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Kombucha has become a flavored tea drink fermented with a symbiotic community of fungi, yeast, and bacteria. Kombucha has been
reported to show functional medicinal importance attributed to the presence of some critical metabolites and bioactive compounds. We
developed kombucha on three different substrates like black tea, green tea, and Psidium guajava (guava) juice extract. Kombucha
enriched with guava extract showed maximal growth in terms of weight (fresh and dry) and moisture percentage. Further, the total

phenol, total flavonoid, and characterization of different phenolic compounds like gallic acid, catechin, guaiacol and coumaric acid with
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guava juice extract fermented kombucha exhibiting maximal production. Also, the high DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate)
radical scavenging activity over the control. The kombucha tea fermented on guava extract showed significant antimicrobial activity
against eleven human pathogenic bacterial strains and four pathogenic fungi. From the current study, we conclude that the preparation of

kombucha tea using guava juice extract might be used as a supplementary food product due to its high nutritional value.

Keywords: Total phenols, Total flavonoids, DPPH, HPLC, kombucha tea, antibacterial and antifungal activity

INTRODUCTION

Kombucha is a traditional, non-alcoholic tea beverage fermented by a symbiotic
community of osmophilic yeast and acetic acid bacteria (Acetobacteraceae) as
symbiotic microbial consortium that is involved in the fermentation of green and
black teas (De Filippis et al., 2018). Kombucha tea beverage is prevalent in
various regions and is still not completely known in light of its progress (Felice et
al., 2013). Kombucha tea has a pleasant and a positive human health benefit all
around the world (Kapp and Sumner, 2019).

The name of Kombucha is said to have come from Dr. Kombu, the Korean
physician who took fermented tea to Japan for healing the Inkyu emperor.
Kombucha has come from the north eastern China (Historical Manchuria). Tea
was finally brought to Europe in the early 20th century as a result of commercial
expansion, especially in Russia (as Kambucha) and Germany (as
Kombuchashwamm) (Alexandru et al., 2019).

This traditional fermented beverage is known for its nutraceutical properties and
health benefits (Dufresne and Farnworth, 2000; Jayabalan et al., 2014). The
beverage has obtained considerable reputation mainly on the Western side due to
numerous remarks concerning its therapeutic prospective towards several
diseases. Several of its beneficial effects are established for instance;
antimicrobial, antidiabetic, anticancer and antilipidemic effects (Gaggia et al.,
2018a). Drinking kombucha was recorded to improve the mood of the immune
system; protect from cancer and cardiovascular disease (Watawana et al.,
2015). To date, significant advancement in kombucha tea studies and its positive
impacts has been achieved in the last century (Martinez et al., 2018). Achieved a
self-prescribed remedy for numerous ailments like digestion problems, arthritis,
prevention of microbial infection, combating stress, AIDS and immunity
enhancement (Sai Ram et al., 2000). It has been established that antimicrobial
behavior against a variety of infections, Kombucha antioxidant and antibacterial
activity against E. coli, Salmonella sp and Staphylococcus aureus has recently
been confirmed (Battikh et al., 2013a, Jayabalan et al., 2014). Kombucha tea
fermentation is considered by a range of bacteria and yeast as a product of
microbial action. Kombucha tea is a symbiotic culture of acetic acid bacteria like
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Acetobacter aceti, Acetobacter pasteurianus, Gluconobacter oxydans, and yeasts
mostly Saccharomyces sp., Zygosaccharomyces kombuchaensis, Torulopsis sp.,
Pichia membranaefaciens, Brettanomyces sp. (Borkani et al., 2016). The main
component of Kombucha tea is the light cellulose pellicle layer and the sour
liquid broth (Goh et al., 2012).

The microbes accumulate forming a firm cellulosic biofilm in the liquid-air
interface during fermentation. which may act as a public good providing
protection from invaders, storage for resources, and greater access to oxygen for
microbes embedded within it (May et al., 2019). On the other hand, the majority
of the biofilms examined so far are shaped either on a liquid-solid or air-solid
interface (Chakravorty et al., 2016a).

