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Abstract 

 

Background and Objective: Kombucha, a beverage made from sugared black tea 

fermented by symbiotic culture of bacteria and yeasts (SCOBY), has been attended  as a 

health-promoting drink and its important antimicrobial characteristics, as it has 

demonstrated antimicrobial activity against spoilage-causing microorganisms, including 

those linked to the dairy industry. 

Material and Methods: Four yeast strains were isolated from Kombucha and tested 

against Clostridium sporogenes ATCC 19404, a gas-forming, proteolytic bacterium 

implicated in spoilage of dairy products. Two strains with the highest antimicrobial 

activity were selected and identified via 18S rRNA sequencing. Antimicrobial activity of 

Kombucha against C. sporogenes was assessed. Kombucha was used as a coagulant with 

citric acid and coagulant salts, using acid-heat coagulation method in production of 

Iranian acid-heat coagulated cheese. With these three coagulants, six cheese groups were 

produced, including three were contaminated with C. sporogenes spores, while the other 

three were designated as control groups. All samples were stored for 40 d and spoilage 

control was assessed on Days 0, 10, 20, 30 and 40 under refrigerated storage at 4 ℃. All 

data were statistically analyzed using ANOVA and Duncan’s multiple range test was 

used to assess significant differences when P < 0.05. 

Results and Conclusion: Results showed that cheese samples made with Kombucha 

showed greater inhibitory effects, compared to samples coagulated with citric acid and 

coagulant salts. Furthermore, Kombucha-based cheeses showed significantly lower pH 

(P < 0.05) and higher acidity over time, indicating greater inhibition of C. sporogenes. 

These samples preserved firmer texture and better sensory acceptability, compared to 

cheeses made with citric acid or coagulant salts. 
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 Clostridium sporogenes causes gas-forming spoilage in dairy products; methods to 

control gas-forming spoilage include bactofugation, applying nitrite, and lysozyme. 

Each method carries significant practical or safety limitations. 

 Kombucha harbours a diverse microflora of acetic acid bacteria, lactic acid bacteria, 

and yeasts, producing metabolites with well-documented antimicrobial and antioxidant 

activities. 

 Kombucha has been previously applied as an innovative coagulant in fresh cheese 

production, showing inhibitory effects against foodborne pathogens during refrigerated 

storage. 

What is “already known” on 

this topic: 
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 Yeasts isolated from Kombucha, identified as Candida parapsilosis, exhibited 

strong antimicrobial activity against C. sporogenes via heat-stable metabolites in 

cell-free supernatant assays. 

 Kombucha used as a coagulant in Iranian acid-heat coagulated cheese inhibited 

C. sporogenes growth over 40 days, outperforming citric acid and coagulant salts 

by 87.57% and 62.34%, respectively. 

 Kombucha-coagulated cheese maintained firmer texture, lower pH, higher 

acidity, and an overall acceptable sensory score (4.14/5), establishing Kombucha 

as a viable natural biopreservative. 

What this article adds: 

1. Introduction 

Iranian acid-heat coagulated cheese is a type of fresh 

cheese that differs significantly from other commercially 

fresh cheese made with starter cultures or rennet and it is 

produced by coagulation through combination of heat and 

acidification of milk with citric, acetic, lactic acid or 

coagulant salts at 94 ℃. The near-neutral pH of Iranian acid-

heat coagulated cheese makes it susceptible to microbial 

spoilage, leading to economic loss for producers. 

Microbiological spoilage is challenging to control, due to 

the involvement of undesirable microorganisms such as 

coliforms, yeasts, heterofermentative lactic acid bacteria 

(LAB) and spore-forming bacteria [1]. Gas-forming 

spoilage in cheeses can be made by several anaerobes, most 

particularly spore-forming Clostridium strains, which 

produce CO2/H2 and off-flavors during growth. In ripened 

hard and semi-hard cheeses, late blowing defect (LBD) 

during warm ripening has primarily been linked to C. 

tryobutyricum and its linked strains. However, LBD 

develops at temperatures greater than 10 ℃ during ripening 

and not expected under refrigerated storage [2-4]. 

