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Crude protein (CP) content of mechanically ground rice straw into small particles by an electric grinder and reducing value

(RV) and soluble protein (SP) in the culture filtrate were lower than that of the chopped straw into 5~6 cm lengths when

both ground and chopped straws were fermented with Aspergillus ochraceus, A. terreus or Trichoderma koningii, at steady

conditions. The reduction rate of RV, SP and CP was 22.2, 2.4, 7.3%; 9.1, 4.9, 8.5% or 0.0, 0.0, 3.6% for the three fungi,

respectively. Chemical pretreatment of straw by soaking in NH
4
OH for a day caused significant increase in CP of the fer-

mented straw than the other alkali and acidic pretreatments. Gamma irradiation pretreatment of dry and wet straw with

water, specially at higher doses, 100, 200 or 500 kGy, caused significant increase in RV and SP as CP in the fermented

straw by any of these fungi. Chemical-physical combination pretreatment of rice straw reduced the applied dose of gamma

irradiation required for increasing fermentable ability of fungi from 500 kGy to 10 kGy with approximately the same results.

Significant increases in RV and SP of fermented straw generally occurred as the dose of gamma irradiation for pretreated

straw, which combined with NH
4
OH, gradually rose. Whereas, the increase percentage in CP of fermented straw that was

pretreated by NH
4
OH-10 kGy was 12.4%, 15.4% or 8.6% for A. ochraceus, A. terreus or T. koningii, respectively.
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Two key factors associated with the special configura-

tions of the lingo-cellulose-hemicellulose composite slow

the process of enzymatic hydrolysis. These are cellulose

crystallinity and lignin protection. Thus most research

efforts have been related, in some way, to one or both of

them (Rolz and Humphrey, 1982). Non-biological treat-

ments have been used to render straw and other lignocel-

lulosic materials more digestible for cattle (Al-Masri, 1999;

Al-Masri and Guenther, 1999; Banchorndhevakul, 2002)

or more susceptible to microbial or enzymatic attack

(Araujo and D’Souza, 1986; Babitskaya, 1986; Hoda et

al., 1990; Coronel et al., 1991; Bastawde, 1992; Patel and

Bhatt, 1992). Pretreatment of cellulose materials derived

from various origins with different ways, such as mechan-

ical, physical or chemical modification, before fungal attack

was previously achieved (Peiris and Silva, 1987; Singh et

al., 1989; Tripathi and Yadav, 1989; Chahal et al., 1991;

Xin and Kumakura, 1993; Malek et al., 1994, 1998;

Youssef and Aziz, 1999; Malek, 2001). Thanikachalam and

Rangarajan (1992) found that crude protein content of

alkali-treated rice straw and soluble protein in the culture

filtrate were higher than those of the untreated, when both

treated and untreated straw were fermented with Tricho-

derma sp, Aspergillus sp. or Fusarium sp.

The objective of this study is to determine the effect of

mechanical, physical and/or chemical pretreatments on the

feasibility of rice straw to microbial bioconversion into

mycoprotein containing fodder.

Materials and Methods

Fungal species. The fungal species used in this study

were Aspergillus ochraceus, A. terreus and Trichoderma

koningii. These fungi were originally isolated and identi-

fied from the soil using Nylon net bag technique contain-

ing rice straw (Helal, 2005a). They showed the highest

biodegradative ability among sixty four species tested

(Helal, 2005b). The stock cultures were maintained in

sterilized soil at 4
o

C and subcultured in agar slants when-

ever required.

Pretreatment of rice straw. Mechanical and chemical

pretreatments of straw were achieved according to Han

and Anderson (1975), Millet et al. (1976), Rolz and Hum-

phrey (1982) and Chahal (1982). Rice straw dried at 105
o

C

was ground into small particles using an electric grinder,

as shown in Fig. 1. The non-ground rice stalks were

chopped into 5~6 cm lengths as control. Ground or chopped

rice straw was pretreated by soaking in 5% NaOH at

ambient temperature for 1 h or in 3% NH
4
OH at room

temperature for a day or 4 weeks. Acid pretreatment was

made by heating with 3% H
2
SO

4
 or 5% HCl at 121

o

C for

45 min or with 0.23 N HCl plus 0.15 N H
3
PO

4
 at 121

o

C

for 30 min. Physical pretreatment using gamma irradia-

tion process was made in Indian cobalt-60 gamma cell at

National Center for Radiation Research and Technology*Corresponding author <E-mail: Dr_Helal56@hotmail.com>



