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SUMMARY

This paper considers the separation of five strains of cellulolytic bacteria
(Cellulomonas sp., Acetobacter sp., Thermonospora sp., Ruminococcus sp. and Bacillus
sp-) from rumen liquor of Baladi goats and evaluation of these bacteria by electrophoresis
method. Then these bacteria were used as biological treatments of silage to study the
changes that occur on chemical composition and cell wall constituents of three
roughages. Silages were made from three roughages (corn stalks, bagasse and rice straw)
and incubation for two months. The additive { additive/ DM, w/w)contained water 200%,
urea 3%,molasses 4%, formic acid 0.03%, acetic acid 0. 5% and one of the cellulolytic
bacteria at the rale of 2 liters/ ton. Results indicated that using cellulolytic bacteria
caused marked increase in crude pro tein from average 1.98%to 15.16% and decrease
crude fiber from average 52.6% to 38.1% in all roughages compared with the untreated
roughages. All treatments significantly decreased NDF, ADF and ADL. It was concluded
that the five strains of bacteria were different significant and alf strains secretes cellulase
enzymes according to the electrophoresis method. In addition, the biological treatments
by Cellulomonas sp. and Ruminococcus sp. were succeeded more with bagasse and comn
stalkks while Thermonospora sp. and Bacillus sp. succeeded more with rice straw.
However, the biological treatments of corn stalks, bagasse and rice straw silage improved
its chemical composition and cell wall structure.

Keywords: biological treatments, cellulolytic bacteria, roughages, cell wall
constituents,chemical composition.

INTRODUCTION ' lignin, cellulose and hemicellulose.
' Also, most cereal straw s

characterized by low crude protein,

Analysis of roughages by detergent low available energy and deficient in
(Goering ¥nd Van Soest, certain minerals, These low gquality
1970) showed that they are high in roughages are inefTiciently utilized by
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component Systems comprising cellulose
microfibrils embedded in .a Tigno-
hemicellulosic - -matrix  which also
contains the other minor components as
imegral parts -(Morrison 1974 and
Momison 1983). The degradability of
particatar components of the ligno —
hemicellulosic matrix will have specific
effects not only the ligno -
hemicellulosic matrix but also on the
degradability of the <cellulose and
hemicelulose components.

The first objective in silage making
is to produce a palatable and . preserved
feed; this can be achieved by ensuring
the success of the lactic fermentation
using various biological additives or by
making the process less dependent on
fermentation by acidifying the crop with
organic or inorganic acids. Although
both approaches can achieve satisfactory
preservation, the composition of the
resulting silages differs in that those
prepared with biological additives tend to
‘be- extensively fermented whereas the
addition of acids, especially formic,
Testricts fermentation. The same authors
in a previous study found that biclogical
treatment by Cellulomonas sp.  of
‘bagasse improved its nutritive value
FTDN = 69%, approximately ‘nutritive
value of con) by increasing the crude
‘protein from 1.7% to 15.5%. In addition,
‘these bacteria were very active to secrete
the cellulase enzymes  causing
-dJegradation of cell wall constituents of
-bagasse and decrease the crude fiber
‘from 44.9 % 10 30.6% (Abd- El- Galil,
-2000).

The current investigation was
carried out to study the effect of
biclogical  treatments  (celulolytic
bacteria) on ‘poor qyglity roughages
(bagasse, comn stalks and rice straw) to
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improve its chemical composition and
cell wall structure.

MATERIALS AND METHODS
The - present study was divided
into two-Experiments: .

The First Experiment:
A-Preparation of bacterial cultures:-

In the laboratory of the Rumen
Ecology Center, Animal Production
Department, Faculty of Agricultural,
Ain-Shams Unijversity . Five strains of
cellulalytic bacteria were prepared fo
be examined by electrophoreses
method. The separated strains are:

1- Cellulomonas cellulasea (T2).
2- Acetobacter xylimum (T3).

3- Thermonospora fusca (T4).

4- Ruminococcus albus (15).

S- Bacillus sp. (T6).

6~ control or.marker protein (T1).

B- Pure culture media:

Tsolation of species using the
streak=plate or-the pour-plate method is
easily accomplished when the
organism »is -the- dominant species in a
sample (Hungate, 1975).

The pour-plate technique for
isolation of -pure cultures was
conducted ‘according to A.T:C.C
{1992). :A liquid suspension of the
micfobe was diluted serially in melted
nutrient agars that were support the
growth of the microbe. Agar at 45°C
remains liquid but does not kill
microbes. Each dilution in the series
contains a lower concentration of the
microbes per milliliter, so individual
bacteria are spatially separated from
one another in the liquid. The agar for



each dilution is poured into Petri dishes,
it is allowed to solidify, and the plates
are incubated, Bacteria suspended in the
milted agar are trapped in the agar as it
solidifies. During incubation, the isolated
bacteria develop into visible colonies
wherever the bacteria had become
localized in the agar or on the agar
surface. At the higher dilutions, in which
bacteria are physically separated from
each other, discrete colonies are
observed.

C- Preparation of bacterial culture to
electrophoresis:- :

1- SDS-Polyacrylamide | gel
electrophoresis:

According to Laemmlia (1970), 10G
ml of the get was prepared:- 40.9 ml of
stock acrylamide solution was diluted
with 25 ml by separating gel buffer
stock. One hundred pl of N, N, N, N-
tetramethyl ethylene diamine (TEMED}
were added and made up to 99 ml with
bidistilled water. Degassed, then 1.0 ml
of freshly prepared 10% ammonium
persulphate solution was added shacked
and immediately cast the gel. In order to
prepare 50 ml of the stocking gel:- 6.5 ml
of the acrylamide solution stock were
diluted by 12.5 ml of gel buffer stock.
Fifty uL of TEMED were added and the
volume was brought up to 49.5 mi with
distilled water. The mixture was
immediately added to the precasted
separating gel and the comb was placed
at the same moment. The slab was left
till polymerization of the gel completed.

