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Nitrogen Retention and Chemical Composition of Urea Treated Wheat Straw
Ensiled with Organic Acids or Fermentable Carbohydrates

M. Sarwar*, M. Ajmal Khan and Mahr-un-Nisa
Department of Animal Nutrition, University of Agriculture, Faisalabad, Pakistan

ABSTRACT : The influence of varying levels of urea and additives on nitrogen (N) retention and chemical composition of wheat
straw was studied. The wheat straw was treated with 4, 6 and 8% urea and ensiled with 1.5, 2 and 2.5% of acetic or formic acid and 2, 4
and 6% of corn steep liquor (CSL) or acidified molasses for 15 days. The N content of wheat straw was significantly different across all
treatments. The N content of urea treated wheat straw was increased with the increasing level of urea. The N content was higher in urea
treated wheat straw ensiled with acetic or formic acid as compared to urea treated wheat straw ensiled without these organic acids. The
N content of urea treated wheat straw was further enhanced when it was ensiled with CSL or acidified molasses. This effect was
significant across all levels of urea used to treat the wheat straw. Nitrogen retention in urea treated wheat straw was decreased linearly as
the urea level was increased to treat the wheat straw. The N content was increased linearly when higher levels of CSL or acidified
molasses were used to ensile the urea treated wheat straw. Most of the N in urea treated wheat straw was held as neutral detergent
insoluble N (NDIN). The NDIN content was increased linearly with the increasing levels of urea and additives. The neutral detergent
fiber (NDF) contents were higher in urea treated wheat straw ensiled with acetic or formic acid as compared to urea treated whest straw
ensiled without additive. The NDF content further increased in urea treated whesat straw ensiled with CSL and acidified molasses. The
entireincrease in NDF content was because of fiber bound N. The hemicellulose content of urea treated wheat straw ensiled with CSL or
acidified molasses was higher as compared to urea treated wheat straw ensiled with acetic or formic acid. The acid detergent fiber
content of urea treated wheat straw ensiled with or without additives remained statistically non-significant. The cellulose contents of
wheat straw was linearly reduced when urea level was increased from 4 to 6 and 8% to treat the wheat straw. This effect was further
enhanced when urea treated wheat straw was ensiled with different additives. The results of the present study indicated that fermentable
carbohydrates might improve the Nitrogen retention and bring the favorable changes in physiochemical nature of wheat straw. However,
biological evaluation of urea treated wheat straw ensiled with fermentable carbohydrates is required. (Asian-Aust. J. Anim. Sci. 2003.
Vol 16, No. 11 : 1583-1592)
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INTRODUCTION

Ruminants in developing regions of the globe are
heavily relying upon fibrous crop residues (Sarwar and Nisa,
1999; Mehra et al., 2001; Sarwar et a., 2002). It is well
documented that protein and energy deficiency in
combination with low digestibility of crop residues often
restrict ruminant productivity (Sarwar et a., 1996; Sarwar
and Nisa, 1998; Man and Wiktorsson, 2001; Khan et d.,
2002). A number of experiments (Borhami et al., 1982;
Hartley et al., 1985; Dias-Da-Silvaet a., 1988; Mason et al.,
1988; Cann et a., 1991; Zhen et a., 1995) have been
undertaken to investigate the effect of ammoniation through
urea or NH; treatment on the chemical composition of
fibrous crop residues. Many workers adopted various
procedures, moisture levels, temperature ranges, urea levels
and additives to optimize the ammoniation process for
maximum urea-nitrogen retention and other favorable
nutritive changes in the treated fibrous material that best
suit to improve ruminal functions. Liu et a. (1991, 1995)
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and Xu et a. (1994) reported that rice straw treated with
NH; almost doubled its nitrogen (N) contents.

Cann et a. (1991) reported that ammoniation had
increased the fiber-bound N. However, the largest N portion
of the treated straw was free NH3-N, which accounted for
about 72% of the retained N. The increase in fiber-bound N
and total N were consistent as reported by Nelson et al.
(1984), Cann et a. (1991) and Brown et a. (1987).
However, it was well documented that the urea treated
wheat straw only retained about 30-35% of NH; added to
the straw during treatment and the remaining 65-70% was
lost to the atmosphere (Saadullah et al., 1981; Ali et al.,
1997). To overcome this problem, some researchers have
tried to fix the excess NH; in the straw by spraying some
organic acids (Borhami et al., 1982) or inorganic acids
(Dass et a., 2001) and more recently with fermentable
sugar sources with different degree of NH; fixation (Nisa et
al., 2002).

However, the scientific evidence regarding the effect of
organic acids and fermentable sugar resources on N
retention and chemical composition of urea treated wheat
straw was limited. This study was planned to see the effect
of varying levels of urea application to wheat straw and
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Table 1. Tota nitrogen content* of wheat straw treated with
different levels of urea and additives

Items Urealevel
Additives (%) 4% 6% 8%
Control 0  1.11+0.00Y 1.38+0.01Y  1.49+0.01°
Aceticacid 15 1.64+0.04°% 1.71+0.01°7° 1.70+0.01°7
2 17440.04°° 22440017 2.21+0.02"
25 1.81+0.00MN 2.42+0.017¢ 2.70+0.01°
Formicacid 15 1.63+0.028% 1.76+0.01N° 1.67+0.01°PR
2 1.64+0.04R 2.19+0.01"  2.24+0.01"
25 176+0.01N° 247+0.017  2.63+0.02°
Molasses 2 182+0.02"N  1.83+0.01™  1.97+0.01"
4 1974001  240+0.01°  2.60+0.02°
6  213+0.01° 280+0.01®  2.91+0.01°
Cornsteep 2 1.85+0.03¥  1.97+0.01"  2.06+0.01%
liquor 4  213t002" 253+0.00°  2.66+0.01°
6  216+0.01° 290+0.01* 2.97+0.02*

* Values are expressed as meant SD.
Means within the same row and column bearing at least one common
superscript do not differ significantly (p<0.05).

ensiling the urea treated material with different levels of
organic acids and fermentable sugar sources on chemical
composition of wheat straw.

MATERIALS AND METHODS

Wheat straw was ground through a Wiley mill (2-mm
screen) and was treated with 4, 6 and 8% urea on dry matter
basis. The corn steep liquor (CSL) and acidified molasses
(having equal pH to that of CSL) was added to the urea
treated wheat straw at 0, 2, 4 and 6% on DM basis. The
acetic and formic acids were applied at the rate of 1.5, 2 and
2.5% to urea treated wheat straw to achieve the similar pH
as that of CSL. A ratio of wheat straw DM: water (100:50)
was maintained across all treatments. This treated wheat
straw was ensiled in laboratory silos for 15 days. Three
laboratory silos were prepared for each treatment, sealed
and stored in the incubator at 35°C. This temperature was
chosen as corresponding approximately to the outside
summer temperature in Pakistan. The samples of this
fermented wheat straw were analyzed for dry matter (DM),
organic matter (OM), neutral detergent insoluble N (NDIN),
acid detergent insoluble N (ADIN), N and ash by the
methods of AOAC (1990), neutral detergent fiber (NDF),
acid detergent fiber (ADF) by methods described by Van
Soest et d. (1991).

