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SUMMARY

The present study was done to investigate the best method to improve the nutritive
values of some crop residues by biological treatments through two experimental trials. In the
first trial bean and rice straws, com stalks and sugarcane bagasse were treated with brown-
rote fungi (Trichoderma reesei F-418) or white-rote fungi (Phanerochaete chrysosporium)
for 3 incubation periods (7, 14 and 21 days). The tested treatments were followed through in-
vitro DM and OM disappearance. In the second trial, twenty Barki lambs averaged 34 kg
body weight, 9 months old were divided into 4 groups of 5 in each according to live weight
tor 90 days trial to study the growth performance through 4 rations, C {CFM + berseem hay),
Tl (CFM + BS treated with T. reesei), T2 (CFM+ BS treated with T. reesei and S.
cerevisiae) and T3 (CFM + untreated BS supplemented with probiotic). Also, nutrients
digestibilities and nutritive values of the previous rations were studied using four Rahmany
rams (4X4} latin square. Results exhibited that incubation of crop residues with T. reesei for
14 days decreased contents of CF, NDF and ADF by 33.7, 14.4 and 10.0% and increased CP
by 294.4%, respectively. The corresponding values were 22.2, 10.2, 7.2 and 247.6% with Ph.
chrysosporium. The data indicated that the highest [IVDMD and IVOMD were noticed when
bean straw was treated with T. reesei being 574 and 45.3%, respectively. Insignificant
differences in final body weight, growth rate and feed conversion were detected among
treatments. Average daily body gain did not significantly differ between T2 and control, but
it was decreased with T1 and T3. Inclusion of BS treated either with T. reesei alone (T1) or
T. reesei and §. cerevisiae (T2) in sheep rations improved digestibilities of CF, CP, NDF,
ADF and cellulose and DCP. The combination between T, reesei and 5. cerevisiae (T2) was
more efficient in increasing digestibilities of CF, CP, NDF, ADF, hemicellulose, cellulose
and ADL and DCP compared with 7. reesei zlone (T1). Supplementation of untreated BS
ration with probiotic increased digestibilities of CF, CP and ceflulose compared with control.
it may be concluded that treatment of bean straw with 7. reesei and S. cerevisiae for 14 days
seemed to be more suitable for improving its nutritive value to be used in practical feeding.

Keywords: crop residues, biological treatments, chemical composition, in-vitro,
digestibility, performance

INTRODUCTION

Shortage in animal feeds has been found to have a negative impact on animal
production in Egypt. Therefore, more attention was given to crop residues and agro-
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industrial by-products that generate plentiful and inexpensive resources available around
the year. Al-Asfour (2009) mentioned that only one third of 30 miilion tons of crop
residues, resulted in Egypt annually, are used for ruminant feeding. While, the rest are used
in another purposes or burned leading to environmental pollution and consequently health
hazards (El-Tahan et al., 2003)

These crop residues are poor in nutritive value when used for ruminants owing to their
low protein content, high fiber content and hence low palatability. Biological treatments
have been used to breakdown the linkage between cellulose and lignin and as a means 1o
the nutritive value of such crop residues (Abdul Aziz et al., 1997; El-Sayed et al., 2001;
El-Ashry et ai., 2002; Allam er al., 2006 and Gado et al., 2006).

Meanwhile, probiotics have been recently used in animal feeds for improving their
performance. Many of the beneficial productive responses are related to probiotic effects
on the microbial population in the digestive tract (Nahashon et af., 1992). Probiotics
regulate the microbial environment of the intestine, decrease digestive disturbances, inhibit
pathogenic intestinal microorganisms and improve feed conversion efficiency and health
(Windschitl, 1992). Several researchers observed that direct-fed microbial (probiotics)
increased cellulolytic bacterial number in the rumen and stimulate the production of some
fermentation end products (Martin and Nisbet, 1992).

The present smudy aimed to (1) investigate the ability of biological treatments to
improve the chemical composition of some crop residues (bean and rice siraws, com stalks
and sugarcane bagasse) and the suitable incubation period using brown-rote fungi
(Trichoderma reesei F418) or white-rote fungi (Phanerochaete chrysosporium) by in-
vitro study. (2) Evaluate the effect of using the more suitable crop residues in sheep ration
aione or supplemented with probiotic on digestibility and growth performance.