2- Cell protein preparation:

Ten ml of bacteria were inoculated
with freshly prepared cuitured bacteria
slants (16 hours old) of each standard
strain Cellulomonas cellulasea, Bacillus
sp., Acetobacter xylinum, Thermonospora
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Jusca and Ruminococcus albus, their
mutants and the obtained fusants.
Cultures were incubated at 30°C on a
shaking water bath (100cycle /minute)
for 16 hrs. For each strain, 10 ml
aliquots were centrifuged at 1000 rpm
for 30 minutes. The supernatant was
discarded and one mi of lysis buffer
was added to each pellet, followed by
addition of 30 mg of lysozyme. The
suspensions were thoroughly mixed
with vortex and the tubes were
incubated at 30°C on a shaking water
bath for 30 minutes. The protoplasted
cells were centrifuged at 1000 rpm for
5 minutes. The supernatants were
discarded and the pellets were washed
twice with sterile bidistilled water, then
the protoplasted cells were
resuspended in 1.0 ml sterile distilled
water. The suspensions were shacked
vigorously by Vortex, thus the
protoplasts were ruptured and the cell
proteins were readily available for
electrophoresis. In clean dry
Eppendorff tubes, equal volumes of
cell protein and 2x sample buffer were
mixed and one drop of bromophenol
blue was added. The tubes were
immersed for 30 seconds in a boiling
bath in order to be ready for injection.
Ninty pl from each sample (strains)
were injected in each well of
Pharmacia slab (160 x 180 x 1.5 mm).
15 pl wide range molecular weight
calibration kit proteins were injected in
the protein marker well.
Electrophoresis was carried out at 50
volts per the double slab till the
bromophenol blue marker dye reached
the bottom of the stacking gel and
began fo enter the separating gel. The
voltage was then raised to 100 till the
marker dye reached the bottom of the
separating gel.
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The separated protein bands were
fixed in the gel by 50% TCA for 30 min.,
stained overnight with freshly prepared
1.0% Coomassia brilliant blue dye. The

gel was then repeatedly distained by
freshly prepared distaining solution.

The Second Experiment;
A-Ensiling:

1 - The samples of roughages (bagasse,
corn stalks and rice straw) were sun dried
to 90% DM and chopped to an
approximate 1-3 cm.

3
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2 - The samples of roughages were
mixed with 2 water : 1 air dry roughages
(McHan et al.,, 1974 ) and mixed with
5% w/w molasses (Le Dividich et al.,
1978), 3% w/w Urea (Jakhmola et al,
1993), and 0.3% w/w formic acid
(Narasimhalu ef al., 1992)and 0.5% w/w
acetic acid (Magara ef al., 1989).

3 -The samples were treated with one of
the following treatments by 2 liters
(6% 10° viable anaerobes/kg of wet silage)
ton:

T1:- Untreated Roughage.

T2:- Treatment by Cellulomonas
cellulasea.

T3:- Treatment by Acetobacter xylinum.

T4:- Treatment by Thermonospora fusca.

T5:- Treatment by Ruminococcus albus.

T6:- Treatment by Bacillus sp.

4- Treated samples were pressed in jars
(2 liters) for laboratory use or barrels
(200 liters) for farm use and
incubation for two months.

B-Proximate chemical analysis: -

The Proximate chemical analysis of
treated and untreated roughages
(bagasse, corn stalks and rice straw) was
determined according #to A.0.A.C
(1990). The proximate chemical analyses

e,

127

were used to determine dry matter
(DM), crude protein (CP), crude fiber
(CF), Ether Extract (EE) and ash. The
nittogen free extract (NFE) was
obtained by difference.

C- Cell wall constituents analysis:-

Raw rice straw, com stalk and
bagasse, compost treated rations were
analyzed according to Van Soest and
Breston (1979) to determine neutral
detergent fiber (NDF), Acid detergent
fiber (ADF) and acid detergent lignin
(ADL)." Hemicellulose, Cellulose and
Lignin were determined by difference.

D- Statistical analysis:

The data of chemical analysis and
fiber fraction were statistically
analyzed according o statistical
analysis system User's Guide, S.A.S.
(1998). Separation among means was
carried out by using Duncan Multiple

: test. The following model was used:

Yy=p+Ti+ay Where:

Y ij = The observation of the
model.

p = QGeneral mean common
element to all observation.

Ti = The effect of the treatment (i
= 1... 6), a ij = The effect of error.

RESULTS AND DISCUSSION

The First Experiment:-

-PAGE  electrophoresis  protein
banding pattern of cellulolytic
bacteria and their fusants cell
Jollowing SDS-PAGE:

The resuits obtained are presented
in Figure (1). The marker proteins
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LANE 1 2 3 4 56
Figure (1): Electrophoretic separation of cell protein of the protein marker and
strains using SDS PAGE '
Lane (1): The protein marker (control}
Lane (2): Ruminococcus albus
Lane (3): Thermonospora fusca
Lane (4): Acerobacter xylinum
Lane (5): Baciilus sp.
Lane (6): Cellulomonas cellulasea
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Table (1): The dichopliroissondad ofpretein (Lane 1)

Basd umber  Relulive front MelWi (K Da) Optical Dinesity O. D
1 0015 116.000 0.4383
2 0038 97.000 0.797
3 0.161 39.000 0.525
4 0.194 66.000 0.391
5 0230 55.000 0324
6 0344 45.000 0336
7 0539 36.000 0.409

Tﬂﬂkﬁdedﬂ;@:Z}.