Satistical Design

Data were analyzed as a completely randomized design
with factorial arrangement for levels of urea and additives
using the GLM procedure of SAS (1988). In case of an
interaction, means were separated by Duncan's multiple
range test (Steel and Torrie, 1984).
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RESULTS AND DISCUSSION

Nitrogen fractions

The total N content of wheat straw treated with varying
levels of urea and ensiled with or without additives was
significantly different across al treatments (Table 1). The
total N content of the urea treated wheat straw ensiled
without additive was increased linearly with the level of
urea applied to treat the wheat straw (Table 1). Present
findings were in consistent with those of Hartley et al.
(1985), Mason &t al. (1988) and Cann et al. (1991). Weiss et
al. (1982) treated rice straw with 5% agueous NH;z and
ensiled for 30 d and they reported that N content were
increased by 133% as compared to untreated wheat straw.
Xu et a. (1994) and Zhen et al. (1995) reported that rice
straw treated with NH3z almost doubled its N contents. In the
present study the percent N retained of the added urea-N
was different in urea treated wheat straw ensiled with or
without additives. The minimum N retention was observed
in urea treated wheat straw ensiled without any additive.
Percent urea-N retention in urea treated wheat straw was
linearly reduced when urea level was increased from 4 to 6
and then 8% to treat the wheat straw. This effect was also
seen across all levels of additives used in the present study.

A further increase in total N content was observed when
urea treated wheat straw was ensiled with different
additives as compared to urea treated wheat straw ensiled
without any additive; this pattern was observed across all
levels (4, 6 and 8%) of urea used to treat the wheat straw.
The urea treatment of straw is dependent on the urease
activity in plants that release ammonia from urea (Williams
et al., 1984a). The ureolytic bacteria that settle on fibrous
crop residues can also cause the reaction (Khan et al., 2002).
The intensity of ureolysis is closely associated with the
moisture content of the residue and the urea level (Cloete
and Kritzinger, 1984, 1985; Williams et al., 1984a).
Hassoun et al. (1990) reported non-significant effect of
treatment period on urea hydrolysis however; the moisture
level had a positive effect on urea hydrolysis. In the present
study 50% moisture level was used across al treatments
that was reported to be optimum for maximum urea
hydrolysis with in one week when urea treated wheat straw
was ensiled for different periods (Nisa et a., 2002). The
urea hydrolysis was very marked for 40 and 60% moisture
level (Hassoun et al., 1990) and moisture level higher than
60% was reported to have no effect on urea hydrolysis
(Cloete and Kritzinger, 1984). In the present study, urea
treated wheat straw was ensiled with or without additives
for 15 days that was previously observed optimum time for
urea hydrolysis (Khan et al., 2002). However, it was
reported that the ureolysis decreased with increasing urea
level (Williams et al., 19844a). They also observed less urea
hydrolysis when the temperature increased from 24 to 35°C.
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However, in the present study a constant temperature
(35°C) was maintained across all laboratory silos containing
treated material that was not supposed to cause any major
difference in total N content of the urea treated straw
ensiled with or without additives as previously reported by
Nisa et al. (2002). Silva-Da-Silva et al. (1988) reported that
straw samples treated with urea were clearly akaline as
would be expected from the extensive urea hydrolysis that
occurred. This increased pH leads to higher ammonia
escape to the environment (Khan et al., 2002). This was
consistent with earlier workers (Ashbell and Donahaye,
1986; Ashbell et al., 1987). In agreement with present
findings higher N values in ammoniated straw were
reported by different workers who trapped the excess free
NH; by spraying organic acids (Borhami et al., 1982),
inorganic acids (Claete and Kritzinger, 1984b, c; Yadav and
Virk, 1994; Taiwo et a., 1995) or using non-structural
carbohydrates (Saadullah et al., 1981; Ali et a., 1993;
Sarwar et a., 1994; Nisaet a., 2002; Khan et a., 2002).
The total N content was higher in urea treated wheat
straw ensiled with acetic or formic acid as compared to urea
treated wheat straw ensiled without acetic and formic acid.
Similarly increased N values in ammoniated straw were
reported by different workers who trapped the excess free
NH; by spraying organic acids (Borhami et al., 1982;
Mehraet a., 2001). Mehra et al. (2001) used acetic acid to
increase the N retention in urea treated wheat straw. They
reported that about 50-60% of the added N was retained
when 2.7% acetic acid was added to 4% urea treated wheat
straw (DM basis). They explained that it might be due to the
formation of ammonium acetate. Borhami et al. (1982)
reported that application of formic acid to urea treated
material reduced the pH and this low pH inhibited the
urease activity in the treated material. The present results
were in agreement with Stephanie and Simon (1992) and
Philip et al. (1990) who proposed that formic acid reduced
the ammonia concentration in urea treated material and this
naturally leads to the combination of urea with formic acid.
The wheat straw treated with 4, 6 and 8% urea and ensiled
with 1.5, 2 and 2.5% acetic or formic acid have had
significantly different total N contents. The higher total N
contents were observed in 8% urea treated wheat straw
ensiled with 6% level of acetic or formic acid. However, the
urea treated wheat straw ensiled with acetic acid has shown
better total N contents than formic acid across al levels of
urea treatments. Borhami et al. (1982) reported that N
content was markedly increased with NH3 treatment. In
addition, spraying with formic or acetic acid showed an
increase in the N content of the straw, whereas phosphoric
acid seemed to have no effect. The NHs-N as a percent of
total N was increased by NH; treatment, and it further
increased by acids. They explained that organic acids,
formic and acetic, had a greater capability than phosphoric
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acid to fix NHs in the straw.

The percent N retained of added urea-N in urea treated
wheat straw ensiled with acetic or formic acid increased
linearly as the level of acetic or formic acid was increased
from 1.5 to 2% to ensile urea treated wheat straw. This
effect was further enhanced when urea treated wheat straw
was ensiled with 2.5% acetic and formic acids. However,
Dass et a. (2001) explained that a continuous decrease was
noted in added N retention with the increase in the level of
HCl. They suggested that, as there was no significant
difference in N content of straw added with different levels
of HCI, so HCI to trap 30% of added N was optimum.
However, in the present study the percent retention of urea-
N was reduced when wheat straw was treated with higher
levels (6 and 8%) of urea and ensiled with 2, 4 and 6%
acetic or formic acid as compared to wheat straw treated
with 4% urea and ensiled with 2, 4 and 6% acetic or formic
acid. The present results indicated that 4% urea treated
wheat straw ensiled with acetic acid or formic acid was a
feasible method of straw treatment.

