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3. The most tolerant samples were identified in the variants Zaltsadovski – 200 Gy, Kadet – 
50 Gy, and Adaptovanîi 2 – 200 Gy, which showed lower values of the stress response index 
and smaller differences in growth parameters under osmotic pressure conditions. 
4. The obtained results confirm that X-ray-induced mutagenesis can generate sesame forms 
with enhanced adaptive potential to water stress, representing valuable material for breeding 
programs aimed at developing drought-tolerant varieties. 
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ABSTRACT: 
The catalase activity of fungi is particularly important, playing an essential role in protecting 
cells against oxidative stress by decomposing hydrogen peroxides. This enzyme contributes to 
maintaining cellular homeostasis and supports the adaptation of microbes to stressful 
environmental conditions. In addition, the antioxidant capacity of fungal strains has relevant 
applications in biotechnology, bioremediation and the pharmaceutical industry, offering 
prospects for the use of these microorganisms in industrial processes and fundamental 
research. In this study, a screening of 23 fungal strains from the genera Penicillium, 
Trichoderma and Aspergillus was performed to evaluate their catalase capacity. The results 
showed a variability of catalase activity between strains, with maximum values recorded in 
Penicillium spp. 18 and Trichoderma spp. 12 strains, highlighting differences in the capacity 
to neutralize oxidative stress between genera. 
Keywords: catalase, antioxidant activity, fungi, biotechnology. 
 
1. INTRODUCTION 
Fungi represent an important biotechnological resource, being used as bioproducers of 
metabolites and enzymes with industrial and biomedical applications (Bils, 2016; 
Ayuningtyas, 2021). Among the enzymes of major interest, catalase occupies a central place 
due to its essential role in antioxidant protection and cellular detoxification processes. 
Catalase is an antioxidant enzyme that catalyzes the decomposition of hydrogen peroxide 
(H2O2) into water and oxygen, preventing the accumulation of reactive oxygen species (ROS) 
and limiting oxidative stress. By regulating ROS levels, this enzyme contributes to 
maintaining cellular homeostasis and influences fundamental processes such as proliferation, 
apoptosis and metabolism. Alteration of catalase activity is associated with various metabolic 
and inflammatory conditions, and its therapeutic potential is being investigated in 
neurodegenerative, cardiovascular and inflammatory pathologies. At the same time, gene 
therapy strategies aimed at increasing catalase expression highlight its biological and applied 
importance (Rasheed, 2024; Gebicka, 2019). 
From an industrial perspective, catalase is mainly obtained from mammalian liver and from 
the filamentous fungus Aspergillus niger, appreciated for its stability and high enzymatic 
yield. In parallel, microorganisms adapted to low temperatures (psychrophiles and 
psychrotrophs) represent an underexplored but promising source, due to their increased 
catalytic activity in the range of 0–20 °C and the reduced risk of microbiological 
contamination, characteristics relevant for industrial processes carried out at moderate or low 
temperatures (Gharaghani, 2022). 
Catalase activity has also been demonstrated in species such as Candida albicans, 
Cryptococcus neoformans, Aspergillus nidulans, Aspergillus flavus and Aspergillus 
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fumigatus, where it contributes to survival under oxidative conditions and adaptation to the 
host environment. However, for many other Aspergillus species, data on the regulation and 
expression level of catalase remain limited, which highlights the need for further research in 
this area (Aggez, 2022; Gharaghani, 2022). 
The current interest in the valorization of fungal catalases is supported by their potential in 
sustainable industrial processes and in the development of enzymes adapted to extreme 
conditions. In particular, the exploration of psychrophiles and psychrotrophs for catalase 
biosynthesis is at an early stage, but offers relevant perspectives for expanding the 
biotechnological applications of these enzymes (El-Elimat, 2021; Gharaghani, 2022). 
In conclusion, fungal catalases constitute an essential element of defense mechanisms against 
oxidative stress and represent an area of major interest from both a biological and 
biotechnological perspective; in this context, the aim of our research is to investigate and 
identify new fungal strains with increased catalase activity. 
 
2. MATERIALS AND METHODS 
Catalase activity was determined by the standard spectrophotometric method, based on the 
ability of hydrogen peroxide to react with ammonium molybdate, forming a stable-colored 
complex, quantifiable spectrophotometrically. 
A quantity of 0.1 mL of metabolite solution and 2 mL of 0.03% H2O2 solution were 
introduced into the reaction mixture. After incubation for 10 minutes at room temperature, the 
reaction was stopped by adding 1 mL of 4% ammonium molybdate solution, which 
determines the formation of the colored complex. Catalase activity was expressed as a 
function of the variation of the optical density of the sample at a wavelength of 410 nm 
compared to the control (Komina, 2012; Titova, 2012 ). 
Catalase activity was calculated using the formula:  
Activity CAT (U/mg protein)= (Abscontrol−Abssample) V/ v t ε Cprot 
where: 
Abs_control – absorbance of the control sample  
Abs_sample – absorbance of the analyzed sample  
V – total reaction volume (mL)  
v – sample volume (mL)  
t – incubation time (min)  
ε – extinction coefficient  
C_prot – protein concentration in the sample (mg/mL) 
Spectrophotometric determinations were performed, using cuvettes with an optical layer 
thickness of 1 cm, all samples were analyzed in triplicate to ensure reproducibility of the 
results, and the results were expressed as mean ± standard deviation. 

