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Kombucha is a beverage fermented by a symbiosis of bacteria and yeast from teas. Secondary fermentations 

can be made using vegetables, such as hibiscus for example. In addition to providing a different flavor, the 

kombucha fermented with hibiscus can provide functional properties such as antimicrobial and antioxidant 

action. Botrytis cinerea causes gray rot in fruits and is difficult to control due to resistance to chemicals. The 

objective of this work was to evaluate the antifungal activity of the 1st fermentation of kombucha (F1), the 2nd 

fermentation of kombucha with hibiscus (F2H) and hibiscus tea against the fungus Botrytis cinerea for a possible 

alternative for fungal control in strawberries. B. cinerea was inoculated in PDA medium at concentrations of 50 

%, 25 %, 12.5 %, and 6.25 % of hibiscus tea and fermented kombucha and evaluated after seven days for 

mycelial growth, verified by its diameter. PDA without added tea or kombucha was used as a control. 

Strawberries were steeped in an aqueous solution of hibiscus tea and fermented into kombucha. The results 

showed inhibition of the mycelial growth of B. cinerea in the media with concentrations of 50 % and 25 % of 

kombucha (F1 and F2H) and hibiscus tea, where the inhibition for F1 was 88.9 % and 46.7 %. For F2H, it was 

58.9 % and 20 %. And for hibiscus tea, it was 21.1 % and 12.2 %, respectively. When these pure compounds 

were applied by immersion on strawberries and stored at 15 °C, there were signs of reduced external 

deterioration, with hibiscus tea showing better control. 

1. Introduction 

Kombucha is a beverage fermented by the symbiosis of bacteria and yeasts (SCOBY: Symbiotic Culture of 

Bacteria and Yeasts) in sweetened black tea or green tea (Hohmann et al., 2020). It has antimicrobial, 

antioxidant, anticancer, and antidiabetic effects and has been used in the treatment of gastric ulcers and high 

cholesterol, showing actions in the immune response and liver detoxification (Bruschi et al., 2018; Chakravorty 

et al., 2016). In the production of the drink, a second fermentation can be carried out where vegetables, fruits, 

juices, teas, or spices are added, providing flavor and other properties. Kombucha has been studied for its 

inhibitory activity on pathogenic microorganisms (Jayabalan et al., 2014; Villarreal-Soto et al., 2018), including 

Gram-positive and negative bacteria (Battikh et al., 2012; Bhattacharya et al., 2016; Lynch et al., 2019), and 

antifungal activity (Yuniarto et al., 2016; Mazuchi-Brizzotti et al., 2021). The compounds that act as antifungal 

agents are probably organic acids, among them acetic acid, lactic acid, ethanol, and glucuronic acid, resulting 

from fermentation. Hibiscus sabdariffa L. is a plant known for its deep red color, aroma, and unique acidic taste. 

It has been used in studies in the production of food, beverages, and pharmaceutical products (Monteiro et al., 

2017). It has compounds with antimicrobial properties, phytochemicals, such as anthocyanins and other 

phenolics (Khamsan et al., 2011), with a probable correlation between their quantity and inhibitory effects (Chao 

& Yin, 2009). Aqueous and ethanolic hibiscus extracts have been used in food systems to prevent bacterial 

contamination (Farombi & Fakoya, 2005; Liu et al., 2005). The food industry is looking for effective, safe, and 

easy-to-produce antimicrobial agents that are sustainably developed. Compounds produced in kombucha are 

obtained simply and without aggressive chemical substances, making them promising as antimicrobials to be 

applied in the food industry. The search for antimicrobials from natural processes has become relevant, 
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believing in the minimization of undesirable effects due to toxic by-products from artificial chemical processes, 

which can cause damage to food, health, and the environment (Savvaidis & Ayala-Zavala, 2021). Deterioration 

by fungi causes undesirable food changes and may pose health risks. Botrytis cinerea is a plant pathogenic 

fungus that can reach more than 200 species, attacking leaves, stems, fruits, and flowers, in the pre-and post-

harvest period, causing economic losses. It is genetically variable, acquiring resistance to the chemicals used 

for control (Sansone et al., 2018). Strawberry is sensitive to B. cinerea, which deteriorates, forming a gray mold 

(Jia et al., 2016). Techniques such as applying natural compounds and physical treatments have been sought 

to prevent gray mold disease as an alternative measure (Freitas et al., 2015). This work aimed to evaluate the 

antifungal activity of primary fermented kombucha, fermented kombucha with Hibiscus sabdariffa L (hibiscus) 

in secondary fermentation, and hibiscus tea against the fungus B. cinerea and application in the conservation 

of strawberries, presenting as a novelty the possible use as antifungals in strawberries and other foods. 