Bioconversion of Straw into Improved Fodder: Preliminary Treatment of Rice Straw Using Mechanical, Chemical and/or …… 15

(NCRRT), Nasr City, Cairo, Egypt. The dose rate was

1 Mg/8 hours (1.25 kGy/hr). Rice straw samples (ground,

chopped, dried, or wet with water) were first packaged in

plastic bags (10 g straw/bag), then in paper bags, covered

with aluminum foil, and exposed to one of the following

radiation doses, 5, 10, 50, 100, 200 or 500 kGy. At the

same time, in combination with other treatments, plastic

bags containing 10 g of ground or chopped rice straws

were provided separately with 50 ml solution of each of

acids or alkalies used in the chemical treatment. These

bags were packaged and exposed to one of the following

radiation doses: 5, 10, 50, or 100 kGy. After treatment, the

straw was washed with water and added to the basal

medium at pH 5.5.

Cultural conditions. Spores of each fungus were inocu-

lated into triplicate of reagent bottles (100 ml), each con-

taining 1.0 g ground or chopped rice straws instead of

sucrose in 5 ml Czapek’s broth medium containing 0.3 g

NaNO
3
, 0.1 g KH

2
PO

4
, 0.05 g MgSO

4
, and 0.05 g KCl.

After the pH of the medium was adjusted to 5.5, the bot-

tles were autoclaved at 15 Lb for 20 min, and incubated in

steady conditions at 27
o

C for five days.

Chemical analysis of biodegraded straw. Total reduc-

ing value (mg/g dry straw) was obtained using glucose as

standard by the previous method (Chaplin and Kennedy,

1987). Soluble protein (mg/g dry straw) was measured by

the method of Lowery et al. (1951) with bovine albumin

as standard and total nitrogen (mg/g dry straw) were

determined in fermented rice straw as previously described

(Allen, 1953).

Statistical analysis. The obtained data were analyzed by

one-way ANOVA and multiple-way ANOVA following

the way of Snedecor and Cochran (1982) and differences

between means were calculated at the 5% probability

level using Duncan’s new multiple range tests (Duncan,

1955). Bivariate correlation matrix of the obtained data

was done by using SPSS software program (ver. 8) as

described by Dytham (1999).

Results

Rice straw with mechanical, chemical and/or physical pre-

treatments may be suitable for changing it by fungal fer-

mentation into improved fodder with a good nutritive

value as shown in the following results:

Effect of mechanical, chemical and mechanical-chemi-

cal pretreatments. Table 1 generally indicated that, non-

ground rice stalks (chopped into 5~6 cm lengths) were

more suitable than the fine particles (Fig. 1) for support-

ing fungal growth thereby increasing crude protein con-

tent and reducing sugar production. The amount of

reducing sugar produced by fermentation of acidic or

alkali- pretreated straw was generally higher than that of

the untreated controls. This reducing sugar content signifi-

cantly increased when fermented straw was pretreated by

H
2
SO

4
 or HCl. The increment of reducing sugar content

was usually accompanied by increase of soluble protein.

The results also indicated that the crude protein content of

Table 1. Effect of mechanical, chemical and mechanical-chemical pretreatments on total reducing value (RV), soluble protein (SP)

and crude protein (CP) of fermented rice straw by A. ochraceus, A. terreus and T. koningii at 27
o

