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ABSTRACT

The production of gluconic acid with respect to varying substrate concen-
trations in submerged (SmF), surface (SF) fermentations was analyzed.
Under the variousfermentation conditionsthe biomassand specific growth
rate varied with different concentrations of glucose. The effects of pH,
temperature, incubation time and concentrations of carbon were tested in
submerged fermentation process in production of gluconic acid by As-
pergillus spp. The highest level of gluconic acid was obtained under SmF
conditions. In all cases the maximum degree of gluconic acid conversion
was observed at oninitial substrate concentration of 10gm/100ml. Therate
of glucose uptake increased on increasing the initial glucose concentra-
tion and glucose utilization was observed to be highest in the SmF process
and was comparable with the SSF and SF processes. The maximum rate of
cell growth was obtained in all processes at an initial glucose concentra-
tion of 10gm. But in comparison to glucose, sucroseis more effective than
glucose. The gluconic acid production and change in pH were analyzed at
varying time intervals and it was observed that the SmF and SF processes
were completed within 5 days of incubation whereas the highest yield was
observed after 3" day of incubation and continued thereafter in the SmF
process. The increase in production of gluconic acid corresponds to the
increasein cell growth instead of Glucose Oxidase (GOD) activity.
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INTRODUCTION

Gluconic acid (pentahydroxycaproic acid) produced
form glucose through asimpl e dehydrogenation reac-
tion catal ysed by glucose oxidase. Oxidation of alde-
hydegroup on C-1 of B-D-glucose to a carboxyl group
resultsintheproduction of glucono-é-lactone(C.H, O

6 106’

Figure 1) and hydrogen peroxide. Glucono- 8-lactone
isfurther hydrolysed to gluconic acid either spontane-
oudly or by lactone hydrolysing enzyme, while hydro-
gen peroxideisdecomposed to water and oxygen by
peroxidase. Thepathway iselaborated infigure 2.
The conversion process could be purely chemical
too, but themost commonly involved methodisthefer-
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Figure 1: Formula of gluconic acid (A) and glucono-é-
lactone (B).

mentation process. Theenzymatic processcould aso
be conducted, wherethe conversion takesplaceinthe
absence of cellswith glucose oxidaseand catd ase de-
rived from A. niger.

Gluconic acid production datesback to 1870 when
HIlasiwetz and Habermann discovered gluconic acid™.
In 1880 Boutroux!? found for thefirst timethat acetic
acid bacteriaarecgpableof producing sugar acid. In 1922
Molliard® detected gluconic acidinthe Serigmatocystis
nigra, now knownasAspergillusniger.
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Figure2: Gluconateproduction pathway.

Later, production of gluconic acid was demon-
strated in bacterial species such as Pseudomonas,
Gluconobacter, Acetobacter, and variousfungal spe-
cies. High yields of gluconic acid when it was
neutralised by calcium carbonate and the production
was found to be highly pH dependent. It was found
that with Penicilliumsp., the pH dependenceis not
ascritical when compared to A. niger®. Gluconic
acid production has been extensively studied by May
et al.l?, Moyert®, Wells et al.[¥, and Stubbs et al .[*9
using A. niger.

Gluconicacidisamild organic acid, which finds
gpplicationsinthefood industry. Asstated above, itisa
natural constituent infruit juicesand honey and isused
inthe pickling of foods. Itsinner ester, glucono-d-lac-
toneimpartsaninitially sweet tastewhichlater becomes
slightly acidic. Itisused in meat and dairy products,
particularly in baked goods as acomponent of |eaven-
ing agent for preleavened products. It is used as a
flavouring agent (for example, in sherbets) andit also
finds applicationin reducing fat absorption in dough-
nuts and cones. Foodstuffs containing D-glucono-6-

