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gluconic acid, Cane molasses is an effluent released from sugar mills during the crystallisation of sugar, and the
glucose oxidase, majority of this effluent is used in the production of ethanol. Gluconic acid (GA) is a valuable
catalase, invertase. chemical whose salts find application in the pharmaceutical industry. Most of the gluconic acid

present in India is produced by the electrolytic process, which is energy-intensive. The enzymatic
route for producing gluconic acid from glucose present in cane molasses is low-energy consuming
and sustainable as the enzymes in an immobilised state are recycled several times without much
loss of activity. Invertase, glucose oxidase (GOD) and catalase (CAT) are used for producing
gluconic acid. The optimal conditions for maximum yield of GA were determined by conducting
several batch experiments using free and immobilised enzymes. The effective ratio for GOD and
invertase was 1:2 for both free and immobilisation methods. GA production was maximum at 150
min with GOD of 36 units and 120 min using GOD 36 units, CAT 180 units together respectively.
The right mix of alginate and enzyme solution was found to be 8:2 for the successful preparation
of enzyme beads during the immobilisation process. 7 U/mL of invertase solution was effective
for enhancing the glucose content in the molasses. The study confirmed the reusability of
immobilised enzymes for GA production in spite of their reduced yield.

1. Introduction & Objectives calcium gives a boost to gluconic acid market. Gluconic
acid has many derivatives among which sodium
gluconate used in textile dyeing and calcium gluconate
used in pharma industries are potential drivers for the
growth of the gluconic acid market.

1.1 Cane Molasses:

Molasses is an effluent formed during crystallization of
sugar from sugarcane juice. Molasses varies by sugar
content in it, by method of extraction, and age of plant.
It is a source of glucose which is a substrate for

enzymatic production of Gluconic Acid (GA). 1.3 Enzyme:

Enzymes are proteins within living cells that act as
catalysts which increase rate of chemical reaction
without being consumed. They can be used at the same
time to carryout simultaneous reactions. Enzymatic
methods do not generate environmental pollutants.
Immobilization of enzymes is more beneficial when
compared to that of cells as better control of the process
is achieved with enzymes [2]. Glucose oxidase (GOD)
enzyme is used for enzymatic production of gluconic
acid from glucose. It catalyzes oxidation of glucose into
GA and hydrogen peroxide.

1.2 Gluconic acid:

Gluconic acid (GA) is an organic compound with
IUPAC name pentahydroxy caproic acid (C6H1207)
whose salts are important in pharmaceutical, food and
other biological industries. It is a mild, neither caustic
nor corrosive non-toxic and readily bio-degradable
organic acid [1]. It is third largest in the global market
of fermentation organic acid preceded by antibiotics and
amino acids. Ability to bind with sodium, iron, and
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GOD
p-D-glucose + ), =) cluconic acid +H,0;

Invertase enzyme catalyzes the hydrolysis of sucrose
into fructose and glucose.
invertase

CiaH2041 + Hy O e CsH ;O + CsH 2O

Catalase converts hydrogen peroxide into water and
oxygen which further promotes the conversion of
glucose to GA [3]. Catalase reaction produces oxygen
which helps meet the oxygen requirement for GOD
enzymatic reaction [4].

catalase

H,0, ——) 2102 + H,0

1.4 Objectives:

To produce gluconic acid (GA) by enzymatic method
using the enzymes invertase, GOD and catalase in free
and immobilised state.

To finalise process conditions for stable bead formation
to immobilise the enzymes.

To identify optimum enzyme loadings for maximum
conversion of glucose in the molasses.

To check the reusability of immobilised enzymes.
2. Materials and Methods

2.1 Substrate:

Cane molasses has been procured from a sugar mill
located in Chittoor District of Andhra Pradesh.

2.2 Enzymes:

Enzymes glucose oxidase, invertase and catalase are
procured from Sigma Aldrich in powder form.

2.3 Equipment:

Visible spectrophotometer, pH meter, auto clave, cyclo-
mixer, heating mantle are made use of.

