Proceedings of the World Congress on Engineering and Computer Science 2007

WCECS 2007, October 24-26, 2007, San Francisco, USA

Optimization of Citric Acid Production Using
Genetic Algorithm

K. Anand Kishore, N. Madan Mohan, and G. Venkat Reddy

Abstract—Citric  acid  production using Aspergillus
Niger-NCIM 705 is governed by the process variables such as
Initial sucrose concentration, stirrer speed, Incubation period,
fermentation temperature, pH, culture medium and O,/N, supply.
Optimization of these parameters gives maximum yield of citric
acid. This study included optimization of two parameters namely
pH and Incubation period. For this, experiments were done in a
batch fermenter with a one-liter working volume, taking sugar
solution as the raw material. Genetic algorithm is used for the
optimization of above said Process variables. It is found that the
optimum pH is 6.0 and optimum incubation period is 6 days for
the maximum yield of Citric acid.

Index Terms— Citric acid, optimization, genetic algorithm,
Asperigillusniger.

1. INTRODUCTION

One of the most important fungi used in the industrial
microbiology Aspergillus niger has been employed for many
years in the production of citric acid [1]. Citric acid is produced
from bulk hydrated materials and as a by-product of sugar
production by Asergillus niger [2]. However the demand for
citric acid production is increasing faster than its production
and hence more economical processes are required [3]. The
growth and production of citric acid will greatly be affected by
medium composition, fermentation parameters and stimulators.

Citric acid (2-hydroxy2, 3-propanetricarboxylic acid)
productivity by Aspergillus niger can be improved by
optimizing the fermentation parameters such as pH,
fermentation temperature, Incubation period, Initial sucrose
concentration, Stirrer speed, O»/N, supply and Culture medium

A genetic algorithm (GA) is a search technique used in
computer science to find approximate solutions to optimization
and search problems. Genetic algorithms are a particular class
of evolutionary algorithms that use techniques inspired by
evolutionary biology such as inheritance, mutation, and
recombination. Two elements are required for any problem
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before a genetic algorithm can be used to search for a solution:
First, there must be a method of representing a solution in a
manner that can be manipulated by the algorithm.
Traditionally, a solution can be represented by a string of bits,
numbers or characters. Second, there must be some method of
measuring the quality of any proposed solution, using a fitness
function. For instance, if the problem involves fitting as many
different weights as possible into a knapsack without breaking
it, a representation of a solution might be a string of bits, where
each bit represents a different weight, and the value of the bit
represents whether or not the weight is added to the knapsack.
The fitness of the solution would be measured by determining
the total weight of the proposed solution: The higher the
weight, the greater the fitness, provided that the solution is
possible.

II. PREVIOUS WORK

The accumulation of citric acid by Aspergillus niger is
strongly influenced by the nutrient composition of the
production medium. This medium contains 15-22% (w/v)
sugar and is deficient in manganese ions. Among the factors
that have been shown to exert an effect on citric acid
fermentation (e.g. nitrogen or phosphate limitations, dissolved
oxygen concentration, trace elements, etc.) is also the type and
concentration of the carbon source. It is first reported by [4]
that the final concentration of citric acid increases with
increased initial sugar concentration, in the range of 14-22%.
Results presented by [5] concerning the range of sucrose
concentration for maximal citric acid production is in
agreement with this. The superiority of sucrose over glucose
and fructose has been documented by [6]-[8]. It has been
reported by [9], that citric acid production by A. niger using
molasses as the substrate is severely affected by the presence of
iron at a concentration as low as 0.2 ppm (w/v).

Fig. 1 shows time profiles of the biomass growth, glucose
and citric acid concentrations. The rapid growth phase ended
within 24 hours and the citric acid production began around this
time. The glucose concentration was always high throughout
the fermentation allowing the growth to be limited by the
release of nitrogen from urea after the rapid growth phase of the
fermentation. The maximum citric acid titer of 90 g/l compared
well with other fermentations.
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Fig. 1 Time profiles of cell dry weight, glucose and citric
acid
concentrations [10].

Initial glucose concentration in the medium was 60 g/l.
Additional glucose was added between 48 and 144 h at a
constant feed rate of 6 ml/h to give a total glucose addition
equivalent to 120 g/1.

It is developed by [11] that a novel method of citric acid
production from beet molasses, in which an anion-exchange
resin packed-column was connected to a fermenter for
separation of citric acid from fermentation broth. The
advantage of separation or purification by a sorption method is
simplification in the production flow sheet and technology.

It is reported by [12] that a drop of intracellular pH
stimulates citric acid accumulation by some strains of
Aspergillus niger. Their results suggest that one of the
mechanisms stimulating citric acid accumulation by
Aspergillus niger could be a slight cytoplasmic acidification. It
is reported by [13] that the effects of fermentor agitation and
fed-batch mode of operation on the citric acid production from
Candida lipolitica using n-paraffin as the carbon source. An
optimum range of agitation speeds in the 800-1000 rpm
corresponding to Reynolds numbers 50000 to 63000 gave best
substrate utilization and biomass growth and citric acid
productions rates. Three cycle fed-batch system increased the
overall production rates of citric acid. It is studied by [14] that
the oxygen requirement for the growth of Yarrowia lipolitica
and production of citric acid production. The authors report that
oxygen requirement for growth of the microorganism and citric
acid synthesis depends on iron concentration in the medium. It
is studied by [15] that the physiological aspects of free and
immobilized Aspergillus niger cultures producing citric acid
under various glucose concentrations. Rates of citric acid
production were higher with immobilized mycelium, than the
free, especially at higher glucose levels. It has been concluded
that increased production of citric acid was due to change in the
diffusion path for mass transfer.