Kombucha tea can be generated when the cultivation medium is supported by the
high values of nitrogen sources in the form of purine derivatives like caffeine and
theophylline for tea fungus culture (Malbasa, 2004). In general, the substratum
of fermenting kombucha, i.e. green or black tea extract is sugared by addition of
5 to 8 % sucrose and in addition to these traditionally substrates alternative
substrates have been addressed such as Pepsi, grape juice, balsamic vinegar,
vinegar, Jerusalem artichoke extract and milk (Essawet et al., 2015). Later, the
several trails are being approved by the preparation of kombucha by substrates,
other than black and green teas, such as Jerusalem artichoke tuber extracts, wine,
milk, fruit juices and medicinal herbs like lemon balm, thyme, peppermint and
sage (Jayabalan et al., 2014; Veli¢anski et al., 2013). At the end of the
fermentation process, the chemical composition analysis in Kombucha foucsed
on the active constiuents which confer to the fermented beverage its nutritional
and antioxidant value, Kombucha is rich in organic acids (acetic, glucuronic,
gluconic acids), vitamins and tea polyphenols (Jayabalan et al., 2014). Recently,
(Jayabalan et al., 2007) characterized the fermentation process of guava leaves
infusions by kombucha and studying possible chemical changes in their
polyphenolic profile. The antimicrobial activity of Kombucha against pathogenic
microorganisms is primarily attributed to antibiotics, acetic acid and other
metabolites that generated in it (Sreeramulu et al., 2000a, 2001a). These
metabolites are mainly polyphenols and tannins, which significantly inhibit a
broad spectrum of gram-positive and negative bacteria. Later, the anti-
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bactericidal activity of tea was found to be due to polyphenols, particularly
catechins (Gopal et al., 2016).Guava (Psidium guajava) is a tropical fruit
cultivated in tropical countries. Guava fruits and leaves have been used as
traditional medicine for a long time (Diaz-de-Cerio et al., 2017). Several studies
showed that guava leaves could be used as anti-inflammatory, hypoglycemic,
antibacterial, antidiarrheal and antioxidant properties (Naseer et al., 2018).

the free radicals generated in our body by providing an electron can be overcome
by antioxidants, where the body is confused with free radicals and the antioxidant
defense is low so making disorder. Comparable to non-fermented tea, kombucha
fermented tea has phenolic content effective for the antioxidant potency (Yang et
al., 2008; Vina et al., 2014). Antioxidants can assist to prevent of autoimmune
disorders, Alzheimer’s, rheumatism, metabolic diseases, asthma and kidney
dysfunction (Dufrense and Fanworth, 2000). We conduct DPPH assay to verify
the antioxidant effect. The DPPH scavenging capacity of the sample is the
principle of this assay. The electron providing capability of the samples is
confirmed by lightening the purple reagent of DPPH into a yellow color (Sharma
and Bhatt, 2009). Moreover, Kombucha has demonstrated antimicrobial
properties. Greenwalt et al., (1998) referred the antimicrobial action of
kombucha to its acetic acid content and the existence of particular particles in
kombucha post fermentation as catechins (Bhattacharya et al., 2017).

It can be hypothesized that the therapeutic efficacies can differ with the
adjustment in media and fermentation time. However, to what extent they may
vary is not known (Gaggia et al., 2019).. To the best of our knowledge, no study
has dealt with the investigation on variation in medium culture with kombucha
guava juice fermentation. And its effects on  kombucha’s antioxidant,
polyphenols, flavenoids antimicrobial and antifungal activities. So our study will
focus to cover these gabes.

MATERIALS AND METHODS
Preparation and fermentation of Kombucha
Tea fungus

The process of fermentation was carried out using the local Kombucha (starter of
tea fungus), as a symbiotic growing fungus in the sugar-cropped acetic acid
bacteria and yeasts. This mixture of microorganisms was cultured in a pancake-
like zoogloeal mat According to Jarrell et al., (2000). 10% (v/v) kombucha (tea
fungus) suspension was prepared by adding 100 g sugar (El aksaa factory,
Egypt) and 4 g black and green tea leaves (supplied from the local tea store) to
1L distilled H,O. The mixture was boiled and allowed to cool down at room
temperature. After cooling the mixture, it was filtered through sterile nylon mesh
in order to remove the tea leaves and the filtrate was sterilized at 121°C for 15
min. After cooling, it was inoculated with 10% Kombucha starter mats that had
grown and maintained in the same medium. , In order to keep the mixture in the
best possible aseptic condition, the fermentation process was done in a sterile jar
covered with clean sterile cheesecloth. In addition, the jar was tightly locked by
rubber bands and then incubated at room temperature (25-30°C) for seven days in
a dark place and in a static state.

Preparation of Guava Kombucha tea

Fresh P. guajava L. fruits were collected from a farm in Borg El-Arab,
Alexandria (Egypt), on June 2016. Fresh guava juice prepared as described
earlier (Chiari et al., 2012) by soaking 10 g of fresh guavas in 0.2% sodium
hypochlorite solution for 20 minutes. After that guava fruits were rinsed in
distilled water, cut into small pieces in 100 ml distilled H,O, milled and filtered
through filter paper. For the kombucha preparation, the substrate of traditional
fermentation was substituted by 10% Guava fruit extract instead of the green or
black tea. 10 % of Kombucha starter was inoculated and incubated for a week at
room temperature (25-30°C) for the formation of Kombucha fungus form. After
the preparation of traditional kombucha tea and Guava Kombucha tea, all
cultures were centrifuged at 10,000 rpm for 5 minutes. The supernatant was
filtered and used for further investigations. The entire fermentation procedures
were carried out inside a sterile laminar flow using sterilized glass wears which
were heated up to 160°C for three hours at a hot air oven.

