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Lignocellulosic wastes are potential sources of ethanol, amino 
acids, and other products (Kang et al., 1999). Annually, over 
150 billion tons of lignocellulosic materials are produced 
globally (Zhu et al., 2006). Lignocellulosic materials consist 
of three major components: cellulose, hemicellulose, and 
lignin. Cellulose is a linear homopolysaccharide of -1,4 linked 
D-glucose residue; whereas, hemicellulose is a complex of 
polymeric carbohydrates with xylan as its major component 
(Badhan et al., 2007). Lignin is an aromatic polymer synthe-
sized from phenylpropanoid precursors.
  Cellulose is degraded by the synergistic action of three types 
of enzymes in the cellulase complex: endoglucanses (endo-1,4- 

-glucanses, EC 3.2.1.4), cellobiohydrolases (exo-1,4- -glu-
canses, EC 3.2.1.91), and -glucosidases ( -D-glucoside gluco-
hydrolases, EC 3.2.1.21) (Kang et al., 1999). Several research 
studies have demonstrated the cooperative action between 
endo- and exo-glucanases during the solubilization of crystalline 
cellulose, and the release of various higher cello-oligosaccha-
rides and cellobiose. -Glucosidase completes the hydrolysis 
process by cleaving cello-oligosaccharides and cellobiose to 
glucose (Bhat and Bhat, 1997). Biosaccharification of ligno-
cellulosic compounds has been recommended as successive 
bioremediation process, since several research studies have 
investigated saccharified cellulosic wastes during the fermen-
tation process, and evaluated beneficial substances, such as 
ethanol, reducing sugars and organic acids (Lakshmikant, 1990; 

Bhat and Bhat, 1997; Saber et al., 2010). In general, the hy-
drolysis of lignocellulosic materials is achieved by cellulase 
enzymes that are produced, during the fermentation process, 
by bacteria or fungi. Chang et al. (2006) characterized the 
high-cellulase producing strain A. glaucus XC9, which was ca-
pable of an 81.9% bioconversion, of cellulose to reducing sugars 
rate. Low molecular weight CHO-containing compounds were 
found to be associated, as end products, with cellulosic hy-
drolysis by fungi (Cunningham and Kuiack, 1992). Saber et

al. (2010) also found that the bioconversion of lignocellulosic 
materials is associated with the production of organic acids. 
The fermentation medium is supplemented with rock phos-
phate to induce the formation of organic acids, since a positive 
correlation was reported between the production of organic 
acids and the solubilization process (Saber et al., 2010).
  Wherein, this solid-state fermentation (SSF) study has been 
conducted to include (i) saccharification of some Lignocellulosic 
wastes by some cellulytic fungi; (ii) selection of the waste 
products that best induce cellulase production; (iii) studying 
the effect of rock phosphate (RP) and (NH4)2SO4 on cellulase 
production; and (iv) determination of the organic acid asso-
ciated with biodegradation of the waste products.

The cellulytic fungi A. glaucus MN1, A. oryzae MN2, and Penicillium 

purpurogenum MN3, were kindly obtained from the Microbiology 

Dept. of the Soils, Water and Environment Research Institute, Agric. 
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pH values and glucose production of cellulytic fungi during 
SSF of lignocellulosic wastes.

Res. Center, Giza, Egypt. The cultures were maintained on PDA 

slants, and sub-cultured weekly.

Rice husks and wheat bran were purchased from a local market. 

Corn cobs, wheat straw, and rice straw were collected from Tag 

El-Ezz Agric. Res. Station, Dakahlia, Egypt. All substrates were dried 

at 70°C overnight, and then ground in an electric grinder. RP, con-

taining 7.97% phosphorus (P), was kindly obtained from the Soils, 

Water and Environment Research Institute, Agric. Res. Center, Giza, 

Egypt.

Fungal organisms were inoculated on PDA plates and incubated at 

28°C for 7 days. The fungal colonies were covered with 10 ml of 

sterile distilled water, and suspensions were made by gently probing 

the surface with the tip of a Pasteur pipette. Inoculum was adjusted 

to 3×106 spore/ml.