BioTechnologqy — cmmm—

Hn Tudian Jounual



BTAIJ, 5(3) 2011

S.A.Shaikh and Ratna Trivedi

193

lactone include bean curd, yoghurt, cottage cheese,
bread, confectionery and mest. Thereactioninvolving
the conversion of glucoseto gluconic acid by filamen-
tousfungi iscataysed by theenzyme glucose oxidase
(B-D-glucose: oxygen 1-oxidoreductase, E.C. 1.1.3.4).
Theenzymewasfirst isolated from apressjuice ob-
tained from Penicilliumglaucumby Miiller’*Y. Fungal
sporesaregenerdly utilized for strain conservation and
dissemination. Inindustrial largascale fermentation,
spores are used asinoculums, which after vegetative
growth produces primary and secondary metabolites.
However, spores could accomplish awide range of
conversion reactionswithout being allowed to germi-
nate. Studies showed that spores of Aspergillusniger
can beutilized asacata yst in bioconverson of glucose
to Gluconicacid™.

MATERIALAND METHODS

Microorganism

Thesamplesof Aspergillusspp. wasisolated from
fertilegarden soil, by plating method using Sabouraud
DextroseAgar without antibiotic.

Growth media

For isolation of Aspergillus spp. Sabouraud Dex-
trose Agar medium containing Dextrose 40.0g, pep-
tic digest of animal tissue 5.0g, Pancreatic digest of
casein 5.0g, agar15.0g and distilled water
(1000.0ml) was used.

Production medium

Production medium was composed of Sugars-as
carbon source (Glucose, Sucrose, Lactose) 10.0 g,
MgSO,.7H,0 0.015 g, KH,PO, 0.02 g, Na,HPO,
0.04g and distilled water 100.0ml. The pH was ad-
justed to 6.0 and the mediawere sterilized in an auto
clavefor 15 min. at 121°C. The mediawereinocu-
lated with measured amount of spore suspension of
Aspergillus spp. and then incubated at 30°C in an
orbital shaker set at 200-220 rpm. Because aeration
isnecessary for better production of Gluconic acid.
At the end of fermentation, the cell mass was dis-
rupted to extract theintracellular enzymeand centri-
fuged. Thefiltrate wasanalysed for decreasein sugar
concentration by DNSA method and Ca-gluconate
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production. And the supernatant was assayed for glu-
coseoxidaseactivity.

Enzymeassay

An enzyme assay mixturewas prepared by add-
ing 0.5 ml of glucose solution, 1.0ml of crude en-
zyme preparation, 2.4ml of o-dianisidine (for color
development), 0.1 ml of peroxidase. Thereaction
mixturewasincubated at 30°C for 30min. Thereac-
tion was stopped by adding 2.5ml of concentrated
HCL into the mixture. The absorbancewas measured
at 550nm. And the activity was measured in terms of
umol units/min/ml of enzyme. One unit of glucose
oxidase activity is expressed as the amount of en-
zymewhich converts 1.0 pg of glucose into gluconic
acid per 30min. at 30°C.

Optimization of cultureconditions

Thefactorssuch aspH, temperature, substrate con-
centration, various sourcesof carbon, that influencethe
production of gluconic acid aswell asglucose oxidase
were optimized by varying parameters on at atime.
Theexperimentswereconducted in 250ml Erlenmeyer
flasks containing production medium. After Serilization
by autoclaving the flaskswere cooled and inocul ated
with culture and maintained under various operational
conditions separately such aspH (5.0, 6.0, 7.0, 8.0),
temperature (30, 37, 40°C), incubation period
(48,72,96,120h), carbon sources (glucose, sucrose,
lactose), variousinoculums concentrations. After each
timeinterva, theculturefiltratewasassayed in dupli-
cate samplesfor glucose oxidase activity.

Figure 3 : Serile production medium for gluconic acid
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Figure6: Ca- gluconateestimation

Figure4: DNSA result.

gluconate) at pH 7.00 and37 °C.
: Among the carbon sources, sucrose wasthe best
‘ sourceto enhancegluconic acid aswell asenzyme pro-
-~ ductionof.