Several methods have been investigated in controlling 

spoilage in cheese, for example physical methods such as 

bactofugation or microfiltration of milk and using nitrite or 

lysozyme have been recommended [5]. However, each 

method includes drawbacks. Bactofugation decreases the 

number of Clostridium spores but not enough to prevent 

spoilage in cheese. Microfiltration removes 99% of spores, 

but is only usable for skimmed milk, as milk fat globules are 

too large to pass through the filter [6]. The use of nitrite and 

nitrate as food additives to prevent spoilage includes 

limitations due to European Food Safety Authority (EFSA), 

emphasizing on the production of nitrosamine, which is a 

carcinogenic compound [7]. Lysozyme, derived from egg 

white, is an effective additive but is an allergen and can be 

harmful for people with egg allergy [8]. Recently 

biopreservatives such as bacteriocins have been investigated 

for controlling cheese spoilage, [9-13] or using Kombucha 

inoculum as coagulant agent to control cheese spoilage [14]. 

Kombucha contains a variety of acetic acid bacteria 

(AAB), LAB and yeasts (e.g., Pichia, Candida, 

Saccharomyces, Brettanomyces and Zygosaccharomyces) 

[15]. The activity of these microorganisms and their 

metabolites provides Kombucha potentials, including 

antimicrobial, antioxidant [16-18] and therapeutic activities 

[15, 19-22]. The aim of this study was to investigate the 

antimicrobial characteristics of yeasts isolated from 

Kombucha and Kombucha alone as a non-conventional 

biopreservative against C. sporogenes, using Kombucha 

inoculum as a coagulant to produce Iranian acid-heat 

coagulated cheese and through manually contaminating the 

cheese with spores of C. sporogenes and monitoring the 

product to investigate its microbiological profile and 

antimicrobial activity in growth inhibition of C. sporogenes 

during 40 d of refrigerated storage. 

2. Materials and Methods 

2.1. Kombucha and Fresh Cheese production 

Kombucha was produced in Laboratory condition using 

back slopping method and black tea extract (Camellia 

sinensis, 0.25% w/v) containing 7.5% w/v sucrose, cooled 

to room temperature (RT) and inoculated with 10% 

Kombucha from a previous fermentation and 3% w/v of 

SCOBY. Fermentation was carried out at RT for 2 m to 

reach pH 2.5 [23]. Fresh cheese was manufactured in Iran 

Dairy Industries (Pegah), Gorgan, Iran, from pasteurized 

milk according to the Institute of Standards and Industrial 

Researches of Iran (ISIRI) guideline no. 13863, Lactic 

Cheese - Specifications and Test Methods. To produce fresh 

cheese according to the guideline, 5% w/v of Kombucha 

were added to pasteurized milk at 94 °C. The coagulum was 

cut into pieces, cooled to RT, pack sealed and stored at 4 °C. 

Two other groups of cheese were produced using citric acid 

and coagulating salts for comparison [14]  

2.2. Isolation of yeasts from Kombucha 

Briefly, 100 μl of Kombucha were cultured on yeast 

extract glucose chloramphenicol (YGC) agar using surface 

plate method in triplicate and plates were incubated at 28 °C 

for 72 h. Colonies with various appearances were selected 
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for microscopic assay and isolated using streak plate method 

[24]. 

2.3. Preparation of clostridial spore suspension 

Clostridium sporogenes ATCC 19404 spore suspension 

was prepared using the method described by Gamal-eldin et 

al. (2017). The C. sporogenes was incubated under 

anaerobic conditions at 37 °C for 24–48 h. The culture 

containing C. sporogenes was then heated at 63 °C for 40 

min to eliminate vegetative cells and quickly stored at 4 °C 

to initiate thermal shock. Spore concentrations were 

assessed by plating stock suspensions on RCM agar 

(reinforced clostridial media). Plates were incubated 

anaerobically at 37 °C for 48 h. Duplicate plates were used 

for all dilutions [25]. 