Further, increase in total N content of wheat straw was
observed when urea treated wheat straw was ensiled with
CSL or acidified molasses as compared to urea treated
wheat straw ensiled with acetic or formic acid. This effect
was observed for al levels of urea applied to treat the wheat
straw. These findings were consistent with previous workers
who have tried to fix the urea-N in wheat straw (Nisa et a.,
2002) and corncobs (Khan et a., 2002) by ensiling urea
treated wheat straw and corncobs with fermentable
carbohydrate sources. Williams et a. (19844a) and Shah et al.
(1981) demonstrated that hydrolysis of urea occurred at
least partly through bacterial activity and it was thought that
addition of a soluble source of readily available
carbohydrate to the straw might had enhanced the rate and
degree of urea hydrolysis. Further, ensiling urea treated
wheat straw with CSL (a rapidly fermentable carbohydrate
source) can stimulate the growth of lactic acid producing
bacteria in urea treated wheat straw and thus the higher
lactic acid concentration can reduce the N escape from urea
treated wheat straw by lowering its pH (Nisa et al., 2002).

In the present study, highest total N content of wheat
straw was noted in wheat straw treated with 8% urea and
ensiled with either 6% CSL or acidified molasses. However,
the total N content was noted higher in urea treated wheat
straw ensiled with CSL as compared to urea treated wheat
straw ensiled with acidified molasses. This effect was
observed across all levels of urea used to treat the wheat
straw and ensiled with 2, 4 and 6% either CSL or formic
acid. Nisa et al. (2002) reported that urea treated wheat
straw ensiled with 3, 6 and 9% CSL increased 50, 78 and
111% wheat straw N when compared to urea treated wheat
straw without CSL. Other workers (Dryden and Leng,
1988; Reddy et al., 1991) had also reported increased N
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Table 2. Neutral detergent insoluble nitrogen contents* of wheat
straw treated with different levels of urea and additives

Items Urealevels
Additives (%) 4% 6% 8%
Control 0 0.33+0.01Y  0.47+0.05'  0.61+0.01%%
Aceticacid 15 051+0.015 0.70+0.01N  0.80+0.01
2 0.64+0.01°7° 0.75+0.00M  0.92+0.01"
25  0.65t0.01™ 0.87+0.02°" 1.00+0.01°PE
Formicacid 1.5 053+0.01° 0.67+0.01N°" 0.74+0.01"
2 0.62+0.01%%  0.80+0.01%  0.96+0.02°
25  0.77+0.01%'M 0.90+0.027¢  1.02+0.01°°
Molasses 2 0.58+0.01%  0.78+0.00“*™ 0.87+0.02%"
4 0.69+0.01"° 0.98+0.00°F  1.03+0.01¢
6 0.84+0.01"Y  1.08+0.018  1.14+0.02%
Cornsteep 2 0.61+0.01%%  0.84+0.01""  0.88+0.01%"
liquor 4 0.70+0.01N  0.98+0.00°F  1.08+0.01°
6 0.79+0.01%"  1.14+0.01*  1.16+0.01*

* Values are expressed as meant SD.
Means within the same row and column bearing at least one common
superscript do not differ significantly (p<0.05).

content of ensiled urea treated straws. This increase in N
content of urea treated wheat straw ensiled with CSL may
be that it provided readily available nutrients (carbohydrates,
minerals and proteins) for the proper fermentation milieu,
which might have caused a rapid drop in pH. This reduced
pH probably has converted free ammonia (NHz) into an
ionic form of ammonia (NH**) that is very reactive and has
the greater tendency to make bonds with fibrous materials.
The N retention in urea treated wheat straw ensiled with
CSL or acidified molasses was observed higher when
compared to urea wheat straw ensiled with acetic or formic
acid. However, maximum N retention was noted in 4% urea
treated wheat straw ensiled with CSL and acidified
molasses as compared to all other treatments in the study.
The observations in the present study indicated that by
increasing urea level beyond 4% for the treatment of straw
may render the ammoniation process uneconomical by
increasing the rate of escaped N from treated material. Khan
et a. (2002) reported that enzose was applied to the urea
treated corncobs as a source of readily fermentable sugars
to fix the urea-N in urea treated corncobs. The N contents
increased linearly with the level of enzose, applied to the
corncobs. The highest N content was observed in corncobs
treated with urea and 6% enzose. It was observed that the
application of 5% urea and 6% enzose (DM basis) to
corncobs increased the total N content of corncobs about 5
times than untreated corncobs and almost 2 times than urea
treated corncobs without enzose. They explained that sugars
present in the enzose might have provided the carbon
skeleton or/and energy for the microbial growth during
ensilation of urea treated corncobs. The increased microbial
population in the ensiled material might have increased the
urease production and ultimately the degradation of urea.
They suggested that enzose was expected to provide the
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sugars to anaerobic bacteria for production of lactate that
might have resist the change in pH of the ensiled material
due to extensive urea hydrolysis. Moreover, the low pH
(3.3) of enzose might resist the change in pH of the treated
material and thus improved the N content of urea treated
corncobs ensiled with enzose.

The NDIN contents of urea treated wheat straw were
different across all treatments in the study (Table 2). Neutral
detergent insoluble content increased in urea treated wheat
straw as the level of urea increased from 4 to 8%. The
NDIN content increased further in urea treated wheat straw
when urea treated wheat straw was ensiled with acetic or
formic acid. The NDIN content was noted high in urea
treated wheat straw ensiled with 2.5% acetic or formic acid
as compared to urea treated wheat straw ensiled with 2 and
1.5% of acetic or formic acid. The urea treated wheat straw
ensiled with CSL or acidified molasses have shown higher
NDIN contents when compared to urea treated wheat straw
ensiled with acetic or formic acid. This effect was noted
across al the urea levels studied. The highest values of
NDIN were noted in urea treated wheat straw ensiled with
6% CSL or acidified molasses. The present values of NDIN
reflected that ensilation of urea treated wheat straw with
fermentable carbohydrate source could improve the fiber
bound N. Nisa et a. (2002) reported that the usage of CSL
has not only increased the total N concentration of the
wheat straw but it has also improved the NDIN compared to
the control treatment. The percent retained of the added N
as NDIN was 48, 44, 48% when urea treated wheat straw
was ensiled with 3, 6 and 9% CSL. The urea treated wheat
straw ensiled with 0, 3, 6 and 9% CSL had 70, 50, 46 and
39% NHj; of total N, respectively, whereas, at 3, 6 and 9%
CSL, the N recovered as NH; was 11.54, 16.25 and 11.40%,
respectively, of the added N. In this study, approximately
one haf of the added N was bound in some form. The
concentration of NDIN was approximately 1.6 (0.25
percentage units), 1.8 (0.35 percentage units) and 2.4 (0.55
percentage units) times higher in 3, 6 and 9% CSL
compared to urea treated wheat straw without CSL. The
increase in NDIN was about twice as large as the increase
in bound N, which can be directly attributed to NH;
addition. The ammoniation had increased the fiber-bound N
(NDF-N and ADF-N) (Cann et a., 1991). However, the
largest N portion of the treated straw was free NHs-N,
which accounted for about 72% of the retained N (Garret et
a., 1979). The increase in fiber-bound N and total N was
consistent with Liu et a. (1995); Zhen et al. (1995); Xu et
al. (1994); Nelson et al. (1984), and Brown et al. (1987).
Zhang (1995a) reported that crude protein (CP) content of
wheat straw was increased from 3.4 in control to 12.9 and
9.9% in anhydrous NH; treated and urea treated wheat straw,
respectively. Acid detergent fiber content was increased and
NDF content decreased after the application of both
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Table 3. Acid detergent insoluble nitrogen content* of wheat
straw treated with different levels of urea and additives