Investigation of some conditional parameters

Some conditional parameters had been investigated to optimize the culture for the
production of Kambucha on guava juice extract at a shake-flask level. These
tested conditions were: shaking speed, temp., pH, inoculum concentration and
sugar concentration. zero, 100 and 150 rpm shaking speed were checked using
100mL culture in 250 Erlenmeyer flasks. Temperature is a crucial parameter to
be tested as it has a direct impact on kombucha productivity. The quantification
of development of kombucha by assessing its dry weight at four degrees, we
incubate kombucha extract at different temperature values at 25, 30, 37 and 45.
Three pH; 7, 8and 9 were also tested. The pH value was evaluated using an
electronic pH meter calibrated at pH 4.0 and 7.0 (HI 9321, Hanna Instruments,
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USA). The other factor studied was the effect of kombucha inoculum
concentration as 1.0%, 10% and 20.0% incubating in the static state, measuring
dry weight for kombucha inoculum growth at the end of the experiment. Finally,
the effect of different sugar concentrations supplemented to Komboucha culture
was tested at 1%, 2.5%, 5%, and 10%. At the end of each experiment,
Kombucha formation was examined and its dry weight determined after 15 days
of incubation period at 30 °C.

Kombucha biomass and moisture content

Kombucha fresh weight was determined by removing the cellulose floating net
from the surface of the fermentative broth, rinsed twice with distilled water and
weighed. This fresh biomass of Kombucha was dried in a warm air oven at 60°C
to determine the dry weight. After that the moisture content of each sample was
calculated as follows:

Moisture (%) = fresh wt. —dry wt. / fresh wt. x 100

HPLC profiling for polyphenols

All the standards compounds used for HPLC analysis were analytical grade and
purchased from Sigma-Aldrich Chemical Company (Sigma, USA). The black,
green and guava kombucha tea was chemically characterized using HPLC to
determine the polyphenols content according to the method described by
(Ochanda et al., 2015). Five mL of kombucha tea sample was eluted in 25 mL
methanol and filtered into HPLC vials. The filtrate obtained was subjected to
analysis by Agilent 1100, American. Ten uL sample of the filtrate was injected to
the HPLC system equipped with a diode array detector (SPD-M10Avp).
Phenomenex Luna C- 18(2) column (4.6 mm ID 25 cm, 5 ml) was used for
testing purposes. The mobile phase consisted of a mixture of 0.1%
orthophosphoric acid and acetonitrile. Samples for the determination of HPLC
analyses were filtered through a sterile microfilter (0.22 pum) to remove any
immpuriries. Polyphenols were recorded at 280 nm and HPLC resolution
peaks recorded according to each compound's retention time. The concentrations
of tea polyphenols were quantified from standard curves.

Standard and sample preparation

A stock standard solution (100pg/mL) of each phenolic compound was
prepared in methanol by weighing out approximately 0.0050 g of the analyte into
50 ml volumetric flask. All standard solutions were stored in the dark at 5°C and
were stable for at least three months.

The calibration curves of the standards were made by serial dilution of the stock
standards (five set of standard dilutions) with methanol to yield 5, 10, 20, 40 and
80 pg/mL for each standard, and constructed the calibration curves were
chromatograms as peak area vs. concentration of standard.

The mixed standard solution was prepared by dilution the mixed stock standard
solutions in methanol to give a concentration of optimum peak (5Spg/mL) for each
polyphenols.

Prepare the sample by dissolving it in methanol at the selected concentration of
5 mg/mL. The samples were stored in the dark at low temperature (5°C).

Determination of total phenol content (TPC)

Total phenol content in the kombucha tea fermented on guava extract was
measured spectrophotometriclly (Jenway, Chelmsford, UK) by Folin—Ciocalteu
(F.C.) colorimetric method using gallic acid as the standard with different
concentrations (0.01-0.1 mg/ml), 10 ml tea is mixed with 80% methanol and left
for 24 h at room temperature before centrifuging it at 15,000 g for 10 min. 1.0 ml
of methanol extract was mixed and left out at 25 ° C for30 minutes in 5 ml of
distilled water and 250 pL of Folin-ciocalteau reagent. Then 1 ml of Na,CO; and
distilled water, were added. The mixture was incubated at 25 © C for an hour. The
absorption of the developed blue color was measured at the 725 nm using the
spectrophotometer. A gallic acid standard curve for phenolic content was
constructed (Stewart et al. 1981) and the concentration was expressed as mg of
gallic acid equivalents (GAE) per g of dry weight (DW).