The medium used in Chang et al. (2006) was used to provide opti-

mum conditions for the hydrolysis of different substrates in a solid- 

state fermentation process. The medium was composed of 5 g of 

ground substrate and 15 ml of salt solution (4.0 g/L KH2PO4, 1.6 

g/L (NH4)2SO4, and 1.0 g/L MgSO4). Inoculation was carried out using 

5% (v/w) from the spore suspension of the tested fungi. The initial 

moisture content was adjusted to 65%, and the contents were mixed 

thoroughly. After incubation at 28°C, 50 ml of distilled water was 

added to each flask, shaken for 30 min on a rotary shaker at 140 

rpm, and filtered through Whatman No.1 filter paper (Kumari et

al., 2008). The residues of the fermented substrates were dried in 

an oven at 80°C to a constant weight, for the determination of the 

residual dry weight. The distilled water extracts of the decomposing 

substrates were used for the determination of pH and released glu-

cose, using glucose oxidase kit (Spainreact Co., Spain), as well as, 

for the determination of soluble P by the method described in 

Jackson (1967). Amylase, invertase, cellulase and phytase production 

were also determined.

The medium described above was used for (1) Screening for the best 

combinations of fungi and substrates; (2) studying the time course 

of substrate decomposition; (3) studying the effect of application of 

rock phosphate (75 mg P2O5) as the sole P source instead of KH2PO4;

(4) investigating the effect of removing (NH4)2SO4 from the fermen-

tation medium; and (5) screening the organic acids associated with 

degradation of cellulosic materials.

Activities were assayed in a reaction mixture, which contained 0.9 

ml of 1% soluble starch in a phosphate buffer (0.1 M, pH 6.5 for 

-amylase and pH 5 for glucoamylase), 1% sucrose in a sodium acetate 

buffer (100 mM, pH 5.0 for invertase), and 0.1 ml of crude enzyme, 

for 15 min at 30°C. The reaction was terminated by adding 2 ml 

of dinitrosalicylic acid reagent (DNS), followed by incubation in a 

boiling water bath for 10 min. Before cooling, 1.0 ml Rochelle salt 

(40% sodium potassium tartarate) was added. The resulting colour, 

due to the reaction of DNS and reducing sugar, was measured at 

540 nm (Miller, 1959). One unit of -amylase, glucoamylase, or in-

vertase was defined as the amount of enzyme that released 1 mole 

of reducing sugar, measured as glucose or fructose per min, under 

the assay conditions.

FP-ase, CMC-ase, and -glucosidase activities were estimated by in-

cubating 0.5 ml enzyme and 0.5 ml buffer (0.05 M citrate buffer pH 

4.8) with 50 mg Whatman No. 1 filter paper, carboxymethylcellulose 

and 1% salicin, for 60, 30, and 15 min, respectively, at 50°C 

(Lakshmikant, 1990). Reducing sugars that were released in the assay 

mixture were measured using the DNS method (Miller, 1959). One 

unit of FP-ase, CMC-ase or -glucosidase was defined as the amount 

of enzyme that released 1 mole of reducing sugar, measured as glu-

cose per min, under the assay conditions.

Phytase activity was assayed in the hydrolysate of fermented sub-

strate, using sodium phytate as substrate (El-Sawah et al., 2001). One 

unit of phytase activity was defined as the amount of enzyme that 

released 1 mole of inorganic phosphorus ml-1 min-1.

Organic acid analysis was performed with high performance liquid 

chromatography (Agilent 1100 HPLC system), using an HyperREZ 

XP Carbohydrate H, 8 m, Column, 300×7.7 mm with a mobile 

phase of 5 mM H2SO4, a flow rate of 0.6 ml/min, and a column 

temperature of 55°C. Injection volume of the samples used for HPLC 

analysis was 20 l of the final extract. Detection was by UV absorb-

ance at 280 nm. Detection and quantification of acetic acid was carried 

out using an Atlantis™ dC18 column (2.1 mm×150 mm) with a par-

ticle size of 5- m. Two mobile phases were used to generate a linear 

gradient with a 0.2 ml/min flow-rate. Mobile phase A was water with 

0.01% (v/v) formic acid, and mobile phase B was acetonitrile with 

0.01% (v/v) formic acid. The linear gradient was from 0% to 10% 

B for the first 12 min, and from 10% to 50% B for the next 3 min; 

mobile phase B was kept at 50% for 3 min and then reduced to 

0% for 1 min. The column was thermostated at 28°C, and the in-

jection volume was 5 l.

