
Determination of in vitro antifungal effect of capsaicin against Fusarium oxysporum
ABSTRACT 
	Aims: To evaluate the antifungal activity of capsaicin, a natural compound from hot peppers, against Fusarium oxysporum, and explore its potential as an alternative to synthetic fungicides in crop protection.
Study design:  An in vitro experimental study was conducted to assess the concentration-dependent inhibitory effects of capsaicin on fungal growth.
Place and Duration of Study: Department of Plant Protection, Kocaeli University, in the year of 2024.
Methodology: Capsaicin was applied at three concentrations (125, 500, and 1000 ppm) to F. oxysporum cultures grown on Sabouraud Dextrose Agar. Fungal mycelial growth was monitored and measured over eight days. The percentage of inhibition was calculated by comparing treated groups with a control group without capsaicin.
Results: Capsaicin showed a clear concentration-dependent antifungal effect. At 1000 ppm, fungal growth was nearly completely inhibited, while 500 ppm caused significant suppression. The 125 ppm concentration resulted in mild inhibition compared to the control.
Conclusion: Capsaicin demonstrated strong antifungal activity against F. oxysporum, particularly at higher concentrations. These results highlight its potential as a sustainable, plant-derived alternative to synthetic fungicides for effective plant disease management.	Comment by Assefa S: For which type of crop disease not indicated?
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1. INTRODUCTION 

Today, plant diseases continue to be one of the limiting factors in crop production, causing yield losses. This issue has become increasingly important as the world population continues to increase. Plant diseases are defined as any diseases that damage the normal structure, function, or economic value of the plant (Lucas et al., 1992). Factors that cause diseases in plants are divided into two categories: biotic and abiotic factors. Biotic factors, such as molds, can be extremely destructive for several reasons: they can multiply very quickly, complete their infection cycle in just a few days, mutate rapidly and develop resistance to fungicides, have spores that can be carried long distances by the wind, produce strong phytotoxic compounds and enzymes that damage plant structures, and even minor lesions like rust can reduce the economic value of the product (Strange, 1993).
Additionally, molds can contaminate agricultural products before or after harvest. Therefore, they are considered the most common cause of food spoilage, with some species, especially Aspergillus, Penicillium, and Fusarium, producing mycotoxins (Shuping & Eloff, 2017). Mycotoxins found in foods and feeds pose potential harm to both human and animal health.
The genus Fusarium is regarded as one of the most adaptive and versatile genera in Eumycota. It consists of soilborne, necrotrophic, plant pathogenic mold, with many species causing serious plant diseases worldwide. The mold can survive in soil as mycelium or spores without its hosts. In the presence of a host, mycelium from germinating spores penetrates the host roots, enters the vascular system (xylem), moves and multiplies within it, and causes the host to develop wilting symptoms. Fusarium oxysporum is an economically significant member of the Fusarium genus, primarily causing vascular wilts in many crops (Agrios, 2005).	Comment by Assefa S: Write the type of crop thant canbe damaged by Fusarium oxysporum pathogen here?
Nowadays, the use of synthetic fungicides allows for quick and effective treatment of plant diseases and microbial contamination. Considering the undesirable qualities of synthetic fungicides, it is necessary to develop alternative applications that are less harmful to animals and humans and have a reduced environmental impact. In this context, plant-derived compounds are considered a potential source that is safer or more effective than synthetic antimicrobial agents (Sales et al., 2016; Samuel & Chaudhary, 2019). Various studies have shown the antimicrobial, anti-inflammatory, and antioxidant activities of extracts isolated from plants (El-Ghany M et al., 2015; Yusuf et al., 2001).
Capsaicin (8-methyl-N-vanillyl-6-nonenamide) is a nitrogen-containing substance belonging to the lipids group (Srinivasan, 2016). It is an alkaloid substance that gives red hot peppers their spiciness (Figure 1). Many studies have shown the antimicrobial activity of capsaicin and its analogs against microorganisms such as Bacillus subtilis (Nascimento et al., 2014), Helicobacter pylori (Tayseer et al., 2020; Yildiz Zeyrek & Oguz, 2005), Escherichia coli (Morrine et al., 2018), and Aspergillus parasiticus (Buitimea-Cantúa et al., 2020). 

[image: ]

Fig. 1. Chemical structure of capsaicin	Comment by Assefa S: Source of Chemical structure should be indicated?
The long-term goal of this work is to develop new alternative control methods for plant pathogens that can replace synthetic fungicides. In this study, the fungicidal effects of capsaicin against F. oxysporum have been demonstrated in vitro.

