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DIGESTIBILITY OF STRAWS AFTER PHYSICAL TREATMENTS
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In vivo digestibility of wheat and rice straw was improved after steam/pressure treatment. Reduc-
tion in cellulose and lignin was also observed after this treatment. Digestibility of straws was improved
when the particle size was reduced from 80-100 mesh. However, the digestibility was reduced when
particle size was further reduced.
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INTRODUCTION

Utilization of straws as animal feed is limited due to
presence of lignin associated with cellulose and hemicel-
lulose. Lignin reduces the digestibility of cellulose and
hemicellulose by physically protecting them against enzyme
degradation in the rumen. A number of different physical
and chemical treatments [1-4] had already been suggested
to -increase the digestibility of various cellulosic waste
materials. It had been shown by Kelsey and Shafizadah
[5] that the rate of enzymatic saccharification of cellulo-
sic materials was substantially increased by wet milling. The
findings of Hart et al. [6] revealed that the digestibility of
various crop residues was significantly increased after
autoclaving the substrates. Therefore, the present work
was undertaken to study the effect of different physical
treatments on the digestibility and the chemical composi-
tion of wheat and rice straws.

MATERIAL AND METHODS

Wheat and rice straw were purchased from the local
market to carry out these studies, These materials were
subjected to different physical treatments as described
below:-

(1) Fine grinding. Wheat and rice straw were ground
in a ball mill and passed through 80, 100,120 and 200
mesh sieves.

(2) Steam/pressure treatment. The materials having
20 % moisture were autoclaved at different pressure (15-20
lbs. per sq. inch) for different intervals of time. After the
reaction time, pressure was gradually released to atmosph-
eric pressure and then the substrate was dried at 1000 for
24 hours.

(3) Dry heat treatment. The materials were evenly
spread in 1/4 inch layer in enamelled trays and exposed to
various temperatures in a force draft air oven for different

intervals of time and then quickly cooled and kept in
bottles.

Analytical methods for the estimation of nitrogen,
ash, cellulose and ligning contents were the same as report-
ed elsewhere [7-10].

In vivo digestibility. In vivo digestibility of the treated
materials was estimated in nylon bags as described by
Orskove et al. [11]. Results of the digestibility were ana-
lyzed statistically [12].

RESULTS AND DISCUSSION

Effect of particle size on the digestibility ofstraws. Ef-
fect of particle size (80-200 mesh) on the in vivo diges-
tibility of wheat and rice straw is. given in Table 1. It is
eviderrt from these findings that the digestibility of straws
was improved when the particle size was reduced from
80-100 mesh. Maximum dry matter digestibility of wheat
and rice straw was 43.89 and 33.33 % respectively when the
straw of 100 mesh size was infused in the rumen of cow
for 48 hours. It seems that reduction in particle size provi-
des a greater surface area for attack by the rumen micro-
organisms and assists access of microbes to partly modified
cellulose structure thus enabling them to digest the cellu-
lose. However, the digestibility was reduced when size of
the particle was further decreased. It may be that fine
pieces of the straw pass through the rumen too quickly that
thus escape the action of rumen enzymes. Shah et al. [13]
had reported an improvement in the biodegradation of
wheat and rice straw by reducing the particle size. Millett
et al. [14] observed an increase in the in vitro digestibility
of different wood species after fine grinding in a vibratory
mill.

Effect of steam/pressure treatment on the digestibility
of straws. In vivo digestibility of wheat and rice straw,
which passed through 100 mesh sieve was significantly
improved after autoclaving the material at different pre-
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ssure (15-20 labs/Inch") for different intervals of time
(15-45 min.). Maximum dry matter digestibility of wheat
and rice straw was 58.40 and 42.84 % respectively when
the straw having 20 % moisture was autoclaved at 15 lbs/
inch? for 30 minutes (Table 2). Improvement in the
digestibility of cellulose, minerals and organic matter was
also observed with the same treatment. Digestibility of the
straws was not further enhanced by increasing the pressure
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or time of reaction. Many workers [15-16] had also report-
ed an improvement in the feed efficiency of various cellu-
losic materials due to modification in the crystal structure
of cellulose after steam/pressure treatment.

Effect of dry heat treatment on the digestibility of
straws. In vivo digestibility of wheat and rice straw after
heating at different temperatures (l00, 125 and 1500)

for different intervals of time (30-60 minutes) is mentioned

Table 1. Effect of particle size on the digestibility* of wheat and rice straw.