It is studied by [16] that the nutrient optimization for the
production of citric acid by Aspergillusniger NRRL 567 grown
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on peat moss enriched with glucose. Seventeen different
combinations of nutrient were tested to grow A. niger at 30°C
for 48 hours and 72 hours and the citric acid production was
measured. Central composite design method was used to
develop a second order equation relating citric acid production
as a function of initial glucose concentration, nitrogen,
phosphorous and NaCl levels. Initial glucose and nitrogen
levels were found to have significant positive and negative
effects on citric acid production respectively. A peak citric acid
production of 82 g/kg dry peat moss was reported. Citric acid
fermentation wusing response surface methodology is
investigated by [17]. The effect of potassium Ferro cyanide
concentration on citric acid production and the prevention of
solvent toxicity using corn oil were investigated. Citric acid
production was increased with increasing Ferro cyanide
concentration. The solvent toxicity was reduced using corn oil.
Optimization studies related to the production of citric acid
have been reported by [18]. Aspergillus niger entrapped in
Ca-alginate beads was used for the production of citric acid and
the initial sucrose concentration, nitrogen concentration,
ethanol and methanol concentration in the feed were optimized.
It is reported by [19] that the optimization of nitrogen for
enhanced productivity of citric acid by a 2-deoxy D-glucose
resistant culture of Aspergillus niger NG-280 in a 15 1 stirred
tank bioreactor. Ammonium nitrate was employed as the
nitrogen source in the study and batch culture experiments were
carried out under various concentration of ammonium nitrate.

III. EXPERIMENTAL

A 1.2 liter capacity fermentor made of glass [Scigenics
(India) Pvt. Ltd.] equipped with standard control and
instrumentation was used for the citric acid fermentation. The
fermentor equipped with a flat blade impeller with three blades.
Two 500 ml bottles were provided to the fermentor for the
addition of acid and base, one silicon tube was provided for the
addition of sterilized silicon oil to control foaming. The
fermentor has arrangements for measuring pH and temperature
by digital pH controller and digital temperature sensor. Cooling
water supply was provided to maintain the temperature in the
fermentor at the desired level. There are provisions for
supplying Air, N, and O, at desired flow rates. The
experimental set up is shown in Fig. 2.

Fermentor was thoroughly cleaned with water and sterilized
in an autoclave for 20 minutes. The sterilized fermentor was
placed in the main assembly and tube connections were given
for water and air. Then the sterilized medium containing
vegetative inoculum was transferred to the fermentor from the
conical flask after 24 hours of incubation. Thus the system was
ready for the process. The power was switched on. The
experimental conditions maintained were; agitator speed 200
rpm, fermentation temperature 30°C and air flow rate 1-lpm.
Periodically samples were collected from the fermentor and
analyzed for citric acid, sucrose and biomass concentrations.
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Fig. 2 Experimental set up

IV. ESTIMATION METHODS

A. Estimation of Citric Acid

Citric acid was estimated by titration method using NaOH
solution and phenolphthalein indicator. Known volume of
sample was collected from the fermentor, which was titrated
against 0.1 N of NaOH solution. The end point is pink color.

B. Estimation of Sucrose

Concentration of sucrose was estimated by DNS method. A
single beam UV scanning spectrophotometer (Systronic made
and model-117) was used for measuring color intensity. One
drop of concentrated HCI solution was added to 1 ml of the
sucrose solution in a flask. The flask was heated to 90°C for 5
minutes to allow hydrolysis. Three drops of 5 N KOH solution
were added to neutralize the acid, because the DNS method
must be applied in an alkaline condition to develop the red
brown color which represents the presence of reducing sugars.
Then the DNS reagent was added and the colour intensity was
measured at 220nm. The color intensity is proportional to the
concentration of sugar.

C. Estimation of Biomass

Biomass was estimated using a centrifuge. One ml of the
sample was taken from the fermentor using a pipette into a
micro centrifuge test tube of 1.5-ml capacity, whose empty
weight was determined earlier. Then the test tube containing
the sample was kept inside a centrifuge. The speed and
temperature were maintained at 200 rpm and at 30°C
respectively for 10 minutes in the centrifuge. After 10 minutes
the sample was taken out and the solution was poured out,
leaving biomass inside the test tube. Then the test tube was kept
in a hot oven for about 10 minutes and it was cooled before
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measuring the final weight. The difference between the initial
and final weights gave the biomass.

