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Abstract:

This study was carried out in the Faculty of
Agriculture, Sana’a University, to evaluate the effect of four
chemical treatments; sodium hydroxide (NaOH), hydrogen
peroxide (H,O0;), ammonium hydroxide (NH;OH) and urea,
on the nutritive value of sorghum stovers (kassar and
husher) which represent the most common source of
ruminant animal feed under Yemeni condition.

- All alkali treatments significantly increased (P< 0.05)
both stovers fiber fraction contents (ADF and NDF), with the
NaOH treatment having the highest significant effect ,while
urea treatments appeared to have a low effect on such
parameters. However, the obtained results showed that urea
treatment significantly (P<0.05) has increased both kassar
and husher stovers crude protein content.

In the in situ study all chemical treatments increased
significantly (P<0.05), DM disappearance rates at different
incubation times (24, 48 and 72 h.). Highest improvement in
DM disappearance values of kassar and husher stovers
obtained with the NaOH treatments. When urea treatments
showed to moderately improve (P<0.05) DM disappearance
of both treated stovers.
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Introduction:

In the Republic of Yemen (ROY) the unavailability of
sufficient range land which is capable of providing forage
year around, the scarcity of locally produced grain and the
high cost of imported supplies make the possibility of feeding
ruminant animals balanced diets which promote good
productive performance, specially under farmers condition,
unfeasible. Therefore, ruminants in the ROY as well as in
most other Arab countries commonly fed crop residues that
are in rate cases supplements with concentrates (AOAD,
1997).

According to a FAO report about Yemen livestock
(1993), crop residues represent over 50 percent of available
animal feed and sorghum stovers constitute around 57
percent of such a share. Stover residuesin the ROY come
from several local varieties of sorghum grain which could be
divided, according to the length of their plant stalks, into two
major groups; short (80-120 cm) and long (250-300 c¢m) stalk
varieties. Stalks of the long stalk varieties are usually cut
after crop harvest into two parts ; upper part (100-150 cm)
and lower part (150 - 200 ¢m) in length which are under this
study called kassar and husher, respectively. Kassar part is
used by Yemeni farmers as the main source of feed year
around. While husher part, due to it’s very poor nutritive
value, is usually used by women farmers as fuel. The husher
part of sorghum stovers might be offered for ruminants,
specially Cattle, during sever draught periods where there is
no other source of feed is available.
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Studies on improving the nutritive value of local crop
residues in Yemen are limited. In this regard, the only study
that is available is the one that was conducted by (Nabuurs,
et al., 1987) using urea solution treatment.

Crop residues represent the structural components of
the plant and are composed mainly of a mixture of
polysaccharides (primarily cellulose and hemicellulose)
which are physically and chemically associated with lignin
which negatively influence crop residue digestibility as well
as general residue nutritive values (Allenson and Dsbourn,
1970; Lechtenberg and colanbrander, 1974).

Chemical treatment that result in lignin removal or
lignin dissociation from structural carbohydrates have a
great potential in improving digestibility of crop residues by
rumen microorganisms. Many chemicals have been used in
the treatment of crop residues in order to improve their
nutritive values. These include Sodium hydroxide (Garret et
al.,, 1976; Rexan and Thomsen, 1976; Oreskov et al., 1978;
Felix, et al, 1990), ammonium hydroxide (Rounds and
klopfenstein, 1974; Waller and klopfenstein, 1975), Calcium
hydroxide (Oji et al, 1977; Abou - Raya, et al.,1984)
potassium hydroxide (Rounds and klopfenstein, 1974),
hydrogen peroxide (Gould, 1984 ; kerely et al., 1986) and
Urea (Mason and Owen, 1985; Almeda et al., 1989).

Under Arab countries feed situation in general
(AOAD, 1996) and Yemeni feed condition in particular
(Muller, 1986), improving nutritive value of various available
crop residue via different means has a great potential in
partially solving tF¢ problem associated with scarcity of
animal feed. Therefore' sucu means need to be thoroughly
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evaluated through specialized research programs for the aim
of adopting the most beneficial and practical methods under
Yemen condition.