2.4. Antimicrobial activity of yeasts  

The isolated yeast strains from Kombucha were 

cultivated on sweetened tea (7.5% sucrose) and incubated at 

28 °C for 5 d. Cultures were then centrifuged (Centurion, 

UK) at 5000 rpm for 10 min and cell-free supernatant (CFS) 

was sterilized in three various ways, using 0.45-μm MCE 

syringe filters (Biofil, Germany), boiling at 94 ℃ for 2 min 

and autoclave (121 °C, 15 min). The purpose of boiling was 

to simulate an environment similar for the creation of acid-

heat coagulated cheese and using autoclave to sterilize the 

yeast strains as well. A diluted bacterial suspension of C. 

sporogenes ATCC 19404 (104 spores.ml-1) was prepared as 

described in Section 2.3. Using 96-well microplate and 

Mueller-Hinton (MH) broth, the antimicrobial 

characteristics of the sterilized supernatant of each yeast 

isolate were investigated through incubation of the 

microplates at 37 °C under anaerobic conditions using 

anaerobic gas packs (Anaerocult A, Merck, Germany). The 

antimicrobial activity was assessed using microplate 

spectrophotometer and Eq. 1: 

 

(𝐴𝑐 − 𝐴𝑡)
𝐴𝑐

⁄ × 100         Eq. 1 

 

Where, 𝐴𝑐 was an average of the replicates of light 

absorption values at 600 nm of the positive control and 𝐴𝑡 

was an average of the replicates of light absorption values at 

600 nm of the negative control. Each test was carried out in 

triplicate [26]. 

2.5. DNA extraction and molecular identification of the 

yeast isolates 

Two yeast isolates with the highest antimicrobial activity 

were selected and their DNA were extracted using phenol-

chloroform method. The PCR reaction was carried out by 

amplifying 18S rRNA gene using ITS-1 (5’-

TCCGTAGGTGAACCTGCGG-3’) and NL-4 (5’-

GGTCCGTGTTTCAAGACGG-3’) primers. The thermal 

protocol included an initial denaturation of 94 °C for 5 min, 

followed by 35 cycles including denaturation at 94 °C for 

30 s, primer annealing at 55 °C for 40 s and extension at 72 

°C for 60 s. The process was terminated at a final extension 

of 72 °C for 7 min [27]. 

2.6. Antimicrobial activity of Kombucha  

Antimicrobial activity of Kombucha against C. 

sporogenes was investigated using a similar protocol in 

Section 2.3. Kombucha first was neutralized using filter 

sterilized 1 N NaOH and antimicrobial activity test was 

carried out twice [24]. 

2.7. Microbiological analysis of fresh cheese made with 

Kombucha  

Fresh cheese was made using Kombucha as coagulant 

agent and for comparison, fresh cheeses were produced 

using coagulant salts and citric acid. Each sample was 

contaminated with 103 spores.ml-1 of C. sporogenes, control 

samples without clostridial spores were made. Samples 

were pack sealed in cups and stored at 4 °C for further 

analysis during 40 d of storage with 10-d intervals. At each 

sampling time, 10 g of cheese were mixed with sterile saline 

(0.85% NaCl) and homogenized for 5 min using stomacher. 

Dilutions were prepared and each was plated on RCM agar, 

containing 0.7% l-cysteine hydrochloride as reducing agent 

to help anaerobic growth. Triplicate plates were incubated 

at 37 °C for 72 h in anaerobic jar (Merck, Germany) 

[19,20,28-47]. 

2.8. Sensory analysis 

Sensory analysis was carried out with 15 trained panelists 

selected from university staff and students. Moreover, 15 

trained panelists were asked to rate appearance, color, flavor 

and consistency, based on 5-point hedonic scale (5- really 

good, 4- good, 3- normal, 2- bad, 1- really bad) [14]. 

2.9. Texture profile analysis (TPA) 

Using the procedure described by MacFie (1990), a texture 

profile analysis (TPA) test using TA.XT Plus (Stable Micro 

System, UK) was assessed through two-cycle compression 

testing, where each cheese sample was cut into 2 × 2 cm2 

cubes and the texture profiler was calibrated using strain rate 

of 2 mm.s-1 for velocity, 5-s compression delay time and 0.2 

N contact force [29].  

2.10. Statistical analysis 

All analyses and assays were carried out in triplicate for 

all produced samples and values were expressed as average 

±SD (standard deviation). Microbiological data, pH, acidity 

and texture analysis were carried out using one-way analysis 

of variance (ANOVA) with SPSS v.26 (IBM, USA). 