Items Urealevel

Additives (%) 4% 6% 8%

Control 0 029+0.01  041+0.01"  0.48+0.01°°%F

Aceticacid 15 0.30+0.01F  0.43+0.017°" 0.43+0.017"
2 0340017  0.45+0.01F7¢H 0.45+0.01PFFCH
25 0.35+0.01' 0.48+0.01°PFF  0.47+0.01°PEF

0.42+0.01%"  0.47+0.01°PF"
0.44+0.0157¢H  0.47+0.02°PFF

Formicacid 1.5 0.32+0.01'%
2 0.32+0.02'

25 0340017  0.47+0.01°PF 0.49+0.025¢PE
Molasses 2 0.31+0.01%  0.44+0.005°" 0.49+0.025¢PE
4 0.3410.01"  0.47+0.01°5¢ 0.51+0.02"B¢
6  0.36+0.01 0.48+0.01°P5F  0.53+0.02°B
Cornsteep 2 0.32+0.01"  0.46+0.01°%F 0.50+0.025°P
liquor 4 033001  0.48+0.01°P°F 0.52+0.02"8¢

6  0.33+0.01"  0.47+0.01°°FF 054+0.01"

* VValues are expressed as mean+SD.
Means within the same row and column bearing at least one common
superscript do not differ significantly (p<0.05).

treatments to wheat straw.

The ADIN contents of urea treated wheat straw were
significantly different among the urea levels studied (Table
3). Weixian (1995) reported the similar findings. The ADIN
contents of 8% urea treated wheat straw were significantly
different among additives used to ensile urea treated wheat
straw. The ADIN contents were observed higher in urea
treated wheat straw ensiled with CSL when compared to all
other treatments. The highest ADIN contents were observed
in urea treated wheat straw ensiled with 6% CSL. The
increases in cell wall N reported in our study have been
recorded previously (Dryden and Kempton, 1983; Van
Soest et al., 1984). They suggested that an NHz-lignin
complex was formed in ammoniated straw. The reason for
the increased lignin content following ammoniation in this
experiment was not known, as it cannot be totally explained

by the complexing of additional N with lignin. Khan et al.
(2002) reported that the ADIN content increased with the
increasing level of enzose in urea treated corncobs.
However, this fraction of N in ureatreated corncobs ensiled
with or without enzose remained dsatistically non-
significant. The present results were consistent with earlier
workers (Oji and Mowat, 1979; Nisa, 2002). In contrast to
our findings, Solaiman et al. (1979) and Itoh et al. (1981)
suggested that most of N was held either as water soluble N
(NH3z and amide-N) or water insoluble, neutral detergent
soluble N, together with smaller amounts bound to cell wall.
Ammoniation resulted in an increase in total N content,
more than 90% of the retained N was detected as water-
soluble N, most of which was NH3-N. N bound to ADF
residue showed a negligible increase from the urea
treatment. Oji and Mowat (1979); Williams et al. (1984b)
reported that 43% of the N added as urea was lost by
diffusion, more than 90% of the retained N was analyzed as
water soluble N, a figure higher than those was reported by
Dryden and Kempton (1983) with barley straw treated with
anhydrous NHs. The amount of N bound to the ADF
remained essentially unchanged. From these results, it
appears that, following urea treatment of maize stover, the
retained N represents a source of readily available N for
rumen microbes.

The ammonia N of wheat straw treated with 4, 6 and 8%
urea and ensiled with or without additives was noted
significantly different (Table 4). Ammonia N was increased
in urea treated wheat straw ensiled with different additives
as compare to urea treated wheat straw ensiled without
additive. However, ammonia N was noted statistically non-
significant when 4 and 6% urea treated wheat straw was
ensiled with organic acids or fermentable sugar sources.
The 8% urea treated wheat straw has shown the additive
effect on ammonia N contents. The ammonia N content of

Table 4. NH5-N contents* of wheat straw treated with different levels of urea and additives

Items Urealevel
Additives (%) 4% 6% 8%
Control 0 0.730+0.015" 0.880+0.010° 0.880+0.15°
Acetic acid 15 0.770+0.010%* 0.905+0.0155¢ 0.935+0.0155°PF
2 0.780+0.010%¢ 0.920+0.010°E¢ 0.945+0.015"BCPE
25 0.800+0.010'%K 0.935+0.0155CPE 0.955+0.015"5¢P
Formic acid 15 0.790+0.010' 0.915+0.015°5¢ 0.925+0.015°PFF
2 0.820+0.010"" 0.925+0.015°PEF 0.935+0.0155¢PF
25 0.820+0.020"" 0.935+0.0155¢PF 0.965+0.015"B¢
Molasses 2 0.760+0.010K" 0.905+0.0155¢ 0.935+0.0155¢PF
4 0.770+0.020K* 0.890+0.0107¢ 0.965:0.0155°PF
6 0.785+0.015™ 0.915+0.015°E¢ 0.975+0.005"8
Corn steep liquor 2 0.800£0.010"™ 0.920+0.010°E¢ 0.965:0.015"5<F
4 0.840+0.010" 0.935+0.0155¢PF 0.975+0.015"8
6 0.825+0.015"" 0.950+0.01048¢P 0.985+0.005*

* Values are expressed as mean+SD.

Means within the same row and column bearing at |east one common superscript do not differ significantly (p<0.05).
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Table 5. Reaming nitrogen contents* of wheat straw treated with different levels of ureaand additives

Items Urealevel

Additives (%) 4% 6% 8%

Control 0 0.235+0.015° 0.300+£0.010™° 0.600:+£0.200"BCPEFE

Acetic acid 15 0.365+0.015-MN 0.515+0.01557¢HY 0.535+0.015"BCPEF
2 0.400£0.010K-MN 0.575+0.015"BCPEFC 0.580+0.010%-MN
25 0.445+0.015M 0.620+0.010ABCPE 0.595+0.0155CPEFCH

Formic acid 15 0.345+0.015MN 0.499+0.0117CHIK 0.555:+0.0155CPEFCH
2 0.425+0.015%M 0.545+0.015°PEFeH! 0.560+0.010ABCPE
25 0.465+0.015H¢" 0.640+0.020BCPEFCH 0.60040.010%-MN

Molasses 2 0.385+0.015K-MN 0.540+0.020"8 0.575+0.015"BCPEF
4 0.440+0.010"M 0.560+0.010"KM 0.585:+0.0155¢
6 0.475+0.015°K 0.655:+0.015"BCPEF 0.645+0.015<-MN

Corn steep liquor 2 0.400+0.010“*M" 0.445+0.015"5°% 0.585+0.015"PFF
4 0.425+0.015%M 0.599+0.011ABCPE 0.610+0.0204BCPE
6 0.440+0.010"M 0.610+0.020PEFeH! 0.670+0.020"

* Values are expressed as mean+SD

Means within the same row and column bearing at least one common superscript do not differ significantly (p<0.05).