C for 5 days

Treatment  A. ochraceus A. terreus T. koningii

Chemical Mechanical RV SP CP RV SP CP RV SP CP

Control
A 09

ef
83

fg
179

c
11

e
081

f
188

cd
12

bc
89

b
196

de

B 07
g

81
gh

166
d

10
f

077
g

172
ef

12
bc

89
b

189
ef

H2SO4

A 13
a

98
a

174
cd

16
a

100
a

183
de

13
ab

91
ab

199
cd

B 08
f

82
gh

165
d

13
bc

091
e

166
f

11
cd

86
d

182
f

HCl
A 13

a
95

b
192

a
15

b
098

ab
201

ab
14

a
92

a
214

ab

B 09
ef

86
de

192
a

12
d

092
de

195
bc

11
cd

88
bc

203
c

HCl + H3PO4

A 11
b

88
cd

190
ab

13
bc

094
cd

196
bc

13
ab

92
a

209
bc

B 10
cd

86
de

167
d

11
e

079
gh

191
bc

12
bc

89
b

195
de

NaOH
A 11

b
89

c
192

a
15

b
099

ab
198

ab
14

a
91

ab
202

cd

B 08
f

82
gh

184
ab

12
d

090
e

185
cd

12
bc

87
cd

181
f

NH4OH for 4 weeks
A 10

cd
85

ef
193

a
14

b
096

bc
202

a
12

bc
89

b
222

a

B 09
ef

83
fg

187
ab

13
bc

093
cd

192
bc
 12

bc
88

bc
209

bc

NH4OH for a day
A 10

cd
83

fg
192

a
13

bc
092

de
197

ab
13

ab
88

bc
214

ab

B 09
ef

80
h

183
bc

12
d

090
e

182
de

11
cd

86
d

196
de

Means in the same column having the same superscript letter are not significantly different at P < 0.05.

A = chopped rice stalks 5~6 cm lengths. B = ground rice straw as in Fig. 1.
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fermented straw pretreated by NH
4
OH or HCl was signifi-

cantly higher than those by the other pretreatments and

untreated controls. In case of NH
4
OH pretreatment, the

level of crude protein in straw pretreated for a day was

increased by 7.3, 4.8 and 9.2% when fermented by A.

ochraceus, A. terreus and T. koningii, respectively. Whereas,

HCl pretreatment increased the crude protein content of

fermented straw up to 7.3, 6.9 or 9.2% by any of these

fungi as compared with the untreated controls. NaOH pre-

treatment caused increment in crude protein content, when

straw was fermented by A. ochraceus or A. terreus (7.3 0r

5.3%), while, pretreatment with HCl plus H
3
PO

4
 increased

protein content (6.6%) when straw was fermented with T.

koningii. On the other hand, there was no significant dif-

ference in the crude protein content between non-treated

fermenting rice straw and that pretreated by H
2
SO

4
. It is

worth mentioning that there is no significant difference in

reducing sugar, soluble protein and crude protein content

of the rice straw, when fermented with any of the three

fungi, in case of pretreatment straw by NH
4
OH for a day

Fig. 1. Diameter of rice straw granules (mm) ground into small

particles.

Table 2. Combined effect of mechanical-physical pretreatments using gamma irradiation on total reducing value (RV), soluble

protein (SP) and crude protein (CP) of fermented rice straw by A. ochraceus, A. terreus and T. koningii at 27
o