Preparation of standard- 0.5 ml of each standard dilution added to 5ml F.C.
reagent and 4ml Na,COj; solution. Absorbance measured at 765 nm after 15
minutes.

Blank solution — Add 0.5 mL methanol and 5mL F.C. reagent to 4mL Na,CO;
solution, calibration curve was plotted for further determination of .

Total flavonoid content (TFC)

Total flavonoid content was determined according to Ahmad et al. (2014) with
slight modification. 5 ml of each tea are sonicated in 10 mL methanol for 10 min.
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After that 300 pL extract was mixed with 3.4 ml aqueous methanol (30%)
followed by the addition of 150 pL sodium nitrite (0.5 M) and 0.3 M aluminum
chloride. After five minutes, 1 mL sodium hydroxide (1 M) solution added and a
UV-visible spectrophotometer absorbance of 506 nm were detected. For
calculation, a standard catechin calibration curve was used; A calibration curve of
catechin was obtained by preparation standard catechin solutions (100, 200, 400,
600, 800, 1000 pg/ml) in distilled water and the total flavonoid content of each
extract was expressed as mg of catechin equivalents per gm of dry weight of
sample.

Determination of antioxidant activity

DPPH test was used to measure antioxidant activity. 10 mIL of every tea type
were mixed with 100 mL methanol for 1 min, centrifuged for 15 min at 4 ° at
10,000 rpm, 100 pL of the sample and 100 uL of DPPH were mixed in the assay
mix (prepared in methanol). The resultant mixture was incubated in the dark for
30 min at 25 °C and absorbance were measured at 517 nm specro(Constanza et
al., 2012). DPPH antioxidant activity was expressed as percentage DPPH
scavenging.

Antimicrobial activity

The antimicrobial activity of Kombucha (Black, Green, Guava) was investigated
against eleven human pathogenic bacterial strains, namely: Pseudomonas sp |,
Pseudomonas sp Il, Klebsiella pneumonia, Klebsiella sp I, Klebsiella sp II,
Acinetobacter sp |, Acinetobacter sp |Il, Proteus sp, coagulase-negative
Staphylococci, Methicillin-resistant Staphylococcus aureus (MRSA) and E. coli,
were collected from El Sadder hospital (Alexandria city, Egypt). Beside four
fungal species namely: Aspergillus flavus, Fusarium oxysporium, Alternaria sp,
and Trichoderma sp which were collected from the Faculty of Science,
University of Alexandria (Alexandria city, Egypt). The bacterial and fungal
species were cultivated on the surface of nutrient agar and potato dextrose agar
plates, respectively by the swab method using sterile cotton applicators swabs.
The antimicrobial activity of Kombucha was examined by using absorbent disc
(Bauer et al., 1959). Shortly, an individual colony of each bacterium was
injected in 5 mL of nutrient broth media and incubated for 24 hours at 30°C.
These bacteria were preferred as they are familiar individual infections. A sum of
0.1 mL broth from each culture was spread uniformly on nutrient agar (Sigma
Aldrich, Germany) applying a spread plating rod or swap. Whattmans filter paper
was needed to supply 0.5 mm discs. The discs were saturated with the kombucha
samples and injected on the plates with the lawn of the pathogen by sterile
forceps. The plates were incubated for 24 hours at 30°C. We calculated the sector
of inhibition post incubation.

The positive control was set up using 500 g amoxicillin and clavulanic with 20%
concentration and negative control with unfermented guava juice for antibacterial
activity. The antimicrobial activity of the Kombucha extract was estimated. The
diameter of the inhibition zone at the end of incubation periods had been
measured. Each experiment was performed three times and the average diameter
+ standard deviation was recorded for the inhibition zone.

Statistical analysis

Data of kombucha with different growth substrates were collected, checked,
revised, and presented in tables using SPSS V.16 and Microsoft Excel 2016 after
being subjected to outlier detection and statistical normality test to detect whether
the data are parametric or nonparametric. Then calculate statistically significant
differences at the P <0.05 level are indicated.

RESULTS

Guava suspension produced a distinct creamy color Kombucha that may refer to
the chemical composition and natural color of the medium. The fermentation
results of kombucha suspension in terms of fresh and dry weight and moisture
percentage are presented in Tablel. Kombucha fermented on guava juice
substrate showed a higher fresh and dry weight, then followed by black tea and
finally the kombucha fermented on green tea substrate are the lowest in its fresh
and dry weight. While the moister percentage was high in black tea followed by
guava and finally lowest in green tea.

