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Abstract

Solid-state fermentation was carried out to evaluate three di�erent agro-industrial wastes, sugar cane bagasse, co�ee husk and

cassava bagasse for their e�ciency in production of citric acid by a culture of Aspergillus niger. Cassava bagasse best supported the

mould's growth, giving the highest yield of citric acid among the tested substrates. Results showed the fungal strain had good

adaptation to the substrate (cassava bagasse) and increased the protein content (23 g/kg) in the fermented matter. Citric acid

production reached a maximum (88-g/kg dry matter) when fermentation was carried out with cassava bagasse having initial

moisture of 62% at 26°C for 120 h. Ó 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Citric acid is an important commercial product with a
global production reaching 736,000 tons per year
(Qu�õmica and Derivados, 1997). Almost the entire
quantity of citric acid is produced by fermentation,
mainly through submerged fermentation of starch- or
sucrose-based media, using the ®lamentous fungus As-
pergillus niger. The food industry is the largest consumer
of citric acid, using almost 70% of the total production,
followed by about 12% by the pharmaceutical industry
and 18% for other applications (Shah et al., 1993). There
is an annual growth of 3.5±4.0% in demand/consump-
tion rate of citric acid. In Brazil, the entire demand for
citric acid is met by imports. This necessitates develop-
ment of indigenous biotechnological processes with
economic feasibility.

Solid-state fermentation (SSF) o�ers numerous ad-
vantages for the production of bulk chemicals and en-
zymes (Hesseltine, 1977; Pandey, 1992, 1994; Soccol,
1994). In the past decade or so, there has been an in-
creasing number of reports on the use of solid-state
fermentation processes for the production of a number

of microbial products (Roussos et al., 1994; Nampo-
othiri and Pandey, 1996; Pandey et al., 1999). This is
partly because solid-state processes have lower energy
requirements and produce much less wastewater and
environmental concerns because disposal is of solid
wastes. Traditionally, SSF are characterized by the de-
velopment of microorganisms in a low water-environ-
ment on a non-soluble material that acts both as
physical support and source of nutrients; however it is
not necessary to combine the role of support and sub-
strate but rather reproduce the conditions of low water
activity and high oxygen transference by using a nutri-
tionally-inert material soaked with a nutrient solution
(Pandey and Soccol, 1998).

Citric acid production has always been a subject of
interest for many workers, e.g., Chaudhary et al. (1978);
Eikmeier and Rehm (1984); Hang and Woodmans
(1987); Lee et al. (1989); Guti�errez-Rojas et al. (1996);
Lu et al. (1997) and Pintado et al. (1998). Di�erent agro-
industrial residues, such as apple pomace, co�ee husk,
wheat straw, pineapple waste, cassava bagasse, banana,
sugar beet cosset, kiwi fruit peel, etc. have been inves-
tigated with SSF techniques for their potential to be
used as substrates.

The State of Paran�a, Brazil, is a large producer of
cassava roots. The production of 1997 was estimated
to be 3.2 million tonnes (Deral, 1997). Cassava bagasse
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is a solid residue from the starch extraction process,
which is generated during the separation stage. It
contains ®brous material and about 40% starch
(Soccol, 1994). Thousands of tons of cassava bagasse
are discarded daily by the cassava processing indus-
tries, leading to a big environmental problem. Thus,
there is an urgent need to ®nd suitable applications
and disposal of this waste. One alternative for its
economic utilization is to use it as substrate in fer-
mentation processes for the production of value
added products like enzymes and biomass. The aim
of this study was to compare citric acid production
from cassava bagasse and two other substrates (sugar
cane bagasse and co�ee husk) in solid-state fermen-
tation using a culture of A. niger.

2. Methods

Micro-organisms: Seven strains of A. niger were
screened for citric acid production in liquid culture
which contained (g/l) glucose 120, (NH4)2SO4 3,
KH2PO4 1, MgSO4 á 7H2O 0.5, MnSO4 á 7H2O 0.014,
FeCl3 á 6H2O 0.01 and methanol (2%, v/v) (Kirimura et
al., 1987). Based on the results on citric acid yields, one
strain, NRRL 2001, was chosen for further studies. The
strain was maintained at 4°C on Czapeck Dox Broth
slants and renewed once in each month.

Inoculum: A. niger spores were produced in Czapeck
Dox Broth with agar (50 ml) in a 250 ml Erlenmeyer
¯ask, incubated at 28°C for eight days. A spore sus-
pension was prepared by adding 25 ml distilled water
with Tween-80 (0.1%) and was stored at 4°C for a
maximum of two weeks. It contained 108 spores/ml.

Substrate: Three solid materials, sugar cane bagasse,
co�ee husk and cassava bagasse were tested. Sugar cane
bagasse was obtained from the local market of Curitiba;
co�ee husk was obtained from an industry of Curitiba,
and cassava bagasse was supplied by Companhia Lo-
renz (Quatro-Pontes, SC, Brazil). These were ground in
a mill to a particle size between 0.8±2.0 mm and dried at
55±60°C for 12 h.

