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ABSTRACT

Potential acetic acid bacteria were investigated from different readily
available sources. Seven different samples (sugarcane bagasse, sugarcane
juice, sugarcane juice processing water, soil, rotten apples, rotten red
grapes and rotten white grapes) were collected from local market. After
processing and enrichment, samples were inoculated on Glucose Yeast
Calcium carbonate (GY C) agar plates and incubated at 30°C for four days.
Nineteen different bacterial colonies were selected and isolated on the
basisof clear zoneformation on GY C medium. The bacterial isolateswere
identified on the basis of their morphological, biochemical and
physiological characterization. Among nineteen isolates, onewasidentified
as Acetobacter aceti, one as Acetobacter pasteurianus, one as
Acetobacter orleansis, two were identified as Acetobacter cibinongensis,
and the remaining fourteen isolates were identified as Gluconobacter
spp. As potential acetic acid producers, only the Acetobacter isolates
were further assessed for their acid production capability under different
temperature and pH using ‘Potency Index’ as a potency determining
parameter. Temperature 30°C and pH 5.5 were found to be the optimum
temperature and pH respectively for maximum acetic acid production by
most of the species. Acetobacter pasteurianus with the highest PI. value
of 3.78 was the most potent acetic acid producer among these isolates.
© 2014 Trade ScienceInc. - INDIA
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INTRODUCTION

Acetic acid bacteria, are alarge group of Gram
negative bacteria, whose major noticeableand useful
characteristicsistheability to oxidisevarious carbon
substrates especially sugarsand al coholsrapidly and
incompletely. They are obligatory aerobic and some of
them areindustrially used for vinegar production™.

Aceticacid bacteriahaveastrong ability to oxidize etha-
nol, sugar a coholsand sugarsinto different organicacids
by aerobic fermentation traditionally called oxidative
fermentation. Acetic acid fermentationistypically oxi-
dativefermentation andisused industrialy to produce
vinegart?, Acetic acid bacteriahave been dlassifiedinto
25 different genera. The major genera include
Acetobacter, Gluconobacter, Gluconoacetobacter,
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Asaia, Neoasaia, Saccharibacter, Frateuria and
Kozakia®. Among acetic acid bacteria Acetobacter
and Gluconobacter strainsarethe major bacteriathat
are used intheproduction of vinegar industrialy. As
vinegar isanimportant ingredient in the production of
pickles, jamsand jelliesetc., vinegar based food indus-
triesconsiderably realize the necessity of acetic acid
bacteriainindustrial sector®.

Bangladeshisnot anindudtridly well devel oped coun-
try and thefood and beverage sector arerecently being
flourished. Vinegar isan important ingredientsused by
thesefood industriesfor the production and preservation
of different kindsof food items. In Bangladesh, vinegar
industriesgenerdly collect acetic acid or acetic acid pro-
ducing bacteria strainsfrom abroad because pureand
potentia cultures of acetic acid bacteriaare not com-
mercially availablein our country. Therefore, they have
to spend ahandsomeamount of money for thispurpose.
Fruitsand even sugarcane can beagood source of many
kind of bacteria®®. Useof variouskinds of fruitsand
specidly over-ripenedfruitsasasourceof potentia ace-
tic acid bacteriahad a ready been described®. Sugar-
cane juice is very much available in al seasonsin
Bangladesh. M oreover, everyday hugeamounts of rot-
tenfruitsarediscarded by locd fruit markets. Theserot-
ten or over-ripened fruitscoul d provideusagood source
of aceticacid bacteria. If potentia acetic acid producing
bacterid culturecan beisolated and medeavailablefrom
these kind of cheap and readily available sourcesin
Bangladesh, ahugeamount of foreign currency canbe
saved and vinegar producing industries can be devel -
oped, which ultimately can contributealot infood and
beverage sector in Bangladesh. As Acetobacter and
Gluconobacter aretwo main acetic acid producing gen-
erd®'%, considering these above pointsthe present study
was conducted with theaim of isolation and character-
ization of those acetic acid bacteriafrom sugarcaneand
fruits Asdifferent environmenta conditionsmight affect
the production of acetic acid*¥, theisolated Acetobacter
specieswerefurther examined to determinetheeffect of
different environmenta conditions(viz. temperatureand
pH) on acetic acid production.

