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ISOLATION AND SELECTION OF HIGH ACTIVITY ACETIC ACID BACTERIA
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ABSTRACT

Vietnam stands as the seventh-largest tea producer globally, offering a wide variety of commercial
tea products. During the production of dry tea, approximately 10% of the annual yield consists of
shredded tea, which has low economic value and is typically discarded. This type of tea is an abundant
resource for producing fermented beverages such as Kombucha, which is produced by fermentation of
sugared tea using a tea fungus. This is a symbiotic colony of bacteria and yeast (SCOBY) that converts
sucrose into acetic acid. Among the microorganisms participating in this process, acetic acid bacteria
take precedence, playing a pivotal role in organic acid production. In this study, six distinct commercial
SCOBY's were cultivated in sugared tea broth, and the resulting fermented broth was utilized to isolate
acetic acid bacteria. Ten strains were isolated and subjected to an analysis of their colony morphology and
biochemical properties. These bacteria were preliminarily categorized into three genera: Acetobacter,
Gluconobacter, and Komagataeibacter. Through screening for fermentation capability on YPGD agar
medium supplemented with 5 g/L. CaCO, and 40 mL/L ethanol, Acetobacter sp. LDK-A2 displayed
the highest acidogenic ability, with a halo zone diameter ratio of 2.1, which was significantly different
from other strains. Phylogenetic tree analysis using the 16S rRNA gene sequence identified that strain
LDK-A2 belongs to Acetobacter tropicalis species.
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1. INTRODUCTION

Shredded green tea is often removed during
the processing of dry tea. During fermentation
process, some broken tea leaves and buds fall to
the bottom and are removed from commercial tea
by mechanical sieving (accounting for 6 - 10%
of the finished product volume). By comparison,
this type of tea is only inferior in appearance but
its nutritional value and chemical composition
are equal to commercial tea (Diep, L.T.B. 2010).
The chemical composition of shredded green
tea generally contains polyphenols, caffeine,
amino acids, minerals, flavonoids, and volatile
organic compounds. Shredded green tea has high
polyphenol content, with catechins being the most
abundant. Epigallocatechin gallate is a particularly
notable catechin with strong antioxidant properties
and contributes to its numerous health benefits
(Nasehi, M. et al. 2017). However, the prices of
this tea have been reduced from 30% to 90 %
compared with commercial products and have
been used for animal feed, desiccant, tea bag
and others (Loan, N.T.P. 2016). In Vietnam, tea
by-products are always available and have large
quantities in the tea-growing provinces in the
Northern mountainous region. According to a

report from the General Statistics Office, the output
of shredded tea in 2018 was 9.6 thousand tons
in the above areas (An, L.T. ef al. 2020), which
showed as an abundant material resource for use.
Using cheap materials to create new products with
high nutritional and economic value is a research
trend in the world and Vietnam.

Kombucha is a fermented tea beverage that
has been used for a long time in countries around
the world. Kombucha is consumed as a daily
popular beverage because it provides many health
benefits such as antioxidants, digestive support,
immune system stimulation, antibacteria, and
others (Dufresne, C. and Farnworth, E. 2000).
Kombucha is the product of the fermentation of
sugared tea broth at room temperature for 5 to 10
days by microorganisms. The substrate commonly
used is green or black tea due to its high content
of specific chemical components such as phenolic
compounds and and hydrolyzable tannins. In
addition to the inherent astringency of tea,
Kombucha exhibits a gentle vinegary fragrance, a
sweet and sour flavor profile, and a subtle spiciness
derived from alcohol, reminiscent of sparkling
apple cider. The diverse chemical composition of
Kombucha, encompassing organic acids, ethanol,
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vitamins, and polyphenols, results from microbial
metabolism during the fermentation process.
Consequently, these characteristics are contingent
upon the specific original strain used. (Jayabalan,
R. et al. 2014).