The organic acids were quantified by reference to the peak areas 

and retention times obtained, to the authentic standards for the nine 

organic acids in mobile phase. Oxalic acid, maleic acid, succinic acid, 
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 Time course profile of glucose production during SSF of lignocellulosic wastes

Fungus on substrate Incubation (day) Final pH Loss in weight (%) Glucose (mg/ml)

A. glaucus

on rice husks

5
10
15

3.8
4.1
4.3

31
36
33

0.05
0.18
0.05

A. oryzae

on rice husks

5
10
15

6.7
4.5
3.8

16
38
24

0.1
0.25
0.08

P. purpurogenum

on rice husks

5
10
15

4.0
5.9
4.1

32
39
26

1.0
1.31
0.09

P. purpurogenum

on wheat bran

5
10
15

3.5
3.4
3.7

43
50
35

0.08
1.05
0.08

P. purpurogenum

on corn cobs

5
10
15

4.1
3.3
3.5

21
27
18

1.1
1.92

1.3

Cellulolytic activity of the tested fungi during SSF of different 
wastes

citric acid, ascorbic acid, itaconic acid, and acetic acid were analyzed 

individually at a concentration of 10 mg/ml. For levulinic acid and 

formic acid, the concentrations of the aqueous standard solutions 

were 16 mg/ml and 12 mg/ml, respectively.

Simple correlation coefficient (r) and linear regression analyses were 

performed to examine the relationships between individual proper-

ties, using the statistical analysis software CoStat v6.4.

 : Saccharification of 
five lignocellulosic wastes by three cellulytic fungi, i.e., A. 

glaucus MN1, A. oryzae MN2, and P. purpurogenum MN3 is 
plotted in Fig. 1. Rice husks, corn cobs and wheat bran were 
the substrates that most induced glucose production. Results 
also indicate that the highest concentrations of glucose ob-
tained during SSF by P. purpurogenum were, in descending 
order, 1.92, 1.31, and 1.05 mg/g substrate; for corn cobs, rice 
husks, and wheat bran, respectively. Whilst, reasonable values 
of glucose were found to be 0.18 and 0.25 mg/g, during SSF 
of rice husks by A. glaucus and A. oryzae, respectively. The 
different ratios of glucose concentration, which were recorded 
during SSF of different cellulosic wastes, suggest that the syn-
thesis of individual cellulase enzymes is regulated indepen-
dently; furthermore, it suggests that enzyme quality and quan-
tity also, substantially, depend upon the type of inducers used 
(Trivedi and Rao, 1980; Margartis and Merchant, 1986). 
Likewise, wheat bran was found to maximize the yield pro-
duction of cellulase enzymes by A. glaucus xc9; whereas, max-
imum growth and yield of cellulases have been obtained by 
A. niger kk2 during growth on ground rice straw (Kang et al., 
1999; Chang et al., 2006). Furthermore, Abul Hossain et al.
(2004) stated that biohydrolysis of rice straw has been achieved 
by dual inoculum of T. harzianum with Mucor hiemalis or
Phanerochaete chrysosporium. Saccharification of agro-wastes 
has been conducted during growth of Penicillium and Aspergillus

strains under solid-state fermentation conditions (Considine 

et al., 1988; Kang et al., 2004). Production of cellulose and 
hemicellulose-degrading enzymes, by filamentous fungi culti-
vated on wet oxidized wheat straw, and their applications in 
biotechnology has previously been reported (Lutzen et al., 
1983; Kuhad and Singh, 1993; Bajpai, 1999; Thygesen et al.,
2003). Generally, the enzymatic hydrolysis of cellulosic wastes 
by fungal enzymes has been suggested as a feasible alternative 
procedure for the conversion of cellulosic wastes into fer-
mentable sugars and ethanol (Oksanen et al., 2000; Shin et

al., 2000).
 : The time course pro-

file of saccharification of selected cellulosic wastes by the 
aforementioned fungi was studied (Table 1). Data clearly 
show that a 10 day incubation period was the optimum for 
highest glucose production during SSF of the wastes under 
study. Moreover, no correlation was found among the three 
tested parameters: glucose production, pH values, and weight 
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 Correlation coefficient among the tested parameters during course of the experiment

Incubation period Final pH Loss in weight

Final pH -0.243 ns

Loss in weight -0.063 ns -0.249 ns

Glucose -0.098 ns -0.149 ns -0.059 ns

ns not significant

Amylase, glucoamylase and invertase activities of cellulytic 
fungi, during SSF of lignocellulosic materials.