Duncan’s multiple range test was used to assess significant 

differences within the studied parameters. Differences were 

considered statistically significant when P < 0.05. 
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3. Results and Discussion 

3.1. Antimicrobial activity of the isolated Yeasts against 

Clostridium sporogenes  

Using centrifuge to collect CFS of the yeast isolates in 

addition to use boiling and syringe filters, the pH value of 

CFS of each isolate were acidic. The KSY2 and KSY4 

isolates included the lowest pH value and overall, showed 

the highest antimicrobial activity against C. sporogenes. As 

shown in Table 1, the inhibition percentage of the selected 

yeast isolated were 99 and 88.5 when using syringe filters 

and the inhibition percentages were 75.17 and 67.7 when 

using heat to CFS of the isolates. The KSY2 and KSY4 

samples in the two treatments included significant 

differences (P < 0.05). The CFS of yeast strains were 

sterilized using autoclave, showing no antimicrobial 

activity. 

 

Table 1: Anti-clostridial activity *(%) of cell-free supernatants 

(CFS) from Kombucha yeast isolates 

Yeast isolates Without heat treatment Heat treatment 

KSY 1 88b±1.41** - 

KSY 2 99a±1.41 75.17a±0.95 

KSY 3 86b±1.41 62.25c±1.06 

KSY 4 88.5b±0.71 67.7b±0.42 

*% Inhibition: [(Control OD - Treated OD)/Control OD] × 100  

** Values represent mean ± SD of triplicate experiments. Mean values with 
different letters (a-c) within each parameter in the same column differ 

significantly (P < 0.05).  

 

The ability of yeasts to ferment sugar might explain the 

decrease in pH value due to decomposition of sucrose into 

glucose and fructose under anaerobic conditions, resulting 

in the production of CO2 or alcohol in the fermentation [30]. 

It was reported that non-saccharomyces yeasts might play a 

significant role at the beginning of anaerobic fermentation, 

increasing ethanol content or producing various metabolites 

such as aromatic esters, organic acids, fatty acids or higher 

alcohols. However, it appears that the antimicrobial effects 

were due to the possible heat-stable metabolites produced 

by the yeasts such as organic acids produced through 

sucrose decomposition, leading to decrease in pH and 

subsequently showing antimicrobial activity against C. 

sporogenes [31].  

3.2. Molecular identification of yeast isolates 

Yeast strains of KSY2 and KSY4, which showed the 

highest antimicrobial activity against C. sporogenes, were 

identified as Candida parapsilosis (Table 2). It was reported 

that C. parapsilosis might naturally be present in the human 

intestinal microbiota at 102 to 104 CFU.g-1. Candida strains, 

including C. parapsilosis from feta cheese and feces of 

healthy babies, were isolated and their probiotic 

characteristics were assessed, as C. parapsilosis strains had 

the highest adhesion to intestinal cells and the highest 

cholesterol decrease in other Candida strains. This yeast has 

been reported in foods such as fermented olives, cassava and 

fermented dairy products [32-33]. The C. parapsilosis is 

known for its significant ability and capacity to ferment 

carbon sources. It was reported that C. parapsilosis could 

produce mannitol from glucose during the fermentation, 

with 1.97 g.l-1 of mannitol produced after 120 h of 

fermentation [34]. It is possible that C. parapsilosis in 

Kombucha uses glucose and fructose as carbon sources as 

similar results reported by Sievers et al. (1995), suggesting 

this strain was involved in the production of mannitol in 

Kombucha [35]. Mannitol is a substance produced by 

microorganisms in Kombucha and can be used as a carbon 

source by AAB [36-37]. 
 

