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Rice Straw (RS) is one of the most important agrowaste worldwide. There are varia-
tions in mycobiota inhabiting RS in cellulolytic profile. This study aims for isolation
and screening of some fungal species from rice straw, and test them for the production
of cellulose and P-solubilization. In this work, 14 fungal species from different locali-
ties in Dakhalia Province in Egypt were recovered. The initial screening of fungal
growth on the carboxy-methyl cellulose (CMC) as a carbon source, showed that 12 iso-
lates were able to grow and degrade CMC substrate with different degrees, where they
showed maximum zones of hydrolysis with the highest enzymatic indices. Therefore,
they were tested for the production of cellulases. Cellulase activity was determined by
using carboxy-methly cellulase assay (CMC-ase) and filter paperase assay (FP-ase).
Penicillium purpurgnium and Aspergillus niger were the most active strains for produc-
ing CMC-ase with values: 180.00 U mL™' RS and 172.40 U mL™" gm RS and FP-ase
with values: 38.12U m’! gm RS and 20.21 U mL! gm RS, respectively. Furthermore,
the solubilization of Phosphate Rock (PR) was carried out by using 25 mg PZO . from
PR and 5% (v/w) fungal inoculum. The results showed that, Aspergillus niger has the
maximum phosphorus solubilization with value of 40.37 mg mL™ " followed by Penicil-
lium purpurgnium with value of 37.11 mg mL_1 . Therefore, they were the most active
cellulolytic strains for degrading stored RS and PR- solubilization.

1. Introduction

year'1 (Karimi et al., 2006). RS is considered as one of

Rice straw (RS) is a renewable lignocellulosic bio- the most abundant lignocellulosic waste products in the

mass, with global production of 600 to 900 million tons world, which may create numerous environmental prob-
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lems, if not consumed very well. In most countries, in-
cluding Egypt; RS stored for domestic uses for several
years, while a huge amount of it is directly burning in
the open field, causing negative impact on the health of
all living organisms (Kim et al., 2010).

The chemical composition of RS is cellulose (32-
47%), hemicellulose (19-27%) and lignin (5-24%) (Kim
et al., 2010). Cellulose has enormous potential as a re-
newable source of energy. Subsequently, an important
aspect of the carbon cycle within the biosphere is the
degradation of cellulosic biomass. These processes are
more efficient by using cellulolytic microorganisms
(Béguin and Aubert 1994). This bioconversion of cellu-
losic biomass to fermentable sugars will reduce the us-
age of biofuel and reduce the environmental pollution
(Kumar et al., 2009).

Filamentous fungi are perfect examples of non-
pathogenic microorganisms, due to their capability for
production of useful extracellular enzymes (Soccol et
al., 1994). Wide ranges of Aspergillus, Fusarium, Peni-
cillium and Trichoderma species have been identified to
possess all components of cellulases complex (Azzaz
2009). Three types of cellulase enzymes are involved in
the cellulose hydrolysis process including; exogluconase
or filterpaperase (FP-ase), endoglucanase or carboxy-
methylcellulase (CMC-ase) and B-glucosidase (Saber et
al., 2010).

Screening for cellulase producing microorganisms
can be carried out by agar plates with a cellulosic sub-
strate; such as amorphous cellulose called CMC for mi-
croorganisms' growth, as carbon source, which has a
low viscosity. Congo red dye can be used as an indicator
(Teather and Wood, 1982; Sazci et al., 1986; Petersonr
et al., 2009).

Phosphate-solubilizing  microorganisms  (PSMs)
have been distinguished by their relative abilities to dis-
solve complex phosphates; e.g., phosphate rock (PR).
This activity attributes in the production of organic ac-
ids as end products (Singh and Amberger, 1998; Jha et
al., 2014). Phosphate Rock is the main source of phos-
phate fertilizers “P-fertilizers” (Van Kauwenbergh,
1997).

Applying solid-state fermentation (SSF) in the indus-

try have more attention in the last few years. It has vari-
ous advantages as; low wastewater output, lower pro-
duction cost, reduced energy requirement, high rate of
productivities, easier aeration, simple fermentation me-
dia, flexible pH condition, reduced occurring of bacteri-
al condition, etc. (Raimbault, 1998).

