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ABSTRACT

In the present study, thirteen thermotolerant acetic acid bacteria were isolated from waste
pomegranate and apple fruit in Carr agar medium following the dilution plate technique method at
37°C. The bacterial strain capable to change the colour of the medium from green to yellow were
considered as Acetobacter sp. Most of the bacterial isolate could able to tolerate 3-4% of ethanol
concentration, change the colour and pH of the medium and produce acetic acid in the range of
1.1-15.2 g/L. Among thirteen bacterial strains, the bacterial strain PAAB-3 could able to tolerate

Correspondence:
Bikash Chandra Behera
Department of
Biotechnology, MITS
School of Biotechnology,
Bhubaneswar-751024,
QOdisha, INDIA.

Email: bikash@niser.ac.in

maximum ethanol (5%) and produce maximum acetic acid (15.2g/L) at 37°C. On the basis of
morphological and biochemical characteristics the bacterial isolate, PAAB-3 is tentatively identified

as Acetobacter aceti.
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INTRODUCTION

Acetic acid bacteria (AAB) are a group of micro-
organisms included in the _Acetobacteraceae family.
Aceticacid bacteria plays very important role in the
industrial production of vinegar."! In the natural
ecosystem, AAB founds in fruits or flowers where
as naturally spoiled fruits are also considered as an
excellent medium for the growth of AAB which might
be due to the partial fermentation of the rotten food
into alcohols.” Their name acetic acid bactetium is due
to their very unique ability of oxidising alcohol into
acetic acid, through this oxidative fermentation.” Two
membrane-bound enzymes, alcohol dehydrogenase
(ADH) and aldehyde dehydrogenase (ALDH) present in
the outer surface of the cytoplasmic membrane of acetic
acid bacteria are responsible for the catalysis of ethanol.
PQQ-dependent alcohol dehydrogenase (ADH) at
first oxidized ethanol to acetaldehyde which is further
oxidized to acetic acid by aldehyde dehydrogenase
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(ALDH).Pl AAB ate mostly gram-negative, catalase-
positive, oxidase-negative, obligate aerobes, non-spore
forming, motile, rod and can grow in the presence of
0.35% acetic acid. The most important in genera of
Acetobactaceae involved in fermentation of foods are
Acetobacterand Gluconobacter. The major characteristic that
can easily differentiate between these two close genera
are that Acefobacter can oxidize acetate to CO, and H,O,
while G/uconobacter cannot as they have non-functional
o-ketoglutarate and succinate dehydrogenase of TCA
cycle.’! Acetic acid bacteria are mostly mesophilic,
however, strains that can grow at a temperature of
42°C have been also reported as thermotolerant acetic
acid bacteria.”! During industrial vinegar production,
generation of temperature during fermentation process
poses a challenge for most of the industrial strain.
Keeping the above literature in sight, the present
research investigation is aimed to isolate and identify
potential thermotolerent AAB from rotten fruits that
could grow at higher temperature and could tolerate
higher ethanol concentration to carter the future need
of food and beverage industry.

MATERIALS AND METHODS

Sample collection and enrichment: For isolation
of acetic acid producing bacteria, rotten apples and
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pomegranates were collected aseptically in a sterile zip
pouch plastic bag from local market of Bhubaneswar,
Odisha. The collected samples were washed in sterile
distilled water and were subsequently crushed. For
enrichment of the sample approximately 5¢ of samples
were submerged in 3% acetic acid and 4% ethanol
solution and incubated at 37°C for 2-3 days.[""
Isolation of acetic acid bacteria: From each
enrichment broth medium mentioned above, 1ml of
sample was taken out and mixed with 9 ml of sterile
distilled water following serial dilution method. 0.1 ml
of diluted samples from last tube were transferred with
sterile pipette and pour plated on Carr agar medium
(ethanol 2.0 %, yeast extract 3.0%, bromoctesol green
0.002%, agar 2.0% and pH 6.8)" in aseptic condition
inside the laminar flow. After solidification, the plates
were taken out and incubated at 37°C for 24 h.l")
Bacterial colony could able to turn the blue-green colour
of the Carr agar medium into yellow and blue-green
again were considered as acetic acid bacterial''! and were
isolated for further study

Screening for alcohol tolerance ability: All the
thirteen bacterial isolates were screened for their ability
to grow in Carr broth medium (with bromocresol
green) and supplemented with 3-8% (v/v) ethanol. In
50 ml medium, 100 pl of pre-grown respective bacterial
culture were inoculated in aseptic condition and
incubated at 37°C for 24 h. After 24 hr of incubation,
pH and colour change of the growth medium was
observed. The growth medium without inoculation was
kept as control.

