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Factors affecting the cellulase production of Aspergillus niger using sugar cane bagasse as
carbon source were investigated. The highest enzyme activities were obtained, when the culture
medium was supplemented with 0.133% tryptone as nitrogen source. The rate of cellulase
production was considerably increased when 0.5% Tween 60 was added to the production
medium. For FPA and β-glucosidase production pH 5.0, while for CMC-ase pH 5.5 was found to
be optimal. The highest cellulase activities were obtained at 30 °C and 300 r.p.m. The highest
saccharification degree was achieved, when alkali treated rice straw was used as substrate. The
main objective of the present study was to examine the possibilities of lactic acid production from
alkali treated rice straw using simultaneous saccharification and fermentation technique with T.
koningii cellulases and L. delbrueckii. The highest conversion of cellulose was obtained using 6%
alkaline treated rice straw supplemented with 1.2 mg enzyme/g substrate at pH 4.8 and 45 °C.

Keywords: rice straw, saccharification, SSF, lactic acid, cellulase production, Aspergillus
niger, Trichoderma koningii, Lactobacillus delbrueckii

Lignocellulosic biomass is considered to be one of the most important resources
for the production of glucose, alternative fuels and chemicals. For instance, the annual
production of sugar cane bagasse is about 3.40 million tons in Egypt. Lactic acid has
been produced commercially by fermentation since 1881. Today, the amount of lactic
acid produced via biological process makes up to 50% of the total lactic acid production
(HOFVENDAHL & HAHN-HAGERDAL, 1997). Lactic acid is mainly used in the various
fields of food industry as preservative agent. It can also be used as a precursor in the
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production of other organic compounds such as acrylic acid, acetaldehyde, and ethanol.
Recently, lactic acid has drawn a lot of attention because of the achievement in the
development of biodegradable poly-lactic plastics. Furthermore, lactic acid has
stimulating effects on plant (KINNERSLEY et al., 1990; MULLIGAN et al., 1991; MERCIER

et al., 1992; NORTON et al., 1994). A typical process configuration for bioconversion of
lignocellulosic biomass to lactic acid consists of two steps i.e. enzymatic hydrolysis of
the cellulose content of the raw material and the fermentation of the sugars formed in
the hydrolysis to lactic acid using a suitable chosen bacterium (LADISH & SVARCZKOPF,
1991; DEMIRIC et al., 1993; KATZEN & MONCEAUX, 1995; HAHN-HAGERDAL, 1996;
KADEMIC & BARATTI, 1996; OLSSON & HAHN-HAGERDAL, 1996). A novel approach,
which has been successfully applied in the bioconversion of lignocellulosic substrates to
fuel ethanol (LEZINOU et al., 1994; PHILIPPIDIS & SMITH, 1995), is the so-called
simultaneous saccharification and fermentation (SSF) technique. During SSF the
enzymatic hydrolysis of the raw material is performed together with the fermentative
conversion of the produced sugars to lactic acid in one reaction vessel. In general, the
SSF has three important advantages compared to the two step separate hydrolysis and
fermentation technique. Namely, the capital cost of the process can considerably be
decreased, since only one reactor is needed; material losses due to handling can be
minimized; and inhibition of the enzymes caused by the liberated sugars can be avoided,
since they are converted to the end product in the same instance as they are formed
(PARAJO et al., 1997).

In the present work, the cellulase production of Aspergillus niger was studied
using sugar cane bagasse as carbon source. The effect of quality and quantity of nitrogen
source, pH, addition of surfactants, incubation temperature, and agitation speed was
investigated. The other main objective of this present study was the examination of
lactic acid production applying the SSF process using alkali treated rice straw using
Trichoderma koningii cellulases together with Lactobacillus delbrueckii.

1. Materials and methods

1.1. Microorganism

Freeze-dried cultures of Aspergillus niger 00632, Trichoderma koningii 2691,
and Lactobacillus delbrueckii 01357 were obtained from the National Collection of
Agricultural and Industrial Microorganisms (NCAIM) Budapest, Hungary.

1.2. Substrates

In the present study rice straw, cotton stalks and sugar cane bagasse were used as
substrates. All raw materials were sun dried for 5 days and their particle size was
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reduced to 1–2 cm by manual method. A portion of the dried and ground materials was
treated with 2M NaOH at 30 °C for 48 h, while the other portion with 1 wt% H2SO4 at
120 °C for 100 min (CARRASCO et al., 1994). The pretreated materials were thoroughly
washed with tap water, oven dried at 70–80 °C and milled before used.

