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ABSTRACT 

These experiments were designed to enhance the antioxidant and antibacterial activity of some 
herbal teas by brewing with symbiotic consortium of bacteria and yeasts (SCOBY) as well as 
evaluated some biological and chemical parameters of fermented herbal teas. The mushroom dry 
weight was varied according to the fermentation media, anise kombucha have the highest mushroom 
dry weight, total acidity and lowest pH being 14.18, 5.2 and 1.97, respectively. On the other hands, 
ginger and cinnamon reduced the yeast and bacteria growth which reduced their chemical and 
biological values. The antioxidant of kombucha herbal extracts was ranked in ascending order:  
ginger< anise< cinnamon< wormwood< mint< marjoram< rosella< sage. Sage and ginger kombucha 
extract total phenolic compound content show the same antioxidant trained. The antibacterial activity 
of all tested herbal teas incremented with SCOBY brews, antibacterial of mint, anise, sage and 
cinnamon kombucha extracts against Shigella sonnei, Shi. flexneri, L. moncytogenes ATCC19116, 
Pseudomonas aeruginosa ATCC27853 and E. coli ATCC8739 was appeared after fermentation 
process. Otherwise, both fermented and non-fermented tested herbal teas could not inhibit the growth 
of either Bacillus cereus  and Staphylococcus aureus ATCC3536.   
 
Keywords: kombucha, herbal drinks, antioxidant, antibacterial activity. 

 
Introduction 

Kombucha tea is sweetened brewed black tea fermented with a symbiotic association 
of acetic acid bacteria and yeasts forming ‘tea fungus’ for 18 days of brewing. Kombucha 
tea is composed of two portions: a floating cellulose pellicle layer (called kombucha 
mushroom) and the sour liquid broth (Chen and Liu, 2000). 

Kombucha tea is one of the most popular fermented food stuffs, which have great 
interest due to their healthy benefit, this fermented tea originated in Manchuria and then 
extent to the worldwide countries such as Russia and Germany. The variation of its 
composition could be due to geographic, climatic and cultural conditions as well as 
diversity of local species of wild yeasts and bacteria (Teoh et al., 2004). Slightly sweet, 
carbonated, acidic tea beverage is remarkable characteristics of kombucha tea (Sreeramulu 
et al., 2000 and Greenwalt et al., 2000). It is containing many kinds of beverage product 
such as, vitamins, minerals, enzymes, polyphenols and organic acids which know as a 
secondary metabolite of yeast and bacterial growth which remarked with their health 
benefits (Aditiwati and Kusnadi, 2003). 

 Greet interest and increasing in the consumption of the natural product due to their 
health benefits, which range from mass loss to curing human diseases such as cancer and 
AIDS (Dufresne and Farnworth, 2000). These effects have not been validated scientifically, 
but they could be attributed to the presence of gluconic, glucuronic, amino acids, vitamins, 
small peptides, polyphenols and micronutrients produced during kombucha fermentation 
(Jayabalan et al., 2007). As well as, the detoxifying effect of kombucha revealed to their 
antioxidant activity (Bhattacharya et al., 2013). 

Herbal drinks are becoming popular especially among health-conscious consumers 
since these beverages are prepared from natural ingredients which contain many 
compounds such as polyphenols, flavonoids, isoflavones, glucosinolates. Polyphenols 
belong to the category of natural antioxidants (Boskou and Visioli, 2003). Also, the great 
interest about the side effect of bio-chemical and chemical drugs which used in food 
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preservation or medicine enhanced the herbal drinks consumption and usage as food 
additives (Mehrsorosh et al, 2014).   

 In order to enhancement the herbal teas antioxidant and antibacterial activity this 
work designed to study the chemical analysis as well as antioxidant and antibacterial 
activity of some the herbal drinks before and after fermentation with symbiotic consortium 
of bacteria and yeasts (SCOBY) in order to introduce more healthy benefits of herbal 
drinks. 
 
