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Abstract- The microbial production of gluconic acid has been investigated using a mutant Gluconobactor
oxydans GPM 60 through optimization of some Physical parameters. Production conditions like initial pH,
incubation period, volume of media, age of inoculum, volume of inoculum, agitation and temperature were
individually opitimized one by one. The maximum yield of gluconic acid is 13.80 g/L with pH 6.0, 96h
incubation, 20 ml medium, 48h age of inoculum, 10 ml volume of inoculum, 250 rpm agitation and 300C

temperature.
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Introduction

Gluconic acid is a non-corrosive, non-volatile,
non-toxic, mild organic acid [1]. It imparts a
refreshing sour taste in many food items such as
wine, fruit juice etc [2]. It is aboundantly found in
plants, fruits, rice, meat, milk products, wine,
honey vinegar etc [3]. It is widely used in food
industries for pickling of foods, in baked goods
as a component of leaving agent for preleavened
products, as flavouring agent [4]. It is also
applicable for the reduction of fat absorption in
donghnuts and cones [5]. It has also got some
pharmaceutical and hygienic applications such as
minerals suppliments to prevent deficiencies of
different salts of calcium, sodium, zinc etc. [6].
Considering its rapid increase in different
industries, the microbial production of gluconic
acid was started since 1870 by Hasiwetz and
Habermann who first discovered this organic acid
[7]. A continuous to increase its industrial
production was carried out to increase its
industrial production was carried out using
different microorganisms including many bacteria
like pseudomonas savastanoi, gluconobacter
oxydans, acetobacter methanolicus; yeast and
different fungus like aspergillus niger etc. [8]. In
this present study, our major aim was to optimize
some physical parameters to increase the
production of gluconic acid by this mutant strain.

Materials and Methods

Microorganism: Gluconobacter oxydans was
isolated from the sail at sankrail, Howrah, West
Bengal. The parent strain produced only 0.9 g/L
gluconic acid. To develop a high yielding strain
from this strain we exposed it to achemical
mutagen Ethyl methane Sulphonatee (EMS).
About 268 mutant strains were isolated from this
mutagenic study. Of them gluconobacter oxydans
GPM60 produced maximum gluconic acid (6.3
g/L). This strain was used throughout the study.
Medium for gluconic acid production : Production
medium contained glucose, 10%; urea, 0.9%;
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K2HPO4, 0.1%; MgS04, 7H20, 0.5%; Yeast
extract, 0.4%; pH 7.0. Fermentation was carried
out using the shake flask method on a
temperature controlled shaker (BOD incubator
with shaker) shaking at 150 rpm for 72h at 280C.
Analysis of gluconic acid: Gluconic acid was
measured by isotachophoretic method [9].
Estimation of residual sugar: The residual sugar
was estimated by DNS method [10].
Determination of Dry Cell Weight (DCW) : The
fermentation broth was centrifuged at 10,000 rpm
and then 3 ml of 1(N) HCI was poured into the
bacterial cell precipitate and calcium carbonate to
dissolve calcium carbonate. The remaining
bacterial cells were washed with water and dried
at 1000C until the cell weight remains constant

[11].

Statistical Analysis

All data were expressed as mean + SEM. All data
in the present study were analyzed by the one
way ANOVA followed by Dunett’s post — hoc test
for multiple comparisons of the treatment means
using ‘prism 4.0’ soft were (Graph pad Inc.,
USA). A “p” value less than 0.05 was considered
significant and less than 0.01 was considered
highly significant.

Discussion

Effect of initial pH: The pH of the fermentation
broth was adjusted using 0.1 (N) HCI and 0.1 (N)
NaOH. The effect of pH on gluconic acid
fermentation was studied using different levels
(4.0 — 7.0) of initial pH of the medium. The
gluconic acid production was maximum at pH 6.0
(Table — 1). The production of weak organic acid
like citric acid, gluconic acid etc. is a function of
the pH of the fermentation medium [12]. The pH
range of different microorganism including fungus
and bacteria for gluconic acid production was
around 4.5t0 7.0 [13].
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Effect of period of incubation

To optimize the period of incubation for the
production of gluconic acid, the fermentation
broth was incubated for different periods (24 —
168 h), and it was found that at 96h of incubation,
the production was maximum (Table — 2).