In addition to the usage of RS with CMC and PR un-
der SSF condition, this work aims to study the most ac-
tive cellulolytic and PR-solubilzing fungal isolates asso-
ciated with one of the most abundant agrowaste, rice
straw, in the world. Furthermore, determining which
fungal species have the ability to produce cellulases, by
measuring FP-ase, CMC-ase and p-solubilisation, to ap-
ply the usage of them for the biodegradation of noncon-
ventional lignocellulosic substrates i.e. rice straw with
PR.

2. Materials and Methods

2.1. Preparation of different RS samples for isola-
tion of fungal strains:

Samples of rice straw were collected from different
storages in Dakhalia Province, Egypt, during March to
May 2012, representing three different periods of rice
storage (1-2, 3-5, and over 7 years periods).

The air-dried samples were cut into 0.5-1 cm. The
fragments of RS were transferred to plates with Potato
Dextrose Agar medium (PDA). For obtaining pure iso-
lates, hyphal tip and single spores' isolation techniques
were carried out, followed by maintenance on pure PDA
slants for identification and further studies

2.2. Samples of rice straw were collected from dif

Fungal genera and species identification was carried
out through their cultural properties, morphological and
microscopical characteristics. This was according to
Raper and Thom (1949), Ellis (1971), Booth (1977),
Domsch (1980), Klich and Pitt (1988), Pitt (1988) and
Moubasher (1993).

2.3. Screening for cellulolytic isolates:

The pure isolates were cultivated and maintained on
CMC-Agar medium at 30 °C for 6 days. Then, cultures
were incubated at 50 °C for 18 hr. (which is the opti-
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mum temperature for cellulases activity), to accelerate
the action of extracellular cellulases. Clearing zone
around the cellulase-producing colonies was rapidly de-
veloped (Pragya et al., 2012).

Cellulolytic activity was recorded by staining the
plates with 2.5 g/L Congo red dye, for 0.5-1hr., and then
followed by addition of 1M NaCl solution for 15-20 min
(Apun et al., 2000). The experiments were carried out
independently for 3 times under the same conditions.
Unstained areas (clear zone of hydrolysis) mentioned to
the CMC which broken down to produce § (1— 4) glu-
cans, that contains seven or fewer glucose residues
(Montenecourt and Eveleigh, 1977).

The appearance of a pale halo zone, with orange
edges "areas of hydrolysis", indicates the cellulase pro-
duction. This halo zone was measured for subordinate
calculation of the enzymatic index (EI) using the equa-
tion:

El= Diameter of hydrolysis zones / Diameter of col-
ony

Fungal species that having EI more than 1.40 are
considered as potential producers of cellulases (Floren-
cio 2012).

2.3.1. Preparation of inocula

Isolates were inoculated on pure PDA slants and in-
cubated for 7 days at 28 °C. Spore suspensions were
made by adding 5 mL of sterilized distilled water to
these slants then, followed by gently probing to the sur-
face with the tip of Pasteur pipette; this was considered
as the standard inoculum, that was adjusted around 75 X
109 mL-1spores for all screening experiments.

2.3.2. Screening of lignocellulosic isolates for cellu-
lase production

The obtained fungal isolates were screened for the
production of cellulase on the broth medium (Sohail et
al., 2009), using 10 gL'1 CMC as a sole source of car-
bon. Before autoclaving, the pH of the medium was ad-
justed to 5.5. 250-mL Erlenmeyer flasks containing 50
mL of sterilized medium were inoculated with five per-
cent (v/v) of previously prepared inoculum of each iso-
late, and then all flasks were incubated under shaking

condition (120 rpm), at 28 °C, for one week. The fil-
trates were centrifuged for 10 min, at 4000 rpm to ob-
tain enzyme solutions for further tests.

2.3.3. Cellulases assay

CMC-ase and FP-ase activities were estimated by
incubating of 0.5 mL enzyme solution and 0.5 mL cit-
rate buffer at 0.05 M, pH 4.8, with 1 % salicin, carboxy-
methyl cellulose and 50 mg Whatman No. 1 filter paper
at 50 °C for 30 and 60 min, respectively (Mathur, 1990).
Reducing sugars, released in assay mixture, were meas-
ured by Nelson (1944) and Somogyi (1952).

International Unit (IU) is the terms for determination
of enzyme activity. One unit of CMC-ase or FP-ase was
appointed as the amount of enzyme, which released n
mole of reducing sugar per mL per minute under the as-
say conditions.