The different chemical treatments have had various
degrees of success in improving the nutritive value of
different crop residues; however, studies on evaluating the
effectiveness of various chemical treatments in improving the
nutritive value of locally available crop residues are limited.

The aim of this experiment was to assess the
improvement in the nutritive value of sorghum stovers
(Kassar and husher) treated with various chemicals in In
Situ study with sheep.

Materials and Methods:

a. Sample preparation and chemical
composition determination:

Five - one thousand gram samples of sorghum
stovers (both kassar and husher) were chopped to 3
cm pieces. Four hundred ml of sodium hydroxide
(Na OH), hydrogen peroxide (H202) and
ammonium hydroxide (NH4OH) of 2% (w/v)
concentrations, after adjusting the hydrogen
peroxide solution pH to 11.5, and urea solution of
5% (w/v) concentrations were added to 200 gm air
dried chopped samples of both stovers. After the
addition of chemicals to the samples, a hand mixer
was used to ensure that the treated materials are
exposed to the chemicals. The treated materials then
were left at room temperature overnight (12 hr).
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Except for urea treated samples, where they were
put in plastic bags which were tightly closed and left
under room temperature (23 co) to incubate for 14
days. After the incubation periods, except for the
urea treated samples, samples insoluble residues
were collected, washed repeatedly until the filtrate
became neutral and then samples were oven dried
at 103 c® for 24 hr. Urea treated samples were oven
dried at 54 c° for 48 hr. All samples then were
ground to pass through a hammer mill with screen
of 2.5-3.0 mm. One hundred grams of each
grounded samples were taken for In Situ study and
the rest of the samples were ground to pass through
a 1-mm screen and were used for chemical
composition determination.

Chemical composition of untreated and treated
samples including dry matter (DM), organic matter
(OM), crude protein (CP), ether extract (EE), crude
fiber (CF) and ash were determined according to
A.O.A.C (1980). Fiber fractions; Neutral detergent
fiber (NDF) and acid detergent fiber (ADF) were
determined according to Goering and Van Soest
(1970).

b. Animals:
Three mature Dhamari sheep males of about 16
kg body weights were used. Each animal was fitted
with a rumen connula (40 mm in diameter) about 4
weeks before the experiment was commenced.
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¢. Feeding and management:

The sheep were kept in individual pen and were
fed ad libitum on dried sorghum hay.

d. Nylon bags: ,
The bags were made initially to a size of 140 x

90 mm of material with pore size of 20-40 micro m.
The bags were sewed to have double line of sewing
and curved corners.

e. Procedures:

The bags were washed and dried to a
constant weight at 100 c¢. Three grams of ground
untreated and chemically treated samples of both
kassar and husher stovers were placed in the bags
with two replicates for each animal for each
treatment. Bags of each replicate then were each
tied separately with a 25 cm nylon string. The other
end of the string was tied to a wire hook fitted into
the cannula of the three sheep. The bags were
soaked in warm water for about one minute and
them suspended in the sheep rumens. The bags of
the first replicate of the five treatments of kassar
stover were inserted into the sheep’s rumens at the
same time and were incubated in rumens for 24 , 48
and 72 hr. At the end of each incubation interval the
bags were removed from rumen and washed
thoroughly under running tap water until the
rinsing water was colorless. They were then dried to
constant weight at 105 ¢°. The same procedures
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were repeated for the husher stover as well as for
the second’s replicates bags of both kasser and
husher stovers . Bags containing zero incubation-
time samples were treated in a similar way of those
containing rumen incubated samples, except that
“1ey were not rumen incubated. Finally all samples
(DM) was determined. All the followed procedures
of In Situ study were in accordance with that of
Orskov (1984).

F. Statistical analysis:
Data concerning changes in treated sample
chemical composition as well as In Situ (DM)
disappearance were statistically analyzed according
to Snedecor and Cochran (1980) ome - way
classification followed by Duncan‘s multiple - range

test to examine the significances among means .