2.4 Pre-treatment of cane molasses:

Molasses is first clarified with distilled water [5].
Clarified molasses is pre-treated by different methods
namely Potassium ferro cyanide treatment (KF),
Sulphuric acid treatment (SA), Tricalcium phosphate
treatment (TCP), Activated Carbon treatment (AC),
Tricalcium phosphate hydrochloric acid treatment
(TCPH) and Sulphuric acid+Activated carbon treatment
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(SA+AC) [6], for removal of organic and inorganic
impurities.

2.5 Reagents:

All the chemicals used for assays, immobilization, pre-
treatment are of analytical grade.

2.6 Assays:

Estimation of glucose is done by using DNS method
[7]. The glucose concentration was determined from
standard curve. Gluconic acid and glucono lactone were
estimated using hydroxamate method [8]. GA+GL and
GL concentrations were determined from standard
plots. Gluconic acid in the sample was obtained by
subtracting the gluconolactone (GL) concentration from
the combined gluconic acid and gluconolactone
(GA+GL) concentration.

2.7. Preparation of calcium alginate beads

The calcium alginate beads are prepared by drop wise
addition of 10 mL alginate solution (4% w/v) into 20
mL of CacCl; solution (0.5 M) though a fine 21 gauge
stainless steel needle. The distance of 6 cm between
edge of needle and surface of calcium solution is
maintained. The beads are left in the gelling medium for
15 min [9], then separated from solution through a
stainless steel grid and left at room temperature for 15
min [10]. A mixture of 8 mL of alginate solution and 2
mL of enzyme solution is syringed to form beads
containing the enzyme.

3. Results and Discussion

3.1 Reaction with free GOD enzyme:

Shake flask experiments are conducted using orbital
shaker. Optimum conditions are maintained during the
experiment (Table 3.1). The conversion of glucose has
increased from 0 to 12.46% for SA+AC method, 9.98%
for AC method, 8.08% for SA method, 21.91% for KF
method, 18.22% for TCP method and 16.41% for TCPH
method. KF treatment of cane molasses was observed to
give the best results compared to other pre-treatment
techniques this is because of effective removal of metal
ions like Cu*, Fe', Zn™, Mn*2, Mg* and Ca'?
(Fig.3.1).
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Table 3.1 Parameters for reaction with free GOD enzyme

S.No. Parameter

1 Temperature 55+5 °C

2 pH 5.5+£0.5

3 rpm 20010

4 Enzyme solution 2.0 mL

5 Volume of sample 100 mL

6 Enzyme GOD

7 Enzyme loading 72 U/100 mL

Time vs Conversion
0.25

0.2

O.1 - —— A

Conversion

0.05

o 100 200 300
Time (xmin)

Figure 3.1 Conversion of glucose at different time intervals

3.2 Reaction of KF-treated molasses with free
invertase enzyme:

Time-course experiments are conducted using orbital
shaker with free invertase enzyme at around 40 C [11].
Optimum conditions are maintained (Table 3.2) and the
concentrations of glucose are measured.

Table 3.2 Parameters for reaction with invertase enzyme

S.No Parameter
1 Temperature 40 + 5°C
2 rH 4.5=0.5
3 rpm 200=10
4 Initial concentration (C ag) 0.8767 mg/mL
5 Enzyme loading Multiple loadings
& WVolume of sample 100 mL
7 Enzyme Invertase

All enzyme loadings gave similar concentrations of
glucose after 300 min. Among the different enzyme
loadings it is better to use 7 U/100 ml of molasses
because using higher loading of invertase has not shown
any improvement (Fig.3.2).

Different invertase loadings
2
1.8 -
=1.6 1U/100 mL
12 4 f Lo 3 U/100 mL
E 14
E, s H 5 U/100 mL
206
Soa 7 U/100 mL
0.2
o 9 U/100 mL
0 100 200 300 400
Time (min)

Figure 3.2 Concentration of glucese versus time for different

invertase loading for KF-treated molasses
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3.3 Reaction of KF- treated molasses with
immobilized invertase:

Shake flask experiments are conducted using
immobilized invertase enzyme at around 40T at
optimum conditions (Table 3.3) and the concentrations
of glucose are measured at different time intervals.