C for 5 days

Treatment A. ochraceus  A. terreus  T. koningii

Physical* Mechanical RV SP CP RV SP CP RV SP CP

Control
A 09

i
083

jk
179

f
11

jk
081

l
188

defg
12

m
089

o
196

defg

B 07
k

081
kl

166
g

10
k

077
m

172
i

12
m

089
o

189
gh

005

Dry
A 09

i
080

lm
180

f
12

jk
085

k
198

bcd
14

lm
090

o
177

ij

B  8
j

083
jk

164
g

 8
l

074
n

173
hi

12
m

092
mn

189
gh

Wet.
A 08

j
082

kl
180

f
 7

m
074

n
185

efgh
12

m
088

p
183

hi

B 09
i

085
j

186
def

13
i

095
h

190
cdefg

15
l

094
lm

193
efgh

010

Dry
A 08

j
078

m
183

ef
11

jk
089

j
197

cd
14

lm
091

no
172

j

B 09
i

083
jk

191
bcdef

11
jk

091
i

180
ghi

18
jk

097
jk

192
fgh

Wet.
A 09

i
080

lm
179

f
10

k
081

l
187

defg
15

l
094

lm
191

fgh

B 10
h

088
i

189
cdef

14
i

096
h

190
cdefg

17
k

098
ij

193
efgh

050

Dry
A 09

i
084

jk
180

f
11

jk
090

ij
196

cde
17

k
095

kl
191

fgh

B 10
h

085
j

187
def

12
jk

092
i

184
fghi

19
i

100
hi

175
ij

Wet.
A 12

g
090

h
183

def
14i 095

h
190

cdefg
20

h
101

gh
197

cdefg

B 13
g

092
g

190
cdef

17
h

102
g

196
cde

21
g

103
g

196
defg

100

Dry
A 12

g
089

h
185

def
11

jk
088

j
180

ghi
19

i
100

hi
190

fgh

B 13
g

092
g

189
cdef

17
h

101
g

179
ghi

21
g

103
g

199
bcdef

Wet.
A 17

e
099

f
189

cdef
19

g
105

f
189

defg
21

g
102

gh
200

bcdef

B 17
e

100
f

197
abcd

20
f

107
e

203
abc

23
f

106
f

208
abc

200

Dry
A 14

f
099

f
197

abcd
17

h
102

g
181

fghi
22

fg
104

g
192

fgh

B 17
e

101
f

204
ab

25
d

115
d

193
cdef

27
de

111
e

197
cdefg

Wet.
A 24

c
115

c
197

abcd
21

e
109

e
193

cdef
26

e
107

f
208

abc

B 25
c

120
b

207
a

25
d

113
d

202
abc

28
d

115
d

209
ab

500

Dry
A 23

d
106

e
202

abc
20

f
109

e
202

abc
27

de
111

e
200

bcdef

B 24
c

111
d

206
a

28
c

124
c

209
ab

37
c

120
c

204
abcde

Wet.
A 36

b
129

a
196

abcde
40

b
130

b
209

ab
40

b
127

b
207

abcd

B 40
a

131
a

205
a

42
a

133
a

210
a

50
a

130
a

213
a

Means in the same column having the same superscript letter are not significantly different at P < 0.05.

A = chopped rice stalks 5~6 cm lengths. B = ground rice straw as in Fig. 1.

*Physical treatment = exposure to doses of gamma radiation/kGy.
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Table 3. Combined effect of mechanical-chemical-physical pretreatments on total reducing value (RV), soluble protein (SP) and

crude protein (CP) of fermented rice straw by A. ochraceus, A. terreus and T. koningii at 27
o