Acetic acid production: For acetic acid production all
the thirteen isolates were incubated at various time points
at 37°C, 120 RPM for 120 h in GYC broth medium
(g/L: Glucose 20; CaCO, 20; yeast extract 10) added
with 5% ethanol aseptically after sterilization. Further
the amount acetic acid was estimated in triplicate by
titration of the fermented sample against 0.5 N sodium
hydroxide (NaOH) with phenolphthalein indicator as
described eatlier by Beheshti and Shafiei.l'” The amount
of (in gm) of acetic acid produced in 100 ml of medium
was calculated using the following formula:

Acetic acid (g/100 ml) = Volume of NaOH (ml) used in
titration X 0.03 X 20.

Identification of selected acetic acid bacteria:
The selected bacterial isolate was identified by means
of morphological examination and some biochemical
characterisation. The standard parameters investigated
included colony characteristics, shape, size, motility,
Gram’s reaction, catalase, oxidase, MR test, Voges-
Proskauer (V-P) reaction, indole production, nitrate
carbohydrate (acid-gas

reduction, metabolism

production), oxidation of lactate to CO, and H,0O,
oxidation acetate to CO,and H,O, growth in the presence
of ethanol, growth at different pH, ketogenesis from
glycerol, cellulose production and water-soluble brown
pigment production test were carried out following
the standard methods described.>!* Identification
of the bacterial isolate was carried out according to
ninth edition of the Bergey’s Manual of Determinative
Bactetiology.!"”!

Statistical analysis: The results obtained were
subjected to statistical analysis as mean and standard
deviation."” The mean values and standard deviations
were calculated from the data obtained from three
different experiments.

RESULTS

Isolation of acetic acid bacteria: A total thirteen
bacterial isolates were isolated using Carr agar medium.
Out of the thirteen, seven bacterial isolated were isolated
from rotten apple enrichment culture and named as
AAAB-1 to AAAB-7. The rest six bacteria were isolated
from rotten pomegranate enrichment culture and
named as PAAB-1 to PAAB-7. All the thirteen bacterial
isolates were isolated from Carr agar medium on the
basis of change of the colour of the medium from
green to yellow after 24 h and green again after 72 h due
to over oxidation (Figure 1).

Thirteen bacterial isolates were tested for their ability
to grow in the medium supplemented with different
concentration (3-8%) of ethanol. It has been found
that most of the bacterial isolates showed moderate
growth, change in colour and pH of the medium
between 3-4% of alcohol concentration in the growth
medium (Table 1). Among the thirteen bacterial isolates,
PAAB-3 showed highest (5%) ethanol tolerance ability
with moderate change in pH and colour of the medium
and hence selected as a most efficient strain for further
study. Though some of the bacterial isolates PAAB-1,
PAAB-3 and PAAB-5 could able to grow at 7% of
alcohol concentration in the growth medium but their
growth, change of pH and colour of the medium is very
negligible. In the control medium, neither the colour
nor the change of pH has been observed at any alcohol
concentration (Table 1)

Acetic acid production: Acetic acid production
abilities of the thirteen bacterial isolates have been
examined at 37°C, 5% ethanol, 120 RPM for 120 h
in GYC medium. Acetic acid production rate was
estimated by titration method. It has been observed
that the acetic acid production ability of the thirteen
bacterial isolates were in the range of 1.1 g/L(AAAB-
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5) —15.2 g/L (PAAB-3). The maximum production was
observed between 72-96 h of incubation and marginal
decrease or increase thereafter (Figure 2). As maximum
citric acid production (15.2 g/L) has been observed by
the bacterial isolate PAAB-3, hence selected for further
identification study

Identification of the selected bacterial isolates:
Based on the morphological and biochemical analysis
(Table 2), the bacterium, PAAB-3, was found to be
smooth, small, round, off-white and convex colony,
rod shaped with a diameter of 0.7-0.9 pm, positive for,
catalase, motility, acid-gas from arabinose, galactose,
glucose, mannose, ribose, xylose, growth on ethanol,
production of acetic acid from ethanol, over oxidation
of ethanol to CO, and H,O, oxidation of lactate to CO,
and H,O, Ketogenesis of glycerol, MR test and growth

Figure 1: Carr agar medium (a) After acetic acid production
(b) After over oxidation.

at pH 4.5 whereas found negative for Gram staining,
production of oxidase, indole, cellulose, brown pigment,
VP test, nitrate reduction, growth in peptone and growth
at pH> 8.0. Based on these above morphological and
biochemical tests (Table 2), the isolates PAAB-3 was
tentatively identified as Acetobacter acets.