Band Number Relatfive fromt

Mot Wt. (i Dalton)  Optical Dinesity

1 0.000 131.474 0511
2 0.033 100.533 0514
3 0084 93.919 0.784
4 0113 92.061 0.747
5 0.132 90.796 0.850
6 0.148 89.825 1117
7 0179 75.882 1.220
8 0.210 60.940 1.077
9 0.236 54367 1.109
10 0258 52309 1214
11 0283 50.135 1.095
12 0309 47366 1.075
13 0366 45873 1.007
14 0402 42.129 0.889
15 0430 40.763 0.828
16 0453 39.7142 0.891
17 0483 38356 0.830
iz 0545 3577 0.765
19 0576 34481 0.660
20 0514 37012 0.982
21 0.609 35.19%4 0.556
z2 0.649 3L713 0585
3 072 29.167 0.595
24 0.775 27445 0.419
25 0.799 25,690 0479
26 0sx3 25959 0.588
27 0.857 24.987 0.694
28 0.892 23.994 0.7
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{wide range calibration protein kit)had
the following molecular weights B-
glycosidase  (116.000), phosphorylase
(97.000), fructose-6-phosphate  kinas
(84.000), albumin(66.000), glutamic
dehydrogenase  (55.000),  ovalbumin
(45.000), glyceraldahyde-3-phosphate
(36.000). Figure(l) and Table(l)
represented the scanning pattern of the
marker protein .The marker protein was
lane (1) in Figure (1) and Table (1)
showed the variation in number, optical
density (OD) and relative front of the
protein bands among the protein marker.
Table (2) and tane (2) represented the
scanning pattern of Ruminococcus albus.
Also, Table (2) showed that the band
which has Mol Wt of approximately
between 60.9 to 40.7 were present in
most strains which it was the molecutar
weights of cellulase enzymes, but in the
strain  named Ruminococcus  afbus
present another enzymes carbonic

anhydrase (29.000) and trypsinogen-

(24.000). Figure (1) in lane (3) and
Table {3} showed the scanning pattern of
the marker protein and Thermonospora
fusca. Also, Table (3) showed that the
band which has Mol.Wt. present in most
strains between 60-40 approximately, the
bands. were Mol.Wt. of celulase
enzymes. Table (4) and Figure (1) in lane
(4) represented the scanning pattern of
the marker protein and Acetobacter
xylinum. Also, Table (4) showed the
variations in number, O.D, R.F. and
Mol Wt. of the protein bands among the
Acetobacter xylinum, the 1able indicated
that Mol.Wt. of the Acetobacter xylinum
has 56.000to41.000was present in most
strains. Table (5) and Figure (1) in lane
(3) represented the scanning pattern of
the protein of strain Bacillus sp. Also,
Table (5) cleared that the differences in
R.F, O.D, and Mol.Wt. of the protein
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bands of Bacillus sp. which has
Mol. Wt 63.00010 40.000was present in
most strains. Table (6) and Figure (1)
in lane (6) cleared the scanning pattern
of the protein of strain Cellulomonas
cellulasea. Also, Table (6) showed the
differences in R.F., 0.D. and Mol.Wt.
of the protein bands. The results
indicated that the bands of
Cellulomonas cellulasea Mol.Wt. was
from 57.000 to 40.000 present in most
strains. The results indicated that the
relationships between the genes and
their products (ie. proteins) are
parallel. This is reflected by changes in
the electrophoretic protein  banding
pattern either appearance of new bands
by wvariation in Mol Wt. of bands.
Polyacrylamide gel electrophoresis
(PAGE) of cellular protein has been
used as a good tool for classifying and
identifying microorganisms (Ibrahim er
al., 1990 and Ibrahim and Abu-Seada,
1991). As computer comparisons of
electrophoretic protein patterns can be
a faster, easy and powerful tool for
classification and identification of
bacteria (Kersters and Deley, 1975).

The data showed that all strains
secret cellulase enzymes. Crawford er
al., (2004) noticed those cellulases are
endogenous  enzymes required for
degradation of cellulose in plants, but
microbes are producing the necessary
enzymes. Protein purification from
gastric fluid of animal via fast
performance liquid chromatography (F
P L C) indicated the presence of two
endoglucanase enzymes. The
molecular weights of these components
were determined by matrix-assisted
laser desorption /ionization-time of
flight (MALDI-TOF) to be 47.887 K.
Da.(GEN L 1) and 50.295 K. Da.{(GEN
L 2). In general, it can be concluded
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Table (3): The electrophoresis of Thermonospora fusca (Lane 3)

Band No. Relative front  Mol. Wt. (K. Dalton) Optical Dinesity
1 ' 0.086 93.775 0.154
2 0.194 66.000 0.148
k] 0.212 60.249 0.176
4 0241 53949 0.216
5 0.258 52.309 0.259
6 0.278 50.523 0.245
7 0.291 49,367 0.253
8 0.364 43.985 0.226
9 0.444 40.147 0.20%
10 0.481 38.453 0.200
i1 0.534 36.183 0.278
12 0.561 35.099 0.199
13 0.618 32859 0.183
14 0.658 31.393 0.167
15 0.759 27937 0.201
16 0.892 23.994 0.297
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Table (4): The electrophoresis of Acetobacter xylinum (Lane 4)