Treatment Wheat straw Rice straw
Dry matter Cellulose Minerals Organic Dry matter Cellulose Minerals Organic

matter matter

80 mesh 38.84 ± 2.90 25.31 ± 1.73 41.73 ±'1.03 40.31 ± 2.31 31.44 ± 1.38 17.91 ± 2.44 44.25 ± 1.68 27.77 ±0.75
100 mesh 43.89 ± 2.26 28.37 ± 1.09 44.35 ± 1.69 41.32 ± 2.11 33.33 ± 0.69 20.74 ± 1.01 48.54 ± 3.10 30.94 ± 1.95
120 mesh 37.68 ± 3.62 19,35 ± 1.33 35.79 ± 1.33 35.69 ± 2.33 31.59 ± 3.0 19.03 ± 1.25 46.66 ± 2.11 28.88 ± 1.29
200 mesh 36.69 ± 1.25 18.25 ± 1.11 33.26 ± 1.01 33.67 ± 1.32 25.71 ± 1.69 19.36 ± 1.11 40.09 ± 0.69 25.01 ± 1.99

*Percent digestibility after 48 hours.
All values in the table are average of six replicates along with standard deviations.

Table 2. Effect of steam/pressure treatment on the digestibility* of wheat and rice straw.

Treatment Wheat straw Rice straw
Pressure Time Dry matter Cellulose Minerals Organic Dry matter Cellulose Minerals Organic

(Lbs/ (minutes) matter matter

15 15 49.62 ± 2.24 33.75 ± 2.11 51.23 ± f.69 47.77 ± 1.23 37.40 ± 2.88 25.50 ± 1.25 43.30 ± 2.33 34.40 ±2.33
20 15 50.88 ± 1.18 32.73 ± 1.07 53.33 ±0.98 48.69 ± 1.25 37.00 ± 1.96 24.71 ± 2.63 41.11 ±2.31 34.71 ± 2.39
15 30 58.40 ± 1.13 39.91 ± 1.27 66.73 ± 2.32 55.23 ± 2.23 42.84 ± 2.98 30.91 ± 2.61 49.30 ± 3.38 39.33 ± 2.37
20 30 57.13 ± 1.07 34.69 ± 2.33 60.23 ± 2.32 52.33 ± 2.71 39.33 ±5.62 29.88 ± 1.77 40.29 ± 2.33 37.77 ± 3.39
15 45 57.91 ± 2.25 36.25 ± 1.23 53.21 ± 1.39 53.78 ± 1.66 41.04 ± 2.46 28.86 ± 2.61 47.70 ±2.73 38.73 ± 0.99
20 45 55.78 ± 2.66 33.29 ± 1.73 58.91 ± 2.67 53.23 ± 2.08 42.28 ± 2.37 26.01 ± 1.09 42.31 ± 2.36 36.77 ± 0.92

*Percent digestibility after 48 hours.
All values in the table are average of six replicates along with standard deviations.

Table 3. Effect of dry heat treatment on the digestibility* of wheat and rice straw.

Treatment Wheat straw Rice straw
Tempera- Time Dry matter Cellulose Minerals Organic Dry matter Cellulose Minerals Organic

ture (minutes) matter matter
(O°C)

100 30 42.75 ± 1.29 27.37 ± 1.26 45.57 ± 1.25 40.67 ± 1.31 34.47 ± 1.13 24.60 ± 1.09 51.00 ± 1.17 29.03 ± 1.33
60 43.61 ± 1.11 28.01 ± 1.27 47.37 ± 1.44 40.38;!: 1.47 36.66 ± 3.93 25.22±3.41 53.72 ±2.63 30.69 ± 2.71

125 30 40.63 ± 2.31 22.37 ± 1.11 39.33 ± 1.38 39.33 ± 1.22 27.79 ± 1.70 17.09±2.01 43 ..33 ± 1.33 24.42 ± 1.05

60 39.01 ± 2.06 20.31 ± 1.42 38.97 ± 1.49 38.93 ± 1.61 25.71 ± 1.69 15.55 ± 2.41 41.71 ± 2.22 21.22 ± 2.72

150 30 37.75 ± 1.37 30.37 ± 1.37 38.87 ± 1.53 37.37 ± 1.38 25.51 ± 1.36 14.01 ± 1.01 40.01 ± 1.22 21.78 ± 2.09
60 36.44 ± 1.52 20.89 ± 1.63 38.41 ± 1.63 38.41 ± 1.29 24.25 ± 1.23 14.33 ± 0.78 39.90 ± 2.09 22.25 ± 2.72