Results and Discussion:

Chemical composition and fiber constituent
percentage of untreated kassar and husher sorghum stovers
are presented in Tables

(1 and 2).
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Table (1)
Chemical composition of untreated sorghum stovers

DM composition, %

Stover | DM % | CP* | EE CF | NFE** | Ash | P
Kassar 96.0 2.9 1.2 | 32.1 57.8 6.0 | 0.03
Husher 96.9 1.1 1.3 | 38.3 55.4 3.9 | 0.04
* Crude protein = N x 6.25.
** Nitrogen free extract calculated by difference.
Table (2)
Fiber constituents of untreated sorghum stovers
Dry matter, %
Stover NDF ADF Hemicellulose
Kassar 80.1 48.9 31.2
Husher 85.0 54.8 30.2

Kassar stovers showed higher ash content, higher cell
content (100-NDF) and higher CP than those of husher
stovers (6% , 19.9% and 2.,% versus 3.9%, 15% and 1.1%
respectively) on DM basis.

Data concerning the responses of both kassar and
husher stovers to the various chemical treatments effect on
cell well constituents (NDF and ADF) and CP are listed in
Tables (3 and 4).
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and crude protein of kassar sorghum stovers.

Table (3)
Effect of chemical treatments on fiber constituents

Chemical Chemical treatments
Composition | Untreated | NaOH H,0, | NH;OH Urea
(Yoof DM) (2%) (2%) (2%) (5%)
NDF 80.2* 83.5° | 845° | 86.0° | 79.8*
ADF 48.6° 585° | 5549 | 544° | 526"
Hemicellul | 31.5¢ 255* | 289°¢ | 31.3¢ | 274°

0se

CP 2.8° 23" 22" 2.6™ 68°¢
Means with different superscripts in the same raw are

significantly (P < 0.05) different.

Table (4)
Effect of chemical treatments on fiber constituents

and crude protein of husher sorghum stover.

Chemical Chemical treatments
composition Untreated NaOH H,0, | NH,OH Urea
(% of DM) (2%) (2%) (2%) (5%)
NDF 85.2" $7.2° 89.4° 89.8 85.3"
ADF 55.0° 63.3° 61.59 57.8°¢ 56.1"
Hemicellulo | 30.1° 241°* | 278" | 332" | 29.2°
se
CP 12" 0.9° 0.9 ° 1.2° 34°
Means with different superscripts in the same raw are

significantly ( P <0.05) Different.
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In both kind of stovers, all alkali treatments showed to
increase (P<0.05) NDF and ADF content. While urea
treatments appeared to have no influence (P<0.05) on such
cell wall components. These obtained results are of
agreement with (showkry, et al., 1985 ; Abou - Raya, et al;,
1984). The decrease in fiber fractions of alkali treated stover
samples appeared to be associated with the washing process
that treated materials were subjected to after treating them
with the tested alkali solutions. Regarding the effect of the
chemical treatments on both kassar and husher content of
CP, data projected in Tables (3 and 4) indicated that Urea
treatments resulted in increasing (P<0.05) protein content of
both kassar and husher from 2.9% to 6.9% and from 1.1%
to 3.3% on (DM basis) respectively. This means that Urea
treatments showed to improve CP content of both kassar and
husher by a rate of 137% and 200% respectively. Similar
results have been reported with various poor quality
roughage treated with Urea (Jaysuriya and Perera, 1982;
Nabuurs, et al., 1987; Badawi, et al., 1990).

Detailed results and over all means of In Situ DM
disappearance of both kassar and husher stovers untreated
or treated with different chemicals at different incubation
periods in the rumens of sheep are presented in Tables (5
and 6).
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Table (5)
Effect of chemical treatments on In Situ dry matter
disappearance of kassar sorghum stover over different

rumen incubation penods (value + SD).

Incubation period, hr. Overall
Treatment 0 24 48 72 mea
n
Untreated | 7.1+1.1° [205+3.0° | 26.0+1.0° | 39.1+4.09 | 23.6*
2%NaOH | 32+08° |41.8+6.1° | 62.3+2.1° | 75.1+ 429 | 4557 |
2% H,0, 28+0.7" [284+6.8°| 462+6.1° | 62.3+0.7¢ | 348"
2%NH,OH | 26+03" [35.6+2.8" | 52.7+3.7° | 67.2+1.4° | 394°
5% Urea 103+ 05" [27.7+84° [ 41.4+4.1° [ 5814427 | 34.6° |

a,b,c,d Means with different superscripts in the same raw are significantly

(P <0.05) different.
A,B,C,D Means with different superscripts in the same column are

significantly (P < 0.05) different.