In Kombucha fermentation, the microflora,
known as tea fungus (or SCOBY), includes
acetic acid bacteria and yeast, which collaborate
to convert sugar into acetic acid. The role of
yeast is to break down sucrose into glucose and
fructose for utilizing and generating ethanol and
CO,. Together with that, bacteria have the role
of converting part of ethanol into acetic acid. In
addition to creating the product’s taste, acetic acid
reduces the pH for controlling contamination and
extending storage time (Tran, T. et al. 2020). The
amount of acid depends on the dominant bacterial
strain in the microflora. The group of acetic acid
bacteria commonly belonged to four main genera
Acetobacter, Gluconobacter, Gluconoacetobacter,
and Komagaeibacter (Jayabalan, R. et al. 2014).
Some studies showed that the two dominant genus
frequently present in Kombucha fermentation were
Acetobacter and Gluconobacter (Chakravorty,
S. et al. 2016, Wang, B. et al. 2022). Liu, C.-
H. et al. (1996) found four bacterial species in
Kombucha, which included Acetobacter xylium,
Acetobacter pasteurianus, Acetobacter aceti, and
Gluconobacter oxydans. Acetobacter intermedius
isolated from tea fermentation by Boesch, C.
et al. (1998), was a new species belonging to
the Acetobacter genus. However, the presence
of acetic acid bacteria depends on the original
strain, geographical location, climatic conditions,
and the diversity of local microorganisms. In
another study, Marsh, A.J. et al. (2014) reported
that the dominant bacteria from five Kombucha
samples from Canada, Ireland, the USA, and
the United Kingdom was Gluconobacter. In
Vietnam, Kombucha fermentation is commonly
carried out on a small, household artisanal scale
using SCOBY of unknown origin available in
the market. Hence, microorganisms are often not
identified, resulting in low fermentation efficiency
and possible contamination (Phuong, N.T. and
Huong, N.T. 2018). Moreover, the number of
research on selecting acetic acid bacteria for
Kombucha fermentation is still limited. This study
aims to isolate and select acetic acid bacteria with
high acid production capability for Kombucha
fermentation from shredded green tea.

2. MATERIALS AND METHODS

2.1. Preparation of sample and isolation of acid
acetic bacteria

25

Six distinct SCOBY products, namely Jun’s
SCOBY, Bao Nguyen’s SCOBY, Tuyet Mai’s
SCOBY, Nana’s SCOBY, Dat Viet’s SCOBY, and
Kefir’'s SCOBY, were purchased from Kombucha
shops at local markets in Hanoi, with three samples
per product (n = 3 samples per product). The
samples were stored at 4°C and maintained until
used for fermentation. The samples were cut into
small pieces (10 g) and inoculated into 500 mL
of sugared tea medium in a 1 L glass bottle. The
medium was prepared using (10 g/L) shredded
tea steeped in hot water (85°C) for 20 minutes,
followed by the addition of 100 g/L of sucrose after
removing tea residues. The bottle was incubated at
30 °C for 7 days in an incubator. After incubation,
the fermentation broth was dillution and spread in
Petri dishes containing YPGD agar medium (yeast
extract 5 g/L, peptone 10 g/L, glycerol 5 g/L,
D-glucose 5 g/L and agar 20 g/L). Bacteria were
isolated base on colony morphology then stock
solution were prepared in 30% glycerin and kept
at -80°C for longtime storage use.

2.2. Gram stain

The experiment was conducted following the
method described by Smith (2005).