 for 5 days

Treatment  A. ochraceus  A. terreus  T. koningii

Chemical Physical* Mechanical RV SP CP RV SP CP RV SP CP

H2SO4

0.0
A 13

c
098

bc
174

de
16

f
100

e
182

d
13

e
091

d
199

ab

B 08
e

082
f

165
f

13
g

091
f

166
e

11
f

086
e

182
c

5
A 22

a
125

a
190

ab
24

a
114

a
215

a
16

cd
094

c
201

ab

B 12
cd

090
de

178
cd

22
b

109
b

202
bc

11
f

088
e

196
ab

10
A 16

b
100

b
197

a
21

bc
109

b
215

a
24

a
104

a
202

a

B 14
c

095
cd

183
bcd

20
cd

107
bc

204
ab

20
b

102
a

182
c

50
A 14

c
095

cd
187

bc
20

cd
105

cd
202

bc
17

c
097

b
189

bc

B 12
cd

092
de

175
de

19
e

105
cd

191
cd

15
d

092
cd

183
c

100
A 12

cd
090

de
184

bc
22

ab
109

b
200

bc
13

e
088

e
189

bc

B 12
cd

087
e

166
ef

17
f

103
de

191
cd

12
e

087
e

179
c

HCl

0.0
A 13

bc
095

ab
192

cde
15

ef
098

de
201

bc
14

e
092

e
202

bc

B  9
d

086
d

192
cde

12
g

092
f

195
cd

11
f

088
f

181
ef

5
A 15

a
098

a
202

abc
20

a
107

a
209

b
23

a
105

a
202

bc

B 13
bc

094
ab

193
cde

18
bc

104
abc

201
bc

20
b

101
bc

178
f

10
A 15

a
098

a
209

a
13

g
093

f
225

a
18

c
100

c
222

a

B 12
c

091
bc

204
ab

12
g

091
f

207
b

17
c

097
d

208
b

50
A 14

ab
097

a
199

abc
16

de
100

cd
192

cd
21

b
102

b
198

bcd

B 12
c

091
bc

196
bcd

14
fg

095
ef

187
d

20
b

105
a

191
cde

100
A 11

d
087

cd
190

de
19

ab
107

a
174

e
17

c
096

d
194

bcd

B 10
d

084
d

184
e

17
cd

102
bcd

170
e

15
d

093
e

184
def

HCl + H3PO4

0.0
A 11

a
088

a
190

a
13

c
094

d
196

c
13

e
092

d
209

ab

B 10
b

086
ab

167
cd

11
d

079
e

191
dc

12
f

089
e

195
c

5
A 08

cd
083

bc
174

bc
18

b
103

b
194

c
14

de
094

c
194

c

B 06
e

078
de

170
cd

13
c

094
d

171
e

14
de

093
cd

180
d

10
A 09

c
083

bc
174

bc
11

d
079

e
215

a
22

a
102

a
217

a

B 07
de

080
cd

161
d

10
e

076
f

195
c

19
b

101
a

206
b

50
A 07

de
083

bc
185

a
17

b
103

b
207

ab
17

c
097

b
207

b

B 07
de

081
cd

168
cd

15
c

097
c

205
b

15
d

094
c

194
c

100
A 08

cd
083

bc
182

ab
20

a
108

a
207

ab
12

f
089

e
182

d

B 06
e

076
e

166
cd

19
a

107
a

184
d

10
g

085
f

176
d

A = chopped rice stalks 5~6 cm lengths. B = ground rice straw as in Fig. 1.

and that for 4 weeks.

Combined effect of mechanical and/or physical pre-

treatment using gamma irradiation. Table 2 gener-

ally implied that in most cases, irradiation pretreatment of

straw did not make significantly differ in the contents of

reducing sugar, soluble protein and crude protein between

chopped and ground fermented straws. In contrast, reduc-

ing sugar and soluble protein were gradually increased in

the culture filtrate of the tested fungi grown on straw pre-

irradiated with different doses from 5 to 500 kGy gamma

radiation. Also pre-irradiated wet straw gave better result

than pre-irradiated dried straw. On the other hand, crude

protein contents of fermented straw of pre-irradiated by 5,

10 or 50 kGy were not significantly changed, while signif-

icant increase gradually occurred in that of pre-irradiated

by 100, 200 or 500 kGy. Pretreatment of wet straw with

500 kGy significantly increased the contents of reducing

sugar, soluble protein and crude protein after fermenta-

tion with A. ochraceus, A. terreus or T. koningii. The per-

centage of increase in soluble protein of ground wet straw

after fermentation with any of these fungi was 61.7, 72.7 and

46.1%, and that in crude protein was 23.5, 22.1 or 12.7%,

respectively. Reducing sugar was amplified more than

four fold when irradiation dose increased up to 500 kGy.

Combined effect of mechanical-chemical-physical pre-

treatment. As indicated in the previous results (Table

1), the data in Table 3 emphasized that the fermentation

which was obtained using chopped straw (5~6 cm lengths)

was better than that of ground straw. The results also indi-

cated that chemical-physical pretreatment using low doses
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of gamma-radiation (5 or 10 kGy) enhanced the fermenta-

tion process. Each of the three fungi significantly increased

the protein content in the fermented straw with chemical-

physical pretreatment rather than in the fermented straw

with either chemical or physical pretreatment. The type of

chemical pretreatment combined with the physical pre-

treatment was also effective. High level of reducing sugar

and soluble protein were obtained when straw was pre-

treated with H
2
SO

4
-or HCl-gamma radiation while, high

protein content was obtained when straw pretreated with

NH
4
OH- or HCl-gamma radiation. The highest protein

content 217, 233 or 241 mg/g in fermented straws by

A. ochraceus, A. terreus and T. koningii was obtained when

the chopped straw was pretreated with NH
4
OH-10 kGy.

Discussion

Cellulose of rice straw which constitutes 39.7% does not

occur in pure form and always associated with lignin

13.4%, hemicellulose 25.8% and silica 13.0% (Helal,

2005b). Thus naturally occurring cellulose is not readily

susceptible to microbial attack. Pretreatments by either

mechanical or chemical and/or physical method could

change the structure of lignocellulosic materials or even

simply affecting the lignin-hemicellulose cellulose (LHC)

complex and thus facilitate the growth of fungi with high

cellulolytic activity. Aspergillus ochraceus, A. terreus and

Trichoderma koningii were chosen through screening of

several rice straw degrading fungi. These fungi produced

fermentable products containing 24.3, 25.0 and 23.2%

crude protein, respectively (Helal, 2005b). In the present

study, reducing sugar, soluble protein and crude protein

content of chopped fermentable straw by the three fungi

were generally higher than those in the ground straw

under static conditions. The increase in crude protein con-

tent of straw reached 7.8, 9.3 or 3.6% by these fungi,

respectively. This may be attributed to the good aeration

between the stalks (5~6 cm lengths) of chopped straw

which absorbed basal medium by capillary state during

fermentation, than that between the fine particles (0.18~

2.8 mm in Fig. 1) of ground straw saturated with the basal

medium. The problem which can be resolved in the fol-

lowing studies by turning ground straw. During pretreat-

ment the cellulose materials of various origins by different

ways, the average particle size and the polymerization

degree of the substrates practically did not affect the enzy-

matic hydrolysis catalyzed by cellulase complex of T.

