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Abstract Citric acid (CA) is the most important com-
mercial product which is produced by using various sugar
substrates in the terrestrial environment. The present study
made an attempt to produce citric acid by the fungal strain
Aspergillus niger from red seaweed Gelidiella acerosa is
the best alternative to sugar substrate in the marine envi-
ronment. In this study three types of production media were
prepared including control (sucrose) by following standard
fermentation conditions. The acid production was indicated
by the reduction of pH levels. The control medium gave the
highest yield of 80 g/l at pH 1.5 and the medium con-
taining crude seaweed powder and other compositions gave
the yield of 30 g/l at pH 3.5 whereas the medium con-
taining crude seaweed and 10% sucrose gave the yield of
50 g/1 at pH 3.0. When calculating the benefit cost ratio,
crude seaweed powder and 10% sucrose yielded 50 g of
citric acid at the lower cost of Rs. 35, whereas the other
two media gave the yield of 80 and 30 g respectively with
the cost of Rs. 77 and 28. In economic point of view, the
medium containing seaweed and 10% sucrose showed
more benefit with lower cost.

Keywords Gelidiella acerosa - Citric acid - Aspergillus
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Introduction

Citric acid (2-hydroxy-1,2,3-propanetricarboxylic acid) is

the most important commercial product, which is found in
almost all plant and animal tissues. It exists widely in the
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nature and present as a kind of fruit acid in lemon, orange,
pine apple, plum, peas, peach and in animal bones, muscles
and blood. It has many applications in food, pharmaceuti-
cal and cosmetic industries as an acidulant, flavour
enhancer, preservative, antioxidant, emulsifier and chelat-
ing agent [5]. In recent years, citric acid has been com-
mercially produced by fungal fermentation mainly by
Aspergillus. niger [2]. Citric acid is also produced com-
mercially using mutant fungal strains of Saccharomycopsis
lipolytica, [3] Penicillium simplicissimum and Aspergillus.
foeitidus [4]. A. niger are principally used to produce citric
acid, however in culturing these fungi, the growth of
Aspergillus in pellet form is desirable and this can be
achieved by process optimization [5, 6]. Yarrowia lipoly-
tica has the ability to produce citric acid from raw glycerol
[7], a by-product of biodiesel production from rapeseed oil.
Citric acid is produced commercially employing various
inexpensive and readily available raw materials like
molasses, carob pod extract, rape seed oil, corn-cobs, apple
and grape pomace, kiwi-fruit peel, mandarine orange and
brewery wastes have been used as carbon substrates [8] in
terrestrial environment. Most reports are devoted to various
types of citric acid producing yeasts and to experimental
conditions governing production of citric acid, essentially
based on shake flasks assays under undefined fermentation
conditions. But there has been no report was found in use
of marine sources, there is a need for finding the alternative
carbon substrate from the marine environment. Marine
environment has more and more number of beneficial
sources in it, in this environment, seaweeds is easily
available as well as renewable marine resources, which
have enormous uses both in industrial and medicinal fields.
Mostly all the living resources are rich in proteins, but the
red seaweed, Gelidiella acerosa is highly rich in carbo-
hydrates and very less in protein content [9]. G. acerosa is
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a red alga, which is commonly found in tide pools, high
intertidal rocky areas and shallow sub-tides. This study was
undertaken to explore alternate marine carbon sources and
reports successful higher yields of citric acid using sea-
weed powder in shake flask fermentation at comparatively
lower costs.

Materials and Methods

Aspergillus niger was isolated from the marine soil sample
and identified by lactophenol cotton blue (LCB) mount
method. The seaweed was collected from Rameswaram
coastal area and brought to the laboratory and identification
was made using the keys [10]. It was shade-dried for
several days and then powdered mechanically. Seaweed
powder was tested for its anti fungal activity against
A. niger. Carbohydrate estimation [11] was carried out by
following standard method. From the 7-days-old fungal
culture, a loop-full of fungal spores was transferred to 5 ml
of the sterile Potato dextrose broth and kept in rotary
shaker for the formation of pellets. The production medium
was prepared and the initial pH was adjusted to 6.5. Then
the medium was sterilized at 15 1bs pressure and 121°C for
15 min. After sterilization, the medium was allowed to
cool at room temperature. Then the pellet form of fungal
culture was transferred and mixed in the sterilized pro-
duction medium. The inoculated flask was placed into a
water bath shaker at 30°C and 200 rpm for 10 days for
proper aeration. The pH was checked in aseptic conditions
at every 2 days of interval.