2. material and methods 

In this study, F. oxysporum was used. It was inoculated on Sabouraud Dextrose Agar (SDA; 40 g/L glucose, 20 g/L peptone, and 15 g/L agar) for five days at 30°C. 	Comment by Assefa S: Source of F. Oxysporum where you found or obtained not known. 
This pathogen is isolated from where from plants or from soil or from where source of this pathogen should be indicated?
Capsaicin (Sigma Chemical C., St. Louis, MO, USA) was used as an antifungal compound dissolved in ethanol. Then, different concentrations of capsaicin (125, 500, and 1000 ppm) were prepared and added to SDA. About 20 ml of the growth medium was poured into each Petri dish and allowed to solidify. A six mm disc of 5-day-old culture of the test fungi was placed at the center of the Petri dish and incubated at 30°C for eight days, the growth was measured by “mycelial growth area” on the agar. 
The mycelial growth area was determined via image analysis; pictures of Petri plates were taken daily (sample pictures are given in Figure 2), and the mycelial area was calculated by image and photo editing software (Paint.NET, Freeware). 
For each treatment, three replicates were used. SDA medium without capsaicin served as a control. The fungitoxicity of capsaicin in terms of percentage inhibition of mycelial growth was calculated by using the formula (Samuel & Chaudhary, 2019):


Where, 
dc = average area increase in mycelial growth in control plates, 
dt = average area increase at each treatment plate.	Comment by Assefa S: Methods of statistical analysis was not written in material and method section 

Type of crop to be infected by pathogen should be listed? 

The parameter collected was only one parameter so not sufficient to be considered as article but canbe considered as short communication?


3. results and discussion

The following results provide a detailed analysis of the concentration-dependent antifungal effects of capsaicin on F. oxysporum mycelial growth, as observed through visual data and inhibition rate measurements over time. The data highlight how varying concentrations of capsaicin (0 ppm, 125 ppm, 500 ppm, and 1000 ppm) impact fungal growth, demonstrating that higher concentrations of capsaicin result in stronger and faster inhibition. The visual observations and corresponding inhibition rates confirm the potential of capsaicin as an effective antifungal agent, with its efficacy increasing with concentration and reaching a plateau after a certain period.
Figure 2 illustrates the concentration-dependent antifungal effect of capsaicin on F. oxysporum. In the control group (0 ppm), fungal growth is rapid, with significant growth visible by day 3 and full colonization of the plate by day 8. Moreover, a pinkish coloration appears, indicating sporulation or pigment production, confirming unhindered growth. At 125 ppm, the fungus grows more slowly than the control, with notable growth by day 3. By day 8, the fungus continues to spread, although the inhibition is slight. This suggests that 125 ppm has a mild inhibitory effect, delaying but not preventing growth. At 500 ppm, fungal growth is significantly restricted, with only small colonies visible by day 3. Throughout the experiment, the growth remains minimal, and the inhibition of fungal spread is much stronger than the lower concentrations. Finally, at 1000 ppm, the highest concentration, fungal growth is almost completely suppressed. Even by day 3, very little growth is visible, and by day 8, the fungus remains confined to the area around the inoculum, with no significant spread or fested or sporulation. This demonstrates that capsaicin has a concentration-dependent effect, with higher concentrations showing stronger antifungal activity.
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Fig. 2. The visual comparison of F. oxysporum mycelial growth over time on plates containing different concentrations of capsaicin (0 ppm, 125 ppm, 500 ppm, and 1000 ppm). Each row corresponds to a specific capsaicin concentration, while each column represents a time point (from day 1 to day 8).
According to Figure 3, the growth of F. oxysporum in the control group (without capsaicin) shows steady but gradual growth and is similar to the control in the early days (days 1-3) at 125 ppm capsaicin. However, after day 3, the growth rate accelerates more slowly than the control, and by day 8, the growth is still lower compared to the control group, likely indicating some inhibitory effect of capsaicin at this concentration. For the 500 ppm concentration, the growth pattern starts with very slow growth similar to the control but remains much lower. The highest concentration of capsaicin (1000 ppm) has the most inhibitory effect on the growth of F. oxysporum. Growth remains almost negligible throughout the first 6 days, with a slight increase towards the end. This suggests that the highest concentration of capsaicin significantly reduces growth, possibly causing a plateau effect in the fungal development. It can be concluded from Figure 3 that the growth of F. oxysporum is clearly inhibited by capsaicin, and the higher the concentration, the more significant the inhibitory effect.
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Fig. 3. Growth of F. oxysporum  under different capsaicin concentrations (○: control, ●:125ppm, □: 500 ppm, *:1000ppm). Each data point represents the mean of three independent measurements.
Figure 4 illustrates the time- and concentration-dependent inhibitory effects of capsaicin on F. oxysporum mycelial growth. From day 1 to day 4, the inhibition rate steadily increases for all concentrations, with the rate stabilizing and plateauing after day 4, remaining nearly constant until day 8. Regarding the effect of concentration, 125 ppm shows the lowest inhibition rates throughout the experiment, starting at around 10% on day 1 and gradually increasing to approximately 70% by day 4, where it then stabilizes. The 500 ppm concentration exhibits a stronger inhibitory effect, starting at around 40% on day 1 and reaching about 90% by day 4, maintaining this level until day 8. The highest concentration, 1000 ppm, shows the most significant inhibition from the beginning, with around 60% inhibition on day 1 and nearly complete inhibition (~100%) by day 4, which is sustained through day 8. This concentration-dependent pattern clearly demonstrates that higher capsaicin concentrations result in faster and stronger inhibition of fungal growth, with 1000 ppm being the most effective, followed by 500 ppm and 125 ppm. These data and the visual data support the potential use of capsaicin as an antifungal agent, with higher concentrations leading to more rapid and complete inhibition. Additionally, the stabilization of the inhibition rate after day 4 suggests that capsaicin reaches its maximal antifungal effect at that point, beyond which no further enhancement occurs.	Comment by Assefa S: You have to write the  same contents by different paragraph all are merged without paragraph difference?
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Fig. 4. The inhibition rate (%) of F. oxysporum mycelial growth over eight days when treated with capsaicin at three different concentrations: 125 ppm (black bars), 500 ppm (gray bars), and 1000 ppm (white bars). Each data point represents the mean of three independent measurements.
These findings align with previous studies on capsaicin’s antimicrobial properties. Tsuchiya (2001) conducted an experiment with liposomes that examined the effect of capsaicin on the membrane and showed that it changes membrane fluidity (Tsuchiya, 2001). Changing membrane fluidity gave capsaicin antimicrobial properties.  Another study suggests that the inhibitory effect of capsaicin is related to the induction of osmotic stress and key genes for membrane biosynthesis (Kurita et al., 2002). Behbehani et al. (2023) showed that capsaicin reduces ergosterol in fungal cells, disrupting membranes, causing ion loss, and leading to cell death (Behbehani et al., 2023). These mechanisms likely explain the concentration-dependent inhibition observed in F. oxysporum.