reesei and A. niger (Kolyosov and Sinitsyn, 1981; Rivers

and Emert, 1988). Also, the particle size reduction and

pressure cooking of the substrate had a little effect on cel-

lulose digestibility by cellulolytic microorganisms (Han and

Callihan, 1974). Milling had a little effect on the extent of

Table 3. Continued

Treatment  A. ochraceus  A. terreus  T. koningii

Chemical Physical* Mechanical RV SP CP RV SP CP RV SP CP

NaOH

0.0
A 11

a
089

a
192

de
15

d
099

cd
198

c
14

c
091

b
214

abc

B 08
c

082
bc

184
e

12
f

090
e

185
d

12
d

087
c

203
ef

5
A 08

c
082

bc
216

a
18

b
104

b
223

a
11

d
085

cd
209

abcd

B 08
c

081
bc

202
bc

12
f

090
e

221
a

10
e

082
ef

202
ef

10
A 09

b
085

ab
216

a
17

c
101

bc
221

a
10

e
084

cde
218

a

B 08
c

080
c

215
a

15
d

097
d

204
bc

09
g

080
f

205
def

50
A 09

b
085

ab
210

ab
17

c
102

b
211

ab
10

e
083

def
215

ab

B 07
d

080
c

200
cd

16
cd

101
bc

205
bc

09
g

080
f

207
bcd

100
A 11

a
088

a
198

cd
24

a
112

a
179

d
16

a
096

a
197

e

B 10
ab

087
a

191
de

23
a

110
a

158
e

15
b

094
a

172
f

NH4OH

0.0
A 10

c
085

cd
193

cde
14

f
096

e
202

de
12

d
089

cd
222

b

B 09
cd

083
d

187
e

13
f

093
e

019
6e

12
d

088
d

214
bc

5
A 08

d
083

d
210

ab
20

b
111

b
212

bcde
19

a
101

a
203

c

B 07
e

081
d

197
cd

18
cd

108
bcd

223
abc

17
b

097
b

180
d

10
A 11

b
088

bc
217

a
18

cd
109

bcd
233

a
13

c
091

c
241

a

B 08
d

083
d

201
bc

16
e

107
cd

229
ab

11
e

085
e

220
b

50
A 12

b
091

b
207

ab
19

bc
110

bc
220

abcd
13

c
091

c
224

b

B 09
cd

084
cd

198
cd

17
de

106
d

215
abcde

13
c

090
cd

210
bc

100
A 13

a
095

a
189

de
21

a
115

a
205

cde
14

c
092

c
203

c

B 09
cd

083
d

170
f

22
a

115
a

211
bcde

12
d

088
d

184
d

Means in the same column for the same chemical treatment having the same superscript letter are not significantly different at P < 0.05.

A = chopped rice stalks 5~6 cm lengths. B = ground rice straw as in Fig. 1.

*Physical treatment = exposure to doses of gamma radiation/kGy.
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cellulose, hemicellulose and lignin utilization by co-cul-

ture of Sporotrichum pulverulentum and Chaetomium cel-

lulolyticum (Prendergast et al., 1983). Fungi varied in their

ability to decompose milled straw, and milling increased

the amount of straw decomposed but did not alter the rel-

ative success of the isolates (Harper and Lynch, 1985).

Harper and Lynch (1985) added that, the effect of milling

(0.5~2.0 mm) may break open parts in the cells of the

straw in which the fungi are unable to enter and increase

decay following milling. They suggested that parts of the

straw may be non-lignified yet and protected by lignified

areas which surrounded them. Pretreatment before enzy-

matic hydrolysis increases the surface area of the cellu-

lose by reducing particle size. Coverse et al. (1990)

explained that opening up pores by hydrolysis of the

xylan and melting the lignin at high temperature cause

agglomeration and lignin acts as an inhibitor during hy-

drolysis since cellulases adsorbed on lignin cannot hydro-

lyze cellulose. During hydrolysis, these pores expand and

collapse, causing the exposed surface area of cellulose

to vary in a complex manner, thus affecting cellulase’s

adsorption and the rate of hydrolysis.