Citric Acid Production Using Seaweed Powder

Three experiments were carried out to find out the possi-
bilities of using seaweed as an alternate substrate for CA
production. Control production medium (Table 1) was
maintained in the first experiment, in the second experi-
ment, sucrose was replaced by the equal volume of crude
seaweed powder and in the third experiment, 10% of

Table 1 Composition of the production (control) medium

Composition g/l
Sucrose 140.0
Ammonium nitrate 2.23
Dipotassium ortho phosphate 1.0
Magnesium sulphate 0.23

Cu and Fe compounds Trace amounts

Note: Sucrose replaced by crude seaweed powder in the second
experiment and crude seaweed powder (126 g) and 10% sucrose
(14 g) in the third experiment
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sucrose was added to the crude seaweed powder in the
fermentation medium for observing the enhanced activity
of seaweed. The fermentation conditions maintained care-
fully throughout the process.

Recovery Process

After the completion of fermentation process, the incubated
broth was filtered for the separation of pellet form of fungal
culture and the fermentation broth, which acts as the source
of citric acid. Lime (Ca(OH),) was added to the fermen-
tation broth to allow precipitation of CA in the form of
calcium citrate. Again, the precipitate was treated with dil.
H,SO, to precipitate insoluble calcium sulphate, and then
filtered. The precipitated solution containing CA was
purified by passing through column of carbon granules.
Before using the carbon granules, they were treated with
heat. The obtained solution was evaporated under vacuum
condition for getting the purified citric acid in crystal form
[12]. The crystallized CA powder was determined titri-
metrically using 0.1 NaOH and phenolphthalein as indi-
cator [13].

Results

Fermentation process was carried out for CA production.
During the fermentation process, the temperature was
maintained at 30°C up to the end of the process. There was
a gradual reduction (Fig. 1) of pH noticed in all the
experiments and it indicated the production of citric acid.
After recovery process, a purified citric acid was obtained
and the amount of yield was given in Table 2. The per-
centage of CA produced in the different production media
is given in the Fig. 2. The economic view (benefit/cost
ratio and cost/benefit ratio) of the citric acid production is
given in Fig. 3 and Table 3 respectively.

2 4 6 8 10
incubation time (days)

—m— control
- -¢- - seaweed
—a—seaweed + 10% sucrose

Fig. 1 Citric acid production indicated by pH reduction
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Table 2 The yield of citric acid in different media

Experiment Type of the medium Yield (g17")
Production medium 80
2 Seaweed in the production 30
medium
3 Seaweed + 10% of sucrose 50
in the production medium
55
< 45 -
(&)
S 35
o
® 25
15
Control Seaweed SW+10%Suc

Fig. 2 Percentage of citric acid in different media compositions
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Fig. 3 Benefit/cost ratio in different media compositions

Discussion

In the present study, considerable amount of citric acid is
produced using G. acerosa as a carbon substrate by shake
flask fermentation. This seaweed contains 60% of carbo-
hydrates and their sugar compositions are not identified.
When the seaweed is added with the production medium,
the pH gets slowly reduced at regular intervals, from the

initial pH of 6.5 reduced to 3.5 on tenth day. This change of
pH indicates the production of citric acid in the production
medium.

Earlier studies report that the factors affecting CA pro-
duction by fermentation includes the nutrient composition
of the media, environmental conditions, deficiency of
manganese [2], types and concentration of sugars [14],
chelating effect on metal ions [15], ammonium nitrate and
aeration [16]. The optimum time of incubation for maximal
citric acid production varies with the organism and fer-
mentation conditions used. In batch-wise fermentation of
citric acid, the production starts after a lag phase of 1 day
and reached maximum at the onset of stationary phase or
late-exponential phase. Further increase in incubation
period does not enhance the citric acid production. It may
be due to the age of fungus used and depletion of sugar
contents in the culture broth [17]. Actually, the acid pro-
duction starts with the initial stage idiophase (between 80
and 120 h) of fungal growth. In this stage, the pH is gen-
erally stated at five. The yield is gradually increased and it
reaches to maximum rate at the late idiophase (180-220 h)
[18]. In this stage, the pH must be below three in order to
suppress oxalic acid and gluconic acid formation. The
acceleration of fermentation can be explained by the higher
starting biomass concentration in fermenter and by the
adaptation of biomass to very high osmotic pressures [19].
In this study, the biomass of fungal culture has not been
calculated, because, the culture has inoculated in the form
of pellets, due to this the biomass is not meaningful.
Temperature plays an important role in citric acid pro-
duction. Temperature between 25 and 30°C is usually
employed for culturing of Aspergillus niger. The optimum
temperature for citric acid production is 30°C, but tem-
perature of the medium increases above 30°C and thus the
biosynthesis of citric acid are decreased. It may be due to
high temperature that can cause denaturation of enzyme-
citrate synthase and accumulation of other by-product acids
such as oxalic acid and enzyme catabolite repression [20]
and it also inhibits the culture development.