MATERIALS AND METHODS

This study was carried out in Animal Production Department, Faculty of Agriculture,
Cairo University and Microbial Chemistry Department, National Research Center, Dokki,
Giza, Egypt, during summer 2008.

The first experiment (laboratory study):
Crop residues preparation:

Four different agricultural by-products (bean and rice straws, comn stalks and
sugarcane bagasse) were chopped to lengths of 1-3 cm.

Microorganisms:

Trichoderma reesei F-418, Phanerochaete chrysosporium were obtained from
Microbial Chemistry Laboratory, National Research Center, Dokki, Cairo, Egypt. The
cultures were maintained on Potato Dextrose Agar (PDA) medium,

Fungal treatment of crop residues:

a
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Three days old slanis cultures of Trichoderma reesei F-418 and Phanerochaete
chrysosporium were crushed in flasks containing 20 ml of sterilized water. The fungal
spores suspension were used as inoculums at 10% v/w to inoculate 500 m! capacity flasks
containing 25 g of ground waste moistened at solid : liquid ratio of 1:2 with basal medium .
composed of sugarcane molasses; 25, urea; 2.0, potassium dihydrogen phosphate; 0.2 and
magnesium sulfate; 0.3 (g/L). The inoculated flasks were incubated at 30 °C for 7 days
under static solid-state fermentation system.

The above prepared inoculants were employed to inoculate 500 g of crop residues
under study moistened by the above basal medium at solid : liquid ratio of 1:2 at 10% viw
and introduced into 10 L capacity tlasks. The inoculated flasks were incubated under static
condition for 7, 14 and 21 days at 30 +2 °C. At the end of incubation periods the flasks
were dried in oven at 70 °C and milled for chemical analysis.

In-vitro dry matter and organic matter disappearance:

The in-vitro DM and OM disappea.ranf:e for untreated and treated crop residues either
with T. reesei or Ph. chrysosporium for 14 days were carried out according to Naga and
El-Shazly (1963) modified by Norris et al. (1976).

The second experiment (growth trial):

According to the results in first experiment, growth trial was carried out to test the effect of
including bean straw treated by I reesei for 14 days without or with S. cerevisiae
compared with supplemented probiotic (Bacitlozym) in rations for growing lambs.

Preparation of bean straw:

Bean straw was obtained from The Agriculture Experimental and Researches Station,
Faculty of Agriculture, Cairo University and chopped at 1-3 cm using a chopper machine
and divided into three piles (untreated, treated with fungi alone or treated with fungi and
yeast).

Biological treatments of bean straw in large scale (under the farm conditions):

A heap of 150 kg of the tested chopped bean straw were moistened with medium
containing: 2.5% molasses, 2.0% urea, 1.0% ammonium sulphate, 1.0 % super phosphate
and 0.5% magnesium sulphate at solid: liquid (1:2). The fungal biomass was used at 10%
w/w, mixed well in mineral medium container, spread and mixed well with bean straw.

Another heap of 150 kg of the tested chopped bean straw were moistened with
previous medium at solid: liquid (1:2). The fungal biomass was used at 10% (w/w) and
commercial dry active Saccharomyces cerevisiae (9 x 10° cell/g) was used at 0.1% (w/w),
mixed well in mineral medium container, spread and mixed well with bean straw.

The two heaps of treated bean straw were shuffled up side down at intervals 48 h. The
treated residue was exposed to sun dry until the moisture content reached less than 10%,
then packed and stored until used in feeding trials.

Experimental animals:

Twenty Barki lambs averaged 34 kg body weight; 9 months old were divided into 4
groups of 5 each according to live weight for 90 days trial.
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Tested rations:

All animal groups were offered 2.8% of their LBW concentrate feed mixture
{Ghoniem, 1964), while roughages were offered ad /ib as follows:-

C {control ration): berseem hay,

T1: bean straw treated with T.reesei,

T2: bean straw treated with T.reesei and S. cerevisiae

T3: bean straw supplemented with probiotic {3 g/h/d of Bacillozym) at the time of
feeding.

The concentrate feed mixture (CFM) consists of 65% whole yellow comn, 15% wheat
bran, 15% soybean meal, 1.2% premix, 0.8% common salt and 3% limestone.

