μm).  

4. DISCUSSION 

In recent years, research on the extracellular enzymatic behaviour of several 

microorganisms has gained attention due to the possibility of using them as 

biotechnological repositories of industrially required enzymes [10, 34–39]. Amylases are 

essential enzymes used to hydrolyse polysaccharides, such as starch, into simple sugar 

components [34, 39–41]. Despite being present in a wide range of materials, such as 

plants and animals, amylases are usually derived from microbial sources for industrial use 

[35]. In the field of starch processing, microbial amylases have effectively counteracted 

chemical starch degradation. They continue to have potential use in a number of 

production processes, such as the dairy, baking, brewing, detergent, fabric, and paper 

industries, in addition to their use in starch saccharification. Amylase is now used in a 

wide range of fields, such as clinical, pharmaceutical, and analytical chemistry, thanks to 

the development of modern technological frontiers [35].  

The synthesis of amylase from a range of fungi has been the subject of numerous studies 

[1, 39, 42-47]. In order to identify better fungal strains for large-scale production and to 

specify culture conditions, the majority of research on the use of fungi to create α-

amylase has concentrated on mesophilic fungal species [6]. The two most common fungal 

sources for amylase synthesis are Aspergillus and Penicillium [48, 49]. Media 

optimization, particularly for fungal strains that produce amylase, is one of the most 
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important factors to consider when creating fermentation technology [44, 50]. P. citrinum 

AUMC 576 was able to create a cold-active amylase that was active over a broad pH 

range (4–10) and temperature range (25–35 ºC) when the amylase production conditions 

were optimized for this investigation. The highest amylase activity of 7.63±0.68 U/mL 

was produced at pH 7.0 and 25 ºC. After three days of incubation, the activity peaked at 

9.92±0.84 U/mL when yeast extract was used as the nitrogen source. However, at pH 7.0 

and 10 ºC, P. goetzii AUMC 498 generated the highest amylase activity, 2.187±0.2 

U/mL. After seven days of incubation, the amylase activity peaked at 3.7±0.34 U/mL 

when beef extract was used as the nitrogen source.  

Penicillium chrysogenum's α-amylase synthesis peaked at 6–8 days at 30 °C with an 

initial pH of 4.0–5.0, addressing this worry. The ideal circumstances for different fungus 

species vary greatly, according to published studies. Accordingly, each species' ideal 

culture circumstances should be carefully examined. Aspergillus clavatus (1.29 U/mL), 

P. camemberti (0.4 U/mL), P. citrinum (0.27 U/mL), P. chrysogenum (0.48 U/mL), and 

Penicillium sp. (0.27 U/mL) [14] all produced amylase activity that was lower than that 

of Penicillium chrysogenum, which showed 155 U/mL [43], P. janthinellum NCIM 4960 

yielded 120 U/mL [45], and P. expansum MT-1 produced 25.3 U/mL [46]. 

CONCLUSION 

Penicillium citrinum AUMC 576 and P. goetzii AUMC 498 were shown to be the most 

active strains under SmF at 10 and 30 ºC, respectively. After 7.0 days, P. goetzii 

demonstrated its maximum amylase production at pH 7.0 and 10 ºC using the beef extract 

as the nitrogen source. While using the yeast extract as a nitrogen source, P. citrinum, on 

the other hand, demonstrated that amylase production peaked at pH 7.0 and 25 ºC after 

3.0 days. 

Supplementary material: Table 1. Penicillium and Talaromyces species, number of 

isolates per species, and isolation source of the isolates. 
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