2.4. Screening of the most active fungal isolates
for PR solubilization

PR containing 7.97% phosphorus (P) was obtained
from Soil, Water and Environment Research Institute,
Agriculture Research Center, Giza, Egypt. The Nau-
tiyal, (1999) broth medium was used for screening the
most active cellulolytic fungal isolates for PR solubiliza-
tion efficiency where PR was incorporated in the medi-
um as the sole source of P (25 mg PZOS /50 mL broth
media).

The flask containing 50 mL of the sterile broth medi-
um was inoculated with 5% (v/v) of the previously pre-
pared inoculum of each isolate. All flasks were incubat-
ed at 28 °C, on a rotary shaker (160 rpm) for 7 days.
After an incubation period, the supernatant was collect-
ed by centrifugation at 4000 rpm, for 10 min to deter-
mine the final pH and titratable acidity (TA) by the
method of Cerezine et al. (1988), as well as for deter-
mining of soluble free phosphorous by the method of
Jacson (1958).

2.5. Solid-state fermentation (SSF)

The modified medium of Xu et al. (2006) for opti-
mizing of both cellulase production and PR solubiliza-
tion, under SSF conditions was applied. This medium
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was composed of 1 g of ground rice straw and 3 mL of
salt solution (4.0 KH2P04., 1.6 (NH4)ZSO4 and 1.0
MgSO " gL'l, but in this solution, KHZPO , Was re-
placed by 25 mg PZO5 from PR, as the sole P source,
which added separately to each flask before autoclaving.
Then, the sterile flasks were inoculated with 5% (v/w)
spore suspensions (75 X 109 mL'l) of the two most ac-
tive tested fungi. All flasks were incubated at 28 °C, for
7 days, followed by the addition of 50 mL distilled wa-
ter, then shakened at 140 rpm on a rotary shaker for 30
min and filtered through Whatman No. I filter paper
(Kumari et al., 2008). Finally, the amount of free phos-
phorous was determined according the method of Jacson
(1958).

3. Results

3.1. Isolation of the fungal isolates from rice
straw samples

Fourteen fungal species were isolated from the col-
lected RS samples. The highest number of fungal spe-
cies was recovered in the time range of 1-2 year (6 fun-
gal species) as compared to 3-5 year (3 fungal species)
and over 7 years (5 fungal species) time periods. Stored
period of RS plays major role in ability and activity of

different fungi growing on it.

3.2. Initial screening for cellulolytic activity of the
fungal isolates

The isolated fungi were screened for their ability to
degrade cellulose for determining their enzymatic activi-
ties. Therefore, all species were grown on agar plates
containing CMC, as the only carbon source, then the hy-
drolysis of cellulosic substrate were recorded by the de-
termination of the clear zone. Penicillium sp2. and As-
pergillus niger were able to hydrolyze it and have clear
zones of hydrolysis with diameter 3.17 and 2.23 cm, re-
spectively.

3.2.1. Applying of Congo red Test

The activities of selected fungal species were tested
using Congo red dye. This test is based on the observa-
tion of the outset growth of the hydrolysis halo zone and
measurement of the accurate length of it that is used for
calculation of the (EI).

Table (1) shows the results of EI values that obtained
after cultivation of the fungal species on synthetic medi-
um containing CMC as a sole carbon source, after 4
days of incubation period at 30 °C.

Table 1. Enzymatic index (EI) of isolated fungi on CMC- agar plates, using Congo red test.

purndon perd Name of fulates N T e

Aspergillus flavus 2.27 1.47 1.54

Aspegillus oryzae 3.6 2.33 1.55

o . Curvularia sp. 34 2.47 1.40
1" Duration

Fusarium incarnatum 3.2 2.13 1.50

Fusarium solani 2.1 1.63 1.29

Tricoderma viride 3.67 24 1.53

Alternaria alternata 2.27 1.47 1.54

2" Duration Pencillium spl. 3.5 2.4 1.46

Ulocladium alternariae 2.9 2.13 1.36

Aspergillus fumigatus 2.13 1.43 1.49

Aspergillus niger 2.23 1.27 1.76

3" Duration Aurobasidium sp. 2.8 2.2 1.27

Pencillium sp2. 3.17 1.83 1.73

Rhizopus sp. 2.1 1.37 1.53
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The twelve species that showed EI above 1.40 were
taken into our consideration for the next test (Screening
of fungal isolates for cellulase production of liquid me-
dia). However, the other two species Aurobasidium sp.
and Ulocladium altelnaria which have EI equall.3 and
1.36, respectively, were discarded at the next test.