 

2. Materials and Methods 

2.1 Production of kombucha and hibiscus tea 

The first fermentation (F1) was prepared by infusing green tea (5 g/L) in chlorine-free filtered water at 93 oC. 

After sifting, sugar (50 g/L) and 10 % starter (ready kombucha) with SCOBY (Symbiotic Culture of Bacteria and 

Yeasts) were added. The packaging was done in glass containers, covered with a paper towel held by an elastic 

band, and left for seven days in a dark and dry place for fermentation. At the end of the period, the second 

fermentation (F2H) was carried out, where after removing the SCOBY from the fermented product, 2.5 % of 

dehydrated flowers of Hibiscus sabdariffa L. (hibiscus) were added and packaged in covered glass bottles. The 

green tea used (dehydrated leaves of Camellia sinensis), crystal sugar, and the dried flowers of Hibiscus 

sabdariffa L. were purchased at the local market. For the tea of dehydrated flowers of Hibiscus sabdariffa L., 

infusion (2.5 %) was performed in filtered water without chlorine heated to 93 ºC. 

2.2 Production of culture media with tea and fermented kombucha F1 and F2H (test culture media) and 

fungus inoculation 

The PDA (potato dextrose agar) culture medium was prepared according to the instructions, partially replacing 

water with F1, F2H, and hibiscus tea in 4 concentrations (50 %, 25 %, 12.5 %, and 6.25 %) separately. After 

sterilization in an autoclave, the F1 media were placed in sterile Petri dishes. Sterilization was performed using 

a filtering membrane for media containing Hibiscus sabdariffa L. (F2H). The fungus was Botrytis cinerea CCT 

1251 from the André Toselo collection stored in the UTFPR-CM microbiology laboratory. The PDA culture 

medium prepared according to the manufacturer's instructions, without additional compounds, was used as a 

control medium. From a colony of Botrytis cinerea cultivated in PDA for seven days, a mycelium disc of 5 mm 

in diameter was inoculated in the center of the Petri dish with the test media to evaluate its mycelial growth. The 

same procedure was performed in the control PDA medium. 

2.3 Application of tea and fermented kombucha on strawberries 

Strawberries with uniform color, maturation, and size were selected for surface treatment with hibiscus tea, F1, 

and F2H by immersion for 30 seconds in each treatment. To compare the development of spoilage, untreated 

strawberries were used as a control. After immersion, the strawberries were rested on sterile sieves for 35 

minutes at room temperature inside the laminar flow chamber to completely dry the surface. They were then 

transferred to polyethylene terephthalate plastic boxes with lids and stored at 12 °C for seven days. 

2.4 Evaluation of fungal inhibition and deterioration in strawberries 

To determine the inhibitory action of F1, F2H, and hibiscus tea at different concentrations (50 %, 25 %, 12.5 %, 

and 6.25 %) on B. cinerea, the mycelial diameter of the fungus developed in the respective media was measured 

and compared to the control. To express the percentage of mycelial growth inhibition, the following equation (1) 

was used: 

 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 (%) = 100 − (100 ∗
𝑚𝑦𝑐𝑒𝑙𝑙𝑖𝑎𝑙 𝑔𝑟𝑜𝑤𝑡ℎ 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟

𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟
)                                                                   (1) 

 

The strawberries were visually evaluated for the appearance of fungal deterioration at three-day intervals for six 

days to verify the action of the treatments in the process, comparing them to the control (untreated) strawberries. 
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3. Results and discussion 

After seven days of incubation of the fungus in PDA control and PDA test medium (F1, F2H, and Hibiscus Tea), 

the mycelial diameter of the fungi developed in each treatment was measured and compared to the mycelial 

diameter of the control. The results of mycelial inhibition of Botrytis cinerea in a PDA medium with F1, F2H, and 

hibiscus tea are shown in Table 1. 

 

Table 1: Diameter of mycelial growth and percentage of inhibition in hibiscus tea and kombucha ferments 

Diameter (cm)* and Percentage of inhibition**(%) 

 50 % 25 % 12.50 % 6.25 % Control 

 cm % cm % cm % cm % cm % 

F1 1 88.9 4.8 46.7 7.4 17.8 7.8 13.3 9 0 

F2H 3 58.9 7.2 20 7.8 13.3 8.2 8.9 9 0 

Hib 7 21.1 7.9 12.2 8.8 2.2 9 0 9 0 

Notes: PDA medium with primary fermented kombucha (F1), with secondary fermented kombucha and hibiscus (F2H), and with 

hibiscus tea (Hib) at concentrations of 50 %, 25 %, 12.5 %, and 6.25 %; (*) Mycelial diameter of B. cinerea in centimeters; (**) 

Percentage of inhibition about the control. 