Effect of volume of media

Different volumes (15-35 ml) of media were
inoculated and incubated to access the optimal
volume for this organic acid production (Table —
3). 20 ml medium was proved to be most
suitable. Excess medium volume may dilutee the
acid content, where as small volume give
insufficient nutrient for the growth of the
microorganism leading to decreased
accumulation of desired metabolites [14].

Effect of age of inoculum

To examine the suitable inoculum age we have
studied five different ages (24 — 12 h) of inocula
(Table — 4). 48 h aged inoculum gave maximum
production. Different reviews suggest that the
production of secondary metabolites like gluconic
acid was maximum at late lag and early log
phases of bacterial growth [15 — 18]. Thus, it is
necessary to determine those phases for that
particular bacterium to be used.

Effect of volume of inoculum

Cell density is another impartant factor for the
production of gluconic acid. To examine the
optimum cell density, different volumes of inocula
(5—12 ml) were studies. In our present study we
found that 10 ml inoculum showed maximum
production (Table— 5). Nakyama et al (1961) [19]
claimed 10 ml inoculum size is most suitable for
the production of different secondary metabolites.
But it may not fair to say that 10 ml inoculum size
is required for all microbial strains because it
depends upon another two major factors viz., cell
mass and composition of the medium [20].

Effect of agitation

Oxygen availability of the fermentation broth is a
very crucial factor for gluconic acid production,
because its production requires oxidation of
glucose which highly oxygen dependent process
[21]. However, oxygen is poorly soluble in water.
Therefore, agitation is necessary to dissolve the
oxygen in liquid fermentation medium [22]. In our
present investigation six different (50—-300 rpm)
shaker speed were examined to access the most
suitable agitation rate (Table-6). 200 rpm was
proved to be most suitable one.

Effect of temperature

The growth of the microorganism is a function of
temperature through a series of metabolic
sequences [23]. Change of temperature will shift
the metabolic utilization rate of one component
as compared to another thus impairs the growth

rate [24]. The early depletion of some essential
nutrient can shift the culture from balanced to
unbalanced state and thus influences its
performance [25]. The effect of different
temperature (25 — 350C) on, gluconic acid
production declines sharply (Table — 7).

Conclusion

The present study indicates that a relatively good
yield of gluconic acid can be obtained after
optimization of certain physical conditions for
fermentation by the mutant strain Gluconobactor
oxydans GMP60. However, in the present
investigation, only limited parameters were
examined. An attempt to scale up the process is
under way.
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Table 1: Effect of initial pH on gluconic acid production

Initial pH Giluconic acid (g/L) DCW (g/L) Residual sugar %

4.0 4.8 £0.02 0.99 £0.01 ** 1416 £0.17 "

4.5 5.7+0.06 # 1.71+£0.07* 13.83+0.11~

5.0 6.5+£0.01# 1.94 £ 0.03 # 13.41+0.13 #

5.5. 6.9+0.01# 1.97+ 0.01 # 13.17 £ 0.11#

6.0 7.6+0.05" 2.08 £0.06 # 12.71£0.16 *

6.5 7.2+0.01" 2.00+0.03 # 1244 +£0.14*

® 7.0 6.3+0.03 1.93 £ 0.01 13.42 £ 0.11

7.5 6.1 £0.01# 1.89£0.05 # 13.53+0.16 #

n = 6; values were expressed as mean = SEM; * p < 0.05; ** p < 0.01; # non significant; ® Control

Table 2: Effect of incubation period on gluconic acid production

Period of incubation(h) Gluconic acid(g/L) DCW(g/L) Residual sugar %
24 5.8+ 0.01 ** 1.72+ 0.01* 13.81+0.13 **
48 6.6 +0.03 # 1.95 +0.09 # 13.27+0.11*

° 72 7.2+0.04 2.00+£0.02 12.44 £ 0.10

96 8.6+0.07 " 2.20+0.01 ** 11.81+0.31*
120 8.1+0.03* 2.13+0.03* 11.93+0.16 *
144 7.7+0.01# 2.09+0.02 # 12.70+0.11 *
168 6.9+0.06 # 1.97 £0.01 # 13.17+0.27 *

n = 6; values were expressed as mean + SEM

*p < 0.05; ** p < 0.01; # non significant; ® Control

Table 3: Effect of volume of media on gluconic acid production

Volume of media (ml) Gluconic acid(g/L) DCW(g/L) Residual sugar %
15 8.1+0.01# 2.13+0.02* 11.93+0.19 #
20 9.3+0.03# 2.27 +0.03 # 11.43+ 0.11 #
25 8.9+0.014# 2.23+0.01 # 11.63+0.27 #