 Phytase activity and soluble P concentration as a function of RP (75 mg P2O5) addition

Fungus/substrate Final pH Phytase (Unit/g) Soluble P ( g/g)

A. glaucus/ Rice husks 4.0 10.3 109.2

A. oryzae/ Rice husks 4.1 21.2 123.1

P. purpurogenum/ Rice husks 3.1  7.1 114  

P. purpurogenum/ Wheat bran 3.2 17.2 100.3

P. purpurogenum/ Corn cobs 3.2 16.1  92.2

loss. It is the combined action of FP-ases, which represent 
overall cellulolytic activity (Margaritis and Merchant, 1986); 
endoglucanases (CMC-ase), which perform the first, and an 
essential, step in the decomposition process of cellulolytic 
substrates (Lynd et al., 2002); and -glucosidase activity, that 
results in the formation of glucose as the major product. A 
major product that is directly converted into different organic 
molecules. The difference in values of glucose production, 
evident in this report, may be due to the difference in struc-
ture and characteristics of cellulase produced by fungal strains 
(Chang et al., 2006).
  Earlier investigation of Kang et al. (2004) studied the sac-
charification of rice straw and wheat bran by A. niger KK2. 
The maximum FP-ase activity obtained in the study was 19.5 
IU/g, after 4 days. Whereas, maximum CMC-ase (129 IU/g), 
-glucosidase (100 IU/g), and xylanase (5,070 IU/g) activities 

were found after 5 to 6 days of fermentation. Moreover, Liua 
and Ørskovb (2000) found that P. funicalosum produces cellu-
lase during saccharification of stem pre-treated rice straw, after 
fermentation for one to three weeks. 24 days was the opti-
mum incubation interval for cellulase production and biode-
gradation of wheat straw by white-rot fungi (Dinis et al., 
2009); whereas, 14 days (Sridevi et al., 2009) and 45 days 
(Lakshmikant, 1990) were reported for maximum production 
of cellulase during SSF of wheat straw.
  All combinations of correlation coefficient analysis, among 
incubation period, final culture pH, glucose concentration, 
and weight loss of the tested materials, were not significant 
(Table 2); although the process obviously resulted in the pro-
duction of glucose, as well as a marked reduction in the weight 
of the substrate. This may be related to the consumption of 
the resulting glucose through the biosynthesis of different bio-
logical compounds; e.g., organic acids (Saber et al., 2010)

 : The data plotted in Fig. 2 illustrate 
the relative activity of FP-ase, CMC-ase, and -glucosidase 
enzymes, produced during the saccharification of rice husks, 
wheat bran, and corn cobs by the cellulytic fungi studied. The 
data obtained show that P. purpurogenum exhibited the highest 
FP-ase activity (50.5 U/g) during SSF of rice husks. The highest 
values of CMC-ase and -glucosidase, 267.8 and 90.2 U/g, 
respectively, were produced during SSF of rice husks by P. 

purpurogenum; but, A. glaucus produced less FP-ase (38.6 
U/g) during SSF of rice husks.
  Lakshmikant (1990) studied the biodegradation of cellulosic 
wastes, the maximum activity of endoglucanase, exo-glucanase, 
and FP-ase was associated with C. globosum, whereas -gluco-
sidase activity was maximal in A. niger, T. konningii, and T. 

roseum. Furthermore, Badhan et al. (2007) found that rice 
straw supported maximal production of -glucosidase (7.48 
IU/g), FP-ase (2.44 IU/g), and endoglucanase (32 IU/g) by 
Myceliophthora sp. The production of cellulase enzyme by T. 

viride, Trichoderma sp., and A. niger has also been studied 
(Esterbauer et al., 1991; Kim et al., 1997; Yan and Zhang, 
1999). In general, the efficiency of fungi in degrading cellulosic 
materials depends upon the presence of complete cellulase 
activity in an adequate quantity (Canevascini and Gattlen, 
1981).

 : Amylolytic activity of A. 

glaucus, A. oryzae, and P. purpurogenum, during SSF of the 
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Cellulase activity as a function of RP (75 mg P2O5) addition.