Table 6. Neutral detergent fiber content* of wheat straw treated
with different levels of urea and additives

Items Urealevel
Additives (%) 4% 6% 8%
Control 0 78.240.02°  76.1+0.00°  76.8+0.00
Aceticacid 15 78.9+0.05Y 78.9+0.03"  79.9+0.00°
2 79.3:0.045" 80.9+0.00"  83.0+0.02°
25 80.240.02° 82.9+0.02° 83.5+0.00°
Formicacid 15 78.7+0.04" 79.6+0.03% 80.1+0.03"
2 79.140.03" 81.9+0.03°  83.1+0.00F
25  80.2+0.02° 83.9+0.03%¢ 835+0.00°
Molasses 2 79.3+0.00" 80.1+0.03°  79.4+0.00°
4 81.0+0.03¥ 82.2+0.03'  82.9+0.03"
6 83.9+0.03% 84.0+0.03" 83.3+0.00F
Corn steep 2 77.1+0.00"  79.940.03°  79.3+0.03"
liquor 4 78.740.05" 81.4+0.03"  81.8+0.00%
6 80.1+0.02°  83.8+0.03°  83.2+0.00F

* Values are expressed as meant SD.
Means within the same row and column bearing at least one common
superscript do not differ significantly (p<0.05).

8% urea treated wheat straw ensiled with CSL was higher
as compared to all other treatments in the study. Dryden and
Leng (1988) reported that most of the increase in N content
(66%) was due to an improved retention of water-soluble N
(WSN) and 55% of the additional WSN was NHz-N. The
increase in the cell wall N and the detergent soluble water
insoluble N contents accounted for 12.5 and 21% of the
increase in total N content following ammoniation.

The remaining N contents of urea treated wheat straw
ensiled with or without additives remained non-significant
across al treatments in the present study (Table 5).
However the remaining N contents was improved as the
level of ureawas increased to treat the wheat straw.

Fiber fractions
Neutral detergent fiber content of urea treated wheat

Table 7. Cellulose content* of wheat straw treated with different
levels of ureaand additives

Items Urealevel
Additives (%) 4% 6% 8%
Control 0  432+0.02% 33.9+0.01Y 33.6+0.01%
Aceticacid 1.5 40.8+0.02° 31.7+0.02Y  32.6+0.01°
2 401+0.02° 329+0.02¢%  33.1+0.01Y
25 39.9+0.01" 34.2+001™ 34.2+0.027
Formicacid 15 41.8+0.02° 32.9+0.02° 33.7+0.01%
2 409+0.01° 34.1+0.01Y 34.1+0.02™
25 40.2+0.020° 345+0.01° 35.8+0.01"
Molasses 2 393+0.02 34.1+0.02™Y 34.5+0.00%
4 409+0.02° 35.3:+0.02°  35.8+0.00M"
6  40.6+0.01F 36.2+0.02  36.1+0.01"
Cornsteep 2 389+0.01X  359+0.02™  34.5+0.02°
liquor 4 397013 3424001V 34.8+0.01°
6  40.4+0.02° 35.4+0.02°  25.6+0.01°

* Values are expressed as meant SD.
Means within the same row and column bearing at least one common
superscript do not differ significantly (p<0.05).

straw ensiled with or without additives was observed
significantly different across all treatments (Table 6). The
NDF content of urea treated wheat straw was decreased
linearly with the increasing level of urea. The cellulose
contents of wheat straw was linearly reduced when urea
level was increased from 4 to 6 and then 8% to treat the
wheat straw (Table 7). However, the hemicellulose contents
remained similar in wheat straw treated with 4, 6 and 8%
urea and ensiled without additive. In agreement with
present findings, Nelson et al. (1985); Brown et al. (1987);
Zhen et a. (1995) reported reduced NDF concentrations in
urea treated straw when compared to untreated straw. This
decrease has been attributed to hemicellulose solubilization
during urea treatment of straws (Khan et al., 2002; Nisa et
al., 2002). The decrease in cell wall constituents in urea
treated straw was also reported by many workers (Reddy
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Table 8. Crude protein free neutral detergent fiber content™ of
wheat straw treated with different levels of urea and additives

Items Urealevel
Additives (%) 4% 6% 8%
Control 0 75.140.02°  75.0£0.02"  75.8+0.01Y
Aceticacid 15  74.8t0.01* 76.8£0.01°° 75.9+0.00"
2 74.3+0.007  77.140.03% 77.6£0.01"
25  745t0.02° 775003  79.1+0.01°
Formicacid 15  76.4+0.02° 76.9+0.02"N 76.9+0.00"°
2 76.8+0.02° 78.2+0.03F  78.9+0.00°
25  75440.00" 785+0.000 77.8+0.02°
Molasses 2 76.8+0.00°  76.9+0.01'M 76.2+0.03°
4 77.0£0.04-  77.1+0.03%  76.0+0.00
6 78.8+0.00° 78.4+0.01°  77.1+0.02€
Corn steep 2 74.440.007  76.3t0.00%  75.9+0.03"
liquor 4 73.640.03° 76.2+0.02° 76.4+0.01°
6 74.1+0.00*  76.8£0.01°° 77.2+0.03’

* Values are expressed as meant SD.
Means within the same row and column bearing at least one common
superscript do not differ significantly (p<0.05).

and Reddy, 1985; Reddy et al., 1991; Weixian, 1995). This
decrease in NDF might be because of both of their
solubilization during ensiling (Claete and Kritzinger, 1984a;
Yadav and Virk, 1994) and utilization by microbial
fermentation. Similar effects have been noted previously
(Ali et a., 1977) and were caused by akali induced
“peeling” reactions, in which degradation of sugar moieties
occurred at the reducing end of hemicellulose chains.

The NDF content of urea treated wheat straw ensiled
with acetic or formic acid was increased as compared to
urea treated wheat straw ensiled without acetic or formic
acid. These results were consistent with those previously
reported by Cann et a. (1991); Lines and Weiss (1996);
Nisa et al. (2002). The NDF content of urea treated wheat
straw ensiled with acetic and formic acid was affected both
by the level of urea and organic acids. Neutral detergent
fiber content of wheat straw was increased when urea and
organic acid levels were increased to treat the wheat straw.
Higher value of NDF was observed when whesat straw was
treated with 8% urea and ensiled with 2.5% of acetic or
formic acid as compared to wheat straw treated with 6 and
4% urea level and ensiled with 1.5 and 2% level of acetic or
formic acid.