DISCUSSION

In the present study thirteen acetic acid bacteria have been
isolated using enrichment culture of ethanol, acetic acid
and rotten fruit waste such as apple and pomegranate
at 37°C. Food industry generates huge amount of
agro-industrial waste during the manufacturing of
juice, jellies, jam and pickles, which creates a huge
environmental problem and can be recycled to produce
valuable commercial products. Hence, in the present
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Figure 2: Acetic acid production by thirteen bacterial isolates
at 37°C in GYC broth medium.

Table 1: Alcohol tolerance ability of the bacterial isolates.

Strain No 3% alcohol 4% alcohol 5% alcohol 6% alcohol 7% alcohol Maximum colour Maximum Change of
change at (%) of pH at (%) of alcohol
alcohol
Control - - - - - - 6.8
AAAB-1 ++ ++ ++ + - ++ (4%) 5.3 (4%)
AAAB-2 ++ +++ ++ - - ++ (4%) 5.5 (4%)
AAAB-3 +++ ++ + - - ++ (3%) 5.7 (3%)
AAAB-4 ++ +++ ++ + - +++ (4%) 4.9 (4%)
AAAB-5 +++ ++ + - - ++ (3%) 5.3 (3%)
AAAB-6 +++ + + - - ++ (3%) 5.9 (3%)
AAAB-7 +++ ++ + - - ++ (3%) 5.4 (3%)
PAAB-1 ++ +++ ++ + + ++ (4%) 4.8 (4%)
PAAB-2 ++ +++ + + - ++ (4%) 5.1 (4%)
PAAB-3 ++ ++ 4+ ++ + +++ (5%) 4.5 (5%)
PAAB-4 +++ ++ + - - ++ (3%) 5.7 (3%)
PAAB-5 ++ +++ + + + ++ (4%) 5.5 (4%)
PAAB-6 ++ +++ ++ + - ++ (4%) 5.7 (5%)

-ve = No change, +ve = Low growth and change of colour, ++ve = Moderate growth and change of colour, +++ve = Strong positive growth and change of colour
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Table 2: Identification of the selected bacterial
isolate.

Test Results
Shape Rod
Size 0.7-0.9um
Gram’s stain -ve
Spore -ve
Catalase +ve
Oxidase -ve
Growth on ethanol +ve
Motility +ve
Production of acetic acid from +ve
ethanol
Over oxidation of ethanol to +ve
CO, and H,0
Oxidation of lactate toCO, and +ve
H,0
Brown pigmentation -ve
Growth in peptone -ve
Ketogenesis of glycerol +ve
Nitrate Reduction -ve
Growth at pH 4.5 +ve
Growth at pH > 8.0 -ve
Cellulose production -ve
Indole production test -ve
MR test +ve
VP test -ve
Sugars
Arabinose +ve
Galactose +ve
Glucose +ve
Mannose +ve
Ribose +ve
Xylose +ve
fructose -ve
Lactose -ve
Maltose -ve
mannitol -ve
Sorbitol -ve
Sucrose -ve
Growth at NaCl > 2% -ve
Growth at NaCl < 2% +ve
D-glucose concentration> 30% -ve

study the waste fruits were collected and recycled for
isolation of acetic acid bacteria can effectively reduce
the environmental problem as well as the production
cost of acetic acid. In addition, these agro-industrial

residues are very well adapted to fermentation cultures
due to their cellulosic and starchy nature, as well as
little risk of bacterial contamination. Many reports
have also addressed the usefulness of the enrichment
culture technique in selective isolation of acetic acid
bacteria.!"