1.3. Media and culture conditions

Fungal stock cultures were maintained on standard PDA slants at 4 °C. Three ml
of spore suspension obtained from a 7-day old PDA slant of A. niger was used to initiate
growth in an E-flask containing 50 ml of sterile production medium (pH 5.0) in which
the concentration of nutrients were: 7 g l–1 (NH4)2SO4, 10 g l–1 KH2PO4, 1.5 g l–1

MgSO4·7H2O, 1.5 g l–1 CaCl2·2H2O, 1.5 g l–1 urea and 1 g l–1 glucose together with
3 wt% sugar cane bagasse as carbon source. Trace elements were also added: 25 mg l–1

FeSO4·7H2O, 10.3 mg l–1 MnSO4·4H2O, 7 mg l–1 ZnSO4·7H2O, and 18.3 mg l–1

CoCl2·6H2O (TÜRKER & MAVITUNA, 1987). Cultures were incubated on a rotary shaker
at 30 °C and 100 r.p.m. The fermentation broth was filtered and the enzyme activities
were determined. From a 7-day old PDA slant of T. koningii the conidia was suspended
in 3 ml of sterile water and was used to inoculate an E-flask containing 50 ml of
TÜRKER (1987) medium supplemented with acid treated sugar cane bagasse (EL-
HAWARY & MOSTAFA, 2001). The culture was incubated at 30 °C and 100 r.p.m. The
fermentation broth was filtered, precipitated using cold ethanol, dialyzed, lyophilized
and used in the SSF experiments.

Lactobacillus delbrueckii 01357 was maintained on agar slants containing
20 g l–1 glucose, 10 g l–1 peptone, 10 g l–1 beef extract, 5 g l–1 yeast extract, 5 g l–1

sodium acetate, 2 g l–1 sodium citrate, 2 g l–1 K2HPO4, 0.58 g l–1 MgSO4 7H2O,
0.21 g l–1 MnSO4 H2O, 1 ml Tween 80 and 20 g l–1 agar. The pH was adjusted to 6.4.
The seed culture was incubated at 45 °C for 24 h. (ABE & TAKAGI, 1991). Inoculum for
lactic acid production was prepared by transferring 24-h old culture of L. delbrueckii to
250 ml E-flasks containing 100 ml of culture medium which had the same composition
as described before without any agar added.

1.4. Enzymatic hydrolysis of pretreated materials

The enzymatic hydrolysis of the various pretreated substrates was performed at
2 wt% dry weight content in 0.05M (pH 4.8) sodium acetate buffer solution
supplemented with 0.2 mg of protein/g of substrate. The hydrolysis mixture was also
supplemented with 0.3 g l–1 sodium azide in order to prevent microbial growth. The
25 ml E-flasks containing a total volume of 10 ml reaction mixture were incubated in a
rotary shaker at 50 °C and 100 r.p.m. After 48 h of hydrolysis, hydrolysates were
centrifuged at 4000 r.p.m. for 30 min and the supernatants were collected. The total
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reducing sugar content of the various supernatants were analyzed by using the so-called
DNS procedure (MILLER, 1959). Saccharification percentage was calculated using the
following equation (MANDELS et al., 1976):

Saccharification (%) =
Total reducing sugar (mg ml

Initial substrate concentration (mg ml

−

−
× ×1

1

0 9 100) .

)

1.5. Fermentation of hydrolysates

The hydrolysates obtained were supplemented with 6 wt% yeast extract,
0.167 wt% sodium acetate, 0.167 wt% (NaPO3)n, 0.1 wt% MgSO4·7H2O, 0.005 wt%
FeSO4 7H2O and 0.005 wt% MnSO4 H2O. Before inoculation the pH was adjusted to
4.8. In order to prevent acidification during the lactic acid fermentation 5 wt% CaCO3
was added to the medium. Growth was initiated using vegetative cells of L. delbrueckii
in a 100 ml E-flask containing 50 ml of nutrient supplemented and sterilized
hydrolysate. The inoculum contained 10 (v/v)% of the medium. The fermentation
experiments were carried out at 45 °C for 6 days.