Materials and Methods 
 
Kombucha preparation: 

Herbal teas and kombucha herbal teas were prepared according to Hoon et al. (2014) 
with small modification, for kombucha herbal teas about 4g dry weight of herbals such as 
anise, wormwood, roselle, sage, cinnamon, marjoram and ginger (commercial products of 
sekam co.) were soaked in 500ml hot water (about 70°C) containing 7% sucrose, after 15 
min, extracts were filtrated through filter paper whatman No.1 then after cooling to room 
temperature, the herbal tea was inoculated with a pieces of kombucha mat and 5% of the 
fermentation broth from the previous fermentation of black tea obtained under the same 
conditions. The fermentation processed at room temperature (30°C) for 8 days. At the end 
of fermentation kombucha herbal teas were filtrated through filter paper whatman No.1 to 
remove the upper cellulosic layer and dried in oven at 80° C till constant weight and 
collection of clear filtrated kombucha extracts for chemical and antibacterial activity 
analysis.  

 
Chemical determination: 

pH values were measured using an electronic pH meter (Hanna). Titratable acidity 
(TA) was determined according to Jacobson (2006) after removing CO2 from the 
fermentation broth. About 10-mL aliquot was taken and titrated with 0.1 mol/L NaOH. The 
TA was expressed in grams of acetic acid per liter. Produced Ethanol was assayed by the 
method of a redox back titration recommended by Iland (2000).  

Antioxidant activity of kombucha herbal teas and herbal extracts were determined 
using 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical-scavenging ability according to 
Marques et al (2012). Two millliter of 160-folds diluted Kombucha fermented solutions 
were mixed with 2 ml of 0.1 mmol/L DPPH (Diphenyl-2-picrylhydrazyl) methanolic 
solution. The mixture was shaken vigorously and allowed to stand in the dark for 20 min, 
after which the absorbance was measured at 517 nm using a spectrophotometer, BHA 
{3(2)-t-Butyl-4-hydroxyanisole} was used as standared curve. 

The total phenol content of Kombucha fermented extracts were measured according 
to Folin-Ciocalteau method (Singleton et al., 1999). A bout 0.1 ml of kombucha extract was 
transferred to a 100 ml Erlenmeyer flask and the final volume was adjusted to 46 ml by 
addition of distilled water and added 1.0 ml of Folin-Ciocalteau reagent. Afterward, 1 ml of 
Folin-Ciocalteau reactive solution was added and incubated at room temperature for 3 min. 
3 ml of 2% sodium carbonate was mixed with the above solution. The absorbance at 760 
nm was then measured after 30 min. The total phenol was expressed as gallic acid 
equivalents from the calibration curve. 

Antibacterial activity of kombucha extracts and herbals tea were detected using agar 
diffusion methods according to (Sreeramulu et al., 2000), The tasted strains were grown on 
Luria-Bertani (LB) broth for 24 h at 37° C after incubation grown cultures were used as 
standard inoculum (containing 107cell ml-1). One milliliter of standard inoculum of each 
tested bacteri was inoculated Petri dish. The wells of 6 mm diameter were made with a 
sterile metal corkborer. kombucha herbal tea extracts and herbal tea samples (100 µl) were 
then transferred into the wells of agar plates inoculated with tested strains. The plates were 
keept at 4° C for 2 h to make a prediffusion of kombucha tea sample into the agar. The 
plates were then incubated at 37 °C for 24h, then the diameter of the inhibition zone was 
measured. LB medium without inoculation was recorded as negative control. LB medium 
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inoculated with each bacterial tested strain and treated with ciprofloxacin antibiotic 
(5µg/disc) was recorded as positive control. 

Tested pathogenic bacteria were obtained from Dept. of Agric. Microbiology, Fac. 
Agri., Ain Shams Uni. Cairo, Egypt. Pseudomonas aeruginosa ATCC27853, Proteus sp., 
Escherichia coli ATCC8739, Salmonella typhi (Gram-negative bacteria), Staphylococcus 
aureus ATCC3536, Bacillus cerues, Listeria monocytogenes ATCC19116, Shigella sonnei 
and Shigella flexneri (Gram-positive bacteria). 
 