Band No. Relative front Mol. Wt. (K. Dalton) Optical Dinesity
1 0.000 131.474 : 0.525
2 0.029 104.195 0.286
3 0.082 94.063 0.263
4 0.097 93.057 0.236
5 0.143 90.151 0.289
6 0.168 83.834 0.311%
7 0.185 71.478 0.407
8 0.225 56.268 0.657
9 0.249 53.128 1.014
10 0280 50.329 0.732
11 0.325 46.590 0.655
12 0.347 44.866 0.780
13 0.358 44.381 0.637
14 0.364 43.985 0.594
15 0.373 43.541 0.591
16 0.395 42.451 0.535
17 0.417 41.388 0.486
13 0.450 39.843 0.510
19 0.481 38453 0.729

20 0431 38.453 0.729
21 0.501 37.586 0.610
22 0.539 36.000 0.526
23 0.558 35.188 0.660
24 0.572 34.656 0.531
25 0.592 33.874 0.496
26 0.618 32.859 0.415
27 0.671 30,919 0.398
28 0.671 30919 0.398
29 0.702 29.841 0.363
30 0.724 29.0694 0.358
31 0.784 27.168 0.382
32 0.819 26.088 0.461
33 0.874 24.486 0.870

132



Egyptian J. Nutrition and Feeds (2007)

e

Table (5):The electrophoresis of Baclllus sp. (Lane 5)

Band No. Relstive front Mol, Wt. Daiton Dines
1 0.035 1 98 735 0.285
0.091 — 93,483 0.412

3 0.091 . 93483 : 0412
4 0.115 91914 0313
5 0.139 90371 0.481
6 0.161 88.825 0.526
7 0.179 75.554 0.546
8 0.201 63.459 - 0.638
9 0.263 51.567 0.775
10 0.311 . 47.195 0.833
11 0.322 46,231 0.779
12 0.338 44 886 : 0.763
13 0.373 43.366 0.841
14 0.406 41.811 0.672
15 0.430 ' 40,688 0.614
16 0.486 . 38.226 0.783
17 0.512 - 37.093 _ 0.608
18 0.541 . 35.898 0.584
19 0.567 134,833 0.584
20 0.589 " 33,970 0.508
21 0.614 ' 33.046 0.418
22 0.642 © 31984 0.462
23 0.695 30.123 0.274
24 0.735 28.827 . 0.275
25 0.779 - 27437 0.276
26 0.830 25,954 0.346
27 0.883 24 486 0.584
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Table (6): The-siectrophoresis of Cellgjomonas cellulasea (Lane 6)

Beod No.  Relafive fronf Mol Wt (K. Dalton) Opticalt Dinesity

! — 0061 0 - 88.826 R Y W
2 0.168 83.57% 0.138
3 0.188 69.655 0.131
4 0.199 64.198 0.131
5 0.219 57.847 0.156
6 0.274 50.537 0.173
7 0.329 45.636 0.295
8 0.344 44.603 0.251
9 0430 40.688 0.288
10 0.461 39.292 0.229
11 0510 37.188 0.232
12 0.528 36.447 0232
13 0.576 34.495 0203
14 0.623 32735 0173
15 0.894 24486 03223
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that Cellulomonas cellulasea,
Acetobacter  xylinum, Thermonospora
Susca, Ruminococcus albus, and Bacillus
sp. were originally isolated from the
rumen, which can grow under anaerobic
conditions. There are major cellulolytic
bacteria within the rumen. One of the
reasons for its predominance isolation is
its ability to readily degrade various
forms of crystalline cellulose and
lignocelluloses - materials. These strains
were different which in lane (2) the
percent of cellulase enzymes was
28.57%, inlane(3) 43.75%, in lane (4)
30.30% , in lane (3) 25.92% , and in
lane (6) 33.33% . These resuits showed
that differences between all strains due to
different of effect on cell wall
constituents.

The Second Experiment:-

- Effect of biological treatmenis on
roughages by cellulolytic bacteria:

I-Effect of biological treatments on
chemical composition of bagasse:

Results of chernical composition of
treated and untreated bagasse are
presented in Table (7). However, the
effects were mainly due to the effect of
biological  treatments, which the
increased of DM in T2, T3, T4, TS5 and
Té due to the additives. In regard to
crude protein (CP) values of untreated
{T1)and treated bagasse T2,T3, T4, T5
andlé  were 191 , 17.26,19.18
.15.47,12.44 and 12.10% ,respectively. It
was noticed that greater difference
(p<0.05) was cleared between untreated
and treated bagasse, but the highest
values were recorded for T2 and T3
(17.26 and 19.18) while T5andT6 (12.44
and 12.10) were the lowest values.

These effects were mainly due to
nitrogen content of added urea (about 3%
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wiw), microbial protein from bacteria
treatments and nitrogen content of
growing cellulolytic bacteria in silage
of bagasse. Crude fiber decreased from
67.64% in untreated bagasse to 32.42
and 32.97 %in treated bagasse by T2
and TS5, respectively. The decline of
crude fiber values in the experimental
could be results of the cellulase
enzymes secreted by cellulolytic
bacteria. Treatment with different
strains of cellulolytic bacteria resulted
in an increase ( p< 0.05) in ether
extract from 2.24 % in untreated
bagasse (T1) to 4.51 ,4.34 and 5.88%
in treated bagasse (T2, T3 and T4) .
The increase of ether extract due to
synthesis fatty acids through growth of
bacteria. There was a decrease
(p<0.05) in the NFE contents of
treatments bagasse from 23.76% in T1
to 18.45 and 16.23% in treated bagasse
T3 and T4. But treated bagasse (T2, T5
and T6) were increased (p<0.05) ‘to
26.88, 40.66 and 3582 % in
comparison of the untreated bagasse
(T1). It is clear that ash values
increased from 4.44 and 3.82 %in
untreated (T1) and treated bagasse (T3)
to 18.53, 19.42, 11.25, and B.63 %
followed the treatments T2, T4 , TS5
and T6, respectively. These effects
were due to added media of growing
bacteria, degradation organic matter to
ash and inorganic matter ,molasses and
strains of bacteria to bagasse .In
general , it can be concluded that all
strains of cellulolytic bacteria as
biological treatments, had a great effect
on degrading crude fiber (from 67.64
to 3242 %) and increasing crude
protein content (from 1.91 to 19.18 %)
of bagasse.