1.6. Simultaneous saccharification and fermentation

SSF experiments were carried out in 100 ml static E-flasks containing 50 ml of
sterilized medium incubated at 45 °C. The composition of the SSF medium was 60 g l–1

pretreated material, 60 g l–1 yeast extract, 1.67 g l–1 sodium acetate, 1.67 g l–1

(NaPO3)n, 1.0 g l–1 MgSO4 7H2O, 0.05 g l–1 FeSO4 7H2O and 0.05 g l–1 MnSO4 H2O.
The pH was adjusted to 4.8. To prevent acidification due to lactic acid formation 0.6 g
CaCO3/g substrate was added to the medium. The SSF medium was supplemented with
0.2 mg of protein produced by T. koningii/g of substrate. The L. delbrueckii inoculum
contained 10 (v/v)% (ABE & TAKAGI, 1991).

1.7. Measurement of enzyme activities

Filter paper activity (FPA) was measured according to MANDELS and co-workers’
(1976) procedure. The reaction mixture containing 0.5 ml of 0.05M acetate buffer (pH
4.8) and 0.5 ml of culture filtrate, was incubated together with a 1×3 cm (25 mg) strip of
Whatman No. 1 filter paper at 50 °C for 60 min. The enzymatic reaction was terminated
by addition of 1 ml DNS reagent (MILLER, 1959). After 5 min of boiling and addition of
10 ml of distilled water the absorbance was measured at 540 nm.

Carboxyl-methyl-cellulose degrading capacity (CMC-ase) was determined by
incubating 0.5 ml of enzyme sample together with 0.5 ml of 1 wt% carboxy-methyl-
cellulose in 0.05M acetate buffer (pH 4.8) at 50 °C for 30 min. The hydrolysis was
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stopped by addition of 1 ml DNS reagent. After boiling for 5 min and dilution with
10 ml of distilled water the absorbance was read at 540 nm.

For β-glucosidase activity determination 10 µl of culture filtrate was incubated
together with 1 ml of 0.67 mM (0.02 wt%) p-nitrophenyl-β-D-glucopyranoside in
0.05 M acetate buffer (pH 4.8) at 50 °C for 10 min. The enzymatic reaction was
terminated by addition of 3 ml 0.1 M NaOH solution. The absorbance was measured at
400 nm (RECZEY et al., 1990).

1.8. Determination of lactic acid

Lactic acid was determined according to BARKER and SUMMERSON’s procedure
(1996).

2. Results and discussion

2.1. The cellulase production of Aspergillus niger

In a set of experiments the effect of quality of the nitrogen source was
investigated. Ammonium sulfate and urea of basal media were replaced with urea or
ammonium sulfate separately or with other organic and inorganic nitrogen sources in
such a way that the amount of final nitrogen concentration in the media remained
unchanged. The results are summarized in Fig. 1. It can be seen that the cellulase
production of A. niger cultivated on untreated sugar cane bagasse as carbon source was
higher using tryptone as nitrogen source. Using tryptone the FPA activity was increased
by about 20% compared to the control medium, while the CMC-ase and ß-glucosidase
activities were increased by 6 and 12%, respectively. The final pH of the fermentation
broth was found to be around 5.2 when tryptone and peptone (which was found to be the
second best nitrogen source) were used. There might be a relationship between the final
pH of the culture medium and the cellulase production. The positive effect of complex,
organic nitrogen sources on the cellulase production could be due to the presence of
growth promoters, in such amounts, which are optimal for fungal growth and enzyme
production. The same observations were reported by DOPPELBAUER and co-workers
(1987) and MAGNELLI and co-workers (1996).

Since, tryptone proved to be the best alternative nitrogen source resulting in
significantly higher enzyme production compared to the standard medium, the effect of
tryptone concentration on the cellulase production of A. niger was also studied using
untreated sugar cane bagasse as carbon source. Supplementation of the culture medium
with 0.133% tryptone resulted in the highest CMC-ase and β-glucosidase activities
(Fig. 2), however maximum FPA activity was reached when the tryptone concentration
was at 0.176%.
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Fig. 1. The effect of nitrogen source on the cellulase production of A. niger using sugar cane bagasse. Filter
paper activity (FPA): white bars, ß-glucosidase activity: gray bars; CMC-ase activity: black bars

Fig. 2. The effect of nitrogen source concentration on the cellulase production of A. niger using sugar cane
bagasse. Filter paper activity (FPA): z; β-glucosidase activity: ; CMC-ase activity: �
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Fig. 3. The effect of surfactants on the cellulase production of A. niger using sugar cane bagasse.
 Filter paper activity (FPA): white bars; β-glucosidase activity: gray bars, CMC-ase activity: black bars

The effect of surfactants addition on the enzyme production was studied by
supplementing the production medium with Tween 40, 60, 80. Two different
concentrations were applied, i.e. 0.1% and 0.5%, respectively. The addition of Tween
60 at both concentrations stimulated the cellulases production of A. niger (Fig. 3). All
enzyme activities were significantly higher compared to the reference fermentation in
which no surfactants were added. Similar results were obtained by HUNG and co-
workers (1988), LONG and KNAPP (1991) and STUTZENBERGER (1987).