Results and Discussion 
 
Growth and total acidity of kombucha herbals tea 

In this experiment, some herbal teas (anise, wormwood, roselle, sage, cinnamon, marjoram, 
ginger and mint) was used as fermentation media for SCOBY growth, after 8 days of fermentation at 
room temperature (as seen in Fig.1) the dry weight of upper cellulosic layer was determined. Data 
presented in Figure (2b) show that the mushroom dry weight affected slightly with fermentation 
medium of all tested herbal teas ranged from 5.31 to 14.18 gl-1 while ginger and cinnamon teas were 
not an excellent source for SCOBY growth which reduced mushroom dry weight about 62.55 and 
60.78%, respectively comparing to anise mushroom dry (highest mushroom dry weight), this 
observation indicated that ginger and cinnamon were not a perfect media for SCOBY growth. 
Moreover, kombucha herbal drinks O.D have the same trend, rosella, anise and marjoram have the 
highest figures of O.D (in descending order). These data may explain the high values of pH, lowest 
total acidity and ethanol content reported with ginger and cinnamon fermented kombucha extract as 
seen in Figure (2a), being 4.76, 2.6 and 1.08gl-1 for the former and 5.07, 2.91 and 1.1gl-1 for the latter 
kombucha extract, respectively. The reduction of total acidity, ethanol content and higher pH value 
could be related to the reduction effected of ginger and cinnamon on yeast, acetic acid and lactic acid 
bacteria growth which is the corresponding bacteria for acid production during kombucha process as 
reported by Jayasundara et al., (2008) who found that yeast split sucrose into glucose and fructose this 
reaction catalysis by invertase then fermented through glycolysis to ethanol which oxidized to organic 
acid by acetic and lactic acid bacteria.  

 

Fig. 1: Kombucha herbal teas after 8 days of fermentation. 
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(a)  

 
(b) 

Fig. 2: Histogram showing the dry weight of kombucha mushroom and fermented kombucha 
broth O.D of different herbal teas (a) and pH, total acidity (acetic acid gl-1) and 
ethanol content (gl-1) of different herbal teas after 8 days of fermentation process (b).  

 
Antioxidant activity and total phenolic compounds. 

Antioxidant and phenolic compounds of examined herbal teas and kombucha herbal 
tea extracts were measured before and after fermentation process. Data in Table (1) show 
that antioxidant activity raised after brewing with SCOBY for 8 days for all herbal teas 
except ginger and cinnamon which show no change in antioxidant activity. The antioxidant 
activity of kombucha herbal drinks ranged from 26.58 to 94.51% (with antioxidant 
equivalent to BHA 11.008 to 39.267µgl-1) and ranked in ascending order:  ginger < anise < 
cinnamon< wormwood <mint< marjoram< rosella< sage. Moreover, anise and rosella show 
the highest percentage of increasing in antioxidant activity about 1.5 and 1.53fold, 
respectively, with respect to non-fermented herbal drinks. Total phenolic compounds were 
determined using gallic acid as standard, data presented in Table (1), show that total 
phenolic ranged from 42.5 to 64.9 ppm gallic acid for herbal drinks and from 39.5 to 
108.4ppm gallic acid for kombucha herbal drinks, these values were received by ginger and 
sage fermented herbal teas, respectively, also ginger has no increasing in total phenolic 
content after fermentation. On contrary, sage conducted the highest amount of total 
phenolic production after fermentation with SCOBY which up graded from 54.9 up to 
108.4ppm gallic acid (about 1.97fold) in total phenolic compound content, this high 
phenolic content affected antioxidant activity of kombucha sage drink which registered as 
the highest antioxidant activity kombucha herbal drink. Phenolic compounds were 
suggested as the responsible factor for herbal antioxidant as reported by Kruawan and 
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Kangsadalampai (2006). This action refers to the hydroxyl group in phenolic compound 
which donate hydrogen proton and classified as a reducing agent (Shahidi and 
Wanasundara, 1992 & Pietta, 2000). The increasing in bioactive compounds total phenolic 
compound and other secondary metabolites with antioxidant activity in kombucha herbal 
drinks may regarded to growth of yeast, acetic and lactic acid bacteria in SCOBY culture, 
this observation may supported by Zhang et al., (2012) who found that many biochemical 
changes occur during fermentation, leading to an altered ratio of nutritive and anti-nutritive 
components and, consequently, affect the products properties, such as bioactivity and 
digestibility. This observation also supported by data illustrated in Fig (3) which show that 
highest rating in antioxidant efficiency was recorded by rosella followed by anise.  
 