O 30 8.6 £ 0.07 2.20 £ 0.01 11.81 £ 0.33

35 7.1+0.02* 1.99 +0.03 ** 12.46 +0.31 #

n = 6; values were expressed as mean = SEM

*p < 0.05; ** p < 0.01; # non significant; ® Control

Table 4: Effect of age of inoculum on gluconic acid production

Age of inoculum (ml) Gluconic acid(g/L) DCW(g/L) Residual sugar %
24 8.5+0.07 # 2.18+0.02 # 11.80 £ 0.33 #

° 48 9.3+0.03 2.27 £ 0.03 11.43 +0.11

72 8.7+0.01# 2.21+0.01 # 11.90 £ 0.33 #
96 8.3+0.03* 2.14+0.01* 11.63+0.19 #
120 7.6+0.01" 2.08+0.01* 12.71 £0.23 **

n = 6; values were expressed as mean + SEM

*p < 0.05; ** p < 0.01; # non significant; ® Control
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Table 5: Effect of volume of inoculum on gluconic acid production

Volume of | Cell density Gluconic acid(g/L) DCW(g/L) Residual sugar %
inoculum (ml)

5 5x10° 6.3+0.06 ** 2.15+0.01* 13.42+0.23 *

6 6x10° 7.9+0.01" 2.11+£0.07* 12.71+0.19*

7 7 x10° 8.6 +0.01# 2.20+0.01 # 11.81 £0.31 #

° 8 8x10° 9.3+0.03 2.27 £ 0.03 11.47 £ 0.11

9 9x10° 10.1 £0.01 # 2.33+0.01°* 10.63 £ 0.09 #
10 10 x 10° 11.8 £0.07 * 2.51+0.07* 9.86+0.13*

11 11 x 10° 11.1 £0.03 ** 2.47 £ 0.06 ** 10.19+0.19~

12 12 x 10° 10.9 £0.01 * 2.43+0.01 ** 10.13+0.11*

n = 6; values were expressed as mean + SEM

*p < 0.05; ** p < 0.01; # non significant; ® Control

Table 6: Effect of agitation of inoculum on gluconic acid production

Agitation (rpm) Giluconic acid(g/L) DCW(g/L) Residual sugar %
50 9.2+0.02* 2.26 £0.01 ** 11.49+0.19"
100 10.3+0.01°* 2.34+£0.07 ** 10.62 £0.26 *

[ 150 11.8 £ 0.07 2.51 £0.01 9.86 £ 0.13

200 121 +0.03 # 2.54+0.07 # 9.66+0.19 #
250 12.6 £0.03 # 2.59+0.03 # 9.87+0.21 #
300 13.1 £0.01 ** 2.71£0.07* 10.19+0.11*

n = 6; values were expressed as mean = SEM

*p < 0.05; ** p < 0.01; # non significant; ® Control

Table 7: Effect of temperature of inoculum on gluconic acid production

Temparrature (oc) Gluconic acid(g/L) DCW(g/L) Residual sugar %
25 10.3 £ 0.01 ** 2.34 £ 0.02 ** 10.63+0.21 *
26 11.1 £0.02 * 2.47+£0.01* 10.19+0.11*
27 11.9+0.01 # 2.51+0.03 # 9.88 +0.27 #
O 28 12.1 £ 0.01 2.54 £ 0.07 9.61+0.19
29 12.7 £0.01 # 2.58 £0.03 # 9.33+0.13 #
30 13.8 +0.06 ** 2.75+0.01 ** 8.31+0.19*
31 13.2+0.03 * 2.71+£0.02 ** 8.92+0.11*
32 12.6 £ 0.07 # 2.59+0.01 # 9.32+0.16 #
33 11.9+0.01 # 2.52+0.03 # 9.86 +0.19 #
34 10.3 £ 0.01 ** 2.34 £0.06 ** 10.63 +0.05 *
8.7+0.07* 2.21+£0.01 ** 11.83+0.19 **

n = 6; values were expressed as mean + SEM

*p < 0.05; ** p < 0.01; # non significant; ® Control
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