Comparable antifungal activity has been reported against other fungal species. Xing et al. (2006) showed the antimicrobial activities of the capsaicin microcapsules on Botrytis cinerea and A. niger.  They indicated that the antifungal activity of capsaicin at a concentration of 590 ppm (Xing et al., 2006). The minimum inhibitory concentration of capsaicin determined using the broth micro-dilution method was 122.16 ppm against Penicillium expansum. These results contribute to providing new options for using antifungal agents against P. expansum (Fieira et al., 2013). Another study  explores capsaicin's role in inhibiting the germination of Colletotrichum capsici, a fungus causing anthracnose in chilies. Conidia were incubated on media with varying capsaicin concentrations. At 100 and 200 ppm, germination was completely inhibited, suggesting capsaicin's potential for fungal resistance (Kraikruan et al., 2008). Buitimea-Cantúa et al. (2018) found that  capsaicin exhibited significant antifungal activity against A. parasiticus. The MIC₅₀ values were 39000 ppm for capsaicin, suggesting its potential as a natural antifungal agent (Buitimea-Cantúa et al., 2018). These studies support the effectiveness of capsaicin as a natural antifungal agent with broad-spectrum activity. The present findings confirm its strong inhibitory effects on F. oxysporum, particularly at higher concentrations. The stabilization of inhibition rates after day 4 suggests that capsaicin reaches its maximal antifungal effect within this timeframe.

4. Conclusion

The results of this study demonstrate the significant antifungal potential of capsaicin against F. oxysporum, a common and destructive plant pathogen. Plant diseases, particularly those caused by molds like Fusarium, continue to pose a major threat to global crop production, with molds responsible for not only yield loss but also food spoilage and mycotoxin contamination (Shuping & Eloff, 2017). As synthetic fungicides present health and environmental concerns, alternative solutions, such as plant-derived compounds, are being explored. Capsaicin, a compound found in hot peppers, has shown promising antimicrobial properties in previous studies (Nascimento et al., 2014; Tayseer et al., 2020). The findings of this study support capsaicin’s potential as an effective fungicide, with a concentration-dependent inhibition of Fusarium growth. At higher concentrations (500 and 1000 ppm), capsaicin demonstrated a strong, almost complete suppression of fungal growth, indicating its viability as an alternative to synthetic fungicides in the management of plant pathogens.	Comment by Assefa S: Write at the end ethical clearance , source of fund?
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