2-Effect of biological treatments on
chemical composition of rice straw:
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Table (7): Effect of biological treatments on chemical composition of bagasse (On

DM basis)
Item TI1 T2 T3 T4 TS Té S.E
DM 89.00° 87.59° 84.00°  85.00° 93.57° 95.02°  +0.201
OM 95.36° 8147 96.18°  80.58° 88.74° 91.37°  +0.197
CP  1.91° 1726 19.18  1547° 12.44° 12100 +0.123
CF 6764 32.42° 5421°  43.00° 32,97 41.46°  +0.112
EE 2.24° 491° 4.34 5.88 2.67° 1.99°  +0.076
NFE 23.76°  26.88° 18.45° 1623 40.66 35.82° +0.296
Ash  4.44° 1853 3.82¢ 19.42* 11.25 8.63°  +0.055

abcd e&fmeaswitinhesmemw wihden s pesops dify spiftanly(P<005 )

Where: -

T1: - bagasse untreated. T2 - bagasse weated with Celfufomonas cellulasea.
T3: - bagasse treated with Acetobocrer xplinum.
T5: bagasse treated with Ruminococcus albus,

T4: - bagasse treated with Thermonospora fusca.
Té: bagasse treated with Bacillus sp.

Table (8): Effect of biological treatments on chemical composition of rice straw (On

DM basis)
Item T1 T2 T3 T4 TS Té6 S.E
DM 90.50" 84.25°  90.50° 85.92" 89.89* 85.53°  +0.139
oM 85.91" 82.43° 8241° 78.61° 86.32° 78.79°  £0.269
cp 1447 12.66° 1588 13.91° 16.36" 1437 +0.114
CF 44.08* 3939° 3933 28.14° 41.12° 3531 10.131
EE 221° 367 2.87° 4.07 233 3.74°  £0.049
NFE 38.18° 26.71° 2435 32.49° 26.49° 2537 +0.213
Ash 14.09° 1757 17.59" 21.39" 13.68° 2121 £0.065

abc d&emems witin e sameiow wihdifrent supersaipts diff sigfienty(P<005)

Where: -

T1: - rice straw untreated,

T2: - rice straw treated with Cellulomonas celfulasea.

T3: - rice straw treated with Acetobacter xylinum. T4: - rice straw {reated with Thermonospora fusca.
T5: - rice straw treated with Runtinococcus albus. 'T6: - rice straw treated with Bacillus sp.
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Results of chemical composition
of treated and untreated rice straw are
presented in Table (8). .In regard to
crude protein (CP) values of untreated
(T1), treated rice straw T2, T3,T4, T5
and T6 were 144 |, 12.66,15.88,
13.91,16.36 and 14.37 %,respectively .

It was noticed that greater difference
(p<0.05) was clear between untreated
rice straw (T1) and treated rice straw
(12, T3, T4, TS andT§), but the highest
values were for treated rice straw T3and
T5 (15.88 and 16.36%), while treated
rice straw T2and T4 (12.66 and 13.91%)
were the lowest values. These effects
were mainly due to nitrogen content of
added urea (about 3% w/w), microbial
protein from bacteria treatments and
nitrogen content: of growing cellulolytic
bacteria of rice straw silage .Crude fiber
decreased from 44.08% in untreated rice
straw to 35.31 and 28.31% in treated rice
straw (T6 and T4, respectively). The
decline of crude fiber values in the
experimental treatments could be as
results of the cellulase enzymes secreted
by cellulolytic bacteria (Abd El-Galil,
2000). Treatment with different strains of
cellulolytic bacteria resulted in an
increase of ether extract from 2.21% in
untreated rice straw (T1) to 4.07% in
treated rice straw (T4). There was a
decrease (p<0.05) in the NFE contents of
treatments rice straw from 38.18% in
untreated rice straw (T1) to 26.71,24.35
,32.49,26.49 and 25.37 % in treated rice
straw(T2, T3,T4,T5 andT6),respectively
. But treated rice straw (T3) was the
lowest value of NFE in comparison of
the untreated rice straw (T1). It is clear
that ash content increased from 14.09 in
untreated rice straw (T1) to 17.57 and
21.39 %when it was treated (T2} and
(T4), while it decreased to 13.68 in T5.
There effects were due to added media of
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growing bacteria, degradation organic
matter to ash and inorganic matter,
molasses and strains of cellulolytic
bacteria as biological treatments to rice
straw. There had a great effect on
degrading crude fiber content (from
44.08 to 28.14 %) and increasing crude
protein content (from 1.44 to 16.36 % )
of rice straw .