The chemically pretreated straw acted as better sub-

strates during fermentation than the physically pretreated

straw (Tripathi and Yadav, 1989). The degree of cellulose

degradation by a chemical microbial process was depen-

dent upon the nature of cellulose and the kind of pretreat-

ment of the substrate (Han et al., 1971). In this study

soaking rice straw in NH
4
OH for a day at room tempera-

ture gave better results than other chemicals pretreatments

combined with high temperature above 100
o

C (Table 1).

The crude protein content of fermented chopped straw

pretreated with NH
4
OH raised 7.3, 4.8 or 9.2% using A.

ochraceus, A. terreus or T. koningii, respectively. The

same trend was found by the works of Jackson (1978)

and Weichert (1991) that treatment of straw with ammo-

nia (gas or solution) had a great appeal because ammonia

did not leave residual alkali as NaOH and it increased the

nitrogen content of the material by 0.8 to 1.0% units. The

drastic hydrolysis conditions of complex substrates which

contain cellulose produced not only simpler carbohy-

drates but also possible growth inhibitors derived from

the degradation of lignin or other polyphenols. Chemical

delignification has the advantage that it is a rapid pro-

cess, but expensive and poses a potential pollution prob-

lem. Therefore, microbial delignification is gaining attention

as a possible alternative to the chemical methods cur-

rently in use (Kirk et al., 1978, 1979).

Results in this investigation also showed that gamma

irradiation pretreatment of rice straw generally increased

reducing sugar in the culture filtrate of the fermented

ground straw by any of these fungi from 7, 10 or 12 to

40, 42 or 50 mg/g dry straw as the doses increased up to

500 kGy. Whereas, the crude protein content of fermented

straw decreased at low doses 5, 10 and 50 kGy but

increased gradually at 100, 200 or 500 kGy. On the other

hand, there were significant increases in reducing sugar,

soluble protein and the crude protein contents of the fer-

mented preirradiated-wet straw than the fermented preirra-

diated-dry straw (Table 2). Ionizing radiation as gamma

lowers the degree of the polymerization of cellulose and

lignin, and partially disrupts the lignocellulosic complex

(Millet et al., 1978; Malek et al., 1998; Malek, 2001).

The combined effect of gamma irradiation with chemi-

cal pretreatment of rice straw (Table 3) clearly showed

that NH
4
OH or HCl combined with 10 kGy gave better

results in the crude protein content of fermented straw by

the three tested fungi. This combined effect of NH
4
OH-

10 kGy increases the crude protein content to 13.0, 18.3

or 12.6% in the chopped fermented straw by A.ochra-

ceus, A. terreus or T. koningii, respectively, as compared

with NH
4
OH pretreatment alone (21.2, 24.6 or 26.2%) as

compared with 10 kGy pretreatment alone, and 10.7, 11.5

or 16.4% as compared with 500 kGy pretreatment alone,

under the same conditions, respectively. Conversion of

rice straw to chemical stock feed is usually based on acid

or enzymatic hydrolysis of cellulose to glucose but ioniz-

ing radiation 100 MRAD could be an effective alternative

(Brenner, et al., 1977). They added that other methods of

hydrolysis combined with irradiation (10 MRAD) prom-

ises well economically. The combined effect of gamma

radiation doses 100, 150 or 200 kGy and 2, 4 or 6 g

NaOH/25 ml water/100 g digestible matter (Al-Masri, 1999)

and also, 5% urea-200 kGy (Al-Masri and Guenther, 1999)

resulted in a larger increase in the digestible energy and a

better effect by reducing the concentration of cell-wall

constituents: neutral-detergent fiber, acid-detergent fiber

and acid-detergent lignin of wheat straw, cotton seed shell,

peanut shell, soybean shell, extracted olive cake and

extracted unpeeled sunflower seeds, than in the individual

treatments. Also, the combinational effect of 20% urea-

200 kGy gamma on Thai rice straw and corn stalk gave a

higher percentage decrease in neutral detergent fiber, acid

detergent fiber, acid detergent lignin and cellulose, hemi-

cellulose and lignin and cutin in comparison with urea

pretreatment alone (Banchorndhevakul, 2002).

In conclusion, the crude protein content of rice straw

was improved with fermentation by any of the three fungi

specially when the straw was pretreated with chemical-

physical combination (3% NH
4
OH-10 kGy). This pretreat-

ment will be considered during the conductive studies for

increasing the feasibility of rice straw to change into a

good nutritive fodder.
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