Table 3.3 Parameters for reaction with immobilized invertase

enzyme
S.No Parameter
| Temperature 40 +5°C
2 pH + 45205
3 1pm 200=10
4 invertase enzyme solution 2ml
5 Volume of sample 100 mL
6 Enzyme loading 1.3.5,7.00/100 mL

The final glucose concentrations are obtained as 1.2645,
2.1022, 1.9066, 2.493 and 2.1531 mg/mL for
immobilized invertase loadings 1, 3, 5, 7 and 9 U/100
mL respectively. Among all the different immobilized
invertase enzyme loadings, better enrichment is
observed at 7 U/100 mL (Fig.3.3).

Multiple enzyvine loading
3

B

£ g ] U/100 mL
= e 3 /100 mL
F 5U/100 mL
z 7 U/100 mL
§ 0 ; . ; 9 U100 mL
R 100 200 300

Time (min)

Fig 3.3 Glucose concentrations at different time intervals
3.4 Reaction of enriched KF-treated molasses with
fresh GOD beads:
GOD enzyme (72 units/100 mL) in 1014 beads, each
bead having 0.0710 units of GOD are prepared and
added to 100 mL of enriched KF pre-treated molasses
under optimum conditions (Table 3.4). Variation in the
glucose concentration with time is measured and plotted
(Fig.3.4). When fresh GOD beads are added to KF pre-
treated molasses, the glucose concentration reduced
from 1.2651 mg/mL to 1.2485 mg/mL (Fig.3.4).
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Table 3.4 Parameters for reaction with GOD immobilized enzyme

5.No Parameter
1 Temperature 55£2'C
2 pH 5.520.3
3 pm 200£10
4 Enzyme solution 2mL
5 Volume of sample 100 mL
6 Number of beads 1014 beads
7 Enzyme loading 72 umts
Enriched KF (GOD beads)
_ 14
E 12 !m%
£12
E 1
Eos
E 0.6 conc(mg
E /ml
204 )
=
S 02 T T 1
T 0 100 200 300
Time(min)

Fig 34 Concentration of glucose vs time plot for enriched KF pre-

treated sample with fresh GOD beads

3.5 Reaction of enriched KF-treated molasses with
reused GOD beads:

The GOD beads (72 units/100 mL) added to enriched
KF pre-treated molasses were filtered and reused to
observe the conversions. The glucose concentrations
were measured at particular intervals of time and
plotted. Reused GOD beads reduced glucose
concentration from 1.275 mg/mL to 1.2562 mg/mL
(Fig.3.5).

KF Treated enriched
(GOD beads reused)

14
l.lk ‘...--H-.-Q

E 1
&
E s
< 0s
- g conc{mg/ml)
04
02 A ' ' |
0 100 200 300

Time (mins)

Fig 3.5 Concentration of glucose vs time plot for enriched KF pre-

treated sample with reused GOD beads
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3.6 Reaction of KF-treated molasses with GOD and
invertase enzyme for finding optimum ratio:

Shake flask experiments are conducted using different
GOD and invertase ratios. The ratios tested are 1:0.083,
1.1, 1:2, 2:1, 1:3, 3:1, 1:4, 4:1, 1.5, and 5:1 under
optimum conditions (Table 3.5) [12].

Table 3.5 Parameters for reaction with GOD:Invertase of different

enzyme loadings
SNo Parameter
1 Temperature 37=5°C
2 pH 53503
3 Tpm 200£10
4 Enzyme loading (GOD:mnvertase) Multiple loadings
5 Volume of sample 100 mL

The calculated conversions are obtained as 30.83%,
51.66%, 45.65%, 20.3%, 33.7%, 40.28% and 51.89%
for 1:3, 1:4, 1:5, 1:0.083, 2:1, 1:1 and 1:2 respectively at
270 min. Among different GOD: invertase enzyme
loadings 1:2 ratio was found to give best conversion
(Fig. 3.6).