3. RESULTS AND DISCUSSION 
The study of the catalase activity of fungi is of particular importance, given the essential role 
of the catalase enzyme in cellular protection against oxidative stress, as well as the application 
potential of these microorganisms in fields such as biotechnology, bioremediation and the 
pharmaceutical industry (Poljovka, 2023; Dishliyska, 2023). 
As part of the research, a screening of 23 fungal strains belonging to the genera Penicillium, 
Trichoderma and Aspergillus was carried out with the aim of evaluating catalase activity. 
For the screening, 8 strains belonging to the genus Penicillium, 3 strains from the genus 
Aspergillus, 8 strains from the genus Trichoderma were selected. Their selection was based 
on the previously demonstrated biotechnological interest, since, in preliminary experiments, 
the analysed strains showed increased levels of catalase activity, determined by express 
methods of enzymatic evaluation. 
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Within the genus Penicillium spp., catalase activity showed considerable variations compared 
to other genera, with values ranging between 123.9 and 430.4mmol/min/mg protein. The 
lowest activity was recorded in strain Penicillium sp. 6 123.9861 mmol/min/mg protein, while 
strain Penicillium sp. 18 showed the highest enzymatic activity 430.42 mmol/min/mg protein. 
This variability suggests significant differences in the capacity to respond to oxidative stress, 
possibly correlated with adaptation to the specific conditions in the aquatic microhabitats of 
origin. 
In the case of the genus Aspergillus, the catalase activity values were more homogeneous, 
ranging between 169 and 252 mmol/min/mg protein. The Aspergillus sp. 23 strain showed the 
highest activity 252.15 mmol/min/mg protein, closely followed by the Aspergillus sp. 22 
strain 250.75 mmol/min/mg protein, while the Aspergillus sp.4 strain recorded a lower 
activity 169.8 mmol/min/mg protein. Compared to the Penicillium strains, the maximum level 
of catalase activity in the strains of the genus Aspergillus was lower, suggesting a relatively 
lower antioxidant capacity under the analyzed experimental conditions (Fig. 1). 

 

 
Figure 1. Catalase activity of Penicillium and Aspergillus fungal strains 

Regarding strains belonging to the genus Trichoderma, catalase activity also revealed a 
pronounced metabolic variability, suggesting differences in the capacity to neutralize 
oxidative stress between isolates (Fig. 2). 
The values recorded ranged from 118 to 342 mmol/min/mg protein. The lowest catalase 
activity was observed in Trichoderma sp. 9 strain 118.2 mmol/min/mg protein, closely 
followed by Trichoderma sp. 8 strain 122.84 mmol/min/mg protein. Trichoderma sp. 10, 11 
and 13 strains showed relatively close values of 140–143 mmol/min/mg protein, indicating a 
moderate and relatively uniform level of enzymatic activity. 
A higher level was revealed in the strains Trichoderma sp. 21 with values of 202 
mmol/min/mg protein and the strain Trichoderma sp.17 228.8424 mmol/min/mg protein, 
which may reflect an increased capacity to adapt to conditions with higher oxidative potential. 
The strain Trichoderma sp. 12 is remarkable, which presented the highest catalase activity 
within this genus 342.2 mmol/min/mg protein, significantly exceeding the other isolates of the 
analyzedgenus Trichoderma. 
Compared to other previously studied genera, the maximum level of catalase activity in 
Trichoderma sp. 12 is comparable to the high values recorded in some Penicillium strains. At 
the same time, most strains of the genus Trichoderma fall within an intermediate range of 
enzymatic activity, suggesting a balanced antioxidant profile. This distribution of catalase 
activity indicates a specific intra-genus variability, which may reflect differential adaptations 
to oxidative stress conditions and highlights the selective potential of certain strains for 
biotechnological applications. 
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fumigatus, where it contributes to survival under oxidative conditions and adaptation to the 
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Figure 2. Catalaseactivity of micromycetes of thegenusTrichoderma 

 
The data obtained in the study indicate that fungal strains from the genera Penicillium, 
Aspergillus and Trichoderma are significant producers of catalase, which is consistent with 
observations reported in the literature. In particular, strains Penicillium sp. 18 and 
Trichoderma sp. 12 exhibited high catalase activities (430.42 and 342.2 mmol/min/mg 
protein, respectively), highlighting a strong antioxidant profile and supporting the potential of 
these genera for biotechnological applications. 
The results obtained are in accordance with those reported by Aggez C. (2022), who 
highlighted the maximum catalase production by Aspergillus fumigatus after 7 days of 
cultivation (213 U/mL). Regarding the genus Trichoderma, studies conducted by Zapata-
Sarmiento D. (2025) demonstrated that the response to oxidative stress induces an increase in 
the activity of catalase and peroxidases, thus highlighting the role of these enzymes in the 
adaptation and survival of fungi under challenging environmental conditions. 
Furthermore, Koleva Z. et al. (2024) highlighted the interest in extracellular catalase, due to 
its biotechnological applicability and ease of purification, indicating that Penicillium 
constitutes a valuable source of catalase for industrial and biotechnological processes. These 
findings support our observations on the high activity of Penicillium sp. 18 strains, compared 
to other analyzedstrains, and confirm their potential as efficient catalase producers. 

 
4. CONCLUSIONS 
As a result of the research, the strains Penicillium sp. 18 (430.42 mmol/min/mg protein) and 
Trichoderma sp. 12 (342.2 mmol/min/mg protein) were identified as producing catalase at 
significantly higher levels compared to the other analyzedstrains. These results highlight the 
metabolic variability between isolates and suggest a superior capacity to neutralize oxidative 
stress in these strains. The selection of these microorganisms for catalase production 
demonstrates their biotechnological potential, indicating the possibility of their use as 
efficient producers of antioxidant enzymes. 
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