2.3. Biochemical properties of bacteria

Biochemical tests were conducted on isolated
bacteria. Oxidation of ethanol to acetic acid by
isolated bacteria was tested in a basal medium
(10 g/L yeast extract and 0.04% bromophenol
blue) (Dung, N.L. et al. 2002). Catalase activity
was confirmed by the evolution of air bubbles on
purified colonies after placing a drop of 3% H,O,
(v/v, Sigma-Aldrich, USA) (Reiner, K. 2010).
A cellulose test was performed by reaction of
Lugol’s iodine stain with pellicles from liquid
cultures (Romero-Cortes, T. et al. 2012). The
oxidase test was carried out using 1% solution of
tetramethyl-p-phenylene diamine dihydrochloride
for a colour change for 10s as described by Apagu,
B. et al. (2017). Growth at different temperatures
(25°C, 30°C, and 37°C) was conducted on YPGD
agar medium incubated aerobically for 3 — 7
days (Kanchanarach, W. et al. 2010) . Growth in
0.35% acetic acid and 30 % D-glucose medium
(w/v) were carried out according to the method
described by Wang, B. et al. (2022). Growth in
methanol medium was conducted following the
method of Hanmoungjai, W. et al. (2007). The
alcohol tolerance test was carried out using a basal
medium consisting of 5 g/L. yeast extract, 20 g/L
agar, and ethanol at concentrations of 2%, 4%,
6%, and 10% (v/v) respectively. The acetic acid
produced from various sources was determined
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by observing the halo zone in a basal medium (5
g/L yeast extract, 10 g/L peptone, 5 g/L CaCO,,
and 20 g/L agar) with a tested carbohydrate source
(glucose, sucrose, glycerol, fructose, lactose,
maltose and trehalose) added at a concentration of
10 g/L (Wang, B. et al. 2022).

2.4. The ability of acid acetic production

1 pl of the bacterial suspensions was pointed
on the surface of the YPGD agar medium that
added 5 g/L CaCO, and 40 ml/L ethanol. The dish
was incubated at 30°C for 72 h in an incubator
then the halo-degradation ring was determined for
comparison. The strain showed the highest halo
zone that will be selected (Quang, P.H. et al. 2014).

2.5. Molecular characterization

Total DNA of bacteria was extracted using
the Bacterial genomic DNA purification kit
(ELPIS-Biotech, Daejeon, South  Korea).
16S rRNA gene was amplified by PCR using
specific primer pair sets and sequenced
(27F-AGAGTTTGATCMTGGCTCAG and
1492-RTACGGYTACCTTGTTACGACTT).
Cycles consisted of initial denaturation at 95 °C
for 1 min, followed by 40 cycles (95 °C for 30s, 60
°C for 30s, 72 °C for 40s), and a final extension at
72 °C for 10 min. The obtained gene sequence was
compared with the database from GenBank using
BioEdit version 5.0.9.1. The phylogenetic tree
was contructed by the neighbor-joining method in
MEGA version X with 1000 bootstrap replicates.

2.6. Statistical analysis

The halo zone diameter was analyzed by one-
way analysis of variance (ANOVA) using SPSS

software version 26.0 (SPSS Inc. Chicago, IL,
United States) with Duncan multiple range test post
hoc analysis to determine significant differences of
the mean.

3. RESULT AND DISCUSSION

3.1. Morphological characteristics of isolated
bacteria

A total of 18 bacterial strains were isolated
from the tea fermentation solution, with 10 of
them identified as acetic acid bacteria. They were
classified based on detecting a yellow color on
the culture medium added with bromophenol
blue (0,04%). All isolated bacteria are rod-shaped
and gram-negative and have circular colonies but
differences in surface morphology and color of the
colonies. Most bacterial colonies are white while
others are yellow, beige, or brown color. Together
with that, some outstanding characteristics of
the colony surface morphology such as smooth,
convex, rough, shiny, or umbonate in the center
were also summarized in Table 1. Many previous
studies also reported the prevalence of acetic acid
bacteria in traditional fermented tea (Chakravorty,
S. et al. 2016, Gomes, R.J. ef al. 2018).

3.2. Biochemical characteristics

According to the results, ten strains were
catalase-positive and oxidase-negative and were
able to grow at temperatures ranging from 25 to 37
°C. All strains were able to grow on culture medium
supplemented with ethanol at a concentration of 2
to 8%. However, most isolates were not grown at a
concentration of 10% ethanol except LDK-A2 and
LDK-A10, indicating that the maximum tolerance
ethanol for them was from 8 to 10%.

Table 1. Morphology of bacterial clononies isolated grown on YPGD agar medium.

SCOBY source Strain Colony morphology Gram
Tun LDK-A1 Circular, not high, white creamy color -
LDK-A2 Circular, convex, glossy surface, off-white color -
LDK-A3 Circular, shiny, light-yellow color -

Bao Nguyen ) .