MATERIALSAND METHODS

Collection of samples
Seven different samples (sugarcane bagasse, sug-

arcanejuice, sugarcanejuice processing water, soil,
rotten apples, red grapes and white grapes) were col -
lected in sterile sampling bagsfrom street vendors of
sugarcanejuiceand fruitsin DhakaExport Processing
Zone(DEPZ) areaand transported immediately tothe
laboratory of Microbiology & Industrid Irradiation Di-
vison (MIID), Atomic Energy Research Establishment
(AERE), Savar, Dhaka, Bangladesh

I solation and identification of bacterial isolates

For enrichment, dl sampleswerehomogenized with
astomacher (Seward Stomacher 400, UK) and poured
into different conica flasks containing enrichment me-
dium composed of 1.0% glucose, 0.5% ethanol, 0.3%
acetic acid, 1.5% peptoneand 0.8% yeast extract. The
flaskswereincubated at 30°C for five days!'2%3. After
serid dilution, 0.1 ml diquot fromdifferent dilutionswas
then spreaded on plates of glucosesolid GY C medium
(10% glucose, 1.0% yeast extract, 2.0% calcium car-
bonate, 1.5% agar, pH 6.8)“# supplemented with 100
mg/l of Nystatini*4 to prevent the growth of yeastsand
moulds. All GY C agar plateswereincubated at 30°C
for 96 hours. After that the bacterial colonies produc-
ing clear haloon GY C agar plateswere selected and
presumptively identified asacetic acid bacteria.

Cultura characteristicsof bacterial isolateswere
studied by inocul ating the colonieson GY C agar plates
andincubating at 30°C for 96 hours. Different cultura
characteristicsincluding colony size, pigmentation,
shape, edge, elevation, and opacity were studied after
incubation. On the other hand, morphologica charac-
teristicswere determined by Gram staining technique
and microscopic examination™®. Growth at different
temperatures (15°C, 25°C, 30°C and 37°C), growth
at different pH (4.5, 5.0, 5.5, 6.0, 6.5, 7.0)*® were
also observed.

Theisolatesin thisstudy wereclassified according
totheninth edition of Bergey’s Manual of Systematic
Bacteriology!. Thefollowing biochemical testswere
performed to identify bacterial isolates: catalase, oxi-
dase, production of acetic acid from ethanol*®, growth
in peptone, carbohydrate fermentation test (glucose,
lactose, fructose, sucrose, matose, xylose, manitol, sor-
bitol), gelatin hydrolysistest, motility test!?®l, ketogen-
esis of glycerol and nitrate reduction test!'®l,
Overoxidation of ethanol to CO, and H,0*, oxida-
tion of Lactate to CO, and H,O"® and pigmentation
(Brown) on GY P agar® were carried out to distin-
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guish between Acetobacter and Gluconobacter. Car-
bohydrate fermentation pattern were observed to dis-
tinguish different species of acetic acid bacteriausing
fermentation mediacons sting of 0.5% yeast extract and
1% sugar to betested asthe sol e carbon source with
0.002% bromocresol purpleasthe pH indicator!*3.

Potency assessment (with respect to acetic acid
production)

Theidentified Acetobacter specieswerethenquali-
tatively assessed for acetic acid production capability
under different environmenta conditionsusing Potency
Index (P.l.) asthe key parameter. Formation of clear
zoneinthe selective mediaindicated the production of
acetic acid by Acetobacter spp.l® and the size of di-
ameters of clear zones reveal ed the potency of each
grain. After incubation of ninety six hours, diametersof
the coloniesformed by theisolatesand the respective
clear zoneswere measure and Potency Index was de-
termined according tothefollowingformula:

—=> Regulor Paper

Diameteroftheclearzone formed (mm)

Potency Index (P.I.)=

Diameter of the bacterial colony (mms
For this, pure culturesof theisolated Acetobacter
pp. wereobtained and then they were spot inocul ated
ontheGY C agar platesusing asterileneedle. For each
isolate, three different temperatures (25°C, 30°C and
37°C) weretaken at consideration for comparing the
favorabletemperature. The most favorabletempera-
turewas used to determinethe effect of different pH,
on the growth of Acetobacter spp. In both casesthe
plateswereincubated for ninety six hours.

Thehigher Pl. vduewouldindicatethegrester pro-
duction of acetic acid by theisolates. Thusthe Pl val-
uesof eachisolateindicated therespective potency level
of aceticacid production.