 

Figure 1a and 1b demonstrates the mycelium of Botrytis cinerea in PDA (control) in its frontals, and reverse 

views, respectively, where the fungus fills the entire plate (9 cm in diameter). 

 

 

  
Figure 1: Front and back of Botrytis cinerea colony in PDA 

 

Figures 2a, and 2b show the frontal and reverse views of Botrytis cinerea, respectively, developed in different 

concentrations of PDA with F1. 

      

   
Figure 2a: Front of Botrytis cinerea colony in PDA and 2b: Reverse of Botrytis cinerea colony in PDA with F1 at 

concentrations of 50 %, 25 %, 12.5 %, and 6.25 %. 

 

It is observed that the concentration of 50 % produced the most significant inhibitory effect on the mycelial 

growth of the fungus, this being 88.9 % (Table 1), followed by the concentrations of 25 % inhibiting 46.7 %. The 

12.5 % and 6.25 % concentrations had less inhibitory power, 17.8 %, and 13.3 %, respectively. The antimicrobial 

effect of kombucha has been studied, with phenolics, flavonoids, organic acids, and ethyl acetate being the 

likely compounds responsible for such inhibition (Bhattacharya et al., 2016). Yuniarto et al. (2016) evaluated, 

using the disk diffusion technique, the antifungal activity of kombucha made with black tea at different 

fermentation times against fungi and found promising inhibition halos, concluding that the antimicrobial activity 

of kombucha is inversely proportional to the time of fermentation. Cetojevic-Simin et al. (2008), and Vukmanović 

et al. (2022) showed kombucha inhibition results against Gram-positive and Gram-negative bacteria, concluding 

that the acetic acid present in kombucha is one of the main compounds with antimicrobial action. Battikh et al. 

(2012) compared the antifungal activity of kombucha with green tea and black tea, observing inhibition over a 

wide range of pathogenic candida, with more significant antifungal potential being seen in kombucha produced 

with green tea. They also pointed out that, in addition to acetic acid and other organic acids, the presence of 

biologically active components, such as bacteriocins, proteins, enzymes, and phenolic compounds derived from 

tea may be responsible for the antimicrobial activity. Figures 3 A and 3 B show the front and reverse view, 

2a 2b 

2a 2b 
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respectively, of B. cinerea inoculated in PDA with F2H, where the most significant inhibition occurred at a 

concentration of 50 %, with a percentage of inhibition of 58.9 % (Table 1) when compared to the control, followed 

by the concentration of 25 %, which obtained 20 % inhibition of mycelial growth. The 12.5 % and 6.25 % 

concentrations showed less mycelial inhibition, 13.3 %, and 8.9 %, respectively. 

 

 

  
Figure 3a: Front of the colony of B. cinerea in PDA and 3b: Reverse of the colony of B. cinerea in F2H of 

kombucha at concentrations of 50 %, 25 %, 12.5 %, and 6.25 % 

 

Studies carried out with hibiscus revealed the presence of probable active compounds in the antimicrobial 

activity. Chao and Yin (2009) used the alcoholic and aqueous extract of hibiscus calyx and protocatechuic acid 

against bacteria, reporting a possible relationship between the number of phenolic compounds, anthocyanins, 

and the antimicrobial activity of hibiscus, suggesting their efficiency as antibacterials in foods. Figures 4 A and 

4 B show the frontal and reverse view of B. cinerea, respectively inoculated in PDA with hibiscus tea, where 

according to the results shown in table 1, the concentrations of 50 %, 25 %, 12.5 % showed inhibition of 21.1 

%, 12.2 %, 2.2 % respectively and the concentration of 6.25 % did not show inhibitory activity when compared 

to the control. 