LDK-A4 Circular, umbonate center, glossy surface, light-brown color -
Tuyet Mai LDK-AS Circular, shiny, light-begie color -
Nana LDK-A6 Circular, smooth surface, light-brown color -
LDK-A7 Circular, rough surface, creamy color -
Dat Viet LDK-AS8 Circular, umbonate center, creamy color -
Kefir LDK-A9 Circular, smooth surface, transparent white -
LDK-A10  Circular, shiny, creamy color -

Note: -: negative

All strains were able to oxidize ethanol to
acetic acid and showed growth on 0.35% acetic
acid and YPGD medium. Most colonies did not

produce pigment and were not able to grow on
a 30% D-glucose medium. Additionally, some
strains were able to grow on a methanolic agar
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medium, and two showed capable of producing
cellulose. Ten isolates were preliminarily classified
into three groups of acetic acid bacteria based on
their morphology and biochemical characteristics
(Table 2). Bacteria belonging to group I were not
able to use any carbohydrate as a substrate for
production of acetic acid that was presumed to
belong to the genus Acetobacter (Yamada, Y. and
Yukphan, P. 2008, Wang, B. et al. 2022). Next,

group II involved bacteria that were able to use
some carbohydrates and did not grow on a culture
medium containing methanol, which may belong
to the genus Gluconobacter (Dwivedi, M. 2020,
Wang, B. et al. 2022). Finally, bacteria were able to
use diverse carbon sources as substrates and were
capable of producing cellulose, which may belong
to the Komagataeibacter genus and classified into
group III (Volova, T.G. et al. 2018).

Table 2. The biological characteristic of the isolated strains

Group I Group 11 Group III
L. Acetobacter Gluconobacter Komagataeibacter
Characteristic
LDK-
Al A2 A3 A5 Al10 A4 A6 A9 A7 A8
Catalase + + + + + + + + + +
Oxidase - - - - - - - - - i,
Growth at different tempera-
ture
25°C + + + + + + + + + +
30°C + + + + + + + + + +
37°C + o+ 4+ 4+ + + 4+ + + +
Ethanol tolerance (v/v)
4% + + + + + + + + + +
6% + + + + + + + + + +
8% + + 4+ + + + o+ + + +
10% - + - - W - - - - -
;)C)i(édatlon of ethanol to acetic w4+ N N N N N N N N
Pigment production - - - - - + o+ - ; }
Cellulose production - + - - - - - - + +
Growth on
Methanol medium - + + W+ - - - w -
3;1312‘1% (w/v) acid acetic me- " N N N N N N N N N
30 % (w/v) D-glucose medium - - - - - - - - - -
YPGD medium + 4+ o+ o+ + + 4+ + + +
Production of acid from
D-glucose - - - - - + W W + +
Glycerol - - - - - W+ + B} }
D-Fructose - - - - - + W AW + W
D-Lactose - - - - - - - - - -
Sucrose - - - - - + W+ + +
D-Maltose - - - - - - - - + +

D-Trehalose - - -

Note: * +: positive; -: negative; W: weak positive, each experiment was conducted three times.

3.3. Acetic acid production
A high level of acetic acid in tea fermentation

raises acidity, which is important to inhibit harmful
microorganisms during fermentation process and
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storage and maintain beverage taste (Gomes, R.J.
et al. 2018). The ability to produce acetic acid of
isolates was evaluated basing on ratio of halozone
per bacterial colony diameter on YPGD agar medium
supplemented with 4% ethanol. All strains exhibited
a halo zone, with diameter ratios ranging from 1.1
to 2.1, on YPGD agar medium after 72 hours of
incubation. Among them, LDK-A2 strain showed
the highest acetic acid production with a ratio of 2.1,
followed by LDK-A10 strain, which significantly
differed from other strains (Figure 2). Both strains
belonged to the Acetobacter genus following the
above classification (Table 2). In the group of acetic
bacteria, the genus Acetobacter is usually the most
commonly, dominant, and capable of producing
the highest amount of acetic acid (Jayabalan, R. et
al. 2014). The LDK-A2 strain exhibited a greater
capacity for acetic acid production compared to the
bacterial strain isolated by Quang, P.H. et al. (2014).
Their study reported that the majority of the thirty-
three isolated bacteria from fermented tea were
classified within the Acefobacter genus. Among
them, Acetobacter aceti exhibited the highest acetic
acid production, with a halo-zone ratio of 1.7. In
another study, Acetobacter tropicalis strain ITV61
exhibited the highest capable acetic acid production
among six acetic acid bacteria isolated from
fermented cocoa (Romero-Cortes, T. et al. 2012).
The production of acetic acid by these bacteria
helps regulate the pH of the Kombucha. This acidic
environment is essential for inhibiting the growth
of harmful microorganisms while promoting the
growth of beneficial bacteria and yeast. The acidic