Table 1: Antioxidant and total phenolic content of some herbal teas before and after 

fermentation with kombucha mushroom. 

Herbal teas 
Kind of Herbal tea 

extracts 

Antioxidant activity 
Total phenolic 

content  
(mgl-1 gallic acid) 

Scavenging activity  
(%) 

Antioxidant 
equivalent to BHA 

(mgL-1) 

Anise 
Non- fermented 30.38±0.05 12.588 42.5±0.09 

Fermented 44.39±0.06 18.417 51±0.1 
     

Wormwood 
Non- fermented 47.63±0.01 19.764 50.7±0.07 

Fermented 61.43±0.04 25.505 78.33±0.04 
     

Roselle 
Non- fermented 57.72±0.06 23.962 64.9±0.08 

Fermented 88.52±0.05 36.775 83.1±0.05 
     

Sage 
Non- fermented 70.94±0.06 29.461 54.9±0.07 

Fermented 94.51±0.05 39.267 108.4±0.04 
     

Cinnamon 
Non- fermented 45.36±0.3 18.820 64.25±0.06 

Fermented 46.77±0.12 18.575 76.1±0.05 
     

Marjoram 
Non- fermented 68.06±0.13 28.263 61±0.08 

Fermented 86.92±0.04 36.109 90.22±0.1 
     

Ginger 
Non- fermented 26.92±0.04 11.149 44±0.08 

Fermented 26.58±0.05 11.008 39.5±0.07 
     

Mint 
Non- fermented 29.3±0.3 12.139 51±0.06 

Fermented 39.66±0.3 16.449 67.4±0.06 

±  = standard error                                         

 
Fig. 3: The efficiency of kombucha fermentation process on antioxidant activity and total 

phenolic content of kombucha herbal tea extracts (expressed as fold).  
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Antibacterial activity of herbal tea and kombucha herbal tea extracts: 
The antibacterial activity of both fermented and non-fermented herbal drinks were 

determined using agar diffusion test then data were tabulated in Table (2). Obtained results 
show that the fermentation process of herbal drinks with SCOYB accelerating the 
antibacterial activity efficiency for all tested herbal drinks after 8 days of fermentation. The 
highest figures of zone were observed by kombucha herbal extracts of anise, wormwood, 
marjoram and sage being 30, 31, 34 & 35 m.m, respectively, which inhibit the growth of 
Proteus sp. and Salmonella typhi as well as, the antibacterial efficiency increased about 2.5 
to 3fold compared with nonfermented herbal drinks. There are virous studies reported that 
the polyphenols and tannins extracted from tea inhibit a broad spectrum of Gram positive 
and negative bacteria (Sreramulu et al., 2000), these bioactive compounds as well as 
ethanol and acid content were increased with kombucha fermentation process as a result of 
yeast and bacteria growth which presence in kombucha community. These data were in line 
with (Velianski et al., 2007) who found that non fermented tea and neutralized kombucha 
have no antibacterial activity. Otherwise, the antimicrobial activity of kombucha tea was 
increased with tea concentration used in kombucha preparation. (Greenwalt et al., 1998).  
 
Table 2: Antibacterial activity of some herbal tea extracts as affected with kombucha 

fermentation process using agar diffusion method.  

Pathogenic 
bacterial strains 

Herbal 
tea 

extracts 

Zone of inhibition (m.m) 

Anise Wormwood Roselle Sage Cinnamon Marjoram Ginger Mint Ciprofloxacin 

Ps. aeruginosa 
ATCC27853 

Non-
fermented 

0 10 12 7 8 11 9 0 
10 

Fermented 15 16 14 13 13 24 21 0 

           

Proteus sp. 