The initial pH of the cultivation is considered as an important factor effecting the
cellulase production. In a set of experiments the initial pH of the culture medium was varied
between 4.0 and 7.0 by addition of either HCl or NaOH. Figure 4 shows the enzyme activities
as the function of the initial pH. The highest FPA and β-glucosidase activities were obtained
at pH 5.0, however maximal CMC-ase production was observed at pH 5.5. The results
showed good agreement with the data obtained by BASTAWDE (1992).

To evaluate the effect of incubation temperature on the cellulases production of
A. niger shake flask experiments were run at various temperatures between 20 and
35 °C. The optimal temperature for enzyme production was found to be 30 °C (Fig. 5).
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Fig. 4. The effect of initial pH on the cellulase production of A. niger using sugar cane bagasse. Filter paper
activity (FPA): z; β-glucosidase activity: ; CMC-ase activity: �

Fig. 5. The effect of incubation temperature on the cellulase production of A. niger using sugar cane
bagasse. Filter paper activity (FPA): z; β-glucosidase activity: ; CMC-ase activity: �
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Similar results were obtained by KNAPP and LEGG (1986), DOPPELBAUER and
co-workers (1987), BASTANDE (1992), KHALAF ALLAH and co-workers (1993).

The effect of agitation speed on the cellulase production was investigated by
varying the speed between 100 and 300 r.p.m. Figure 6 shows the results obtained. It
can ben seen that the enzyme production was increased 4.4 times at 300 r.p.m.
compared to the control cultivation. These results were in agreement with that reported
by MAGNELLI and co-workers (1996) TÜRKER and MAVITUNA (1987) BUSWELL and
CHANG (1994) and SILVA and co-workers (1995). RECZEY and co-workers (1996) used
350 r.p.m. as a good agitation value for cellulases production by T. reesei RUT C30.

2.2. Hydrolytic capacity of cellulases produced by A. niger

The results of hydrolysis experiments obtained with cellulases produced
by A. niger are summarized in Table 1. It can be seen that untreated materials exerted
great resistance towards enzymatic attack, which is due to the strong physical
interaction between the components of the naive lignocellulosic materials.
Hemicellulose acts as a glue between the lignin and cellulose molecules. By removing
the hemicellulose fraction, enzymatic accessibility can be considerably increased.

Fig. 6. The effect of agitation on the cellulase production of A. niger using sugar cane bagasse. Filter paper
activity (FPA): z; β-glucosidase activity: ; CMC-ase activity: �
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Table 1

Effect of A. niger cellulases on the saccharification process

A. niger cellulases
produced on untreated

sugar cane bagasse

            Cellulosic substrates                                                                       

Glucose % Saccharification
(mg ml–1)

Rice straw Untreated 0.99 4.45
Acid-steam treated 6.91 31.09
Alkaline treated 12.13 54.58

Cotton stalks Untreated 1.38 6.21
Acid-steam treated 7.57 34.06
Alkaline treated 11.12 50.04

Sugar cane bagasse Untreated 1.52 6.84
Acid-steam treated 4.10 18.45
Alkaline treated 8.17 36.76

Conditions: 2% substrate, 0.2 mg enzyme/g substrate, 0.3 g l–1 sodium azide, 48 h, 50 °C, 100 r.p.m., acetate
buffer pH 4.8.

Furthermore, it is a generally accepted fact that during pretreatment reduction in
cellulose crystallinity occurs, which results in higher hydrolysis rates and yields
(CARRASCO et al., 1994). Acid-steam treatment appears to be an effective method to
increase enzymatic digestibility. A saccharification degree of 34% was observed in case
of cotton stalks. Treatment with alkaline proved to be the best method and a conversion
of 55% was obtained with rice straw, while the same value for cotton stalks was 50%.
The successfulness of alkaline treatment is probably due to its complex action on the
lignocellulosic biomass. Besides the increase of the available surface for enzymatic
hydrolysis and reducing cellulose crystallinity, the partial hydrolysis of hemicellulose
and swelling of the cellulose occur.