nature of acetic acid not only enhances flavor but
also acts as a natural preservative, helping to prevent
spoilage and extending the shelf life of Kombucha
(Gomes, R.J. et al. 2018). According to the results,
strain LDK-A2 was the most potential candidate for
fermentation beverage that was selected for further
studies.

2.5
2.0
1.5
1.0

0.5

Ratio of halo zone diameter
o

0.0- T
A1 A2 A3 A4 A5 A6 A7 A8 A9 A10

Strain LDK-

Figure 2. The ratio of halo zone diameter:
colony diameter of selected strains at 72 hours
of incubation.

Note: Values are presented as the mean + SD
(n=3), with three replicates each. Bars with the
same letters are not significantly different between
groups (p<0.05, Duncan's test).

3.4. Identification of acetic acid bacteria by 16S
rRNA sequences
The partial 16S rRNA (1349 bp) gene sequence

of LDK-A2 strain was deposited in the GenBank
with the following accession number OQ788359.

Acetobacter tropicalis NBRC 16470

g7|-Acetobacter sp.LDK-A2

75

63

Acetobacter tropicalis HWW67

Acetobacter tropicalis NRIC 0312 T

Acetobacter senegalensis CWBI-B418
-Acetobacter cibinongensis 4H-1T
Acetobacter indonesiensis NRIC 0313 T

Acetobacter cerevisiae JCM 17273

Acetobacter malorum JCM 17274
Acetobacter orleanensis NBRC 13752

Acetobacter lovaniensis NBRC 13753
Acetobacter peroxydans NBRC 13755

0.0050

Gluconobacter oxydans DSM 3503 T

Figure 3. Phylogenetic relationships between LDK-A2 strain and related Acetobacter strains
represented as a neighbor-joining (NJ) tree based on 16S rRNA gene sequences.

Note: The evolution history was determined using the NJ method with a Jukes-Cantor model. The
numbers at the branching points represent the bootstrap values from 1,000 replications. Gluconobacter
oxydans DSM 3503" was used as the outgroup. Bar = 0.0050 substitutions per nucleotide position.
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In a comparison of 16S rRNA sequences based
on BLAST analysis, LDK-A2 showed the highest
similarity with Acetobacter tropicalis HWW67
(100%) and Acetobacter tropicalis BCH750
(100%) sequences reported in the NCBI database.
Phylogenetic tree analysis suggested that isolated
strain LDK-A2 located close to Acetobacter
tropicalis strain (NBRC 16470, HWW67 and
NRIC 0312T) (Figure 3). In addition, the
biochemical characteristic of LDK-A2 was similar
to A. tropicalis following Bergey’s bacterial
classification (Romero-Cortes, T. et al. 2012,
Sievers, M. and Swings, J. 2015). Therefore, strain
LDK-A2 was identified as Acetobacter tropicalis
species.

Acetobacter tropicalis is a type of acetic acid
bacteria commonly found in fermented beverages,
such as Kombucha, and in the fermentation of
coconut, cacao, and apple products. (Savary, O. et
al. 2021, Mas, P. et al. 2022). In a study by Coton
et al.,(2017) A. tropicalis was the most dominant
bacteria strain identified in green tea fermentation
(Coton, M. et al. 2017). Also, another study showed
that 4. tropicalis ITV61 produced an abundance

of acid acetic production (Romero-Cortes, T. et
al. 2012). Likewise, A.tropicalis LDK-A2 in this
study was also a dominant bacteria with the most
ability to produce acid acetic compared with other
strains.