Most of the acetic acid bacteria are mesophilic with
optimum growth temperature of 30°C." However,
some of them are also able to grow at 37°C and 40°C
and known as thermotolerant strains.'” All the thirteen
acetic acid bacterial isolates (Figure 1) were isolated
from Carr agar medium at 37°C on the basis of change
of the colour of the medium from green to yellow and
green again due to overoxidation. Carr agar contains
ethanol as a carbon source and bromocresol green as a
pH indicator. The oxidation of ethanol generates acetic
acid and thus, the medium turns from green to yellow.
However, as acetic acid is overoxidised to CO, and
H,O, the green appearance returns after an extended
incubation period!"""* and used to distinguished between
the member of the genus Acetobacter and Gluconobacter.™
Hence the present finding confirmed that all the bacterial
isolates are belongs to Acetobacter sp and thermotolerent.
Thermotolerent Acetobacter sp isolated at 37°C has been
also reported eatlier by other researcher.['!!
Thermotolerance properties of acetic acid bacteria
in the presence of high ethanol concentration is an
outstanding characteristic.?**1 All the thirteen isolates
were screened for their ability to grow and tolerate
different concentration of ethanol in the medium. In
the presence of higher concentration of ethanol, they
could able to produce acetic acid by changing the colour
and dropping the pH of the medium (Table 1). It has
been observed that most of them were able to grow
between 3%-4% of ethanol where as the bacterial isolate
PAAB-3 showed maximum (5%) tolerance to ethanol
(Table 1) with marked increase in acetic acid production
(Figure 2). The present finding is related to findings
of Holt et /™ who reported the maximum levels of
alcohol tolerance by _Acetobacter aceti was 5 percent.
Ability of acetic acid bacteria of tolerating 5-9% of the
ethanol concentration and high temperature has been
also reported by Beheshti and Shafiei.!""!

It has been observed that the acetic acid production rate
of all the isolated thirteen bacterial isolates ate in the
range of 1.1 g/I—15.2 g/L.. The maximum production
(15.2 g/L) has been observed by the bacterial isolate
PAAB-3. The present finding is higher than Moryadee
and Pathom-Aree,'7 who observed acetic acid
production of 8.7 g/L. at 37°C but at lower ethanol
concentration (2%). Acetic acid production higher than

the present finding was also reported eatlier.®!*!
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On the basis of morphological and biochemical
characterization, the selected bacterial isolates PAAB-3,
was identified as A. aceti. The present finding is
very similar to others who also reported acetic acid
production by thermotolorent A. acetie, isolated from
fruit waste, 8171920

CONCLUSION

On the basis of the results it is concluded that all the
thirteen thermotolerent bacterial strains isolated in this
study could successfully produce acetic acid at 37°C
and could be served as potential microorganisms in the
production of vinegar. Since the identified Acetobaceter
aceti (PAAB-3) could able to grow at higher temperature
and higher alcohol concentration. it may be useful for
production of acetic acid at industrial scale relatively at
higher temperature. However, a detail study is required
for optimization of growth medium and factors affecting
the production path way to enhance the production
process at large industrial scale. Optimization of
acetic acid production by thermtolerant Acetobacter aceti
isolated and identified in this study may be further used
to enhance the acetic acid production study.
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ABBREVIATIONS

AAB: Acetic acid bacteria; ADH: alcohol
dehydrogenase; ALDH: aldehyde dehydrogenase; TCA
cycle: Tricarboxylic acid cycle; GYC broth medium:
Glucose yeast extract calcium carbonate broth medium;
RPM: Rotation per minute; AAAB: Apple acetic acid
bacteria; PAAB: Pomegranate acetic acid bacteria; VP
reaction: Voges- Proskauer reaction; MR test: Methyl
red test

REFERENCES

1.

20.

21.

Sharafi SM, Rasooli |, Beheshti-Maal K. Isolation, characterization and
optimization of indigenous acetic acid bacteria and evaluation of their
preservation methods. Iran J Microbiol. 2010;2(1):38-45.

Guillamon JM, Mas A. Acetic Acid Bacteria in Biology ofMicroorganisms on
Grapes, in Must and in Wine, (Verlag Berlin Heidelberg: Springer). 2009;3-30.
Lynch KM, Zannini E, Wilkinson S, Daenen L, Arendt EK. Physiology of
Acetic Acid Bacteria and Their Role in Vinegar and Fermented Beverages.
Comprehens Rev Food Sci Food Safety. 2019;18:587-625.

Malimas T, Thi LVH, Muramatsu Y, Yukphan P, Tanasupawat S, Yamada Y.
Systematics of acetic acid bacteria: Acetic acid bacteria: Fundamentals and
Food Applications, Boca Raton, FL: CRC Press. 2017;3-43.