3.3.1. Determination of fungal biomass

Aspergillus niger and Penicillium sp2. recorded the
minimum pH values of broth media, however it was ad-
justed to a value 5.5 at the beginning of the experiment.
Decreasing of pH is referring to degradation of amor-
phous cellulose (CMC) and production of cellulose de-
grading complexes that have acidic character. On the
other hand, Fusarium incarnatum and Trichoderma vi-
ride recorded the maximum values of pH, which refer to
little degraded amount of CMC Table (2).

3.3.2. Cellulases activity of the isolated species

The results in Table (2) indicated that the isolated
fungal species showed variations in cellulases activity.
The most active isolate was Penicillium sp2. for FP-ase
(38.12 U mL_l) followed by Aspergillus fumigatus
(3270 mL'l). While, Pencillium spl., Aspergillus ora-
zae and Aspergillus niger, showed moderate activities

(23.40, 21.44 and 20.21 U mL! gm RS respectively).
On the other hand, Curvularia sp. and Fusarium solani
showed very weak activities (8.59 and 7.66 U mL"! gm
RS, respectively).

The most active isolates for CMC-ase production
were Penicillium sp2, Aspergillus niger and Aspergillus
flavus (180.00, 172.40 and 160.91 U mL! gm RS, re-
spectively). Curvularia sp. have showed a very weak ac-
tivity of CMC-ase 30.85 U m L' gm RS.

3.4. Screening of the isolates for PR solubilization

The most six active cellulolytic fungi obtained from
the previous screening, were further screened on the
base of PR solubilization (Table 3). For this purpose,
the fungal isolates were grown on PR solubilizing medi-
um. Generally, the final culture pHs were reduced to the
acidic side for all isolates, which accompanied with the
consuming of NaOH for the titration of the resulted ac-
ids (TA) in the cultural filtrates. Additionally, measur-
ing the released soluble P from PR. The released soluble
P in descending order, were 41.91, 39.02, 38.43, 38.00,
37.09 and 36.88 mg/ mL™" in the culture filtrates of As-
pergillus niger, Penicillium sp2., Aspergillus fumigatus,
Aspergillus flavus, Aspegillus oryzae and Penicillium
spl, respectively.

Table 2. Comparative evaluation of cellulolytic fungal activities by means of biomass (final culture pH and cellulases activities)

Isolate species pH CMC-ase Unit mL"' FP-ase Unit mL
Alternaria alternata 4.94 122.13 14.61
Aspergillus flavus 4.9 160.91 12.23
Aspergillus fumigatus 4.79 144.12 32.70
Aspergillus niger 4.06 172.40 20.21
Aspegillus oryzae 4.99 154.20 21.44
Curvularia sp. 4.81 30.85 8.59
Fusarium incarnatum 5.09 100.60 9.02
Fusarium solani 4.74 111.12 7.66
Penicillium spl. 4.80 128.50 23.40
Penicillium sp2. 4.36 180.00 38.12
Rhizopus sp. 4.83 89.58 11.65
Trichoderma viride 5.21 149.08 12.89
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Table 3. Phosphate Rock solubilization efficiency by the most active cellulolytic fungi grown on broth medium.

Isolate species Final culture pH TA (mg NaOH mL) Soluble P (nug/ mL)
Aspergillus flavus 4.51 0.75 38.00
Aspergillus fumigatus 3.96 1 38.43
Aspergillus niger 3.45 5.75 41.91
Aspergillus oryzae 4.22 1.25 37.09
Penicillium spl. 4.04 0.5 36.88
Penicillium sp2. 3.61 4.5 39.02

3.4. Solid-State Fermentation (SSF)

SSF experiment illustrated that; Aspergillus niger
has higher cellulase enzymatic activity (252.94 Unit
mL'l) and P-solubilization (40.51 mg/L) than Penicilli-
um sp2. (200.66) and (37.11), as shown in Table (4),
Therefore, Aspergillus niger is the most active cellulo-
lytic and P-solubilization species.

From the previous results we can concluded that, As-
pergillus niger and Penicillium sp2. were the most ac-
tive cellulolytic species in degrading stored RS and sol-
ubilization of PR.

Table 4. Solid-State fermentation results of the most active
cellulolytic and P-solubilization species.