4. CONCLUSIONS

In this investigation, six distinct commercial
SCOBYs were cultured in sugared tea broth,
and the resulting fermented broth was used for
bacterial isolation. Eighteen bacterial strains were
obtained from the fermented tea broth, with ten of
them identified as acetic acid bacteria. These ten
strains underwent examination for biochemical
characteristics and  colony = morphology.
Preliminary classification placed them within
the genera Acetobacter, Gluconobacter, and
Komagataeibacter. Assessment of acetic acid
production on YPGD agar medium revealed that
the Acetobacter sp. LDK-A2 strain demonstrated
the highest acid production, with a halo-diameter
ratio of 2.1. A phylogenetic tree, constructed
using the 16S rRNA sequence, indicated that the
LDK-A2 strain was associated with Acetobacter
stropicalis.

PHAN LAP VA TUYEN CHON CHUNG VI KHUAN AXIiT ACETIC HOAT LUC
CAO TU KOMBUCHA TRA XANH VUN PUQC LEN MEN BOI MOT SO NGUON
SCOBY THUONG MAI
Lé Duy Khanh', Ngb Thi Thanh Huyén2, Té Lan Anh', Nguyén Khanh Hoang Viét'
Ngay nhén bai: 11/9/2023; Ngay phan bi¢n thong qua: 23/01/2024; Ngay duyét dang: 25/01/2024

TOM TAT

Viét Nam 14 nudc san xudt ché 16n thir bay trén toan cau, cung cip nhiéu loai san phiam ché thuong
mai. Trong qua trinh san xut ché kho, khoang 10% san lugng hang nam la ché vun, c6 gi tri kinh té
thip va bi loai bo. Loai ché nay 1a ngudn nguyén lidu ddi dao dé san xudt cac loai dd ubng 1én men nhu
1a tra Kombucha, duoc san xuét tir viéc 1én men nude tra dudng b6i ndm tra. Day 1a mot quan thé cong
smh phtc tap gitra vi khudn va nim men (SCOBY) giup chuyen dbi sucrose thanh axit axetic. Trong
sO cac vi sinh vat tham gia qua trinh nay, vi khuén axit axetic chiém uu thé, dong vai tro then chot trong
san xuat axit hitu co. Trong nghién ctru ndy, sau loai SCOBY thuong mai riéng biét dwoc nudi cdy trong
nudc tra duong va dich 1én men duoc sir dung dé phén 1ap vi khuén axit axetic. Mudi chung vi khuan da

"Vién cong nghé mai, Vién Khoa hoc va Cong nghé qudn su;
’Khoa sinh hoc, Truong Pai hoc Khoa hoc tw nhién, Pai hoc Quoc gia Ha Nji;
Tac gia lién hé: Lé Duy Khanh; DT: 0866434618, Email: khanhld2387@gmail.com.

29



Tap 18 » S6 1-2024, Tap chi Khoa hoc Tay Nguyén

dugc phan lap va phan tich vé hinh thai khuén lac va cac déc tinh sinh hoa. Nhing vi khuan nay duoc
phan loai so bd thudc ba chi: Acetobacter, Gluconobacter va Komagataeibacter. Qua sang loc vé kha
nang 1én men trén mdi trudng thach YPGD bd sung 5 g/L CaCO3 va 40 mL/L ethanol, Acetobacter sp.
LDK-A2 thé hién kha ning sinh axit cao nhat, v6i ty 1¢ duong kinh ving phan giai 1a 2,1, khac biét dang
ké so v6i cac ching con lai. Cay phat sinh loai st dung trinh tyr gen 16S rRNA da xéac dinh rang ching
LDK-A2 thudc loai Acetobacter tropicalis.

Tir khoa: Kombucha, acetic acid bacteria, Acetobacter stropicalis, shredded tea, fermentation
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