 Phytase activity and soluble P concentration as a function of omitting (NH4)2SO4

Fungus/substrate Final pH Phytase (Unit/g) Soluble P ( g/g)

A. glaucus/ Rice husks 4.3 18.2 123.1

A. oryzae/ Rice husks 4.2 26.4 136.1

P. purpurogenum/ Rice husks 3.9 21.2 130.6

P. purpurogenum/ Wheat bran 3.5 18.5 112.1

P. purpurogenum/ Corn cobs 3.7 20.8 121.6

Cellulase activity as a result of removing (NH4)2SO4.

selected wastes is summarized in Fig. 3. The data obtained 
show that the highest yield of -amylase, 13.1 U/g, was ach-
ieved during SSF of corn cobs by P. purpurogenum. A. oryzae

exhibited the highest value of -amylase activity (12.6 U/g) 
during SSF of rice husk. Whereas, highest glucoamylase and 
invertase activities, 23.5 and 30.2 U/g, were achieved during 
SSF of wheat bran by P. purpurogenum. The production of 
invertase using agro-industrial residues has also been reported 
using A. ochraceus; highest enzyme production was achieved 
with sugar cane bagasse and under SSF conditions (Guimaraes 
et al., 2007). A. caespitosus was grown in wheat bran or soy-
bean bran, and produced 117.4 U/g and 28.3 U/g, of invertase, 
respectively (Alegre et al., 2009).

The pH values, cellulase and phytase activities, and soluble 
P concentrations, as a function of RP, are presented in Table 
3 and Fig. 4. pH values were found to decreased during SSF. 
FP-ase, CMC-ase and -glucosidase activities were high (50.5, 
267.8, and 90.2, respectively), during the SSF of rice husks 
by A. glaucus; whereas, they were comparatively reduced during 
SSF of corn cobs by P. purpurogenum, with values of 32.3, 
240.9, and 64.3 U/g, respectively. The phytase enzyme ex-
hibited high activity (21.2 U/g) during SSF of rice husks by 
A. oryzae; soluble P concentration was highest under these 
conditions. Contrarily, soluble P concentration was lowest in 
the case of SSF of corn cobs by P. purpurogenum.

  Biosolubilization of RP was found to be dependent upon 
RP structure complexity, particle size, phytase and organic 
acids secreted by microorganisms. Biosolubilization is depen-
dent upon the kind of organic acids mainly citric, oxalic and 
succinic, not the quantity and is not always accompanied by 
a drop in pH (Singh and Amberger, 1998; Vassilev et al., 2007; 
Kumari et al., 2008).

In this report, the omission of (NH4)2SO4 from SSF media, 
to promote lignocellulosic degradation by the tested fungi and 
minimize production costs, was studied. The influence of re-
moving (NH4)2SO4 from the culture media on pH values, cel-
lulase and phytase activities, and soluble P concentrations is 
shown in Table 4 and Fig. 5. The data obtained show that 
the activities of the cellulases (FP-ase, CMC-ase, and -gluco-
sidase) increased in the absence of (NH4)2SO4 during SSF of 
rice husks by A. glaucus or A. oryzae; moreover, both FP-ase 
and -glucosidase activities increased during SSF of rice husks 
by P. purpurogenum. These data coincide with the findings 
of Chang et al. (2006), who found that peptone provided the 
maximum production of cellulase by A. glaucus CX9, among 
the N sources studied; followed by organic nitrogen, nitrate 
and ammonium compounds. Conversely, Kesker (1992) studied 
cellulase (CMC-ase, FPC-ase, and -glucosidase) production 
by P. janthinellum during fermentation of cellulose powder 
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Simple correlation coefficient test results for phytase, solu-
ble P concentration and final pH during the composting of the tested 
substrates with RP

Final pH Phytase 

Phytase 0.525ns

Soluble P 0.735* 0.571ns

ns not significant 
* significant at P 0.05

y = 0.0283x + 36.967
r = 0.080 ns
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Linear regression showing the relation between total organic 
acids and loss of dry weight of the tested substrates.

 HPLC determination of organic acids (mg/g substrate) associated with SSF of cellulosic wastes

Organic acid
A. glaucus

on rice husks
A. oryzae

on rice husks
P. purpurogenum

on rice husks
P. purpurogenum

on wheat bran
P. purpurogenum

on corn cobs

Acetic  1.290 UD  2.448  0.810 UD

Ascorbic  0.837 0.251  0.018  0.050  0.100

Citric  1.358 0.179 UD  0.266 UD

Formic UD UD  1.210 UD UD

Itaconic  8.420 4.210  4.250  2.200 UD

Levulinic  4.070 1.720  2.480  8.120 46.150

Maleic UD UD  0.014 UD UD

Oxalic UD UD 43.200 24.200 UD

Succinic UD 0.142  1.820 16.200  6.820

Total 15.975 6.502 55.440 51.846 53.070

and wheat bran; growth and enzyme production were com-
paratively poor if no inorganic nitrogen source was included 
in the medium. NH4