3-Effect of biological treatments on
chemical composition of corn
stalks:

Results of chemical composition
of treated and untreated corn stalks are
presented in Table (9). The differences
observed in dry matter contents could
be due to the effect of biological
treatments. On the other hand, the
values of crude protein of untreated
corn stalks {T1) and treated corn stalks
(T2, T3, T4, T5 and T6)} were 2.59,
14.42, 16.62, 12.51, 17.12 and 15.19
%, respectively. The present data
indicated that the highest values were
obtained for treated corn stalks T3 and
T5 (16.62 and 17.12 %), while for T2
and T4 it were the lowest values (14.42
and 12.51%). These effects were due to
nitrogen content of added urea {about
3% w/w), microbial protein from
bacteria treatments and nitrogen
content of growing cellulelytic bacteria
in silage of corn stalks. No explanation
for this phenomena which was repeated
in different studies by Abd El-Galil,
(2000); Zhao, er al. (2002) and
Shoukry et al. (1985). However, it can
be suggested that N content increased
due to contamination by water, soil or
plastic  container. Crude fiber
decreased from 46.10% in untreated to
27.65 and 34.04 %in treated T 2 and
T35, respectively. The decreasing of
crude fiber values in the experimental
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Table (9): Effect of biological treatments on chemical compesition of corn stalks (On

DM basis)
Item T1 T2 T3 T4 TS T6 S.E
DM  8850° 85.86° 85.50° 89.50° 89.97° 90.50*  +0.182
OM 9237 7742 74.03° 82.23° 88,98 88.07° +0.175
CP 2.59°  16.42°  16.62° 12.51° 17.12* 1519 10114
CF  46.10° 2765 3761 39.55° 34,04° 4209  +0.179
EE 452 517 6.90° 3.50° 3.11° 233 +0.043
NFE  39.15° 3068 1290 26.67° 34.66° 2845 +£0.450
Ash 763" 2208 2597 17.77° 10.87° 1193 +0.060

a bod e f means witinthe samerow wihdifert s parsoips difier sigrificartly (P<005 )
Where: -
T1: - com stalks untreated. T2: - corn stalks treated with Cellilomonas cellulasea.

T3: - corn stalks treated with Acerobacrer xylinum. T4: - comn stalks treated with Thermonospora fusca.
TS corn stalks treated with Ruminococcus albus. T6: corn stalks treated with Bacillus sp.

Table (10): Effect of biclogical treatments on cell wall constituents of bagasse (On

DM basis) :
Item Tk T2 T3 T4 T5 T6  SE
NDF 80.33*  70.20° 79.10° 64.90°  68.29° 62.42°  +0.176
ADF 61.51°  4030°  63.40° 40.10°  54.84° 4621° 10210
ADL 19.60°  21.13*  22.80° 2090°  22.50° 2207  £0.123

Hemicell. 18.80° 2990 15.70e 24.80° 13457 1621 1041
Cellulose 41.90°  19.17°  40.60°  19.20°  32.34° 24.14° 10291

abc.d ek f rears wihinthe samerow with et supersapts differ signifimndy (P<005)

‘Where: -

T1: - bagasse untreated. T2: - bagasse treated with Cellulomonas cellulasea.

T3: - bagasse treated with Acefobacter xylinum.  T4: - bagasse treated with Thermonospora fusca.
T5: - bagasse treated with Ruminococcus afbus. T6: - bagasse treated with Bacillus sp.
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treatments could be as results of the
cellulase enzymes  secreted by
cellulolytic bacteria. In regard to ether
extract (EE) value of untreated (T1) it
was 4.52%, while the treated T2, T3, T4,
TS andT6é were 5.17, 6.9, 3.5, 3.11 and
2.33 %, respectively. It is clear that ash
values increased from 7.63% in untreated
{Tl) to 2597 % when treated by
Acetobacter (T3). The values of NFE
was 39.15 %in untreated (T1) but in the
treated  T2,T3,T4,T5 andT6 it were
30.68, 12.9, 26.67, 34.66 and 2R 43%
respectively. 30, NFE values decicased
from 39.15 to 12.9 % when corn stalks
were treated by Acetobacter (T3). In

general , it can be concluded that all

strains of cellulolytic bacteria had great
effect on increasing crude protein content
(from 2.59 to 17.12%) and increasing
degrading crude fiber content (from
46.10 to 27.65 %) of corn stalks. The
present finding is in agreement with
Bakshi and Langer {1991). They reported
that crude fiber decreased from 42.92 to
17.87 % in the compost and spent with
the treatment of cellulase enzymes .On
the same trend, supportive results were
reported by Streeter et al. (1982) ;Reader
and Mc Queen (1983) ;Eduardo and
Etienne (1985) and Larwence and Abada
(1987) . On the other hand, Sheperd and
Kung {1996) found that, when com was
ensiled in mini silos with enzyme
(cellulase and hemiceliulase), the results
showed no differences in DM content
between treatments during  storage.
However, some studies referred that the
inoculation by bacteria or fungi produced
little improvement in silage composition
(Gordon, 1989), but in other studies, it
produced a faster and more efficient
fermentation  (Seale, 1989) with
reduction of DM losses. But Abd- EL-
Galil (2000) found that , when bagasse
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treated by Cellulomonas sp. bacteria
decreased of crude fiber from 44.9 %
t030.21 % and increased crude protein
from 1.75 % to 16.9% with reduction
of DM losses .  The present results
confirmed the results obtained by
Shoukry er al., (1985) and Abdul- Aziz
et al., (1997). Gado (1999) fermented
rice strawv and  bagasse  with
Trichoderma ressei and reported that
the CP, CF, EE, NDF, ADF, cellulose
and hemicellulose were lowered
clanificontly (p<0.03Y in both treated
o saaw o bagoasse. Bader (2001)
found :1 the biological treatments by
Pflorida decreased CF content than
that in raw, being 3.5%, while
combined fungi and bacteria at level of
3% were more efficient in decreasing
crude fiber content from 37.85% to
18.42% ,followed by incubation of
corn stalkks by Pflorida and E
carotovora at level 2% (being 47.37%
of control). The addition of urea only
into maize silage decreased DM
digestibility. It can be concluded that
urea and molasses can be used as silage
additive to increase crude protein and
energy content of silage (Denek and
Deniz, 2004). Jachmann et al., (1998)
showed that the pH range, supporting
growth of plewrtus sp was 1.5 to 12.0
units and good growth of pleurtus sp.
with urea was 1.5 to 3.0%. Shoukry et
al., (1983) found an increase in CP, EE
and ash content when treated sugarcane
bagasse treated with 4 different
microorganisms (Trichoderma viride
233, Basidomycetes sp, [] and
Gliocadium sp. Q230). Marwaha er
al., (1990) reported that the
ammonuation (through wurea) had
resulted in a decrease 3.21% in crude
fiber (CF), while fungal treatment has
showed a high decrease in CF when
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compared with that of untreated wheat
straw. Alfalfa, corn, sorghum and wheat
forages were chopped and inoculated
with  Lactobacillus  plantarum (107
celts’kg silage). The effect of the
inoculum was observed more on alfalfa
and wheat silage. Treated silage had
increasing in crude protein, decreasing in
crude fiber for alfalfa and wheat, and had
a positive effect on nutrients digestibility
(Lane and Maxsudweeks, 1981). Zhao, et
al. (2002) conducted an experiment,
whereas, a mixture of Panicum and rice
straw  with no additive (control),
acremonium cellulolytic and molasses as
additives. They found that additives had
resulted in lower pH and CF content, but
higher CP content.