RESULT

Nineteen different bacterial isolateswere selected
from seven different collected samples based onthe

TABLE 1: Physiological and biochemical characteristicsof theisolates:

Bacterial | solates

Parameters Tested
SB1 SB2 SB3 SB4 SJ1 SJ2 SJ3 SJ4 S5 W1 W2 Al A2 A3 A4 GR1 GR2 GR3 GWwi
Morphological Characteristics
Shape rod rod rod rod rod rod rod rod rod rod rod rod rod rod rod rod rod rod rod
Gram reaction
Motility + + + + + + + + + + o+ o+ o+ o+ o+ + + + +
Biochemical Characteristics
Catalase + + + + + 0+ + o+ o+ o+ o+ o+ o+ o+ o+ + + + +
Oxidase
ﬁ?ﬂ“gggﬁo?f aceticacid + + + + 0+ + o+ o+ o+ o+ o+ o+ o+ o+ + + + +
g\r/]:n;x;gaggz :r:d o T 7 * T
Oummarlact : .
Eingg?gmi on (Brown) + + - + 0+ o+ o+ o+ 4+ o+ o+ o+ 4+ + +
Growth in peptone - - + + - + 0+ o+ 4+ o+ o+ o+ o+ o+ 4 + +
Ketogenesis of glycerol + + + + - + 0+ o+ o+ o+ o+ o+ o+ o+ o+ + +
Nitrate Reduction - + +
Gelatin liquid faction
Physiological Characteristics
Growth at 15°C - - + + - + o+ o+ 4+ o+ o+ o+ o+ o+ 4 + +
Growth at 25°C + + + + + + + + + + o+ o+ o+ o+ o+ + + + +
Growth at 37°C + + + + + + + + + + o+ o+ o+ o+ o+ + + + +
Growth at pH 4.5 + + + + + 0+ o+ 4+ o+ o+ o+ o+ o+ 4 + + + +
Growth at pH 7.0 + + + + + 0+ o+ 4+ o+ o+ o+ o+ o+ o+ o+ + + + +
Motility + + + + + 0+ o+ 4+ o+ o+ o+ o+ o+ o+ o+ + + + +
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characterigticsshownonthe GY C agar platesand were
designated asSB1-4, SJ1-3, S1-2, W1-2,A1-4, GR1-
3, GWL1. All theisolates produced clear hal oes sur-
roundingtheir colonies. All isolated becterid strainswere
found to be Gram negative, rod shaped, catal ase posi-
tive and oxidase negative (TABLE 1) and werethus
presumptively identified asacetic acid bacteria.

Among nineteenisolatesfiveisolates (SB1, SB2,
SJ1, GR1, GR2) showed thecapability of overoxidation
of ethanol to CO, and H,O and were identified as
Acetobacter spp. Theremaining fourteenisolateswere
incapabl e of overoxidation and werethussel ected as
Gluconabacter spp. All theisolates showed positive
growth at temperature 25°C and 37°C. Among those,
isolatesfinally selected as Gluconobacter spp. could
grow at 15°C. Isolates of both generamaintained posi-
tivegrowth at pH range4.5t0 7.0.

Bacterid isolateswerea so tested for their charac-
teristic sugar fermentation pattern. Isolatesidentified as
Acetobacter spp. were ableto utilize glucose, arabi-
nose, xylose, ribose, gdactose, mannose, mellibioseand
trehal ose asthe carbon source and were unableto uti-
lizelactose, sucrose, fructose, maltose, mannitol, sor-
bitol (TABLE 2). In case of Gluconobacter spp. al
theisolateswere ableto ferment arabinose, xylose, ri-
bose, glucose, gal actose, mannose and mel libiose but
could not ferment lactose, mannose, trehal ose. Some
species of Gluconobacter could utilize sucrose, fruc-
tose, matose, mannitol, sorbitol but maximum species
could not utilize the sugars. |solated Acetobacter spp.
were ableto oxidizelactateto CO,and H,O whereas
Gluconobacter strainswere unableto oxidize. In case

of ketogenesis of glycerol test, all isolated
Gluconobacter speciesgave positiveresult and among
thefour isolated Acetobacter spp., twoisolatesgave
positiveresultsand whichisthe characteristic of A. aceti
and A. orleansis. The other threeisolates gave nega-
tiveresults of ketogenesisand wereidentified as A.
cibinongensisand A. pasteurianus. In the case of ni-
trate reductiontest all Gluconobacter isolates showed
negativeresult. In case of suspected Acetobacter iso-
latesthree(SB1, SJ1, GR1) showed negativeresult for
nitrate reduction similar to A. aceti and Acetobacter
cibinongensisand the remaining two with positivere-
sults appeared as A. orleansis and A. pasteurianus.
FindlyidentifiedisolateswereshowninTABLE 3dong
withthelr respective sources.