The commercial probiotic (Bacillozym) used in this study was mixed manually with
CFM daily. The ingredients in the probiotic pack (per 1 kg):- Bacillus subtills (0.75 x 10"
CFU), cellulase enzyme (15000 enzyme unit), protease enzyme {1837500 enzyme unit),
alfa- and 8- amylase enzymes (300000 and 15000 enzyme unit, respectively) and S.
cerevisiae (200 x 10'° cell).

Feeding system:

The growing lambs were fed CFM and roughages twice daily and water was allowed
freely all the time. Orts were collected just before offering the next day’s feed. Lambs were
weighed biweekly before morning feeding after 17 h fasting. The CFM was adjusted
biweekly according to body weight changes.

Metabolism trials:

Four Rahmany rams were used to evaiuate the experimental rations through
metabolism trails (14 days for adaptation and 6 days for sampling collection) using (4X4)
latin square design. The animals were individually fed in metabolic cages. During this triai
the experimental rations were offered at 2% of LBW (70% CFM and 30% roughages).
Drinking water was freely available.

Analytical methods:

Chemical composition of untreated and treated crop residues, experimental rations and
feces were determined according to A.O.A.C. (1990). Meanwhile, fiber fractions were
determined according to Van Soest and Wine (1967).

Statistical analysis:

All data in first and second trails were statistically analyzed by two-way and one-way
Analysis of Variance {ANOVA), respectively. Data were statistically compared according
to Duncan (1955). The Duncan's Multiple Range Test (DMRT) has been done at the 5%
level of probability using The General Linear Models Procedure of SAS (1986).

RESULTS AND DISCUSSION

I- The first experiment:
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I1- Chemical composition of crop residues:

The results in Tables [ and 2 showed that bean straw was the highest content of
hemicelluloses and cellulose being 28.0 and 40.0%, respectively. Lignin contents were
similar in all untreated crop residues. The bean straw and corn statks have similar CP
contents being 4.3 and 4.2 %, respectively. The same observation was found with
sugarcane bagasse and rice straw being 1.6 and 1.6%, respectively.

Data indicated that biclogical treatments either with 7. reesei or Ph. chrysosporium
decreased the OM, CF, NDF, ADF, hemicellulose and cellulose and increased CP and ash
contents in all the experimental crop residues. The improvement in the chemical
composition of lignocellulosic residues may be a result of the action of enzymes secreted
by fungus ie cellulases, hemicellulases and lignolytic enzymes. These results are coincide
with those obtained by Fadel (2001) who illustrated that these enzymes hydrolyse the
biopolymer to fermentable sugars used as carbon source for fungal growth to produce
biomas enriching the treated crop residues. Similar results were recorded by El-Ashry et
al., (2002}, Kholif et al., (2005) and Mahrous (2005).

The highest increase in CP content was achieved by treating bean straw with T. reesei
being 14.9 and 15.1% afier 14 and 21 days fermentation, respectively. This could be
attributed to the high CP content in untreated bean straw (4.3%) that stimulates fungus to
secrete enzymes such as cellulase and hemicellulase to produce fermentable sugars used
for fungal growth. The high hemicellulpse and ceilulose contents in untreated bean straw
compared to other residues stimulated also the fungal growth.

It was observed that crop residues treated with 7. reesei were higher in ADL and lignia
contents than those untreated or treated with PA. chrysosporium. This could be attributed to
lack of peroxidase enzyme that hydrolyzes lignin in T. reesei. Meantime, the increase in
ADL may be due to the lignin like substances formed through the fermentation as
suggested by Kerem et al., (1992).These results also coincide with those obtained by
Abedo er al., (2003) who found that treatment with T. reesef increased the ADL content of
sugar beet pulp. On the other hand, the peroxidase produced by Ph. chrysosporium was
more effective in reduction of lignin by about 6.4 to 33.5% in treated crop residues.

By increasing incubation time of crop residues, the CP and ash contents increased
while the contents of OM, CF, NDF, ADF, hemicelluloses and cellulose decreasad either
with T. reesei or Ph. chrysosporium. El-Gamal {2006) found that CP and ash contents
increased, while OM and CF contents of sugarcane bagasse, linseed straw, linseed and
peanut hulls decreased with increasing of incubation time from 1 to 10 days with 7. reeser.

The present results indicate that biological treatments either with 7. reesei or Ph.
chrysosporium for 14 or 21 days incubation periods improved chemical composition and
fiber fraction of crop residues. While the incubation period for 21 days had little more
effect than 14 days on improving chemical composition, 14 days incubation period may be
recommended when we consider that there is one week differences.
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Table (1): Effect of the blological treatment with T. reesel F-418 and incubation period on chemical composition of different erop residues.

