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Abstract

Acetic acid bacteria capable of growing at 30°C - 37°C were collected from various decomposed
fruits available in Bangladeshi local markets in order to assess their suitability for vinegar pro-
duction. Initially, 42 microorganisms were isolated from decomposed fruits like grapes, mangoes,
pineapples, oranges, safeda etc. during summer when temperature reaches up to 37°C. Then their
growths were checked in YPG medium containing various ethanol concentrations at different time
point at 37°C. From the preliminary screening, 15 Gram negative bacterial isolates have produced
halos or yellow zone around the colonies on YPG agar plate at 37°C which indicated acetic acid
production capability by those bacteria. Furthermore, acetic acid production rates were deter-
mined by titration method and about 3 - 6.9 gm/100ml acetic acid were estimated by using 4%
ethanol at 37°C by shaking culture for 3 days. Several biochemical analysis revealed that our col-
lection contained huge amount of acetic acid producing bacteria and some of them could be poten-
tial candidates for vinegar production.
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1. Introduction

Vinegar is a precious food additive and complement as well as effective preservative against food spoilage. Ac-
cording to FDA (Food and Drug Administration of the United States), vinegar contains 4% acetic acid that is
produced from sugary materials through alcoholic fermentation [1]-[3]. Acetic acid is the predominant flavoring
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and antimicrobial component in vinegar. Vinegar industry produces several types of vinegar by various qualified
native or engineered acetic acid bacteria recently [2]-[4]. Vinegar production was carried out by biological oxi-
dation of ethanol using acetic acid bacteria. This process is a two-step reaction involving two membrane-bound
enzymes, alcohol dehyhrogenase (ADH) and aldehyde dehydrogenase (ALDH). Cytochrome-c and terminal
oxidase are also involved in ethanol oxidation [5].

Acetic acid bacteria are obligate aerobic Gram negative bacteria. They are able to oxidize ethanol to acetic
acid. On the basis of their abilities to over oxidize acetate or lactate and the positions of their flagella, these bac-
teria were categorized into two genera-Acetobacter and Gluconobacter [6] [7]. Acetobacter oxidize ethanol
more efficiently than glucose. On the other hand Gluconobacter utilize glucose more than ethanol. Acetobacter
is the most useful strains in vinegar production than Gluconobacter which is used for industrial purposes such as
fermentation of ketogluconic acid, sorbose and dihydroxyacetone [8].

Recently, in summer season the temperature has gradually increased in most countries of the world. For this
reason vinegar can be produced for only half the year by most of the domestic vinegar manufacturers. Nowadays,
various technologies such as recombinant DNA technology and genetically modified cells have been established
to improve the quality of industrial bacterial properties to increase the rate of acetic acid production or to en-
hance the tolerance to high acetic acid, ethanol and fermentation temperature [9] [10]. The interest of vinegar
production using acetic acid bacteria may also economically profitable [11]. For oxidative fermentation, huge
development in isolation, identification and characterization of this group of bacteria were found [12] [13]. In
this study, we intended to isolate acetic acid bacteria from the natural sources (decomposed fruits) of Bangla-
desh to assess their potentiality for vinegar production.

2. Materials and Methods
2.1. Sample Collection

For isolation of acetic acid producing microorganisms, different rotten fruits (grapes, mangoes, oranges, pineap-
ples, safeda etc.) were collected from various local places in Dhaka, Bangladesh during summer. Three percent
acetic acid and 4% ethanol were prepared in several sterile plastic bottles. Some pieces of rotten fruits were
submerged in 3% acetic acid and 4% ethanol solution in different bottles and incubated at 37°C for 7 - 8 days.
After incubation, microbial growths were observed in the solutions. For inhibiting bottle’s explosion due to al-
coholic fermentation, a few tiny punctures were made on the top of the bottles for extra gas exchange.