Non-
fermented 

10 12  12 0 9.5 0 0 4 
11 

Fermented 30 31 35 0 16 0 0 6 

           

E. coli 
ATCC8739 

Non-
fermented 

8 7 9 10 12.5 13 8 0 
14 

Fermented 17 17 17 16 19 24 12 6 

           

S. typhi 

Non-
fermented 

0 9  9 8 0 13 0 0 
10 

Fermented 0 19 11 13 0 34 0 0 

          

L. 
monocytogenes 
ATCC19116 

Non-
fermented 

8 10 9 0 5 7 8 0 
13 

Fermented 14 18 15 10 10 19 14 16 

           

Shi. sonnei 

Non-
fermented 

0 0 9 5 0 0 0 0 
15 

Fermented 9 8 12 13 15 0 0 16 

           

Shi. flexneri 

Non-
fermented 

0 11 12 11 0 12 9 0 
12 

Fermented 12 14 14 12 12 25.1 20 12 

**Staphylococcus aureus ATCC3536 and Bacillus cerues did not show any inhibition zone. 

   
On the other hand, Sreeramulu et al. (2000) found that the neutral pH and thermal 

denaturation kombucha reported antibacterial activity against E. coli, S. sonnei, S. 
enteriditis and S. typhimurium, this may explain by the presence of other bioactive 
compound with antibacterial activity. Otherwise, both Bacillus cereus and Staphylococcus 
aureus were resistant against fermented and non- fermented herbal drinks these resistance 
to kombucha extracts may related to the ability of both pathogenic strains to stand up in 
acidic condition as reported by Rode et al. (2010) and Desriac et al (2013) that 
Staphylococcus aureus ATCC3536 and Bacillus cerues have many different mechanism to 
face acidic stress as (i) general stress response (ii) pH homeostasis, (iii) metabolic 
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modifications and alkali production, these mechanism make their cells more stable in low 
pH. 

Antibacterial activity of mint tea enhanced after fermentation with kombucha fungi to 
increase the number of inhibited strains from 1 to 5 pathogenic strains with inhibition zone 
ranged from 6 to 16m.m followed by anise, cinnamon, sage and wormwood. As well as,  
both Shigella flexneri and Shigella sonnei sensitivity to herbal teas was increased after 
herbal teas fermentation and increasing in acid and ethanol content which has lethal effect 
on Shigella cells as mentioned by (Abdul-Aziz et al., 2015) who found that both Shigella 
sonni and Sh. flexneri cells were killed after exposure to pH below 4 and are able to grow at 
pH 5, whereas the sensitivity of Shigella sp. to pH was depended on the growth phase of 
culture used. Also, the synergistic effect of ethanol and acid which produced during 
kombucha fermentation enhanced the antibacterial activity of sage and mint kombucha tea 
led to complete inhibit Listeria moncytogenes ATCC19116 growth with 10 and 16m.m 
inhibition zone, respectively. This augmentation effect of ethanol in inactivation the growth 
of L. moncytogenes was recorded by Barker and Park (2001). Furthermore, antibacterial 
efficiency increasing after herbals fermentation with kombucha fungus, this may explain by 
the ability of yeast and bacteria presented in kombucha fungus to produce other compounds 
with antimicrobial activity like ethanol, acetic acid and polyphenolic compounds as 
reported with Sreeramulu et al., (2000) and Bredefeld et al., (2017).  
 
Conclusion 

The present study was carried out to evaluate the antioxidant and antibacterial 
activity of different fermented herbals drinks with SCOBY (kombucha) namely, sage, 
anise, wormwood, ginger, cinnamon, rosella and mint and their chemical analysis. There is 
a remarkable drop in kombucha extracts pH and enlarge in ethanol content and total acidity. 
The intelligible observation was the unperformable of both ginger and cinnamon for 
kombucha growth. Sage kombucha extract show the highest antioxidant activity and total 
phenolic content followed by rosella and marjoram. The antibacterial of kombucha herbal 
extracts give the same trend of antioxidant, rosella have the highest zone of inhibition being 
35mm against Proteus sp., otherwise, mint kombucha extract antibacterial increased after 
fermentation process to inhibit the growth of 4 more strains (Escherichia coli ATCC8739, 
Listeria monocytogenes ATCC19116, Shigella sonnei & Shigella flexneri), it could be 
concluded  that the fermentation of herbal teas with SCOYB increased the health benefits  
such as, antioxidant and antibacterial activity which make it more accepted  to use as a 
probiotic as well as using mushroom mat (by product) as a source of cellulose which could 
be used in bioethanol production.              
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