Table 1 Growth of Kombucha on different substrates measured in terms
of fresh and dry weight and moisture percentage.
Kombucha mats

Substrate )

Freshwt. (gm) Drywt. (gm) Moisture (%0)
Black tea 2.2540.07** 1.83+0.07** 18.94+0.67**
Green tea 1.5840.1** 1.3840.1** 12.4542.21%*
Guava juice 2.33+0.29%** 1.96+0.2%* 16.07+3.04***

Each value represents the mean of three replicates. **p < 0.05. ***p < 0.01.
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Optimization parameters

By studying some physical conditions, we obtain (Fig. 1) a unique configuration
of kombucha pellets due to shaking velocity which utterly different from that
obtained by the static condition.

Static condition

Shaking at 100 rpm

Shaking at 150 rpm

Figure 1 Effect of shaking velocity on Kombucha profile

The best temperature for Kombucha growth was shown in (Fig. 2) at 30C°. The
increases or decrease in temperature causes a distinct change in Kombucha
development so that only the best degree for microorganisms of Kombucha scopy
is 30C° and decreased by elevating the temperature degree. By studying
three pH values 7, 8 and 9 we showed (Fig.3) that the growth of kombucha was
getting bigger and increasing by increasing pHs to a specific limit
which indicates that pH has a crucial role to play in enhancing the community of
kombucha. At pH 8 giving the higheset dry weight.

16
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L - I
25 30 37 4

Temperature

Dry weight (g/1)

[ B S =2 T -]

5

Figure 1 Effect of temperature variation on dry weight % of kombucha
30
25
20
15
10

Dry weight (g/1)

pH
Figure 2 Effect of pH variation on dry weight of kombucha

As in (Fig 4), the largest proportion of Kombucha dry weight was produced by
increasing inoculum proportion and vice versa. In this case, If organisms are
concentrated in media which can promote the production of their metabolites, the
thickness and dry weight of Kombucha raised as the tea extract surface produced
a new layer. That is why: if the essential organisms are concentrated, it can
predominate. Fig. 4 showed the highest dry weight (15 g/l) of Kombucha scopy
reached at high inoculum % (20%)
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Kombucha supplementation by different sugar regime causing a different
response in its flourishing. The lowest sugar level (1%) resulted in Kombucha's
lowest dry weight (7 g / 1) and reached to 1.5 g/l at sugar concenteration 10%.
The positive and direct relationship between concentration of sugar and an
increase of dry weight in Kombucha was shown in Fig. 5.

16
14
0.5
12
10

8 %1.25 %2.50 %5 %10

1.5

Dry wt(g/l)

Sugar concentration %
Figure 4 Effect of sugar concenteration on dry weight (g/l) of kombucha

Dry weight (g/!)

Biochemical and HPLC Profiling

O N =D

1% 5% 10% 20% The HPLC chromatograms (Fig. 6A-D) depicting the results of polyphenols in
the black, green and guava extract as a substrate for kombucha tea production in

Inoculums’ concentration % comparison with the standard mixture. It showed that the three types of

Figure 3 Effect of kombucha inoculum cocentratin on dry weight % of kombucha tea are rich with polyphenols metabolites. The most prominent
kombucha metabolites are gallic acid, catechin, guaiacol, and coumaric acid. The kombucha
tea from the black tea has the lowest percentage of gallic acid, catechin, guaiacol

and coumaric acid (Fig. 6B). On the other hand, the guava juice kombucha
fermentation having the maximal presence of different metabolites like gallic
acid, catechin, guaiacol, and coumaric acid compared to black and green tea (Fig.

maLr = =y
1 hea “
i
&
140 il
i
120 N
100 §
50 E E
= N - =
&0 = _ = & N -
= = =g o -‘-3'43\
. £ o = e 4 o
40 o - Rt = ==
o8 5 -
20 P = a2
=
=
o LM o earn
T T T T T T T T
a 10 1 2n an a5 mid
maLr
50 B
40
30
20 B g
= = E
& = =
. = - S
] g S e
=3 > o @D
z S b
o
T T T T T T T
0 5 10 15 20 25 20 s ________mio
— — — — — e ——
Lo
=
< &=
=,
0 1 =0 an as
[
E g
- £ = =
e 5
= ) .
£ & s

Figure 5 HPLC chromatograms of polyphenols compositions in different substrates used in kombucha fermentationprocess: standard mixture (A); green tea substrate
(B); black tea substrate (C) and guava juice substrate (D)
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In our study, we also observed that the presence of metabolites and polyphenols
as revealed by the HPLC chromatogram lead to higher antioxidant activity in
them furthermore, increase in total flavonoid and total phenol content (Table 2).
Relative to control the fermented guava kombucha exhibited higher antioxidant

activity which can be attributed to the presence of a higher quantity of flavonoids
and phenols, could have also contributed to the greater antifungal and
antibacterial activity.