Table 2: Molecular identification of yeast strains isolated 

from Kombucha using PCR amplification and NCBI 

database analysis 

Numb

ers 

Yeast Isolate 

Code 

Similarity 

percentage 

Identified 

Strain 

1 KSY2 100% 
Candida 

parapsilosis 

2 KSY4 100% 
Candida 

parapsilosis 

 

3.3. Antimicrobial characteristics of Kombucha against 

Clostridium sporogenes 

Heat-treated Kombucha showed a 97% inhibition of C. 

sporogenes, slightly higher than that Kombucha without 

heat-treatment did (94%). Neutralized Kombucha with 

NaOH (1 N) showed no antimicrobial activity against C. 

sporogenes. Velicanski et al. (2014) reported that acetic acid 

produced during fermentation by AAB and yeasts decreased 

the pH, resulting in antimicrobial activity [38]. Kaewkod et 

al. (2019) highlighted the importance of organic acids in 

Kombucha antimicrobial activity against pathogenic 

bacteria such as Escherichia coli, Salmonella Typhi and 

Shigella dysenteriae, while neutralized Kombucha did not 

show any antimicrobial activity against these 

microorganisms. Kombucha contains heat-resistant 

antimicrobial agents, which can be used in various food 

matrices to control thermophilic spore-forming bacteria 

[39].  

Kombucha antimicrobial characteristics are attributed to 

the activity and production of metabolites by yeasts and 

AAB during fermentation. According to Al-Mohammadi et 

al., 2021, Kombucha contains nine groups of chemical 

components, including alcohols, acids, lactones, condensed 

heterocyclic compounds, antibiotics, esters, aldehydes, fatty 
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acids and alkaloids. These metabolites act synergistically, 

contributing to Kombucha antimicrobial characteristics. 

While the low pH contributes to the antimicrobial effects, 

other heat-stable and pH-dependent compounds play roles 

in Kombucha as an antimicrobial agent [40-41].  

3.4. Analysis of Kombucha Fresh Cheese 

3.4.1. pH and Acidity 

Although, fresh cheese made with Kombucha generally 

included low pH levels (Table 3) [37-42; 43]. By comparing 

the 10-d interval of each sample, pH values decreased over 

time with the highest decrease in Kombucha cheese 

contaminated with spores (KB). The acidity, as shown in 

Table 4 and through comparing each sample the 10-d 

intervals, increased significantly in the same cheese group. 

The C. sporogenes is proteolytic and gas-forming and its 

metabolism can increase pH and drive spoilage in dairy 

matrices. In this study, Kombucha-derived treatments 

limited these changes, consistent with decreased growth and 

activity of C. sporogenes [44]. Therefore, it could be 

concluded that the use of Kombucha might inhibit the 

growth of C. sporogenes inoculated into cheeses. Changes 

in the acidity of cheeses produced with coagulant salt and 

citric acid and contaminated with C. sporogenes and their 

respectively control groups were not significant (P > 0.05). 

However, the average acidity of Kombucha cheeses showed 

a significant difference (P < 0.05), compared to the other 

cheese groups. Due to the possible growth of C. sporogenes 

in cheeses produced with coagulant salt and citric acid and 

since their respective changes were not significant, it might 

indicate the growth of C. sporogenes and the neutralization 

of the acids during storage. 

 

 

 

 

Table 3: pH value of fresh cheese produced using different coagulation methods (Kombucha, coagulant salt and citric acid) during 40-day 

storage at 4°C 

            Treatment* 

Days 

KC KB SC SB AC AB 

0 5.975ab±0.35 5.31c±0.01 6.35a±0.21 6.24ab±0.37 5.71bc±0.13 5.25c±0.04 

10 5.815ab±0.23 5.185c±0.05 6.075a±0.42 5.925ab±0.54 5.74ab±0.06 5.22c±0.06 

20 5.58a±0.51 5.165a±0.06 5.925a±0.40 5.74a±0.54 5.59a±0.08 5.26a±0.20 

30 5.435a±0.60 5.01a±0.27 5.75a±0.35 5.49a±0.16 5.55a±0.11 5.27a±0.25 

40 5.27a±0.49 4.915a±0.22 5.4a±0.31 5.225a±0.13 5.295a±0.02 5.285a±0.36 

* Treatment codes: K = Kombucha, S = Coagulant Salt, A = Citric Acid, B = Clostridium-inoculated, C = Control (non-inoculated) 
Treatment groups; KB=Kombucha + Bacterial inoculation; KC= Kombucha Control (without bacteria); SB= Salt + Bacterial inoculation; SC= Salt Control; 

AB= Citric Acid + Bacterial inoculation; AC= Citric Acid Control Each value represents mean ± SD of triplicate samples. Mean values with different letters 
(a-c) within each parameter in the same column differ significantly (P < 0.05).  