The NDF content was further increased when urea
treated wheat straw was ensiled with CSL or acidified
molasses as compared to urea treated wheat straw ensiled
with acetic or formic acid. Neutral detergent fiber content of
urea treated wheat straw ensiled with CSL or acidified
molasses was increased linearly as the level of CSL or
acidified molasses was increased to ensile the wheat straw.
In the present study, NDF content was increased both with
the increasing levels of urea and fermentable carbohydrate
sources applied to treat the wheat straw. Highest value of
NDF was noted in wheat straw treated with 6% urea and
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Table 9. Crude protein free hemicellulose content* of wheat
straw treated with different levels of urea and additives

Items Urealevel
Additives (%) 4% 6% 8%
Control 0 219+001" 23.1+0.02° 22.2+0.02°
Aceticacid 15 229+0.01° 24.6+0.01"  24.1+0.02%
2 2344002V  24.6+0.01'  25.1+0.02°
25 239+0.02" 25.1+0.02° 25.240.02°
Formicacid 15 24.6+0.01™" 24.8+0.02° 23.4+0.02"
2 2424001 25.240.02° 25.6+0.03°
25 239+0.02" 25.8+0.02* 25.0+0.01F
Molasses 2 19.9+0.02°  21.5+0.02"  24.8+0.017¢
4 20.8t0.01Y 21.9+002Y 24.5+0.01
6  215+0.02Y 22.1+0.02° 25.1+0.01°
Cornsteep 2 23.240.02° 22.8+0.02%  23.6+0.02
liquor 4 242+002% 234+0.02Y  23.1+0.01°
6  239+0.01" 23.9+0.02"  24.9+0.027

* Values are expressed as mean+SD.
Means within the same row and column bearing at least one common
superscript do not differ significantly (p<0.05).

ensiled with CSL as compared to al other treatments in the
study. However, in the present study, CP free NDF (NDF-
NDINx6.25) contents remained unchanged across dll
treatments (Table 8). Lines and Weiss (1996) have reported
that ammoniation increased the concentration of NDF and
its entire increase was in the hemicellulose fraction. They
attributed this increase in NDF to increased NDIN. In the
present study, the hemicellulose content of urea treated
wheat straw ensiled with or with out additives was noted
significantly different. The presents results were in
agreement with, Khan et al. (2002) who reported that the
NDF and hemicellulose contents of urea treated corncobs
ensiled with 0, 2, 4 and 6% enzose (a fermentable sugar
source) showed a linear increase as the level of enzose
applied increased to ensile urea treated corncobs. However
the CP free NDF content remained similar across al
treatments (Table 8). The increased NDF content in urea
treated corncobs ensiled with enzose as compared to control
was the function of increased NDIN contents when
compared to urea treated corncobs ensiled without enzose.
Similar results have been reported by Nisa et al. (2002).
However, some workers (Buettner et al., 1982; Zorrilla-
Rios et a., 1985; Zhang, 1995a) reported contrasting results.

The present results indicated that entire increase in NDF
contents in urea treated wheat straw ensiled with different
additives was due to binding of N with hemicellulose
moieties. It may be supported by the fact that the CP free
hemicellulose content of urea treated wheat straw ensiled
with or without additives remained similar across all
treatments in the study (Table 9). However, the
hemicellulose content was increased when urea treated
wheat straw was ensiled with acetic or formic acid as
compared to urea treated wheat straw ensiled without any
additive. In the present study, this effect was noted across
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al levels of urea used to treat the wheat straw.
Hemicellulose contents was increased linearly when urea
treated wheat straw was ensiled with 1.5, 2 and 2.5% acetic
or formic acid. The hemicellulose contents of urea treated
wheat straw ensiled with formic acid was observed higher
than urea treated wheat straw ensiled with acetic acid. This
effect was noted for al levels urea and organic acids used.

The hemicellulose content of urea treated wheat straw
ensiled with CSL or acidified molasses was higher as
compared to urea treated wheat straw ensiled with acetic or
formic acid. Urea treated wheat straw ensiled with CSL or
acidified molasses exhibited a linear increase in
hemicellulose contents as the level of CSL or acidified
molasses was increased to ensile urea treated wheat straw.
This effect was seen in wheat straw treated with 4, 6 and
8% urea levels. Highest hemicellulose contents were
observed in wheat straw treated with 8% urea and ensiled
with CSL or acidified molasses as compared to all other
treatments in the present study. The ADF content of urea
treated wheat straw ensiled with or without additives
remained statistically non-significant. These results
supported by the findings of Dryden and Kempton (1983),
Liu et al. (1991, 1995) and Xu et a. (1994).

The celulose contents of urea treated wheat straw
ensiled with or without additives were significantly
different. The cellulose contents of wheat straw was linearly
reduced when urea level was increased from 4 to 6 and 8%
to treat the wheat straw. This effect was further enhanced
when urea treated wheat straw was ensiled with different
additives. A lower cellulose contents of wheat straw was
noted when urea treated wheat straw was ensiled with acetic
or formic acid as compared to urea treated wheat straw
ensiled without any additive. The cellulose contents were
further reduced when urea treated wheat straw was ensiled
with 2.5% acetic or formic acid as compared to 2 and 1.5%
acetic or formic acid.

Contrary to present findings, Dryden and Leng (1988)
reported that after ammoniation the organic matter content
was reduced by ammoniation from 75.4 to 66.2%, reduction
in organic matter content due to NH; was achieved by
solubilization of hemicellulose with no effect on the
cellulose content. Ammoniation aso influenced the
recovery and composition of cell walls. About 8 to 9 % of
the cell wall of untreated straws was rendered soluble in
neutral detergent solution by the NH5 treatment, producing
proportionate increase in cellulose and lignin relative to
hemi cellulose. However, in the present study, decrease in
cellulose contents may be attributed to propionate increase
in hemicellulose contents of urea treated wheat straw
ensiled with different levels of organic acids or fermentable
carbohydrate sources. A further reduction in cellulose
contents of urea treated wheat straw was observed when
urea treated wheat straw was ensiled with CSL or acidified
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molasses. This effect was more pronounced when higher
levels of CSL or acidified molasses were used to ensile urea
treated wheat straw. Maximum reduction in cellulose
contents was noted in 8% urea treated wheat straw ensiled
with 6% CSL or acidified molasses as compared to 4 and
6% urea treated wheat straw ensiled with 2 or 4% of CSL or
acidified molasses.

CONCLUSION

The present results revealed that 4% urea treated wheat
straw ensiled with CSL or acidified molasses have better fix
the N in wheat straw and brought favorable physiochemical
changes in wheat straw as compared to urea treated wheat
straw ensiled with organic acids. However, before
recommending its use further research is warranted to
explore the effect of urea treated wheat straw ensiled with
fermentable carbohydrate sources on ruminal digestion, N
metabolism, and productivity of ruminants through
biological trias.