V. RESULTS AND DISCUSSION

In the present study, p" and incubation period have been
optimized. = The two parameters were first optimized
experimentally and the genetic algorithm was also used to
optimize the parameters and the results were compared. The
agreement between the experimental and the genetic algorithm
is very good.

The pH was varied from 5.0 to 7.0 keeping all other
parameters constant at: temperature=30°C, Incubation
period=24 hours, Stirrer speed=200 rpm, Initial sucrose
concentration=100g/1, air flow rate 1-lpm and culture medium
(potato dextrose agar medium).

The incubation period was studied by varying it between 2
and 10 days keeping all other variables constant at:
Fermentation temperature=30°C,  Stirrer speed=200 rpm,
Initial sucrose concentration=100g/l, pH= 6, air flow
rate=1-lpm, and culture medium (potato dextrose agar
medium).

In Figs. 3 and 4 the variation of concentration of citric acid
with time at pH values of 5 and 7 respectively are shown. The
trend for other values of pH was found to be same; therefore for
brevity only two figures are given. Similarly in Figs. 5 and 6 the
variation of the concentration of citric acid with time at
incubation periods of 2 and 10 days respectively, are shown.
Here also only the representative figures are given. From the
Figs. 3 and 4, which show citric acid production at different pH
values, it can be seen that the maximum concentration of the
citric acid has been reached at 168 hours and further
fermentation up to 192 hours has marginally decreased citric
acid production. Similarly maximum production of citric acid
has been found to be at the same 168 hours of fermentation, in
case of different incubation periods also.

Fig. 7 shows the production of citric acid at different pH
values. It is clear that the production is maximum at pH value of
6. Similarly Fig. 8 shows the citric acid production at different
incubation periods. The maximum occurs at 6 days incubation
period.
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Fig. 3 Time Vs Concentration at pH = 5.0
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Fig. 4 Time Vs product Concentrations at pH = 7.0
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Fig. 5 Time Vs Product concentrations for
Incubation period =2days
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Fig. 6 Time Vs Product concentrations for
Incubation period = 10 days
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Fig. 8 Incubation period Vs Various Product concentrations

VI. OPTIMIZATION BY GENETIC ALGORITHM

In the present study the yield of the citric acid as a function of
pH and incubation period has been developed into two separate
polynomials.

The Algorithm:

1. Take the data from the experiment between the incubation
period or p" and citric acid yield.

2. Using curve fit technique; find the mathematical equation
(relation) between input (pH or incubation period) and output
(citric acid yield).

3. Optimize the output by controlling the input using the
genetic algorithm.

4. Consider population size=20; chromosome length=8,
Input minimum=2 days or 5; input max=10 or 7

5. Generate the initial population (20 chromosomes) by
random generation of 0’s, 1’s.

6. Decode the generations into actual values of input.

7. Find the fitness values (citric acid production) for the total
population using equation from the curve fitting.

8. Arrange fitness values in the ascending order and arrange
chromosomes in same order.
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9. Find the difference error= abs (fit (1)-fit (psize)).

10. Iferror <=eps. Stop the process, go to 20.

11. if error >=eps. go for next generation, step 5.

12. Elitism: copy the 10% of top previous population(2
chromosomes) to the next population

13. Cross over: select the two parents from the previous
population using roulette wheel technique.

14. Apply cross over between these two parents using
different marketing techniques. We will get two children for
next population.

15. Generate total population using cross over technique.

16. Mutation: generate a random value. if the random
value<2% of population size.

17. Then select a chromosome and a  bit from that
chromosome randomly from the none population, and made it
inverse (i. e if it is ‘0°, made it ‘1’ vice-versa).

18. Then we have new population of ‘20°.

19. Then go to step 6.

20. 1st chromosome of that population is the optimal
control value i.e. optimum input. For that maximum production
of citric acid.

As a first step, a polynomial is developed using input (pH)
and output (citric acid production g/l), relating input to the
output. For pH versus citric acid production the following
equation has been established. The polynomial has been used to
get the optimum value of pH, using the genetic algorithm. The
experimental results and the values generated by genetic
algorithm have been plotted in Fig. 9. As can be seen from the
Fig. 9 the agreement between experimental and GA values is
very good.

y = 11.54x%- 273.59x% + 2413.6x?- 9388.2x + 13601 (1)
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Fig. 9 Final Population (after convergence) values using GA

and Experimental results.

Maximum citric acid production = 21.0705 g/1, at pH=6.0

A similar polynomial relating the input (Incubation period)

and output (citric acid production g/l) has been developed.
Equation 2 represents the citric acid production as function of
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incubation period. The experimental and GA results have been
plotted in Fig. 10, and it is observed that the agreement between
the two is very good.

y = 0.0336x" - 0.7962x% + 6.2429x%2 - 18.535x +34.74 (2)
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Fig.10 Final Population (after convergence) values using GA
and Experimental results

Maximum citric acid production = 19. 7597 g/1, at 6.0313 days.

VII. CONCLUSION

Genetic algorithms have been successfully used to optimize
the operating parameters for the production of citric acid.
Incubation period and pH have been optimized for 1.2 liter
capacity batch fermenter. The optimum values are pH=6.0 and
incubation period=6.0313 days.
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