Table 2 Total flavonoid (TFC, mg/g DW), total phenol content TPC, and total antioxidant activity of Kombucha fermented

with guava juice

Treatment TFC TPC Total antioxidant activity
(mg catechin equivalent/g DW)  (mg GAE equivalent/g DW) (% DPPH scavenging)

Control (Kombuchatea)  18** 180** 155%*

Kombucha treated guava  57** 360** 410**

In the present study, the higher antioxidant activity in guava fermented kombucha
guava extract which may be ascribed to the presence of a higher quantity of
phenols and flavonoids revealed by HPLC chromatogram as well as
quantification (Fig. 6A-1D, Table 2).

Antimicrobial activity

The obtained results for antimicrobial activity of the black, green and guava as a
substrate for kombucha fermentationproduction was investigated against eleven
human pathogenic bacterial strains (Pseudomonas sp |, Pseudomonas sp II,
Klebsiella pneumonia, Klebsiella sp I, Klebsiella sp Il, Acinetobacter sp I,
Acinetobacter sp Il, Proteus sp, coagulase-negative Staphylococci, Staphylococci
(MRSA) and E. coli) and four fungal species (Alternaria sp. Aspergillus flavus,
Fusarium oxysporium and Trichoderma sp) using absorbent disc method. The
diameter of inhibition zones (mm) around each well with kombucha tea extract
was represented in Table 3 and Table 4; The three kombuchas, i.e., kombucha on
black tea, green tea, and guava juice showed a potent antibacterial activity and
antifungal activity. It was observed that kombucha grew on the guava juice
significantly (P < 0.05) displayed maximal antifungal activity against Alternaria
sp. Aspergillus flavus, Fusarium oxysporium (Table 3). While the Trichoderma
sp. showed the highest antifungal activity within kombucha green tea.

Table 3 Antifungal activity of Kombucha fermented with black, green tea and
guava juice against the Alternaria sp., Aspergillus flavus, Fusarium oxysporium
and Trichoderma sp. fungal species

Inhibition zone diameter (mm) from Kombucha extract

Fungal species

Black tea Green tea Guava juice
Alternaria sp. 15.05+0.06** 12.98+0.07** 24.06£0.04%**
Aspergillus flavus 14.39+0.54** 12.74+0.56** 21.04+0.04%%*
Fusarium oxysporium  13.7740.59** 17.17+0.96** 21.734+0.56***
Trichoderma sp. 16.41+£0.09** 22.15+0.07%%* 20.99+0.09**

* Each value represents the mean of three replicates. **p < 0.05. ***p < 0.01.

Concerning the antibacterial activity, the kombucha grown on the guava juice
were effectively inhibited most of the bacterial growth, while it was prominent
with a higher diameter of inhibition zones with Pseudomonas sp. I, Klebsiella sp.
I and Staphylococcus (MRSA) (Table 4).

Table 4 Antibacterial activity of Kombucha fermented with guava juice against
the selected bacterial isolates

Bacterial isolates Inhibition zone diameter (mm)

Acinetobacter sp. | 24.02+0.08 **

Acinetobacter sp. Il 0.0£0.0**
E. coli 0.0£0.0%**
Klebsiella pneumonia 26+0.08**
Klebsiella sp. | 26.98+0.09**
Klebsiella sp. 11 0.0£0.0%**

29.0140, 1 %***
24.03+0.14%*
24.03+0.06**
Staphylococcii (coagulase —ve)  15.99+0.1**

Staphylococci (MRSA) 25.01+0.07**

Pseudomonas sp. |
Pseudomonas sp. Il
Proteus sp.

* Each value represents the mean of three replicates. **p < 0.05. ***p < 0.01.
DISCUSSION

The obtained results for the fresh and the dry weight of the kombucha tea and the
higher observed values from the guava juice as a substrate are following the
observed previously by (Nuria Elizabeth et al., 2018); they observed the
oscillating behavior of guava as a substrate for kombucha tea production. SB and
L (2011) stated that the differences within several substrates could be related in
the function of the strain used for fermentation. In the present work, the main
microorganism present in the consortium is acetic acid bacteria and yeast species

1208

which are reported to flourish and increase when the substrate is guava rather
than green or black tea (Gaggia et al., 2018b).