T _eassel FAIR

Ttem —— »_ Corn sialks L —_Ricestraw
Untreate Untres Untrea _____Incubatiowy necdod (dave) . Untrea
4 ] 1] 1 tod Fi 14 21 tod 7 )4 FT1 ted 7 14 1]
DM 943% M1 g3 913% 950" 41t 9ast g™ st net 941 LYW X 93 A e
2009 31 4935 4091 4008 2046 4055 4045 20,1 40,64 A7 #1068 40.17 039 04
OM a1 5T pasc g9 S0t A7E™ EBAT™ mISM gadt sTaMM S5 ae0%t g A" BT e
2040 HA 0 02 2144 136 2037 2021 023 20.69 40,09 058 2041 4144 +1.00 71 04
cr 43 LT N TY 15.1° L& (%) 1y 42 8.6 1.1~ 1.6 16" 49 LK 9.3
wie BT s 2002 016 2023 086 4008 0.4 4045 10,18 058 0.1 043 2035 3017
CF 426 381 sk apar ge9t St 2 et st 413 kTA L) s s 54 43" s
000 M2 4047 2038 2021 2035 2048 007 432 20,78 21.06 071 +1.93 2180 4026 2019
EE 196 191 31 L 124 L9 LI 108 113 1.10° o8 1.08¢ L.20° 1y LI6 109"
400 00 om0 097 2003 2003 2006 001 2005 40,03 0,03 001  #0.11 4008 4003 2002
Ash 126 LLn T % ol T3 L ¥ 122 163*  165™ 106 2.8’ % s e 1s* 173* s
203 N5 03 071 044 035 054 0 028 +0.50 20.51 4047  H00 20,51 2031 AT
NFE 1S 3 a0 uT M S s /T e 02" LT o 3614 31.6% .7 B s
006 N1 40856 018 029 1028 055 030 1052 4047 030 4084 1149 40.64 2062 4056
Flber fraction
ND¥ .8 38 1" 61* AL 6.4 sL4t S99 1590 7y 658" 614% g% 6.6 &0 615"
008 W0 4581 1046 047 040 2085 2080 3077 +0.77 2047 4066 2051 122 2048 2040
ADF LN M1 gt a0 SLE® 4997 as6®  asst suat sg.t%* 817 463 483%™ 46.17 820 M4
000 04 4933 2058 2067 057 068 20481 2046 20.81 40,80 092 10.68 40,74 4026 2020
ADL 136 159" 188" 19.1* 0.2 1115 bLA 1§ & 16.2' 18.6 218" U 151’ 163 s [1X
seg0 .0 4039 1089 080 2039 041 2008 204 +0.45 ET %) .36 20,67 40,68 076 0N
Hemle 2990 ZL7  200% 3™ 216™ 8™ syt ot g et 7™ ICR LI TR L L1 X [T
033 M4 4036 4035 2004 2065 007 W 20386 +0.67 40.69 036 2098 0,63 048 20409
Celtwle  4o0r 33 277% 240 M4* 24 23 2000 366 315" 5.6 12y nr 19.8% TR L T L
1y WS a2 4301 2032 029 2022 4B 2075 +0.29 .1 098 080 4091 4128 3067
Lignis  128% 136 g4 3% 1% 04 162 st 1t e M6 8% 14 126" s st
2023 202 3033 1037 3031 3041  &1AS 3016 4044 £0.18 +0.62 4033 4057 14,23 2047 3007

Means followed by the same letter{s) within a row in each block are not significantly different (P = 0.05) according to Duncan's multiple range test,
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Table (2): Effect of the biological trestment with PA. chrysosporium and Incubation period on chemical composition of different crop residues.