4-Effect of biological treatments on cell
wall constituents of bagasse:-

It is clear from Table (10) that
biological treatments with different
cellulolytic bacteria had a significant
effect on cell wall constituents of
bagasse. Biological treatments decreased
( p<0.05) NDF contents from 80.33 %in
untreated (T1) to 70.2 ,79.1 ,64.9 ,68.29
and 6242 % in treated bagasse
(T2,T3,T4,T5 and T6, respectively) . The
highest decrease in NDF content was
recorded with treated by Bacillus sp.
(T6), while the lowest decrease in NDF
content was recorded with treated by
Acetobacter sp. (T3). There were
significant differences among treatments
detected in ADF content from 61.50% in
untreated (T1) to 40.3, 63.4, 40.1, 54.34
and 46.21 % in treated T2, T3, T4, T3
and T6, respectively, The lowest
decrease in ADF content was recorded
with bagasse treated by Acetobacter
sp{T3) , while the highest decrease in
ADF content was found in T2 and T4.
On the other side ,values of
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hemicellulose contem were 18.8%,
29.9%  ,15.7%.24.8%.13.45% and
16.21% in untreated(T1) ,treated
T2,T3,T4.T5 and T6. respectively. It
was noticed that hemicellulose content
increased in T2 andT4, while it
decreased in T3, T5 and T6. Cellulose
content in untreated was 41.9% while it
was 19.17. 406, 192, 32.34and
24.14% in T2, T3, T4, T3 and T6,
respectively, It was noticed that the
lowest decrease in cellulose content
was recorded with treatment T3 with
Acetobacter  sp. In il biological
treatments by cellulolytic bacteria
lignin increased from 19.6% to more
than 22 % with .dcefobacter sp.,
Ruminococcus sp. and Bacillus sp. In
general, results  indicated  that
biological treatments of bagasse by
cellulolytic bacteria were significant by
affect on cell wall constituents.

S-Effect of biological treatments on
cell wall constituents of rice straw:

Values of the effect of biological
treatments by Cellulomonas,
Acetobacter, Thermonospora,
Ruminococcus and Bacillus on cell
wall constituents of rice straw are
shown in Table (11). There were
significant (p<0.05) decrease in NDF
content of rice straw treated by
bacteria. The highest decrease was
found in T3 andTé (56.46 and
58.13%). The lowest decrease was
found in T2and T4 (84.62 and 84.58
%). ADF content decreased from
49.25% in untreated (T1) to 30.94% in
T3. However all bacterial treatment
resulted in decreased ADF content.
There was significant  decrease
hemicellulose content by cellulolytic
bacteria. The highest reduction of
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Table (§1): Effect of biclogical treatments on cell wall constituents of rice straw
(On DM basis)

Item Ti T2 T3 T4 TS T6 SE

NDF 89.00°  84.62° 5646 8458*  63.53° 5813 +0.135
ADF 4925*  4857° 3094 4573% 35590 4197 +0.196
ADL 1092 11.22°  12.19%  11.53° 15.74"  14.65° £0.122
Hemicell, 39.75° 36.05° 25.52°  3885"  27.94° 16.16 +0.393
Celtulose 39.33* 3735 1875°  34.20° 19.85° 2732 - +0.280

ahgdeffmeaswitintesameow wihdernt supesoips diftr siifiandy (P<005)

Where: -

T1: - rice straw untreated. T2: - rice straw treated with Cel/ulomonas cellulasea.

T3: - rice straw treated with Acetobacter xylinum. Td: - rice straw treated with Thermonospera fusca.
T5: rice straw treated with Ruminoeoccus albus. T6: rice straw treated with Baeillus sp.