 

 

 

 

 

 

Table 4: Acidity (°D) in fresh cheese produced using different coagulation methods (Kombucha, coagulant salt and citric acid) during 40-

day storage at 4°C 

           Treatment* 

Days 

KC KB SC SB AC AB 

0 20.00b±2.83 39.00a±4.24 7.38c±0.88 8.38c±2.30 21.00b±1.41 38.50a±3.54 

10 23.75cd±1.77 55.00a±1.41 14.75cd±1.77 14.13d±4.07 24.25c±2.74 40.50b±7.78 

20 29.13bc±6.19 61.00a±7.07 27.75bc±5.30 23.50d±2.12 25.50c±2.12 39.50b±4.95 

30 37.88bc±3.36 64.75a±6.72 32.50cd±0.71 28.00cd±1.41 22.50d±6.36 47.38b±6.54 

40 44.00bc±2.83 79.00a±1.41 42.50bc±3.54 33.50c±0.71 37.00c±2.83 50.5b±7.78 

Treatment codes: K = Kombucha, S = Coagulant Salt, A = Citric Acid, B = Clostridium-inoculated, C = Control (non-inoculated)  
Treatment groups; KB=Kombucha + Bacterial inoculation; KC= Kombucha Control (without bacteria); SB= Salt + Bacterial inoculation; SC= Salt Control; 

AB= Citric Acid + Bacterial inoculation; AC= Citric Acid Control  

Each value represents mean ± SD of triplicate samples. Mean values with different letters (a-d) within each parameter in the same column differ significantly (P 
< 0.05).  
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3.4.2. Antimicrobial effect of Kombucha on fresh cheese 

against Clostridium sporogenes 

Microbial count on artificially contaminated cheese 

groups of Kombucha, coagulating salts and citric acid was 

carried out during 40 d of storage. The results (Fig. 1) 

indicated an increase in microbial count of cheese made 

with coagulant salt from 4.15 to 5.82 CFU.g-1 and citric acid 

from 3.95 to 5.81 CFU.g-1. There were no significant 

changes (P > 0.05) in these groups, indicating that neither 

coagulant salts nor citric acid showed antimicrobial effect 

against C. sporogenes in fresh cheese over 40 d of storage. 

Cheese samples made with Kombucha showed an 

increasing trend from 4.19 to 5.27 CFU.g-1; however, the 

increase in microbial count was less than that in other 

groups. Comparison of average microbial count in 

Kombucha cheese on Days 30 and 40 of storage showed a 

significant change (P < 0.05), compared to the other two 

groups of cheese. 

It was assessed that Kombucha cheese showed 87.57% 

higher inhibition effect, compared to citric acid cheese, and 

62.34% higher inhibition effect, compared to coagulant salts 

cheese. Vukic et al. (2021) detected that use of Kombucha 

in producing fresh cheese included inhibitory effects on E. 

coli and Listeria monocytogenes during 30 d of storage, 

decreasing microbial count by 98.35 and 98.98%, compared 

to the control group, respectively. This effect was likely due 

to the antimicrobial characteristics of Kombucha, which 

were attributed to its pH and bioactive compounds, 

including phenolic compounds. These compounds included 

bacteriostatic and anti-proliferative effects against bacterial 

growth [38-45]. 

 

 

 

 
 

Fig. 1: Microbial count of three groups of artificially contaminated cheese during 40 days of storage  

Treatment codes: K = Kombucha, S = Coagulant Salt, A = Citric Acid, B = Clostridium-inoculated, C = Control (non-inoculated)   

Treatment groups; KB=Kombucha + Bacterial inoculation; KC= Kombucha Control (without bacteria); SB= Salt + Bacterial inoculation; 

SC= Salt Control; AB= Citric Acid + Bacterial inoculation; AC= Citric Acid Control  

Each point represents mean ± SD of triplicate samples. Mean values with different letters (a-b) within each parameter in the same column differ 

significantly (P < 0.05).  