Item Ph, Chrysosporium
Bean straw Sugarcane bagaste Corn stalks Rice straw
Untrested Untreated ___[ncubationperiod {days)  Untreated ____ Jucubation period (dave)  Untreated
7 14 2 7 14 21 7 14 21 7 14 21

DM W’ 933% % n1F 55 4T e L 06 93.[% 9257 B34F 96 9287 941 orew
20.19 837 4050 4041 008 10,19 20,15 20,06 40.23 1008 10.21 0,08 40.68 4021 007 20238
oM ard™  ges™ gs2™ st 9045 39.a% 881" 379™ 84 BT 861" 5.9 83.6™ 363%™ st [ 2 d
.40 2048 2022 0.5 £136 4812 10.06 10.14 +0.60 .21 0.43 40,18 2144 049 225 03]
cr 4y 3. 1y 1.2 1.6 1.2 o 9.8 47 7.r 109" n1* 1.6* 48 14" LA
40,10 .29 08 2015 016 2002 0,04 0,08 40,24 0,08 10.38 40,08 +0.13 .15 031 002
CF 416 39.0 wt as¢ 49.9* A6 .t kL AL s1.4 nr 399 k78 Y ur s Y Y
+0.09 037 042 020 021 00 0.17 .07 032 +0.03 .07 .17 2113 0321 2006 1087

EE 1.96* 191* LA™ L86™ a8 108 Los* 1.08 L13 L3 08" 109 20™ 0%  Li* 11
.02 4004 3007 2004 2003 003 10.03 20.01 10,05 10,01 0,02 10.01 10.11 4003 8682 2001
Ash 126" 132%™ 143 159™ 9.4 0.7" 1.9 N 1n.6™ 12.1% 138%™ (TR bl 114%™ 137 159%* 163
0.4 #3102 042 2044 2022 .13 .19 .28 10.10 0,26 10,18 £1.01 1019 .17 042
NFE ns 3T 343™ 334™ 379" ns kY ny n 318 349 366" e 8™ uy 260
40,06 0,19 2027 4002 029  £2.04 #.31 0,03 40,82 0,10 .06 10,10 4149 008 025 10.06
Fiber fraction

NDF ne* 761%  T23% T03* 1At et 66.0™ 64.2* 759" 730 74* 65.5™ 8.9 663* €0t f2
30,08 4021 015 2057 047 1059 10,09 10,06 #0.77 40,06 0,06 0,09 40,81 02t 1018 1028
ADF 536 s512% S0 432 s16t S0 " 41.6* 5 51.3% Ho* a72* s 472" s s
.10 4054 #0436 3039 2067 033 10,14 .23 +0.46 034 0.09 1,41 0,65 045 008 00
ADL 1.6 135 129 1sf 02 e (P Xl T & o ¥ 16.0%" 12.4% 1. Xl TR o S [V S Y I
0,10 2004 0,17 #0327 050  10.13 10,14 0.04 10.24 20.13 .15 .16 0,67 4022 02 .09
Hemieelt 280" u nyt ot 26 s " 166 PN o P o 19,4 13y - 19.6* 17 e
’ 4033 1041 2004 204 004 2036 .13 .07 2086 10.04 1031 10.18 .98 034 Ho6 4054
Cellulose  40.0" KR LT 7 A S T 1 R T LN [ ¥ 3 st iy 366 LL¥ 356 ass nr nr NS e
.13 #0327 #0605 047 031 2006 10.09 40.16 .75 +0.03 005 20.06 050 404 2004 225
Lignin 128 s™ 92t gt f1s™ o ne geetet 0% 1L 1045 19 LR L 1A% 100 st g
4023 026 028 009 031 4903 030 0,04 4044 40.10 10.16 .09 0,82 2005 4001 4008

Means followed by the same letter(s) within a row in each block are not significantly different (7 = 0.05) according to Duncan’s multiple range test.
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2- In-vitro OM and DM disappearance:

The results concerning In-Vitro OM and DM disappearance of crop residues afler 14
days incubation either with T. reesei or Ph. chrysosporium are presented in Table (3).

Regarding feedstuff source, bean straw was significantly higher in IVDMD being
49.7%. While, both bean and rice straw recorded the highest values of IVOMD being 41.1
and 41.2%, respectively. These results may be due to the high CP content of bean straw
compared with other crop residues.

Regarding fungi species, treatment with T. reesei had the higher significant effect on
IVDMD and [VOMD being 51.1 and 41.2%. These results may be due to the increase in
CP content by 294.4% and the decrease in CF content by 33.7% when crop residues were
treated with T, reesei for 14 days. While treated with Ph. chrysosporium increased CP by
247.6% and decreased CF by 22.2%.

Data in Table (3) indicated that the highest IVDMD and TVOMD were obtained with
bean straw when treated with T, reesei.