+ salts, with or without urea, provided 
good cellulase activities, but nitrate was poorer, and urea alone 
was not effective in inducing enzyme production. (NH4)2SO4,
at 0.7% (w/v), induced optimum enzyme activity. Another study 
pointed out that corn steep liquor, as nitrogen source, maxi-
mized -glucosidase activity (8.3 IU/ml) within 6-8 days of 
the fermentation process of lignocellulosic wastes by A. niger

kk2 (Kang et al., 1999). Moreover, the values for phytase activity 
decreased in the presence of (NH4)2SO4, during SSF of tested 
wastes by cellulytic fungi, and consequently lower concentra-
tions of soluble P were obtained.
  Analysis of correlation coefficients (Table 5) revealed that 
RP solubilization was significantly related to pH, but phytase 
production was not. Reddy et al. (2002) reported that phos-
phate solubilization was not always accompanied by a drop 
in pH, but always showed the largest production of acids. 
Phosphate-solubilizing microorganisms have been distinguished 
by their relative abilities to dissolve complex phosphates [e.g., 
rock phosphate (RP)], this activity is frequently attributed to 
the production of organic acids, which, are also reported to 
be the end products of cellulosic hydrolysis by fungi (Singh 
and Amberger, 1998).

Saccharification and/or biodegradation of most lignocellulosic 
wastes are associated with organic acids. So, organic acids 
were detected in fermented products, as a result of hydrolysis 
and biochemical activity of fungi; i.e. citric, itaconic, oxalic, 
succinic, levulinic, and maleic acids were produced during fer-
mentation process of cellulosic wastes by A. niger, A. terreus,
and P. chrysogenium (Andersson and Hedlund, 1983; Singh 
and Amberger, 1998; Kurbanoglu and Kurbanoglu, 2004; 

Magnuson and Lasure, 2004; Saber et al., 2010).
  The hydrolysates of saccharified lignocellulosic wastes were 
examined for associated organic acids by HPLC (Table 6). 
Levulinic (46.15 mg/g) and oxalic (43.2 mg/g) acids were de-
tected during SSF of corn cobs and rice husks by P. purpur-

ogenum, respectively. Likewise, succinic acid was detected 
(16.20 mg/g) during SSF of wheat bran by P. purpurogenum.
Itaconic acid was detected, 8.42 and 4.21 mg/g, during SSF of 
rice husks by A. glaucus and A. oryzae, respectively. Contrarily, 
acetic and citric acids were detected at lower concentrations, 
1.29 and 1.35 mg/g, respectively, during SSF of rice husks 
by A. glaucus. Additionally, formic (1.21 mg/g) and maleic 
(0.014 mg/g) acids were detected only during SSF of rice 
husks by P. chrysogenium. These results are comparable with 
previous studies that showed oxalic and citric acids are major 
components of the organic acids produced by P. bilaii. Citric 
acid production is promoted under nitrogen-limited condi-
tions, while oxalic acid production is promoted under carbon- 
limited conditions (Cunningham and Kuiack, 1992). Itaconic 
acid was produced during the fermentation process, by A. ter-

reus (Magnuson and Lasure, 2004). Fumaric, succinic and 
maleic acids were also detected during the biohydrolysis of 
rice straw with RP (Kumari et al., 2008). Generally, the linear 
regression analysis, comparing total organic acids and loss in 
dry weight of the tested substrates (Fig. 6), did not exhibit 
a significant correlation (r=0.08, ns).
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The fungal strains studied (A. glaucus MN1, A. oryzae MN2 
and P. purpurogenum MN3) demonstrated the ability to sac-
charify some lignocellulosic waste products during SSF. Rice 
husks, wheat bran and corn cobs were the best inducers for 
enzyme activity in the tested fungi. FP-ase, CMC-ase, and 

-glucosidase were produced in appreciable amounts during 
SSF. The highest concentration of levulinic acid (46.15 mg/g) 
was produced during SSF of corn cobs by P. purpurogenum

MN3. Likewise, oxalic acid was detected at a concentration 
of 43.2 mg/g.
  SSF technique was found to be more economical, and could 
be a feasible procedure for commercial production of organic 
acids by cellulytic fungi through the process of cellulosic waste 
product fermentation.

The authors would like to express about their sincere thanks to 
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Soils, Water and Environment Research institute, ARC, Giza, 
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the manuscript.
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