Fermentation: Liquid nutrient medium containing (g/
l) ZnSO4 á 7H2O 0.2 and FeCl3 á H2O 0.014 was sterilized
at 121°C for 15 min. After cooling, methanol (4%) was
added aseptically to it (Kolicheski, 1995). Sugar cane
bagasse and co�ee husk were supplemented with 40% of
glucose (corresponding to the starch content of cassava
bagasse). Solid substrates were inoculated with the spore
suspension, mixed with the nutrient medium (107 spores/
g of dry substrate, inoculum size). Initial moisture
contents of the substrates were 90, 65 and 62% for sugar
cane bagasse, co�ee husk and cassava bagasse, respec-
tively.

Fermentation was carried out in vertical column
fermenters of 4-cm diameter ´ 20-cm length (Raimbault

and Alazard, 1980). Each column was charged with a
known amount of pre-inoculated moist solid medium
(up to 16-cm length) and incubated at 26°C in a water
bath. The columns were supplied with humidi®ed air at
a ¯ow-rate of 65 ml/min. Fermentation was carried out
for a stipulated period and the results reported are the
average of two sets of the experiments (standard devi-
ation being less than 3%). The entire column of sub-
strate was taken as initial sample at each sampling time
then subdivided.

2.1. Analytical methods

Samples (5 g) were mixed well with 50 ml of distilled
water to extract citric acid and sugars. The ®ltrate so
obtained was subjected to high performance liquid
chromatograph analysis using a Shimadzu LC-10AD
HPLC. A temperature of 60°C and 5 mM H2SO4 as the
mobile phase at a ¯ow-rate of 0.6 ml/min were used.
Citric acid and total sugars were detected in the column
eluate by di�erential refractometer (Shimadzu RID-
10A). Protein content was determined by the Stutzer
method (Vervack, 1973). pH, moisture, reducing sugars
(glucose), total sugars and starch content were deter-
mined as described by Soccol (1992).

3. Results and discussion

Initial experiments were carried out with seven strains
of fungi in liquid culture and, based on the yields of
citric acid, one strain of A. niger, NRRL 2001, was se-
lected for further studies (data not shown here).

3.1. Citric acid production with di�erent supports

Initial results of solid-state fermentation, with di�er-
ent solid materials, for citric acid production showed
that there was high sugar consumption by A. niger in all
the three cases (90%, 97% and 87% for sugar cane
bagasse, co�ee husk and cassava bagasse, respectively)
which indicated that the strain had a good a�nity for
these substrates (data not shown here). Citric acid pro-
duction was highest for cassava bagasse (88-g/kg dry
matter (DM) against 48.7 for sugar cane bagasse and
12.7 g/kg for co�ee husk). The substrate-to-product
conversion factor was 20.6%, 14.6% and 3.1% for cas-
sava bagasse, sugar cane bagasse and co�ee husk, re-
spectively (data not shown). Based on these results on
the citric acid production, cassava bagasse was chosen
for further studies.

It has been reported that cassava bagasse contains
many components such as calcium, phosphorus, vitamin
B2, thiamine and niacin (Hohnholz, 1980). Higher citric
acid production by cassava bagasse in comparison to the
other two substrates (co�ee husk and sugar cane bagasse)
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might be due to the presence of these components in the
substrate along with the starch.

3.2. Kinetics of citric acid production with cassava
bagasse

Table 1 shows the pattern of fungal growth as mon-
itored by protein content in the fermenting substrate
and change in moisture content (humidity) during the
120 h of fermentation. Protein content increased from
13 to 23 g/kg, showing more than 90% increase. There
was not much change in the moisture content of the
fermenting matter during the course of fermentation.
The table also shows data on residual sugars and starch,
available in the substrate to A. niger. A comparison
between residual sugars and starch showed that there
was a good proportionate utilization pattern of starch
and sugars, which indicated good e�ciency of the fungal
culture. As is evident from the results, citric acid pro-
duction started in the initial period of fermentation (at
around 12 h) and reached 88-g/kg DM at 120 h, corre-
sponding to a yield of 20% conversion factor (based on
consumed sugars/starch). There was a drop in the me-
dium pH, which obviously was due to the formation and
accumulation of citric acid.

Generally, it is not possible to increase the protein
content of the substrate to a high level in citric acid
fermentation. Many authors have reported that a high
concentration of citric acid is reached only under limited
growth (Grewal and Kalra, 1995). In contrast to this, we
have achieved good growth of a fungal culture, as in-
dicated by protein content of the substrate, with citric
acid production. High protein content suggests the
possibility of utilizing the fermented substrate (after ci-
tric acid extraction) as animal feed.
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