Table (12): Effect of bioclogical treatments on cell wall constituents of corn stalks

(On DM basis)
Item Ti T2 T3 T4 T5 Té6 S.E
NDF 84.90° 7835 70.73° 76.73° 76270 6350°  +0.191
ADF 57.850  4120° 41.85° 43.10° 4735  38.18° 40210
ADL 1998 13.05° 1345 1290° 1842 1429  +0.161

Hemicell. 27050 21150 28805 3363 2292 3532 £0220
Cellulose 37.87° 4415 28407 3020° 2893  2339° 10245

2 b.c.d oS fimeans wihinthesame ow wihdiferentsupersoripts difier sigrificantly (P<005)

Where: - .

T1: - com stalks untreated.  T2: - corn statks treated with Cellulomonas cellulasea.

T3: - com stalks treated with Acerobacter xylinum, T4: - com stalks treated with Thermonospora fusca.
T5: corn stalks treated with Ruminococcus albus, T6: com statks treated with Bacillus sp.
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hemicellulose content was in Té
{16.16%), which treated with bacteria.

On the other hand, a significant
decrease in cellulose content was found
in all treated rice straw, the highest
decrease was recorded for T3,T5 and
T6( 1875, 19.85 and 2732 %,
respectively). In addition there were
significant increase in lignin content by
cellulolytic bacteria; the untreated was
1092 % while T2,T3,T4,T5 and T6
were 11.22, 12.19,11.53 ,15.74 ,14.65%
Jespectively Generally, it can be
concluded that cellulolytic enzymes that
secretions from bacteria affect on cell
wall constituents of rice straw.

6~Fffect of biological treatments on cell
wall constituents of corn stalks:

Biological treatments decreased
(p<0.05) in NDF contents from 84.8 %in
untreated corn stalks (T1) to 78.33,
70.65, 76.73, 70.27 and 63.5 %in T2, T3,
T4, T5 and T6, respectively(Table 12).
The highest decrease in NDF content
was recorded in T6, while the lowest
decrease in NDF content was recorded in
T2.

There were significant differences
among treatments detected in ADF
content from 57.85% in untreated (T1) to
412, 41.85, 43.1, 47.35 and 38.18 %in
treated T2, T3, T4, T5 and TG,
respectively. The lowest decrease in
ADF content was recorded in T4; while
the highest decrease in ADF content was
found in T6. Cn the other side, values of
hemicellulose content were 27.05, 21.15,
28.8, 33.63, 22.92 and 3532 % in
untreated (T1), treated T2, T3, T4, T5
and T$, respectively. It was noticed that
hemicellulose content increased in T3,
T4 andT6 while it decreased in T2 and
TS. Cellulose content in untreated (T1)
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was 37.87 % while cellulose content in
treated corn stalks were 44.15 ,28.4
,302,2893 and 2339 % in
T2,T3,T4,T5 and T6 , respectively. It
was noticed that treatment T2 was
increased in cellulose content which ~
bacteria degraded the banding between
cellulose and other = components
without degraded cellulose, but the
other treatment there was decreased in
cellulose content which bacteria
degraded the banding between
cellulose and other components with
degraded cellulose. In all biologically
treatment found that treated by
cellulolytic bacteria decreased in lignin
content, it reduced from 19.98 % to
1290 % when it was treated by
Thermonospora (T4).

In general, results indicated that
biologically treatment by different
cellulolytic strains with different poor
quality roughage (i.e. bagasse, rice
straw and corn stalks) had significant
affect on cell wall constituents. Bader
(2001) reported that biclogical
treatments by fungi decreased (p<0.05)
in NDF, ADF, ADL, cellulose and
hemicellulose in rice straw and corn
stalks. Autrey ef al(1975) reported a
13% decreased in the cellulose content
of corn silage when it was treated with
cellulase enzyme, Also, Spoelstra et
al.(1992) and Stockes and
Chen(1994)reported a reduction of
NDF value after enzyme addition to
corn silage . On the other hand,
Sheperd and Kung (1996) found that
enzyme treatment to whole plant corn
silage (WPCS) reduced NDF and ADF
contents. In addition, Leatherwood ef
al(1983) showed that cellulase
treatment reduced the cellulose content
10%more than control. Bakshi et
al (1985) reported that the spent wheat
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straw by Pleurotus sp. lowered CF, NDF,
ADF, cellulose and hemiceliuiose
content than untreated wheat straw.
Also, Eduardo et al.(1986) reported that
a decrease in cell wall constituents
from92.2 to 77.3% for untreated and
treated wheat straw (by white rot fungi),
respectively. Levanon er al.(1988) found
that the content of lignin, cellulose and
hemicellulose of wheat straw and cotton
stalks decreased when fermented by
Pleurotus sp.as effect of their enzymes.
Filya (2002) confirmed that, using lactic
acid  bacteria  4enzyme  mixture
inoculants as silage additives on maize
silage, he found that both inoculants
increased dry and organic matter insitu
degradabilities but decreased NDF and
ADF content. Wang er a/.(2002) cited
that the treatments of corn straw with
microbial inoculants (209 gm lactic acid
bacteria or lactobacillus sp) and
enzyme preparation 400 gm/I0C0kg
DM(100gm cellulase +200gm amylase
+100gm glucoamylase). The results
indicated that the treatments of comn
straw increased degradable DM and NDF
compared with control (untreated).

CONCLUSION

It was concluded that all treatments
had the most effects on chemical
composition and cell wall constituents of
silage. These resuits cleared that bagasse
had the highest response when treated
with Cellulomonas and Ruminococcus,
rice straw showed the highest affect
when treated by Thermonospora and
Bacillus, while corn stalks showed the
highest affect when treated with
Cellulomonas and Ruminococcus. The
different response due to different of cell
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wall structural of roughages and
structural of cellulase enzymes that
secreted from cellulolytic bacteria.
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