Il The second experiment:
I- Chemical composition:

Data of the chemical composition of CFM, tested roughages and experimental rations
are presented in Table (4). Results indicated that biological treatments of bean straw either
with T. reesei (FBS) or T. reesei and 3. cerevisiae (FYBS) decreased contents of OM, CF,
EE, NFE, NDF, ADF, hemicellulose and cellulose, and increased ash, CP and ADL
contents compared with the untreated bean straw. The chemical composition of berseem
hay (H) showed lowest contents of ash, CF, NDF, ADF, ADL, cellulose and lignin, and
highest contents of OM, EE and NFE compared with bean straw either untreated or
biologically treated. The data showed that rations including biclogically treated bean straw
(T1 and T2) had the highest ash and CP, the lowest OM, CF, NDF and hemicellulose
contents, and almost the same contents of ADF, ADL and cellulose compared with the
control ration. This could be attributed to the effect of biological treatments on increasing
CP and ash contents and decreasing CF content and its fractions of bean straw. These
results are in agreement with those obtained by Mahrous (2005) and Allam et al. (2006)
when sheep rations included either cotton stalks treated biologically with T. viride or
Cheatomium cellublyticum or sugar beet pulp treated with T. viride and . cerevisige. On
the other hand, ration of untreated bean straw (T3) had the lowest CP and the highest OM,
NDF, ADF, ADL and cellulose contents.
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Table (3): Effect of feedstuff source, treatment and the interaction between feedstuff
source and biological treatment on in-vitro DM and OM disappearance.

Item IVDMD IVOMD
(%) (%)

Feedstuff source effect

BS 49.7%+2.67 411 1.72

SB 44.0°+ 0.66 30.7°+1.36

CS 46.8%+ 2.48 35.6%x 1.61

RS 42.6°+2.53 41.2°£1.15

Treatment effect

Control 37.9°% 1.15 32.2%¢ 1.17

- T, reesei F-418 51.1%*+1.39 412%*+1.28

Ph. chrysosporium 43.3%+0.96 38.0%+ 181

Interaction feedstuff source x treatment effect

Control feedstuffs B8S 39.7%+ 146 34.5°+0.59
SB 420%+1.10 2767+ 0.54
cs 37.1%+0.76 20.7 = 0.61
RS 33.0'+1.57 37.2% 1+ 043

T reesei F-418 BS 57.4%£0.82 453+ 0.36
SB 45.4°+£ 091 35.7%+ 1.26
CS 52.8°+0.50 39.3°+ 1.68
RS 48.9%+0.93 44.4%*+103

Ph. chrysosporium BS 51.9%£036 43.6%+1.17
SB 44,7+ 0.11 28.77+0.92
Ccs 50.5 ™+ 0.80 378%9+102
RS 46.0%+ 1.25 42.1%£096

Means followed by the same letter(s) within a2 column in each block are not s:gmﬁcantly

different (P = 0.05} according to Duncan’s multiple range test.

BS: Bean straw, SB: Sugarcane bagasse, CS: Com stalks, RS: Rice straw, Controk:

Untreated feedstuffs
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Table ( 4 ): Chemical composition of the experimental concentrate feed mixture, ronghages and experimental rations (DM basis),

e

Items Chemical compoesition, (%}
oM Ash CF EE Ccr NFE NDF ADF  Hemicel. ADL Cellul. Lignin
CFM 94.5 5.6 4.2 4.2 15.7 704 24.7 6.1 13.6 1.8 43 1.0
H 88.1 119 30.6 38 11.8 41.9 61.3 34.8 26.5 13.1 217 10.3
BS 86.4 13.6 45.7 1.7 38 353 84.5 56.7 278 15.6 41.1 13.5
FBS 824 17.6 39.2 1.7 1.4 30.1 69.5 509 i8.6 13.7 322 144
FYBS 81.1 18.9 364 1.2 13.0 30.5 67.8 49.5 18.3 19.0 305 15.0
Experimental rations

Control*  93.1 6.9 100 4.1 14.8 64.2 127 123 20.4 43 8.0 30
T1 92.7 7.3 9.3 38 15.1 64.5 313 12.6 18.7 43 83 29
T2 924 1.6 9.2 a7 153 64.2 14 12.8 18.6 45 83 31
T3 932 6.8 10.5 38 13.9 65.0 3137 13.7 20.0 39 9.8 28

" CFM: Concentrate feed mixture (65% whole yellow com, 15% wheat bran, 15% soybean meal, 1.2% premix, 0.8% common salt and 3% limestone),
H: Bersecm hay.  BS: Bean straw,

* Control ration (Concentrate feed mixture + Berseem hay).