In contrast to unfermented specimens, results showed a significant lowering in
dry mass for kombucha tea brews in samples of black and green tea kombucha
and the most significant decrease in dry mass was evaluated during the storage
process. Kombucha fermentation product contents were found to depend mainly
on the composition of the layer of kombucha microbiota and produced enzymes
liberated by bacteria and yeast during kombucha fermentation (Jayalaban et al.,
2008). Other authors suggested that the system's nitrogen containing compounds
should be directly related to the improvements in the biomass yield (Malbasa et
al., 2011). It was noted that in systems with molasses the level of the
biomass was higher than with sucrose; This is because kombucha microflora uses
up sugar actively during the growth of the kombucha strain as a carbon source.
That is what is shown with our results; by elevating the sugar concentration up to
10% giving parralel increase in dry weight of Kombucha scopy reaching 1,5 g/l.
Moreover, increasing in inoculum percentage up to 20% giving rise to increase in
community number of scopy. From these studies, it is clear that the environment
has an impact on the composition of community members of Kombucha; there is
no apparent “canonical” species composition across all substrates and all culture
conditions (May et al., 2019).

Kombucha has appeared in recent years as a fortified, enriched and enhanced
efficient food item that can have a potential health impact (Sinir et al., 2019).
The most prominent phytochemicals and antioxidants present in any diet are
polyphenols (Amarasinghe et al., 2018). Polyphenols provided by fruits,
vegetables in any foodstuffs; cereals, vegetables, natural fruit juices, tea, coffee
and red wine (Scalbert et al. 2005; Pandey and Rizvi, 2009). Due to its
presence as a functional food, kombucha is mainly intensified by polyphenols
and other secondary metabolites produced during fermentation, therefore
imparting therapeutic effects (Watawana et al., 2015)