Inthisstudy, aspotentia acetic acid producer, em-
phasis was given on Acetobacter spp. and potency
assessment was carried out by means of Potency In-
dex. ThePl. values of thefour Acetobacter spp. (A.
aceti, A. pasteurianus, A. cibinongensis and A.
orleans s) were determined at different temperatures
after 4daysof incubation areshowninFigure 1. All the
strainsshowed maximum PI. vauesat 30°C. Themaxi-
mum P.I. value of A. aceti, A. pasteurianus, A.
cibinongensis, A. orleansiswere 3.58, 3.78, 3.37 and
3.30 respectively.

The effect of pH on acetic acid production, ex-
pressed as Pl value was observed at the most favor-
abletemperature(i.e. 30°C) (Figure 2). InthepH range,
maximum P.I valuesof A. aceti, A. pasteurianusand
A. orleansiswereobtained at pH 5.5 which were 3.60,
3.78 and 3.30 respectively. In caseof A. cibinongensis

TABLE 2: Utilization of common carbohydratesby theisolates:

Bacterial |solates

Sugars

SB1 SB2 SB3 SB4 SJ1 SJ2 SJ3 SJ4 S5 W1 W2 Al A2 A3 A4 GR1 GR2 GR3 GW1

Arabinose  + + + + + + +

fructose - -
Galactose
Glucose

+ +
+ +
+ + + +

Lactose - -
Maltose - -
mannitol - -

=+

Mannose

+

Ribose
Sorhitol - -
Sucrose - -

+ + + + o+

Xylose

+

+ + o+ + + +

+ + + +
+ + + +
+ + + +
+ + + +
+ o+ +
+ o+ +

+ + + + + + +

+ + 4+ + + 4+ +

+ + + + o+

+ + 4+ o+ + 4+ o+
+ + + +

+ + + o+ + 4+ o+
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TABLE 3: I dentified bacteriawith their sour ces.

Code
Source of Identified bacteria
isolate
SB1 Acetobacter aceti
SB2 Acetobacter orleansis
Sugarcane bagasse
SB3 Gluconobacter sp.
SB4 Gluconobacter sp.
SVl Acetobacter cibinongensis
S22 Gluconobacter sp.
Sugarcane juice S33 Gluconobacter sp.
SH Gluconobacter sp.
S Gluconobacter sp.
Sugarcane juice w1 Gluconobacter sp.
processing water W2  Gluconobacter sp.
Al Gluconobacter sp.
A2 Gluconobacter sp.
Apple
A3 Gluconobacter sp.
A4 Gluconobacter sp.
GR1 Acetobacter cibinongensis
Grape (red) GR2 Acetobacter pasturianus.
GR3 Gluconobacter sp.
Grape (white) GW1  Gluconobacter sp.
4.5 ) ‘
B25°C @30°C @37°C
4.0
=35
A
; 3.0
= 25
5 1.5 4
£ 10
0.5
0.0

A. pasteuriamus A. cibinongensis A orleansis

A aceti

Acetobacter spp.
Figure 1. Effect of different temperature on acetic acid
production of theisolated Acetobacter spp. intermsof Potency
Index (Pl.).

the highest production of acetic acid was obtained at
pH 6.5 with the PI value 3.62. Among four isolated
Acetobacter spp. A. pasteurianus showed the maxi-
mum acetic acid production with the Pl value 3.78 at
pH 5.5.

DISCUSSION

Useof aceticacidindifferent food industriesisin-
creasing day by day worldwideincluding devel oping

—> Regulor Peper

4.5
@pH4S BpHS0 DpH5S EpHE0 B pHES mpH7.0
4.0
=35 -
—3.0

=25

020 -

2

515

=

1.0 -
0.5

0.0

/A

A aceti A. pasteuriamis A. cibinongensis ~ A. orleansis

Acetobacter spp

Figure?2: Effect of different pH on aceticacid production of
theof theisolated Acetobacter spp. in termsof Potency | ndex
(P.l.) at 30°C.

countries. A potentia bacterid strainwithhighyiedis
theprerequistefor commercid production of aceticacid
to meet the demand. Bangladesh isadevel oping coun-
try and thereisnice scopeto establish acetic acid pro-
ductionindustriesto meet thelocd demand. Inthisstudy
an effort wasexerted to exploresuch apotential strain
of acetic acid producing bacteriafrom different natura
Sources.

Different fruit sampleswere selected for theisola-
tion of acetic acid bacteria because they could be a
good source of acetic acid aswell asacetic acid pro-
ducing bacteria?!. This sdlection wasdoneontheba-
sisof clear zoneformation around the bacteria colony
due to the disappearance of CaCO,. The disappear-
anceof CaCO,and formation of clear zonearound the
growing colony was due to the production of acetic
acidwhich reactswith CaCO, and produced calcium
acetatewhichiswater soluble. Thesimilar sdectionpro-
cedurewas used by Shardfi et al., (2008), Hanmoungjai
et al.(2007)13, All theisolateswereidentified and
classified according to the procedures described in the
ninth edition of Bergey’s Manual of Systematic
Baceriology™.