REFERENCES

Ali, C. S, T. Khalig and M. Sarwar. 1997. Influence of various
sources of non-protein nitrogenous sources on in vitro
fermentation pattern of rumen microbes. Asian-Aust. J. Anim.
Sci. 10:357

Ali, C. S.,, M. Sarwar, R. H. Siddiqi, R. F. Hussain, T. Khalig, S. U.
R. Chaudhry and A. R. Barque. 1993. Effect of urea treatment
of wheat straw on disappearance and rate of passage through
reticulo-rumen of buffalo. Pakistan Vet. J. 13:74.

Ali, C. S, V. C. Mason and J. Waagepeterson. 1977. The voluntary
intake of pelted diets containing sodium hydroxide treated
wheat straw by sheep. The effect of the alkali concentrationsin
the straw. Z. Tierphysiol. Tierernachr. Fultermitend. 39:173.

AOAC. 1990. Official Methods of Anaysis. Association of
Analytical Chemists, 15th Ed. Arlington Virginia, USA.

Ashbell, G and E. Donahaye. 1986. Laboratory trails on
conservation of orange peel silage. Agric. Wastes. 15:133.

Ashbell, G, G Pahlow, B. Dinter and Z. G Weinberg. 1987.
Dynamics of orange fermentation during ensiling. J. Appl.
Bacteriol. 63:275.

Borhami, B. E. A., F. Sundstol and T. H. Garmo. 1982. Studies of
ammonia treated straw. Fixation of ammonia treated straw by
spraying with acids. Anim. Feed Sci. Technol. 7:53.

Brown, W. F, J. D. Phillips and D. B. Jones. 1987. Ammoniation
or cane molasses supplementation of low quality forages. J.
Anim. Sci. 64:1205.

Cann, I. K. O., Y. Kobayashi, M. Wakita and S. Hoshino. 1991.
Digestion properties of ammoniated rice straw in the rumen
and lower tract of sheep. Anim. Feed Sci. Technoal. 35:55.

Clagte, S, W. P and M. N. Kritzinger. 1984a. A laboratory
assessment of various treatment conditions affecting the
ammoniation of wheat straw by urea 1. The effect of
temperature moisture level and treatment period. South African
J. Anim. Sci. 14:55.

Claete, S. W. P. and N. M. Kritzinger. 1984b. Urea ammoniation



CHEMICAL COMPOSITION OF UREA PLUSADDITIVE TREATED WHEAT STRAW

compared to urea supplementation as a method of improving
the nutritive value of wheat straw for sheep. South African J.
Anim. Sci. 14:59.

Clagte, S. W. P. and N. M. Kritzinger. 1984c. The fixation of
NITROGEN in urea-ammoniated wheat straw by means of
different acids. South African J. Anim. Sci. 14: 173.

Da-Silva, A. A., A. Mascarenhas Ferriera and C. V. M. Cudedes.
1988. Effect of moisture level, treatment time and soybean
addition on the nutritive value of urea treated maize stovers.
Anim. Feed Sci. Technol. 16:67.

Dass, R. S, A. K. Verma, U. R. Mehra and D. S. Saker. 2001.
Nutrients utilization and rumen fermentation pattern in murrah
buffaloes fed urea and urea plus hydrochloric acid treated
wheat straw. Asian-Aust. J. Anim. Sci. 14:1542.

Dryden, G. and R. A. Leng. 1988. Effects of ammonia and sul phur
dioxide cases on the composition and digestion of barley straw.
Anim. Feed Sci. Technol. 19:121.

Dryden, G and T. J. Kempton. 1983. Digestion of organic matter
and nitrogen in ammoniated barley straw. Anim. Feed Sci.
Technol. 10:65.

Garret, W. N., H. G Walker, G O. Kohler and M. Hart. 1979.
Response of ruminant to a diet containing sodium hydroxide or
ammoniatreated rice straw. J. Anim. Sci. 48:92.

Hartley, R. D., G Deschard and A. S. Keen. 1985. Effect of
ammonia of the phenolic and other chemical constituents of
cell walls of cereal straws in relation to wall bio-degradability
and digestion by ruminants. In New Approaches to research on
cereal carbohydrates. (Ed. R. D. Hill and L. Munch). Elsevier.
Sci. Publishers B. V. Amsterdam. p. 319.

Hassoun, P, F. Geoffroy, G. Saminadin, P. prior and M. Beramis.
1990. Studies on the ammoniation of sugar cane bagasse by
urea. Effects of moisture, urea levels, urease source and
treatment periods on compositions, in vitro dry matter
digestibility and evaluation of ureolytic bacteria. Anim. Feed.
Sci. Technol. 29:113.

Itoh, H., Y. Terashing, K. Udeya and Y. Tahashi. 1981. Nitrogen
distribution in rice straw and rice hulls treated with sodium
chloride and ammonia treatment of wheat straw. Voluntary
intake and digestibility in cattle. Anim. Feed Sci. Technol.
14:81.

Khan, M. A., M. Sarwar and Mahr-un-Nisa. 2002. Influence of
Enzose (Dextrose) on nitrogen Fixation in Urea Treated Corn
Cobs and Performance of Cross Bred Cows. Anim. Feed Sci.
Technol. (submitted).

Lines, L. W. and W. P Weiss. 1996. Use of nitrogen from
ammoniated alfalfa hay, urea, soybean meal and animal protein
meal by lactating cows. J. Dairy Sci. 79:1992.

Liu, J. X., N. Y. Xu, Y. M. Wy, X. M. Dai and Y. G Han. 1991.
Ammonium bicarbonate as a source of ammonia for up

grading the feed value of rice straw. China Feed (Suppl.). p. 87.

Liu, J. X., Y. M. Wu. and N. Y. Xu. 1995. Effect of ammonium
bicarbonate treatment on kinetics of fiber digestion, nutrient
digestibility and nitrogen utilization of rice straw by sheep.
Anim. Feed Sci. Technol. 39:211.

Nisa, M. 2002. Influence of feeding urea treated wheat straw with
or with out con steep liquor on N fixation in wheat straw, in
situ digestion kinetics, N metabolism and nutrient digestion in
ruminall cannulated buffalo bulls. Ph. D. thesis, deparment of
animal nutrition university of agriculture, faisalabad.

1591

Man, N. V. and H. Wiktorsson. 2001. The effect of replacing grass
with urea treated fresh rice straw in dairy diet. Asian-Aust. J.
Anim. Sci. 8:1090.

Mason, V. C,, R. D. Harltye, A. S. Keene and J. M. Cobby. 1988.
The effect of ammunition on the nutritive value of wheat,
barley and oat straws. I. Changes in chemical composition in
relation to digestibility in vitro and cell wall degradability.
Anim. Feed Sci. Tech. 19:159.

Mehra, U. R, R. S. Dass, A. K. Verma and D. S. Sabu. 2001.
Effect of feeding urea and acetic acid treated wheat straw on
the digestibility of nutrientsin adult murrah buffal oes (Babulus
bubalis). Asian-Aust. J. Anim. Sci. 14:1690.