In the present study, we observed that the guava juice kombucha fermentation
showed the presence of higher number and the greater content of polyphenols and
secondary metabolites as revealed by the HPLC profiles (Figure 6A-D) and
therefore may directly contribute to its increased medicinal importance. It has
been reported that during the Kombucha fermentation many compounds
exhibiting radical scavenging properties were released from the tea leaves
themselves (Malbasa et al., 2011) and among them are included the polyphenols
and catechins that belonging to flavanol group (Battikh et al., 2013b).
Polyphenols have broad antioxidant properties due to their ability to scavenge
free radicals and reactive oxygen species (ROS) (Sanchez, 2017). Polyphenols
make up almost 30% of the total dry weight of fresh tea leaves which includes
the prominent compounds found as epigallocatechin, epigallocatechin-3-gallate,
epicatechin-3-gallate, and epicatechin (Lee et al., 2017). A DPPH radical
scavenging measure is utilized to describe the substance cancer prevention agent
limit within sight of free radicals (Garcia et al., 2012). Published studies
demonstrate that tea polyphenols are mainly antioxidants, characterized by a
elevated DPPH radical scavenging potential that their antioxidants activity up to
100 folds higher than vitamin ¢ ‘Gramza-Michalowska et al., 2016). Tea
polyphenols are effectively playing a preventive effect in oxidative changes of
the substrate (Sajilata et al., 2008; Papuc et al., 2017). Previously, the radical
activity property of kombucha tea made from green tea, black tea and tea waste
material was reported by Jayabalan et al., 2008 but kombucha fermented guava
juice's antioxidant property is much less worked out. During the kombucha
fermentation, the acidic environment establishes complex phenolic compounds
and the presence of bacterial and yeast-liberated enzymes in tea fungus leads to
the degradation of complex molecules into small ones resulting in a massive
increase in Kombucha tea broth polyphenolic compounds (Jayabalan et al.,
2007, 2017). Therefore, the duration period of fermentation and the starter origin
are essential for increasing the phenolic content accumulation leading to higher
radical scavenging activity (Chu and Chen, 2006; Jayabalan et al., 2007, 2017;
Malbasa et al., 2011). kombucha grew on guava juice substrate was screened for
its antibacterial activity against certain prime disease-causing bacteria. As shown
from resultsthe kombucha that grown on the guava juice efficiently suppress the
former bacterial growth more efficiently i.e Acinetobacter Sp. I, Klebsiella
pneumonia, Pseudomonas sp. Il, Proteus sp., Staphylococci (coagulase —ve). On
the other hand, the kombucha grown on the guava juice cannot stop the growth of
Acinetobacter sp., Il, Klebsiella sp. Il and E. coli (Table 3). This is can be
attributed to the previous results that demonstrated the insufficient antibiotic
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quality and mistreatment can give rise to resistance and complexity in trying to
treat infectious diseases caused by bacteria (Kolar et al., 2001). The emergence
of resistance to many of the antimicrobial agents has increasingly and
complicated the E. coli infection treatments (Penchovsky and Traykovska,
2015). In recent times, the emergence of resistant strains of human diseases
associated pathogens have been widely seen and antimicrobial use and antifungal
product of Kombucha tea can be used to overcome this problem (Battikh et al.,
2013a). Antifungal behavior of Kombucha was induced by higher production of
acetic acid in this beverage. That can be explained as the undissociated particles
of the acid produced during fermentation could get into the bacterial or fungal
unit and the dissociation would get place in the cytoplasm and suppress the
organism production (Cetojevic-Simin et al., 2008). So kombucha and its
components are excellent candidates for the emergence of new pathogen fighting
drugs and microorganisms (May et al., 2019). Study by Bhattacharya et al.,
(2017) proved that the growth of microorganisms can be destroyed by
isorhamnetin and catechins of kombucha in a quantified condition. Agree with
our results Kombucha tea has demonstrated to inhibit the growth of pathogens
such as Helicobacter pylori (the causative organism of peptic ulcers),
Entamoeba cloacae, Pseudomonas aeruginosa, Staphylococcus aureus,
Staphylococcus epidermis, Agrobacterium tumefaciens, Bacillus cereus,
Aeromonas hydrophila, Salmonella typhimurium, Salmonella enteritidis, Shigella
sonnei, Leuconostoc monocytogenes, Yersinia enterocolitica, Campylobacter
jejuni and Candida albicans (Steinkraus et al., 1996; Dufresne and Farnworth,
2000; Sreeramulu et al., 2000b). Another observed points that antimicrobial
broth activity is attributed to the low pH value of the drink given by the presence
of acetic acid and a range of other compounds such as catechins and many
proteins produced during fermentation (Sreeramulu et al., 2001b). pH is among
the most significant environmental variables for Kombucha fermentation, as the
biological operations of the resulting fizzy drinks might be induced by some
acids formed as acetic acid and gluconic acid (De Filippis et al., 2018; Gaggia et
al., 2019). The pH records achieved during this operation were in line with earlier
investigation which suggested that weaker pH alterations could be linked with the
impact of buffering from reactions between common enzymes and minerals from
the substratum after three days of fermentation (Loncar et al., 2000, Malbasa et
al., 2011). The carbon gas released during the fermentation process dissociates
and generates amphiprotic (HCO3-) hydrocarbonate anion. This anion responds
with hydrogen ions of the current organic acids readily, stopping further pH
modifications, thus adding to the system's buffer feature (Cetojevic-Simin, et al.,
2008). It is interesting to note, that the extended fermentation period will
encourage the phenolic material and the antioxidant operate but will not raise the
acidic flavour. Owing to greater antioxidant action and elevated prospective
safety advantages, 12 days of fermentation are proposed not more as the
reduction of both the phenolic content and that of the antioxidant action and the
microbial population for kombucha tea used with the substrate have been noted
(Muhialdin et al., 2019). acetic acid and catechins
have been well informed about the potential to inhibit a range of gram-positive
and gram-negative microorganisms (Jayabalan et al., 2014). Also of the
presence of acetic acid and other acids, the contribution of other biologically
active components like phenolic compounds arising as bacteriocins, proteins,
enzymes, leads to improved antimicrobial activity (Battikh et al., 2012; Hobbs,
1995). Further investigators suggest that the presence of antibiotic substances in
broth strengthens the antimicrobial property of kombucha (Sreeramulu et al.,
20004, 2001b). The composition differences and biological activities of the scopy
microorganisms may be affected by different parameters like type of species,
sugar densities, fermentation times, temperatue and proportions of scopy (Wolfe
and Dutton, 2015). With the optimal temperature throughout the brewing
process at 30C° the additional benefits of fermentation were improved, leading to
better microbial growth and enzyme activity. It also has a strong connection to
the productivity of microbes as well as structural changes that could also affect
antioxidant behavior in a compound found (Nguyen et al., 2015). Also,
(Chakravorty et al., 2016b) assessed a high tendency of kombucha to produce
polyphenol substance and antioxidant activities by increasing the time of
brewing. The antimicrobial and antifungal properties of kombucha are mostly
attributed to the presence of powerful symbiosis between bacteria and fungi
leading to the production of critical metabolites responsible for the inhibition of
contaminating bacteria (Shahbazi et al., 2018). Mo et al., (2008) proposed the
possibility of creative and exciting applications of fermented kombucha teas as
direct antimicrobial inhibitors, as medicinal and biological preservatives in meat
products.

CONCLUSION

From the present study, it can be concluded that kombucha tea prepared using the
guava juice extract showed maximum content of polyphenols and the growth of
kombucha scopy. Enhancement of DPPH scavenging activity of kombucha
fermented guava extract was perhaps due to the increased synthesis of phenols
and flavonoids. This could further be guidance for further inquiries concerning
the interpretation of biochemical shifts in fermentation of kombucha. More
research needs to be done concerning large scale production of fermented tea
with different fruits flavor that could attract amazing applications. Moreover, the
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enhancement of a growing process from one level of the laboratory (pilot scale)
into a market product (industrial scale) is also a future interest.
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