2.2. Media Preparation and Isolation of Acetic Acid Bacteria

Yeast Extract, Polypeptone and Glycerol (YPG) media was prepared containing bromocresol purple (100 mg/ml)
as indicator with either 4% acetic acid or 5% ethanol. This selective media normally shows halos or yellow color
around organism’s colony if the organism is capable of producing acetic acid. 75 ul of suspension from each of
3% acetic acid and 4% ethanol containing bottles was taken and performed spreading on YPG media. Incubation
was done at 37°C and growth was observed after 24 hour. Several yellowish, light bluish colonies were observed
on YPG plates from different samples. Colonies were subcultured in YPG solid and liquid medium for further
analysis. Suspected acetic acid bacterial isolates from YPG medium were inoculated onto nutrient agar plates
and were further identified by morphological characters of colonies (shape, size, edge, elevation, form and
opacity) developed after 18 - 24 hour of incubation. Gram staining and some biochemical tests such as Kigler
Iron Agar (KIA) test, Indole test, Catalase test, Oxidase test, Nitrate reduction test and Motility test were per-
formed.

2.3. Estimation of Acetic Acid Production Rate

Cells were incubated at various time points in liquid Carr medium containing different concentrations of ethanol
and acetic acid production rate was estimated by titration method as described earlier by Beheshti and Shafiei
[14]. In brief, 5 ml of the liquid medium with cultured microbial cells was added to 20 ml of distilled water in a
250 ml flask and mixed thoroughly with 5 drops of phenolphthalein used as pH indicator [phenolphthalein, 0.1 g;
ethanol, 60 g; distilled water, 40 g] and then 0.5 normal sodium hydroxide (NaOH) was added using 200 ml bu-
rette and mixed until pale pink color appeared in the flask. The volume of consumed NaOH was measured from
the burette and the acetic acid percentage of each liquid medium with particular isolates was computed. The to-
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tal 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.

3. Results and Discussion

The aim of this study was to isolate acetic acid producing microorganisms from the various natural sources of
Bangladesh. For this reason, we targeted various decomposed fruit samples. A total of 42 (white, brown and
yellow pale colored) colonies on YPG agar plates were derived from rotten fruit samples collected from various
fruit markets of Bangladesh (Figure 1). Out of 42 isolated colonies, 15 suspected acetic acid bacteria were
screened on the basis of their morphological and cultural properties (Figure 2). A reference strain, 3283R of
acetic acid bacteria was gifted by Dr. K Matsushita, Yamaguchi University, Japan which was used as an internal
control for all the experiments.

3.1. Morphological Characterization

Fifteen strains were primarily screened and detected as acetic acid bacteria because they produced halos or yel-
low color around their colonies in the selective YPG culture medium (Figure 2). Examination using Gram
staining revealed that all the isolates were Gram negative and microscopic observation of the strains showed rod,

©

Figure 1. Various decomposed fruit samples were collected for isolating acetic acid bacteria for vinegar production. Here, (a)
Fresh fruits used as a source of internal control, whereas (b)-(e), represent the sources of experimental samples (b) Mango; (c)
Grapes; (d) Pineapple; (e) Safeda collected from the fruit markets of Dhaka, the capital of Bangladesh.
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small round shape or arranged in chain (Figure 3). Both motile and non motile bacteria were found.

3.2. Biochemical Characterization

Various biochemical tests such as Kligler’s Iron Agar (KIA) test, Oxidase test, Catalase test, Motility test and
Nitrate reduction test were performed using the selected 15 Gram negative bacterial isolates according to the
standard guideline of Bergey’s manual of determinative bacteriology [15]. Results of these tests are listed in
Table 1. Several biochemical characterizations indicated that our isolates are acetic acid bacteria as suggested
previously by Gullo et al. [16] and Beheshti et al. [14]. Acetic acid bacteria are characterized by the ability to
oxidize alcohols or sugars incompletely and a common feature to most of them is the ability to oxidize ethanol
to acetic acid. Acid production from ethanol, generally shown (Figure 4) with the method described by Nanda
[17] as a clearing of the opacity in the medium around the bacterial growth or with the method described by Carr
as a color change of the bromocresol purple indicator in the medium from purple to yellow. This confirmed the
findings in the present study that the bacterial isolates may be Acetobacter [18].