When using lactose as the carbon source shows
themerely thesameresultsaswith glucose.
Thegenerd optima conditionfor gluconicacid pro-
ductionisasfollows(1):
e Glucoseat concentrations between 110-250 g/L
¢ Nitrogen and phosphorus sources at a very low

] concentration (20 mM)
A —~= e pHvaueof mediumaround4.5t06.5
Figure5: Detection of enzymeactivity. e Veyhighaerationrateby theapplication of elevated
air pressure (4 bar).
RESULTSAND DISCUSSION Themediaoptimizationistheimportant aspect to

be cons dered in devel opment of fermentation process.

Production mediuminoculated with Aspergillusspp.  Among physica parameters pH of thegrowth medium
spore suspension and incubated for 120 h, exhibited  playsvery important role by inducing morphol ogical
the gluconic acid production of 3.084gm% (of Ca- changesinmicrobesand in gluconic acid production

TABLE 1: Effect of glucoseon production of gluconic acid at pH 7.00, 37°C

Time Glucose Weight of Ca-gluconate  Activity (umol units / minute /
(Hours) Concentration (gm%) pH biomass (gm)  (gm)/100ml ml of Enzyme.)
0 5.91 7.0(Initial) - - -
48 531 6.8 5.744 2.636592 17.3328
72 5.31 6.8 5.480 3.084992 11.5552
96 521 6.8 6.908 2.860792 17.3328
120 491 6.6 7.802 3.084992 14.444
TABLE 2: Effect of sucroseon production of gluconicacid at pH 7.00, 37°C
Time Glucose Weight of Ca-gluconate  Activity (umol units / minute /
(Hours) Concentration (gm%) pH biomass(gm)  (gm)/100ml ml of Enzyme.)
0 6.60 7.0 (Initial) - - -
48 6.24 7.00 7.170 3.869692 90.9972
72 5.44 7.05 9.3565 4.486242 115.552
96 4.89 6.45 11.0415 4.957062 140.1068
120 3.9 6.05 10.329 5.439092 176.2168
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TABLE 3: Effect of lactoseon production of gluconicacid at pH 7.00, 37°C

Time Glucose Weight of Ca-gluconate  Activity (umol units / minute /
(Hours) Concentration (gm%) pH biomass(gm)  (gm)/100ml ml of Enzyme.)
0 3.62 7.00(initial) - -

48 3.42 7.4 3.993 2.636592 4.3332

72 3.42 7.2 4.491 2.636592 7.222

96 3.22 7.3 4.972 2.636592 12.9996

120 3.32 7.2 4.858 2.860792 14.444.
with respect to enzyme secretion. The pH change ob-
served during fermentation al so affects product stabil- REFERENCES

ityinthemedium*3,

Earlier studiesalso support the optimum pH range
7.0 for the growth of Aspergillus strain and enzyme
production*+1 which supportsthework.

Short incubation period offerspotential for in ex-
pensive production of gluconic acid. In present study
the GOD Activity increased steadlily and reached maxi-
mum at 96h of incubation.

CONCLUSION

Although theproduction of gluconicacidisasmple
oxidation processthat can be carried out by electro-
chemica, biochemica or biod ectrochemica methods,
production by fermentation processinvolving fungi and
bacteriaiswell established commercidly. Consderable
progress has been madein understanding the mecha
nism of fermentation processby different microorgan-
isms, and highly efficient production process.

Fromtheresultswhichwereobtaineditisclear that
sucrose asthe carbon sourceisvery muchimportantin
gluconic acid production at 37°C for pH 7.00 and glu-
coseat higher concentration givesthe sameresults.

Glucose and Sucrose can be easilyobtaine from
various sources such asfruits, sugarcane etc. So the
cost of gluconic acid production can belowered down
by using these aternatives. And by ssmply adding
CaCO, pH of production medium can be maintained.
Thiswill add an advantageto the process.
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