 

 

3.4.3. Texture Analysis 

During 40 d of storage, there were no changes in the 

texture of the cheeses in the control group. According to Fig. 

2 and by comparing the average of each contaminated 

cheese group in each interval, Kombucha cheese 

contaminated with C. sporogenes demonstrated a further 

stable texture, compared to cheeses made with coagulant 

salt and citric acid with significant changes (P < 0.05), 

suggesting possible antimicrobial effects of Kombucha 

against C. sporogenes. Moreover, the changes in cheese 

made with citric acid included a harder texture, which could 

be attributed to the purity of the citric acid in the 

formulation. Pure citric acid promotes further aggregation 

of milk proteins in cheese [46]. According to Gomez-Torres 
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et al. (2015), the softening of cheese texture is due to 

metabolic activity of Clostridium genus, leading to the 

hydrolysis of milk proteins and further disruption of the 

cheese matrix [47]. Therefore, the softening of cheeses 

made with coagulant salt and citric acid was more 

significant than that in Kombucha cheese. The inhibitory 

effect of Kombucha on the growth of C. sporogenes, 

contributed to the firmer further consistent texture of the 

Kombucha cheese. 

 

 

 

 

 

Fig. 2: Changes of texture in different types of cheese during 40 days of storage  

Treatment groups; KB=Kombucha + Bacterial inoculation; KC= Kombucha Control (without bacteria); SB= Salt + Bacterial inoculation; 

SC= Salt Control; AB= Citric Acid + Bacterial inoculation; AC= Citric Acid Control  

Each point represents mean ± SD of triplicate samples. Mean values with different letters (a-c) within each parameter in the same column 

differ significantly (P < 0.05).  

 

 

3.4.4. Sensory analysis 

After cheese production, sensory analysis was carried 

out, with the sensorial attributes are present in Fig. 3 (color, 

aroma, cuttability, taste, chewiness and mouthfeel). Iranian 

acid-heat coagulated cheese produced with Kombucha 

included a mild sour taste with a soft spreadable texture, 

distinguishing it from commercially available acid-heat 

coagulated cheese, which were made with coagulant salt. It 

seems that except the overall result, the sensorial attributes 

between cheese made with Kombucha and cheese made 

with salt included no significant differences (P > 0.05) only 

in the color characteristic. Although the Kombucha cheese 

received an overall acceptable score (4.14/5), based on 

information in Fig. 3, its lowest score was in the color 

characteristic, attributed to the slight browning from the use 

of black tea in Kombucha production. Similarly, in the 

sensory evaluation by Vukic et al. (2021), freshly produced 

Kombucha cheese scored the lowest for aroma and color. 

Cheese produced with citric acid included the lowest overall 

score with an average of 3.38 and its sensorial attributes and 

overall results showed significant differences (P < 0.05), 

comparing to cheeses made with Kombucha and coagulant 

salt [14,16-22,28-48].  
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Fig. 3: Sensory evaluation of cheese made with kombucha, citric acid and coagulant salt 

Each point represents mean ± SD of triplicate samples. Mean values with different letters (a-c) within each parameter in the same column differ 

significantly (P < 0.05).  

 

4. Conclusion 

The inherent nature of dairy products and the processing 

of Iranian acid-heat coagulated cheese has made this 

product susceptible to various types of microbial spoilage, 

including gas-forming spoilage by Clostridium spp. in dairy 

systems. Under refrigerated storage (4 °C), Kombucha and 

cell-free yeast metabolites moderated spoilage indicators 

and inhibited C. sporogenes, compared to acid or salt 

coagulants. Several methods have been suggested to prevent 

microbial spoilage such as using chemical and physical 

methods. Considering the preferences of the society and the 

popularity of using natural preservatives in the field of food 

industry and the preference of consumers to use foods 

produced with natural preservatives with beneficial health 

characteristics; Kombucha, as a novel product with unique 

compounds resulted from the activity of bacteria and yeasts, 

were investigated as a biological additive. For Kombucha 

and the metabolites from identified Kombucha yeasts, C. 

parapsilosis had high antimicrobial characteristics against 

C. sporogenes. It was  investigated that the inhibitory effect 

of Kombucha, as a coagulant used in cheese, was 87.57% 

higher, compared to cheese coagulated with citric acid. In 

comparison to cheese made with coagulant salts, Kombucha 

showed an inhibitory effect of 62.34%. Therefore, 

Kombucha can be used as a potential biopreservative. 