The concentration and type of sugar influence the yield
of citric acid production by A. niger [21]. In control pro-
duction medium, the initial pH 6.5 is gradually reduced to

Table 3 The cost/benefit ratio of citric acid (CA) production in three different media based on the cost of sugar substrate and commercially

available citric acid (Rs. 700/kg)

Source Cost (C) of sugar substrate Benefit (B) on CA C/B ratio
Input (g) Cost (Rs.) Yield (g) Cost (Rs.)

Sucrose 140 77 80 56 1.4

Seaweed 140 28 30 21 1.3

Seaweed (126 g) + 10% 140 35 50 35 1.0

Sucrose (14 g)
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1.5 during fermentation. Sucrose is the substrate for citric
acid production in this medium. The fungus A. niger uti-
lizes the sugar compound and produces 80 g1 (57%
citric acid) whereas in the second experiment seaweed used
as a sugar substrate in the production medium which yields
only 30 g 17! (22% citric acid). Sucrose has relatively low
molecular weight and it is readily transported into micro-
bial cells for hydrolysis by intracellular enzymes [13]. This
is the main reason for using sucrose-based substrate in
citric acid production. The chemical nature of sugar source
has a marked effect on citric acid production by A. niger
[14]. Glucose, fructose and maltose have also been used as
substrates for citric acid production [22]. The combination
of two sugars in the medium at 50% of each improves the
yields of citric acid [23, 24]. In the third experiment, when
the crude powder of seaweed is added with 10% of sucrose
instead of 50% and produced 50 g 1" as evident by the pH
reduction from 6.5 to 3.0. Sucrose combined with crude
seaweed powder and enhances the utilization of sugar
substrate from seaweed powder and induces the production
of citric acid. A maximal citric acid production rate is
obtained at a range from 14 to 22% of the sugar in the
control medium whereas the combination of the two sugars
such as sugar from seaweed powder and 10% sucrose
improve the yields of citric acid up to 36%.

Nitrogen is a limiting factor in the citric acid production.
Nitrogen is usually supplied in the form of ammonium
nitrate, which is completely metabolized during fermenta-
tion periods. Citric acid starts to appear when the nitrogen
concentration falls below a low limiting value. It appears
that the citric acid is produced by carbon-storing cells.
Trace elements are the one of the most important factors,
affecting the yield of citric acid fermentation. In particular,
the levels of manganese, iron, copper and zinc are quite
critical. If the levels of these trace elements are at optimal
level, other factors have less pronounced effects. Con-
versely, medium will not allow high production unless
trace element content is controlled carefully.

It is found from the study, using seaweed alone as a
sugar substrate for citric acid production by fermentation is
lower (30 g 17") when compared with seaweed and 10%
sucrose (50 g 1™"). Maximum amount (80 g 17" of citric
acid is produced from control medium. During the process
of making the seaweed powder using mixy, enormous
amount of heat is liberated, this also might interfere with
the yield of citric acid when it is used as substrate. It is
suggested that maintaining a specific concentration and
type of sugars probably is useful to increase the citric acid
production. Further, a separate or combined effect of crit-
ical environmental parameters and the strain of A. niger for
citric acid production need to be studied carefully. In
economic point of view, the cost of chemically produced
and commercially available citric acid is Rs. 700/kg (Sd-
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fine Chemicals Pvt. Ltd.) and the main substrate sucrose is
normally high expensive (Rs. 545/kg). When sucrose and
other compositions used in the control medium yields
80 g 17! of citric acid at the cost of Rs. 77. At the same
time, in the second experiment crude seaweed powder
(Rs. 200/kg) in the production medium gives 30 g 1~ of
yield at the cost of Rs. 21. But, the media containing
seaweed powder and 10% sucrose in the third experiment
provides 50 g 17" at the cost of Rs. 35. This shows more
benefit of CA production with lower cost when compared
to commercial citric acid (Table 3). Thus seaweed sup-
plementation for citric acid production is economically
viable exercise.

Summary and Conclusion

Citric acid is commercially produced from various sources
by Aspergillus niger in terrestrial environment. In marine
environment, the red seaweed Gelediella acerosa which
contains 60% carbohydrate is used for citric acid produc-
tion in this study. This seaweed shows resistance against
A. niger. Three types of production media prepared
including control (sucrose) and the fermentation process
was carried out for citric acid production by following
standard conditions. After the process, the control medium
gave highest yield about 80 g 17" and the medium con-
taining the crude seaweed powder gave 30 g 17'. But the
medium containing crude seaweed powder and 10%
sucrose with other compositions gave the yield of about
50 g 17! with the cost of Rs. 35. In the economic point of
view, the media containing the seaweed powder and 10%
sucrose gives more benefit at lower cost when compared to
control media. The seaweed has been proved to have the
ability to produce citric acid and it can be used as alternate
source of sugar substrate for citric acid production.
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