Sakurai K, Yamazaki S, Ishii M, Igarashi Y, Arai H. Role of the glyoxylate
pathway in acetic acid production by Acetobacter aceti. J Biosci Bioengineer.
2013;115(1):32-6. doi: 10.1016/j.jbiosc.2012.07.017

Saichana N, Matsushita K, Adachi O, Frebort |, Frebortova J. Acetic
acid bacteria: A group of bacteria with versatile biotechnological
applications. Biotechnol Adv. 2015;33(6):1260-71. https://doi.org/10.1016/j.
biotechadv.2014.12.001

Sudaska S, Srichareon W, Pathom-Aree W. Comparison of three enrichment
broth for the isolation of thermotolerant acetic acid bacteria from flowers and
fruits. Res J Microbiol. 2007;2:792-5.

Diba F, Alam F, Talukder AZ. Screening of Acetic Acid Producing
Microorganisms from Decomposed Fruits for Vinegar Production. Adv
Microbiol. 2015;5(5):291-7.

Carr JG. Methods for identifying acetic acid bacteria. In: Gibbs BM, Shapton
DA, editors. Identification methods for microbiologists. London, UK: Academic
Press. 1968;1-8.

Beheshti MK, Shafiei R. Isolation and Characterization of an Acetobacter
Strain from Iranian White-Red Cherry as a Potential Strain for Cherry Vinegar
Production in Microbial Biotechnology. Asian J Biotechnol. 2010;2:53-9. http://
dx.doi.org/10.3923/ajbkr.2010.53.59

Spinosa WA. Isolation, selection, identification and kinetic parameters of
acetic acid bacteria from vinegar industry [PhD Thesis]. Campinas, Brazil:
State University of Campinas. 2002.

Franke IH, Fegan M, Hayward C, Leonard G, Stackebrandt E, Sly LI.
Description of Gluconacetobacter sacchari sp. nov., a new species of acetic
acid bacterium isolated from the leaf sheath of sugar cane and from the pink
sugar-cane mealy bug. Int J System Bacteriol. 1999;49(4):1681-93.
Cleenwerck |, DeVos P. Polyphasic taxonomy of acetic acid bacteria:
An overview of the currently applied methodology. Int J Food Microbiol.
2008;125(1):2-14. DOI: 10.1016/j.ijfoodmicro.2007.04.017
Klawpiyapamornkun T, Bovonsombut S, Bovonsombut S. Isolation and
Characterization of Acetic acid Bacteria from Fruits and Fermented fruit juices
for Vinegar Production. Food Appl Biosci J. 2015;3:30-8.

Holt JG, Krieg NR, Sneath JTS, Williams ST. Bergey’s Manual of Determinative
Bacteriology (9" Edn). Williams and Wilkins, Baltimore. 1994. DOI: https://doi.
org/:10.12691/ajmr-1-2-4

Zar JH. Biostatistical Analysis. Englewood Cliffs NJ, Prentic Hall. 1984;5:437-
67.

Moryadee A, Pathom-Aree W. Isolation of thermotolerant acetic acid bacteria
from fruits for vinegar production. Res J Microbiol. 2008;3(3):209-12.

Islam T, Diba F, Miah R, Siddiga A, Azmuda N, Nahar S, Adnan N, Dey SK,
Talukder AA. Optimization of Acetic Acid Production Rate by Thermotolerant
Acetobacter spp. Adv Microbiol. 2017; 7: 749-759.

Arifuzzaman M, Zahid Hasan Rahman SMB, Pramanik MK. Isolation and
characterization of Acetobacter and Gluconobacter spp from sugarcane and
rotten fruits. Biosci. 2014; 8: 1-7.

Ohmori S, Masai H, Arima K, Beppu T. Isolation and Identification of Acetic
Acid Bacteria for Submerged Acetic Acid Fermentation at High Temperature.
Agric Biol Chem. 1980; 44: 2901-2906.

Saeki A, Theeragool G, Matsushita K, Toyama H, Lotong N, Adachi O.
Development of thermotolerant acetic acid bacteria useful for vinegar
fermentation at higher temperatures. Biosci Biotechnol Biochem 1997;61:
138-145.

Cite this article: Sahoo BK, Mishra R, Behera BC. Isolation and Identification of Thermotolerent Acetic Acid Bacteria from

Waste Fruits. Asian J Biol Life Sci. 2020;9(2):209-13.

Asian Journal of Biological and Life Sciences, Vol 9, Issue 2, May-Aug, 2020

213