FBS: Bean struw treated with fangi (7. reesel F-418).
FYBS: Bean straw treated with fungi (7. reesei F-418 ) and yeast (Saccharomyces cerevisiae ).

T!: Concentrate feed mixture + bean straw treated with fungi (T reesef F-418).
T2: Concentrate foed mixture + bean straw treated with fungi (7. reesei £-418 ) ond yeast { ™ .-charomyces cerevisiae ).

T3: Concentrate fecd mixture + untreated bean straw supplemented with probiotic (Bar™ o).
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2- Digestion coefficients and nutritive values:

The results in Table (5) showed that the highest digestibilities of CF, CP, NDF, ADF,
hemicelluiose and cellulose were recorded for ration containing biologically treated bean
straw with 7. reesei plus §. cerevisige (T2) followed by bean straw treated with T, reesei
alone (T1) compared with control. While, inclusion of treated bean straw cither with T.
reesei alone (T1) or combined with §. cerevisiae (T2) decreased the digestibilities of DM
and NFE, and did not significantly affect the digestibilities of OM and EE compared with
control ration. The improvement in CP, CF and fiber fractions digestibilities related to the
biclogical treatments may be due to satisfaction of the requirements of nitrogen for rumen
microflora as single cell protein and the action of fungi on lignocellulose bonds in bean
straw. These results coincided with those obtained by Mahrous (2005) and Al Asfour
(2009) who found that sheep rations containing either cotton stalks or wheat straw treated
with Trichoderma sp. increased the digestibilities of CP, CF, NDF, ADF, hemicellulose
and cellulose.

Including bean straw supplemented with probiotic (T3) in sheep rations tended to
increase the digestibilities of CP, CF and cellulose, and decrease the digestibilities of DM,
OM and NFE, but had no effects on digestibilities of NDF, ADF, hemicellulose and ADL
compared with control ration. The increase in CF and CP digestibilities was in agreement
with the results obtained by Khattab er a/. (2003). The improvement in nutrients
digestibilities may be resulting from the increasing in the numbers of bacteria, especially
cellulolytic bacteria and fungi in the rumen (Ali, 2005).

Results indicated that biological treatments of bean straw (T1 and T2) increased the
digestibilities of OM, CF, CP, NDF, ADF and cellulose compared with bean straw
suppilemented with probiotic (T3). While, no significant difference was observed in DMD,
EED and NFED among the previous treatments.

Data indicated that rations containing bean soraw (T1, T2 and T3) were lower in TDN
than control. The decrease in NFE digestibility by rams fed these rations may be the
reason. DCP was higher in T1 and T2, and lower in T3 compared with control and these
results compatible with CP contents in these rations.

3- Growth performance:

No significant differences were detected between treatments in final body weight
(FBW) and growth rate (Table 6). Also, total gain and average daily gain (ADG) did not
differ significantly between control group and lambs fed ration containing bean straw
treated with T. reesei and S. cerevisiae (T2), but was lower in T1 and T3. These results
may be due to the highest intake of DM, TDN and CP and DM digestibility by lambs fed
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Table (5): Digestion coefficients and nutritive values of the experimental rations (DM

basis).
Item Experimental rations
C Tl T2 T3
Apparent digestibility, %
DM 70.6° 651% ° 669° 65.7°
+1.05 +1.45 £0.50 +0.69
OM 73.1* 76.1% 772%® 75.5°
+0.59 +0.79 +0.62 +0.55
CF 5004 60.0° 639° 56.2°¢
+£0.82 +1.42 +1.25 +0.92
EE 79.2 79.5 79.2 78.4
- £0.51 £0.65 £0.71 £0.79
cp 63.3 ¢ 74.5° . 774° 69.6°
041 + (.81 +0.18 = 0.40
NFE 369*° 80.3° 80.2° 81.8% -
+0.99 +1.83 +1.24 +0.82
Fiber fractions:
NDF 60.7°¢ 64.4° 68.4° 59.2°¢
£1.36 + 0.66 +0.83 +0.66
ADF 414%™ 435° 439° 38.7°¢
+£0.20 £1.12 £ 1.38 +£0.54
Hemicellulose 67.9° 699° 73.4° 69.1°
+0.90 +0.34 +£0.81 +1.40
ADL 21.6° 16.0° 171% 201 %
+1.27 + 1.69 +1.57 +0.92
Cellulose 39.14¢ 560" 61.9° 52.5¢
+0.16 +0.49 +0.48 +0.58
Nuiritive value, %
DCP 92° 10.7° 11.5% 8.5¢
+0.07 x0.11 +0.02 £0.03
TDN 76.3 * 725" 73.1° 72.8%
+ (.56 +0.72 £ (.53 +0.55