Different GOD:INV ratios

Concentration (mg/ml)

T T T 1
0 100 200 300 400

Time (min)
103 301 1 :04 0 1
= ]:0.083 ==@==2:01 1:01 1:02
1:05 5:01

Fig 3.6 change in concentration of glucose with respect to time for

different GOD:invertase loadings.

3.7 Reaction of KF-treated molasses with GOD and
invertase enzymes beads:

Beads 1261 numbers having both GOD (72 units/100
mL) and invertase (144 units/100 mL) enzymes in the
ratio 1:2 are prepared and added to 100 mL of KF pre-
treated molasses under optimum conditions (Table 3.6).
Variations in the glucose concentrations are measured.
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Table 3.6 Parameters for reaction with GOD:invertase enzvme beads

S.No Parameter
1 Temperature 37£5°C
2 pH 45405
3 pm 200£10
4 Enzyme loading (GOD:Invertase) 1:2
5 Volume of sample 100 mL

3.8 Experimental results for reaction of KF-treated
molasses with reused GOD and invertase enzymes
beads:

The optimized GOD: Invertase ratio beads 1261
numbers are filtered and reused to observe the
conversions. The glucose concentrations were measured
at different time intervals using DNS method and
plotted. For fresh GOD: invertase beads, the glucose
concentration has reduced from 1.2485 mg/mL to
0.6909 mg/mL whereas for reused beads it has reduced
from 0.9927 mg/mL to 0.7484 mg/mL. For optimized
GOD: invertase beads, the glucose conversion was
44.66% and for reused one, it was 24.6% (Fig.3.7).

KF-treated (GOD:invertase) beads

_ 14
= 129
Ei [
21 Fresh
i 08 %7 beads
E 0.6 emme R eused
g 04 beads
-
202
C o : : .

0 100 200 300

Time (min)

Fig 3.7 Concentration of glucose vs time plot for KF pre-treated

sample with optimized GOD: invertase fresh and reused beads (1:2)

3.9 Reaction of KF-treated molasses with GOD and
catalase:

Shake flask experiments are conducted using free GOD
enzyme and catalase enzyme at 28°C. GOD and catalase
are added in optimum ratio under optimum conditions
(Table 3.7) [13]. The gluconic acid concentrations are
measured and plotted.
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Table 3.7 Parameters for reaction with GOD+ CAT enzyvme

S.No Parameter

1 Temperature 26x20C

2 pH 55405

3 Ipm 20010

4 GOD enzyme loading 36 umits
CAT enzyme loading 180 umnits

5 Activity ratio{GOD:CAT) 1:5

G Volume of sample 100 mL

Maximum production of GA was obtained at 120 min
by using both GOD and catalase, where it is 150 min in
case of GOD enzyme (Fig.3.8).

GA concentration with GOD 36 units and catalase 180
units

02 /!\
0.15 H'
! e GOD
0.05 GOD+CAT
0 T T . )
50 100 150 200
-0.05

Time(min)

concentration (mg/ml)

Fig 3.8 Concentration of GA with GOD and GOD+CAT

4. Conclusion:

GA was produced by enzymatic method by using
invertase, GOD and catalase which showed maximum
production at 120 min with free GOD and CAT ratio as
1:5. The optimum loading of invertase was 7 U/100 mL
of sample and the optimum ratio of GOD and invertase
was found to be 1:2. The bead formation was stable
when 8 mL alginate solution was mixed with 2 mL
enzyme solution, at needle height 6 cm and with mean
diameter 0.1295 cm. Among different immobilized
invertase enzyme loadings, 7 U/100 mL loading was
observed to give best results. For optimized GOD:
Invertase beads, the glucose conversion was 44.66%
and for reused one, it was 24.6%. The study confirmed
the reusability of immobilized enzymes for production
of GA from glucose.
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