*Percent digestibility after 48 hours.
All values in the table are average of six replicates along with standard deviations.
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in Table 3. Maximum dry matter digestibility of wheat and
rice straw was 43.61 and 36.66 % respectively when the
substrate was kept at 100° for 60 minutes. A decrease in
the digestibility was observed when the samples were
heated above 100°. This unusual inhibitory effect 'may
result from drying out the fibers in such a way that they do
not again readily take up moistur~ and thus retard panet-
rability of the microorganisms. These results are supported
by the findings of Ghose and Kostic [17] who reported

'that heating alone had an inhibitory effect on thesacchari-
fication of cellulose.

Effect of treatments on the chemical composition of
straws. The composition of the straws showed minor varia-
tion when the particle size was reduced from 80-200 mesh.
Ash did not show a regular pattern with change in particle
size of wheat straw' (Table 4). No change in cellulose and
lignin was observed due to reduction in particle size.

Table 4. Effect ofpartic1e size on the chemical composition* of wheat and rice straw.

Treatment Wheat straw Rice straw
Ash Nitrogen Cellulose Lignin Dry matter Ash Nitrogen Cellulose Lignin Dry matter

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

80 mesh 10.45 0.32 39.37 0.09 88.87 17.25 0.30 36.51 6.85 82.21
100 mesh 11.53 0.32 38.39 9.07 88.49 17.29 0.32 36.47 6.75 82.73
120 mesh 10.49 0.32 37.43 9.18 88.92 17.35 0.32 36.48 6.71 82.55
200 mesh 9.56 0.32 36.04 9.11 88.50 17.28 0.31 36.55 6.83 82.12

*Average of three replicates

Table 5. Effect of steam/pressure treatment on the chemical composition * of wheat and rice straw.

Treatment Wheat straw Rice straw
Pressure Time Ash Nitrogen Cellulose Lignin Dry matter Ash Nitrogen Cellulose Legnin Dry matter

(Lbsf (minutes) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
inch 2)

15 15 10.44 0.33 38.66 8.11 78.25 17.21 0.32 34.61 5.67 85.52
20 15 10.67 0;32 38.99 8.05 78.45 17.27 0.33 35.32 5.12 85.27
15 30 10.25 0.33 36.25 7.75 78.11 17.19 0.33 34.21 5.41 85.32
20 30 10.37 0.33 37.67 7.96 78.83 17.11 0.34 34.33 5.24 85.26
15 45 10.52 0.32 37.92 7.94 78.81 17.25 0.33 34.01 5.39 85.22
20 45 10.49 0.32 36.85 7.89 78.79 17.29 0.33 34.11 5.25 84.67

*Average of three replicates

Table 6. Effect of dry heat treatment on the chemical composition* of wheat and rice straw.

Treatment Wheat straw Rice straw r-
Temp era- Time Ash Nitrogen Cellulose Lignin Dry matter Ash Nitrogen Cellulose Legnin Dry matter -r

ture (minutes) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
(O°C)

100 30 10.52 0.32 38.87 9.05 92.67 17.69 0.32 36.49 6.96 88.27
60 10.67 0.32 38.79 9.09 92.21 17.81 0.31 36.46 6.93 88.21

125 30 11.21 0.32 37.91 . 8.97 95.89 17.57 . 0.31 36.44 6.90 88.20
60 11.22 0.33 37.65 8.92 95.67 17.47 0.32 36.37 6.82 92.69

150 30 11.09 0.32 39.05 8.92 97.81 17.63 0.32 36.39 6.82 92.69
60 11.27 0.32 38.79 8.73 96.75 17.59 0.31 36.32 6.79 96.81

*Average of three replicates.
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Results mentioned in Table 5 show the chemical
composition of wheat and rice straw after steam/pressure
treatment. It is evident from these results that lignin and
cellulose contents were decreased by this treatment. Reduc-
tion in lignin seems to be due to the formation of ~ome
lower molecular weight phenolic components. Reduction in
cellulose might be due to production of simple carbohydra-
tes after steam/pressure treatment. Elliset al. [18] had
already reported the conversion of polysaccharides into
monosaccharides when cotton seed hulls were autoclaved at
121° for 30 minutes.

The chemical composition of the straws did not change
after heating at different temperatures (100, 125 and 150°)
for different intervals of time (Table 6). However, an
increase in the digestibility of straw was observed which
might be due to some modification in the crystalline
structure of cellulose and hemicellulose.
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