Isolate species CMC-ase UnitmL" | Soluble P (ug/mL)

Aspergillus niger 252.94 40.51

Penicillium sp2. 200.66 37.11

4. Discussion

RS has a high rate of production not only in Egypt,
but also all over the world as agricultural residues.
Therefore, it is ready available substrate for conversion
into fungal cellulases production (Berka et al., 1991).

In many countries, including Egypt, there is a com-
mon habit as storing of RS for domestic uses. In the
present work, the long storage period revealed a remark-
able variation of the growing mycobiota. According to
Gooday (1979), there are many mycobiota have the ca-

pacity to degrade cellulose. The result revealed that, the
capability of fungi to grow on stored RS differs between
different species of fungi.

Screening of fungi on Agar Plates containing CMC,
followed by applying Congo red test considered as an
easily method to calculate the enzymatic index (EI). Ac-
cording to Ten er al. (2004); selection of strains that
have effcient ability in degrading some types of polysac-
charides as cellulose, xylan and amylose can be deter-
mined by calculation of the diameter of the halo zone
accurately. Moreover, Ruegger and Tauk-Tornisielo
(2004) applied the enzymatic index method as a simple
and rapid method for selection of strains that have the
same potential for production of enzymes within the
same genus.

According to Lamb and Loy (2005) after the test,
there are two zones, which were observed on plates.
First zone is the halo zone resulted due to hydrolysis of
cellulose in the media, which is directly related to the re-
gion of proceeding of cellulolytic enzymes. Since the
second zone is the region where the dye only stay at-
tached to it, where there is f—1, 4-D-glucanohydrolase
bonds. The pale halo "hydrolysis zone" around the colo-
nies, which identifying to the zone of CMC degradation,
was observed in all species but differ in diameter.

The EI value can be used for the selection of isolates
within the same genus. According to Kasana er al.
(2008), the Congo red test was a simple test with low
hydrolysis zone intensities. Furthermore; the earlier re-
sults reported by Sazci et al. (1986) are similar to our re-
sults, that indicate the using of Congo red dye decolora-
tion for determination of the cellulase activity of fungal
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cultures activation, which isolated from stored RS.

Results demonstrated that fungi Aspergillus niger
and Penicillium purpurginium have been most active
cellulolytic strains and the main source of cellulase.
These results supported the studies obtained by Hanif et
al. (2004); Kang et al. (2004) and Chandra et al. (2007).
Regarding to Mathur (1990); Kubicek (1992), the effi-
ciency of fungi in degradation of crystalline cellulosic
materials based on the presence of complete cellulase
activities in appropriate quantity, i.e., FP-ase, CMC-ase
and PB-glucosidase activities.

For all tested fungal isolates, cellulase levels of
CMC-ase are higher than the FP-ase, our results agree
with the previous results recorded by Kubicek (1992);
Wen et al. (2005); Crisp (2013). The results showed
that, isolates of Aspergillus sp. and Penicillium sp. are
the most active cellulolytic species based on their high
yield of FP-ase and CMC-ase.

Biosolubilization of PR was a complex process; due
to PR has a complex structure with definite particle size.
Reduction of pH values is attached with raising in the
TA value that is due to the consuming of NaOH during
the titration of the resulted complexes in the solution.
According to Rashid er al. (2004) and Saber et al.
(2010), these complexes may contribute to biosolubili-
zation of PR. There is a weak or poor correlation be-
tween the dropping of pH and the amount of solubilizied
P. Some microbes as soil fungi, predominantly of gene-
ra Aspergillus sp. and Penicillium sp. have the ability to
solubilize springily soluble phosphates in vitro by se-
creting of inorganic or organic acids (Whitelaw, 1999).

Applying of these experiments in large scale in in-
dustry may give an attention because they will provide
natural products such as organic acids and natural con-
suming of lignocellulolosic wastes including rice straw
and wheat straw.

of Aspergillus niger and P. purpurgnium over the other
tested fungal cultures, for production of cellulase and
solubilization of complex phosphate components was
investigated. Therefore, the commercial production of
cellulases and P-solublization enzymes, which import-
ed for use in Egypt at a high cost, should be encouraged
for the utilization of agricultural wastes as substrates,
which may be promising for the production of cellu-
lases.

5. Conclusion

The obtained results in this study showed that, stor-
age period plays an essential role in some physiological
and morphological changes, which make RS as a natural
microbial incubator, differ in availability of microbes in
degrading its components. In addition, the superiority
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