 

 

   
Figure 4a: Front of the colony of B. cinerea in PDA and 4b: Reverse of the colony of B. cinerea in hibiscus tea 

at concentrations of 50 %, 25 %, 12.5 %, and 6.25 % 

  

When comparing the antimicrobial activity of F1, F2H, and hibiscus tea, it is observed that the best inhibition 

occurred in F1, followed by F2H, with hibiscus tea showing the lowest inhibition. Hibiscus with kombucha (F2H) 

had its potentiated inhibition effect. Mazuchi-Brizzotti et al. (2021), when evaluating the minimum inhibitory 

concentration and minimum fungicidal concentration of kombucha extract with hibiscus on the fungus T. rubrum, 

found results of 62.5 μg/mL and 125 μg/mL, respectively. Reis et al. (2021) demonstrated the minimum inhibitory 

concentration, and antifungal activity of the Hibiscus cannabinus extracts on Candida albicans, comparing the 

efficacy with fluconazole. Hemaiswarya et al. (2009), and Goussous et al. (2010) reported total in vitro inhibition 

of the mycelial growth of Aspergillus niger, and Alternaria solani by the aqueous extract of H. tiliaceus and H. 

sabdariffa, respectively. Studies have evaluated the antibacterial activity of hibiscus in alcoholic solution on 

Gram-positive and negative bacteria strains (Liu et al., 2005; Maciel et al., 2012). The effect of applying 

treatments directly on strawberries, stored at 12 oC for six days, was observed at intervals of three days. For 

this, F1, F2H, and hibiscus tea were applied directly to the surface of the strawberries. Strawberries did not 

show any visible signs of deterioration immediately after the treatments were applied (zero time). On the third 

day after treatment, the strawberries began to show the first signs of fungal deterioration. In those treated with 

F1, an average of 3 points of deterioration was identified; with F2H, around 2 points of deterioration were 

observed; with hibiscus tea, 1 point of deterioration and in control strawberries (untreated), 3 to 4 signs of 

deterioration. After six days of storage at 12 ºC, there was an increase in the deterioration process in all 

strawberries, represented by the growth of the points initially visualized. Comparing all treated samples and the 

control, it is observed that strawberries treated with hibiscus tea showed less deterioration, followed by those 

treated with F2H. Strawberries treated with F1, on the other hand, showed little inhibition of deterioration, similar 

to what happened with strawberries called control. Such results were obtained visually, with the naked eye, and 

that future quantitative studies may be carried out. Ventura-Aguilar et al. (2018) concluded that Hibiscus 

sabdariffa L. was effective against Colletotrichum fragariae and when applied to strawberries, it maintained its 

appearance and properties, in addition to increasing its antioxidant capacity. The visual study demonstrated that 

A 

3b 

4a 4b 

3a 
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the hibiscus presented greater control of fruit deterioration in this work. Studies carried out with other 

compounds, and different strawberry application methods showed antimicrobial activity.  Borges et al. (2013) 

found a more significant conservation of strawberries coated with xanthan gum and sage essential oil, indicating 

that their association increases shelf life. Leite et al. (2022) carried out a study on the control of fungal 

deterioration in strawberries using crude vegetable extracts against the fungus B. cinerea, where the results 

showed the synergy of the extracts with the refrigeration method in strawberry conservation since they have 

inhibitory substances to the fungus B. cinerea that causes fruit deterioration and loss. 

4. Conclusion 

The inhibition of B. cinerea was demonstrated by the reduction of mycelial growth in PDA with concentrations 

of 50 %, 25 %, 12.5 %, and 6.25 % of F1, since the concentrations of 50 % and 25 % showed more excellent 

antifungal activity in which they obtained percentages of inhibition about the control of 88.9 % and 46.7 %, 

respectively. PDA medium with concentrations of 50 %, 25 %, 12.5 %, and 6.25 % of kombucha with hibiscus 

(F2H) inhibited B. cinerea, and the most expressive inhibition was demonstrated by the concentration of 50 %, 

inhibiting mycelial growth in 58.9 % about the control. Hibiscus tea at the same concentrations showed less 

inhibitory power, and at a concentration of 50 %, it showed a mycelial inhibition of 21.1 % about the control. It 

is concluded that of the treatments tested, B. cinerea has significantly inhibited mycelial growth when cultivated 

in PDA with kombucha (F1) and kombucha with hibiscus (F2H), depending on the concentration. Therefore, 

these natural compounds showed antifungal action against B. cinerea, potential antifungal agents to be applied 

in foods. Complementary studies need to be carried out so that this alternative can become a reality in the food 

industry. When strawberries were directly treated with F1, F2H, and hibiscus tea, those treated with hibiscus 

tea showed less visual deterioration than those treated with F2H and F1. Other methods for applying kombucha 

to strawberries, such as film coatings, could be analyzed to verify the effects on the conservation of these fruits, 

seeking the effectiveness of the antifungal action of these compounds on strawberries. 
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