Gram reaction, microscopic observation, catalase
and oxidase reaction werethe primary selection crite-
riaof two major acetic acid producing generaaccord-
ingto theninth edition of Bergey’s Manual of System-
atic Bacteriology™. All isolated bacterid strainspro-
duced acetic acid from ethanol and thuswere primarily
identified asacetic acid bacteria.

Acetobacter strains were differentiated from
Gluconobacter strainsby the method described by,
whichisbased onthefact that Acetobacter strainswere
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ableto over-oxidizeethanol to aceticacid and findly to
CO, and H,0O through tricarboxylic acid cyclein neu-
tral and acidic conditions(pH 7.0 and 4.5 respectively).
Because of non-functional tricarboxylic acid cyclein
Gluconobacter, the generais unableto oxidize most
organic acidssuch asacetic, citric, lactic, malic, pyru-
vicand succinic?. Uponincubation, all Acetobacter
strainswere ableto change the medium from blueto
yellow and further incubation resultedinthereversion
of blue color which indicatesthat the acetic acid was
converted into CO, and H,O. Thisnot only confirms
Acetobacter strains, but a so differentiatesthem from
the Gluconobacter strainswhich only turned the me-
diacolor to yelow and remained unchanged.

It was reported that the optimum temperaturefor
the growth of acetic acid bacteriawasin the range of
25°Ct0 35°C1224, Thetemperature of incubation dur-
ingisolationwasa so maintained 30°C, but during bio-
chemica characterization, dl thebacterid isolateswere
allowedtogrow at 15°C, 25°C and 37°Cfor differen-
tiating isolates. It was observed that al isolated
Acetobacter and Gluconobacter strainswereableto
grow at 25°C and 37°C. Gluconobacter strainswere
able to grow at 15°C but Acetobacter strains were
unableto grow at 15°C. ThepH rangefor theoptimum
growth of acetic acid bacteriawas5.0-6.5. Therefore,
the pH wasadjusted to 5.5 duringisolaion®. But during
biochemical test it wasseenthat dl isolated Acetobacter
and Gluconobacter strains were ableto grow at pH
45andpH 7.0.

In caseof carbohydrate utilization test, resultsob-
tained were compared with other referenceg®’>l
where no contradiction was observed.

Onthebasisof standard cultural, morphological
and biochemical tests, among nineteen different bacte-
ria isolates, onewasidentified as A. aceti, onewas
identified asA. pasteurianus, onewasidentified asA.
orleans's, two wereidentified asA. cibinongens's, and
the remaining fourteen isolates were identified as
Gluconaobacter spp.

Thusall theisolates of the present study bel onged
to one of thetwo generaof acetic acid bacteriawhich
are Acetobacter spp. and Gluconobacter spp. of
which Acetobacter spp. arethemaintool and are gen-
eradlyinvolvedfor vinegar production’°?, Sotheiso-
|atesbel onged to the genera Acetobacter werefurther
investigated for determining the capability of aceticacid

productionintermsof Potency Index.

Most acetic acid bacteriaare known to be meso-
philic with optimum growth temperature of 30°CI#1,
However, someof them area so ableto grow at 37°C
and 40°C which arethermotolerant straing“. Inthis
study the highest amount of acetic acid intermsof Pl
valuewas produced by the strains of Acetobacter spp.
at 37°C which decreased withtheincrease of tempera
ture. Smilar effect of temperaturewasobserved by other
researches®. pH canbeacrucia factor in case of pro-
duction of desirable products by Acetobactert®!. pH
5.0resulted inthehighest cell yieldi*Y. Inthisstudy all
the Acetobacter isolates except A. cibinongensis ex-
hibited highest amount of acetic acid production at pH
5.5.

Different enrichment mediaused for isolation of
acetic acid bacterid®# resulted in somedifferencesin
theisolated strains. Inthis study only one enrichment
mediumwasused and thussomevarietiesof aceticacid
bacteriamight not be recovered. It has already been
proved that different typesof fruitsand flowers® are
good sourceof acetic acid bacteria. Asanindissoluble
tool for vinegar fermentation, further investigationre-
garding thefeasbility and assessment of fermentation
capability at both laboratory and industria scaleisto
be carried out on theseisolated Acetobacter spp. and
Gluconobacter spp.
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