Further research should be carried out to understand precise 

capabilities of various types of Kombucha due to the 

presence of their specific compounds and their potential use 

in dairy industry products, especially Iranian acid-heat 

coagulated cheese. 
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 ناشی از فساد کاهشبررسی خاصیت ضدمیکروبی کامبوچا و مخمرهای جداسازی شده از آن در 

 کلستریدیومی پنیر لاکتیکی ایرانی
 

 نژاد، سیما طاهری، مهدی کاشانی*میری، مرتضی خمهرسا سیف اللهی

 صنایع غذایی، دانشگاه علوم کشاورزی و منابع طبیعی گرگان، استان گلستان، ایران  گروه علوم و

 ریخچه مقالهتا

  1016 ژانویه 12دریافت 

 1016 مارس 21داوری 

 1016 آوریل 22پذیرش 

    1016 مه 1چاپ 

  چکیده 

و  همزیست مخمرکامبوچا نوعی نوشیدنی است که از تخمیر چای سیاه شیرین به همراه کشت  سابقه و هدف:

شود که بخاطر داشتن خواص سلامتی بخش بسیار مشهور است. طی سالیان اخیر ( تولید میSCOBYباکتری )

های ضد میکروبی آن و به تازگی بهره بری از این خواص در جلوگیری از رشد از اهمیت کامبوچا به علت ویژگی

 قرار گرفته است.های عامل فساد، مخصوصا در صنایع لبنی مورد توجه باکتری

سویه مخمری از کامبوچا جداسازی شد و خواص ضدمیکروبی  ۴در مرحله اول این تحقیق ابتدا  ا:مواد و روش ه

، نوعی باکتری پروتئولیتیک و تولید کننده گاز و ATCC 19404 کلستریدیوم اسپوروجنسآن در برابر باکتری 

یکی از عوامل فساد در کارخانجات صنایع لبنی هست، مورد آزمایش قرار گرفت. دو سویه با بالاترین خاصیت 

مورد شناسایی مولکولی قرار گرفتند. سپس خاصیت ضدمیکروبی  18s rRNAیابی ضدمیکروبی با استفاده از توالی

مورد آزمایش قرار گرفت. بعد از آن کامبوچا به عنوان  اسپوروجنس کلستریدیومرابر باکتری کامبوچا نیز در ب

منعقد کننده و اسید سیتریک و نمک منعقد کننده به عنوان گروه شاهد در تولید پنیر لاکتیکی ایرانی مورد 

اسپورهای باکتری آلوده شده گروه با  ۳آزمایش قرار گرفتند. در نتیجه این آزمایش، شش گروه پنیر تولید شد که 

روز در دمای یخچال نگهداری شد و سپس در  ۴0ها به مدت گروه دیگر نمونه کنترل بودند. تمامی نمونه ۳و 

ها با استفاده از آزمون دانکن با درصد برداری شد. تمامی دادههای زمانی ده روزه از پنیر نمونهروز تولید و در بازه

 .درصد آنالیز شدند ۵خطای 

اثر  سپوروجنسا کلستریدیومپنیرهای تولید شده با استفاده از کامبوچا در برابر باکتری  گیری:و نتیجهها یافته

های منعقد کننده و اسید سیتریک نشان دادند. علاوه های تولید شده با نمکبازدارندگی بالاتری نسبت به نمونه

داری نشان تر و اسیدیته بالاتری به صورت معنیپایین pH بر این، پنیرهای تولید شده با کامبوچا در گذر زمان

های تولید شده با کامبوچا بافت باشد. همچنین نمونهکه حاکی از اثر مهارکنندگی کامبوچا می (P < 0.05)دادند 

های منعقد تر و خصوصیات حسی قابل قبولی در مقایسه با پنیرهای تولید شده با اسید سیتریک یا نمکمنسجم

 نده داشتند.کن
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