Nelson, M. L., T. J. Klopfenstein and R. A. Britton. 1984. Protein
supplementation of ammoniated roughages. |. Corncobs
supplemented with a blood meal corn gluten meal mixture-
lamb studies. J. Anim. Sci. 61:1601.

Nelson, M. L., T. J. Klopfenstein, R. A. Britton and S. R. Lowry.
1985. Protein supplementation of ammoniated roughages in
steers. J. Anim. Sci. 61:1567.

Oji, U. I. and D. M. Mowat. 1979. Nutritive value of thermo
ammoniated and steam treated maize stovers. Anim. Feed Sci.
Technal. 4:177.

Philip, L. E. L., Underhill and Garino. 1990. Effects of treating
lucern with an inoculum of lactic acid bacteria or formic acid
upon chemical changes during fermentation and upon nutritive
value of the silage for lambs. Grass Forage Sci. 45:337-344

Reddy, D. N. and M. R. Reddy. 1985. Effect of ammoniated and
processed cotton straw as sole source of roughage in complete
feeds for crossbred milch cows. Indian J. Anim. Sci. 55:1082.

Reddy, D. N., M. R. Reddy and M. P. Ali. 1991. Effect of urea
treated paddy straw to lactating crossbred cows on nutrient
utilization and quantity and quality of milk production. Indian
J. Dairy Sci. 44: 539.

Saadullah, M., M. Hague and F. Dolberg. 1981. Effectiveness of
ammonification through ureain improving the feeding val ue of
rice straw in ruminants. Tropical Animal Production. 6:30.

Sarwar, M., M. A. Khan and |. Zafar. 2002. Feed resources for
livestock in Pakistan. Inter. J. Agri. Biol. 1:186

Sarwar, M. and M. U. Nisa. 1999. In situ digestion kinetics of
Mott grass (Pennisestum purpuretum) on its chemical
composition, dry matter intake, rumina characteristics and
digestibility in buffalo bulls. Asian-Aust. J. Anim. Sci. 9:910.

Sarwar, M. and M. U. Nisa. 1998. Factors affecting passage rate in
ruminant animals (A review). Asian-Aust. J. Anim. Sci. 12:16.

Sarwar, M., S. Mahmood, W. Abbas and C. S. Ali. 1996. In situ
ruminal degradation kinetics of forages and feed byproducts in
male Nili-Ravi buffalo calves. Asian-Aust. J. Anim. Sci. 9:533.

Sarwar, M., M. A. Igbal, C. S. Ali and T. Khalig. 1994. Growth
performance of buffalo male calves as affected by using
cowpeas and soybean seeds as a source of urease during urea
treated wheat straw ensiling process. Egyptian J. Anim. Prod.
2:179.

SAS. 1988. Satisticd Anaysis System. SAS user’s guide:
Statistics, SAS Inst. Inc., Carry, NC.

Shah, F. H., Ziaur-Rehman, A. Mgjid and A. D. Khan. 1981.
Improvement in digestibility of rice straws by alkali treatment.
Pak. J. Sci. Indust. Res. 24:199.

Solaiman, S. G, G W. Horn and F. N. Owens. 1979. Ammonium
hydroxide treatment on wheat straw. J. Anim. Sci. 49:802.



1592

Stephanie, D. C. and L. R. Simon. 1992. Kinetic properties of
helicobacter puloric urease compared with jack bean urease
FEMS Microbial. Lett. 99:5-21

Taiwo, A. A., E. A. Adebowale, J. F. D. Greenhalgh and A. O.
Akinsoyinu. 1995. Techniques for trapping anmonia generated
from urea treatment of barley straws. Anim. Feed Sci. Technol.
56:133.

Stedl, R. G. D. and J. H. Torrie. 1984. Principles and Procedures of
Statistics. A Biometrical Approach (2nd Ed). McGraw Hill
Book Co. Inc., New York, USA.

Van Soest, P. J., H. B. Robertson and B. A. Lewis. 1991. Methods
of dietary fiber, NDF and non-starch polysaccharides in
relation to animal material. J. Dairy. Sci. 74:3583.

Van Soest, P. J.,, A. M. Ferreiraand R. D. Hartely. 1984. Chemical
properties of fibre in relation to nutritive quality of ammonia
treated forages. Anim. Feed Sci. Technol. 10:155.

Weiss, W. P, V. P. Colonbrander and V. L. Lechtenberg. 1982.
Feeding dairy cows high moisture and alfafa hay preserved
with Anhydrous Ammonia. J. Dairy Sci. 65:1212.

Weixian, Z. 1995. Comparison of the nutritive value and economic
benefit of straw treated with urea or anhydrous ammonia at
different levels of supplementation. Internat. Conf. on
Increasing Livestock Prod. with Local Resources. CECAT-
FAO, Zhanjiang, China, 27-30 October 1995.

Williams, P. E. V., G M. Innes and A. Brewer. 1984b. Ammonia
treatment of straws via the hydrolysis of urea. 1. Additions of
soybean (urease), sodium hydroxide and molasses, effects on
the digestibility of ureatreated straw. Anim. Feed Sci. Technol.
11:115.

Williams, P. E. V., G M. Innesand A. Brewer. 1984a. Ammonia

SARWAR ETAL.

treatment of straw viathe hydrolysis of urea. Effect of DM and
urea concentrations on the rate of hydrolysis of urea. Anim.
Feed Sci. Technol. 11:103.

Xu, N. Y., J. X. Liu, and Y. M. Wu. 1994. Studies on ammonia
bicarbonate treatment of rice straw: effect of ammonia level,
moisture content, treatment time and temperature on straw
composition and degradation in rumen of sheep. Acta
Zoonutrimenta. 6:10.

Yadav, B. S. and A. S. Virk. 1994. Effect of acid treatment in
reducing ammonia loss during urea ammoniation of straw.
Indian J. Anim. Sci. 64:762.

Zhang, W. 1995a. Comparison of the nutritive value and economic
benefit of straw treated with urea or anhydrous ammonia at
different levels of supplementation. The "International
Conference on Increasing Livestock Production with Local
Resources'. CECAT-FAO, Zhanjiang, China, (27-30 October
1995).

Zhang, W. 1995h. Comparison on the nutritive value of urea,
liquid ammonia treated straw and analysis of feeding benefit at
different supplement levels. In: Proceedings of the Second
International Conference on Increasing Animal Production
with Local Resources, Zhanjiang, China, October, 1995.

Zhen, F, R. Lixian, L. Xiaobo and W. Xiaochun. 1995. The effect
of the ammoniated wheat straw ensilage fodder on the
performance of dairy cows. The Proceedings of the Second
International Conference on Anima Production with Local
Resources (July 23-25). Zhanjiang. p. 243.

Zorrilla-Rios, J.,, F. N. Owens, G W. Horn and R. W. McNew.
1985. Effect of ammoniation of wheat straw on performance
and digestion kinetics in cattle. J. Anim. Sci. 60:814.