3.3. Estimation of Acetic Acid Production Rate

Morphologically identified and biochemically confirmed acetic acid bacterial isolates were then further checked
for their abilities to produce acetic acid by titration in YGEA (Yeast, Glucose, Ethanol, Acetic acid) medium.
Acetic acid production rate varied among the isolates at different incubation time periods. Among 15 acetic acid
producing strain, F-10 showed the highest acetic acid production (6.9 g/100ml) rate at 37°C that was much
higher than the reference strain 3283R which produced 3.9 g/100ml and F-5 showed the lowest production (3.18
9/100ml) at 4% ethanol concentration (Figure 5).

In this study, we could not perform group identification (either Acetobacter or Gluconobacter) of our isolated
strains. So for their group identification, further study have to be carried out based on their DNA sequences,
thermostability of ADH and ALDH, effects of initial acetic acid concentrations on vinegar fermentation, conti-
nuous vinegar fermentation at higher temperatures and vinegar fermentation at static culture.

Figure 2. Screening of acetic acid producing microorganisms on YPG solid plates containing 4% ethanol. Sample collection
and screening procedures are explained in detail in Materials and Methods. Clear halos around the colonies were seen (left),
which indicated acetic acid production capability of acetic acid producing bacteria.
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Figure 3. Microscopic observation of acetic acid producing positive isolates. Sample collection, cell culture, Gram staining
and preparation for microscopic observation were explained in Materials and Methods. Here, (a) (b) and (c) represent isolate
F-06, F-10 and reference strain (3283R), respectively.
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Figure 4. Biochemical characterization of some acetic acid producing bacteria. Here, right, middle and left panels represent
the results of Catalase (F-01), Oxidase (F-03) and Indole test (F-01), respectively. AAPB = Acetic acid positive bacteria. (a)
Catalase test; (b) Oxidase test; (c) Indole test.
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Figure 5. Effect of 4% ethanol concentration on acetic acid production. Sample collection, cell culture and cell preparation
for acetic acid estimation by titration method was explained in Materials and Methods. Here, F-10 showed the highest acetic
acid production (6.9 g/100ml) rate at 37°C, much higher than the reference strain 3283R which produced acetic acid 3.9
9/100ml after 72 hours of incubation.

Table 1. Summary of biochemical test results of acetic acid producing bacteria.

Biochemical Test
Sample ID

Catalase Oxidase Indole H.S gas production Motility NO; Reduction
F o1 +++ - - - - -
F 02 +++ - - - + +
F 03 + - . . + +
F 04 ++ - - - - -
F 05 ++ - - - + +
F 06 + - - - - +
Fo07 + - - - - -
F 08 +++ - - - + +
F 09 ++ - - - - -
F 10 +++ - - - + -
F11 +++ - - - + -
F12 ++ - - - + -
F13 ++ - - - + -
F14 +++ - - - + -
F15 +++ - - - + R
3283R (Reference strain) +++ - - - R +

Here, +++ = Strongly positive; ++ = Moderately positive; + = Positive and - = Negative.
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4. Conclusion

We have successfully isolated and screened 15 Gram negative bacterial acetic acid producing bacteria from the
various decomposed fruits available in Bangladesh. These bacteria could grow well at 37°C and capable of pro-
ducing maximum acetic acid under the conditions we employed. Among them some acetic acid producing bac-
teria would be potential candidates for vinegar production at higher temperatures because high temperature fer-
mentation employing acetic acid producing bacteria may reduce expenses of cooling water and reduce the risk
of contamination. Nowadays, acetic acid is an important industrial organic chemical with approximately mil-
lions of tons/year being produced and consumed worldwide. Therefore, acetic acid production rate is optimized
under various physiological conditions by microbial methods.
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