Means followed by the same letter(s) within a row in each block are not significantly different (P =
0.05) according to Duncan’s multiple range test.

C: Control ration {Concentrate feed mixture + Berseem hay), T1: Concentrate feed mixture + bean
straw treated with fungi (T reesei F-418), T2: Concentrate feed mixture + bean straw treated with
fangi (T. +eesei F-418 ) and yeast (Saccharomyces cerevisiae ), T3: Concentrate feed mixture +
untreated bean straw supplemented with probiotic (Bacillozym).
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Item Experimental rations

: C Ti T2 13
Initial Tive body weight (1.B.W), kg 342 162 342 +3.44 344 1,99 4.6 42.25
Final live body weight (F.B.W), kg 542 2134 49.0 £3.45 52.5 227 - 497 42,36
Total gain, kg 200" 096  149° £1.30 18.1% 2084 15.1* 091
Daily gain', g 2222° %107 1656° 1442 201%™ 036 1678 £10.2
Growth rate’, % 585 4505 436 £7.36 52.6 1346 436 +4.13
Feed intake/day .
Concentrate (DMI), g 1216.0% 000 11150¢ 0,00 1250.0° 0,00 11410° £0.00
Roughage (DM1), g 3380° =000 1910 1000 2300°  £000  2020° £0,00
Total DML, g 1554.0" +0.00 130607  0.00 14800° 2000  13430° 0,00
TDNg 1185.9" 2032 94679  20.76 10819% 033  978.2° +0.49
TDN,g/kg w *" 69.4° 1000 58.3°% +).00 64.3% 1000 59.7* £0.00
CP.g ‘ 2306" 2024  1967° 2055 226.1% 024  1867° 0,36
CP, kg w " 13.5°  2000- 122% 000 134" 0.00 11.4° +0,00
Feed conversion, g/g
DM1 / daily gain 70 2161 7.9 +3.80 14 4232 3.0 ¥2.77
TDN intake / daily gain 53 1031 5.7 £0.79 5.4 1048 58 £0.53

Means followed by the same letter(s) within a row in each block are not significantly different (P = 0.05) sccording to Duncen’s muhiple
range test.

! Daily gain: total gain,g / 90 days.

? Growth rate: total gain, kg / L.B.W., kg.
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control ration followed by those fed T2. Total intake of DM, TDN and CP were found to
be decreased with inclusion of bean straw either biologically treated (T1 and T2) or
supplemented with probiotic (T3) compared with control. This could be adributed to the
decrease in DMD and TDN in these rations. Abd-Allah (2007) showed that partial
substitution of berseem hay by 10% com cobs treated with 7. reesei and S. cerevisiae did
not affect FBW, ADG and DMI compared with control. While, lambs fed com stover
residue treated with T. harizianum and S. cerevisige recorded higher ADG and almost the
same FBW and DMI compared with those fed control ration (Abd El-Wahed, 2007).

It was indicated that combination of TI. reesei with S. cerevisiae in biological
treatments (T2) increased total gain, daily gain and total intakes of DM, TDN and CP
compared with T. reesei alone (T1) or probiotic suppiementation (T3). This result may be
due to the highest DMD, OMD, DCP and TDN values with T2 compared with T1 and T3.

The feed conversion as DMI or TDN intake/daily gain did not differ significantly
between treatments, but control group recorded the best values followed by T2. The same
results were obtained by Abedo er al. (2005) and Allam et al. (2006).

CONCLUSION

Biological treatments with T. reesei was more effective in improving chemical
composition and fiber fractions of some crop residues than Ph. chrysosporium.
Combination between T. reesei and S. cerevisiae in biological treatments of bean straw
could be successfully used to improve chemical composition, digestibility and growth
performance compared with T. reesef alone or probiotic supplementation,
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