2.3. Lactic acid production using rice straw

In a set of experiments rice straw was used as substrate for lactic acid production.
Two different options were compared, i.e. separate hydrolysis and fermentation (SHF)
and simultaneous saccharification and fermentation (SSF).

In the SHF experiments L. delbrueckii was cultivated on the hydrolysate of alkali
treated rice straw at pH 4.8 and 45 °C. The results are shown in Fig. 7. The
concentration of lactic acid in the fermentation broth was about 40 g l–1 after 4 days of
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incubation, which was considerably higher (about 50%) than reported by PARAJO and
co-workers (1996) using eucalyptus wood hydrolysate. After 4 days of residence time,
about 84% of the initial glucose was converted to lactic acid. Addition of CaCO3 to the
medium prevented acidification due to lactic acid formation, and an average pH of
around 4.65 was observed. Significantly higher yields were obtained by MCCASKEY and
co-workers (1994) using municipal waste hydrolysates. About 65 g l–1 lactic acid
concentration was obtained from 100 g l–1 glucose containing medium.

The results obtained with SSF experiments using 6 wt% alkaline treated rice
straw are summarized in Fig. 8. The concentration of produced lactic acid continuously
increased reaching a maximum concentration of 34 g l–1, which means a 57%
conversion of rice straw after 5 days of incubation time. Due to the CaCO3 addition the
pH of the fermentation did not fluctuate much and was between 4.6 and 4.8. ABE and
TAKAGI (1991) using milled newspaper reached a lactic acid concentration of 53 g l–1

after 5-day incubation. The conversion of rice straw to lactic acid was about 57% when
SSF was used, while only 50% conversion was obtained with the SHF technique. From
the results it can be concluded that SSF technique for lactic acid production was
advantageous compared to SHF. Therefore, the factors affecting the lactic acid
production using SSF were investigated.

Fig. 7. Lactic acid production using SHF. Glucose: z; Lactic acid: �
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Fig. 8. Lactic acid production using SSF. Glucose: z; Lactic acid: �

Fig. 9. The effect of incubation temperature on lactic acid production using the SSF technique.
Concentrations of glucose (z); and lactic acid (�) obtained after 48 h of residence time

Acta Alimentaria 30, 2001



EL-HAWARY et al.: CELLULASE PRODUCTION AND CONVERSION OF RICE STRAW 293

2.3.1. The effect of pH on the lactic acid production. The effect of medium pH as
one of the most important factors on the SSF technique was investigated. Calcium
carbonate was used to prevent the acidification caused by the lactic acid produced
during fermentation. The culture medium was supplemented with 0.6 g CaCO3/g
substrate. The obtained results showed that pH 4.8 was the optimal pH for lactic acid
production (data not shown).

2.3.2. The effect of incubation temperature on lactic acid production. To
investigate the effect of incubation temperature on lactic acid production in the SSF
experiments, three different temperatures i.e. 40, 45 and 50 °C were examined.
Experiments were run for 48 h. As it is shown in Fig. 9 the optimal temperature for
lactic acid production was at 45 °C.

At 40 °C 13% lower, while at 50 °C almost 50% lower lactic acid concentrations
were obtained compared to that of reached at 45 °C. These results were not surprising at
all because 45 °C was the optimal temperature for the growth of L. delbrueckii. These
results showed good agreements with the results reported in the literature (PARAJO et al.,
1997).

3. Conclusions

For efficient conversion of lignocellulosic materials to lactic acid with SSF
technique enzyme preparation with high cellulase activity is required. The cellulase
production of A. niger using sugar cane bagasse was optimized. The optimal amount
and quality of nitrogen source was determined, and tryptone was found to be the best
nitrogen source. It was shown that the addition of surfactants to the culture medium
increased the extracellular amount of cellulases. The effect of incubation temperature as
well as the pH and the agitation speed on the cellulase production of A. niger was
examined and optimized.

It is known that the amount of cellulases produced by Aspergillus strains is not
sufficient for efficient conversion of lignocellulosic biomass using the SSF technique.
Therefore, in the SHF and SSF conversion of alkali treated rice straw T. koningii
cellulases were used. It was shown that SSF resulted in good conversion of rice straw to
lactic acid.
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