Table (6)
Effect of chemical treatments on In Situ dry matter
disappearance of husher sorghum stover over different

rumen incubation periods (value + SD).

Incubation period, hr. Overall
Treatment 0 24 48 72 mean
Untreated 42+02" | 171+01° | 21.3+4.0¢ | 32.1+1.4° | 1874
"7eNaOH [ 23+08" [293+3.0° | 43.4+2.4° [ 63.5+2.8° | 3457 |
2% H,0, 30+04" | 157+73" | 245+62° | 44.5+2.1°¢ | 2277
2% NH,OH | 1.1+0.1" | 21.5+6.0" | 34.7+5.0° | 484+1.4% | 263"
5% Urea 68+1.4" | 225+1.1° | 34.4+2.6° | 445+1.4° | 2727

a,b,c,d Means with different superscripts in the same raw are significantly
(P <0.05) different.
A,B,C,D Means with different superscripts in the same column are
significantly ( P < 0.05) different.
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The obtained results showed that DM Disappearance
of both kassar and husher, untreated or treated with various
treatments, increased significantly (P<0.05) as the period of
incubation time increased from 24 to 72 hr. .

For kassar stover, all chemical treatments significantly
(P<0.05) increased DM disappearance measured as an over
all means of the incubation times with NaOH treatment
appeared to have the greatest positive influence (P<0.05),
while urea treatment showed to have the lowest rate of DM
disappearance with a value of 45.5% as an over all mean for
NaOH treatment compared to 34.6% for urea treatment.

For husher stover, again all the chemical treatments
significantly  (P<0.05) improved DM disappearance
measured as an overall mean for the experiment incubation
times with the NaOH treatment also appeared to have the
highest positive effect (P<0.05). However, urea treatment
here came second after NaOH treatment in its effect on DM
disappearance measured as on over all mean of the study
incubation periods.

Data presented in both Tables (5 and 6) indicated that
the magnitude of the positive response to the studied
chemical treatments was higher for kassar stover than for
husher stover, which might be related to the poorer nutritive
quality of husher stover. These results agree with those
reported by (Sundstol, 1985) who showed that both alkali
and urea treatments have a positive influence on poor quality
roughage digestibility with NaOH treatment has the greatest
effect. However, regarding urea treatment; obtained results
are not in agreement with those of (Nabuurs, et al., 1985), in
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a work with common crop residues in Yemen, including
sorghum stovers , whom indicated that urea treatment may
have no effect on stovers digestibility. However, the results
reached by such researchers might be due to carrying out
their work in Dhamar area during winter time when
minimum temperature, morefrequently, declines under
zero c¢°. While, urea treatment positive effect on DM
digestibility is known to be temperature correlated with a
better effect is accomplished for the higher incubation
temperature.

Jackson (1978) summarized the reason for the
increased nutrient disappearance with alkali treatment as :1)
solublized hemicellulose lignin and silica, 2) increases extent
of cellulose and hemicellulose digestion and 3) increase rate
of cellulose and hemicellulose digestion. However, despite the
relative low effect of urea treatment on DM disappearance
compared to that of alkali treatment, mainly NaOH, urea
treatment has several advantages over the alkali treatment
(Jayasuria, 1985) that are 1) easy and cheap process, 2)
undesirable excess chemicals evaporate with free excess to
air and 3) it also increase the nitrogen content of treated
roughage, which are usually poor in crude protein.

Under the condition of this experiment, even though
urea treatment has a moderate positive influence on
sorghum Stover’s degradability rate compared to those of
alkali treatments, urea treatment might be more promising
chemical method as a mean for improving crop residues as
ruminant animal feed under Yemeni farmer’s situation.
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