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Abstract: The objective of this study was to evaluate the chemical composition and rumen degradability of
Groundnut Hull (GH) treated with three levels of urea (2, 4 and 6%) and ensiled in plastic bags for three
periods (2, 4 and 6 weeks). Data were analyzed in completely randomized design with factorial; with ensiled
period and urea level are the main factors. Degradability of treated groundnut hull was carried out in three
fistulated steers. Urea treatment and ensiling periods increased CP content of the GH significantly (p<0 .095)
and ranked as follows 7.81, 10.22 and 10.24% for 2, 4 and 6% urea level ensiled for 2, 4 or 6 weeks
respectively. However, these increments in CP contents were found between urea levels but not between
periods of treatment. All ensiling periods were interacted significantly with urea level. NDF content was
decreased (p<0.05) from 87.8 for UGH to 84.6, 72.5 and 74.2% for 2, 4 and 6% urea level ensiled for 2, 4 or
6 weeks respectively. ADF and ADL contents were significantly (p< 0.05) decreased for treated GH compared
to untreated GH. Degradability of DM, OM and NDF were increased (P<0.05) significantly with increasing urea
level treatment. Four and 6% urea level had a higher potential degradability values compared with 2% urea
level. Ensiling periods resulted in significant differences between urea treatment levels. However, no
differences were found within the same level. This study indicated that, chemical composition and

degradability of GH would be improved by increases urea level and ensiling periods.
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INTRODUCTION

Sudan is largest country in Africa with great agricultural
potential in general and livestock in particular. The
population of cattle, sheep, goat and camel were around
132 million head (Ministry of Agriculture, 2008). More
than 90% of the livestock in Sudan are kept in nomadic
flocks for meat, milk and skins under extensive system
depending mainly on rangeland resources, a system
which has always been faced by many obstacles
towards the establishment of proper animal production
industry. Recently crop production activities has grown
considerably taken in large areas of grazing land in semi
arid zone which represents the main zone for livestock
keeping. More than 15 million feddans are now under
cultivation. This situation of reduction of grazing pasture
and expansion of cultivation land necessitates the
finding of some kind of integration between animal and
crop production through the inclusion of agricultural by-
product residues in animal feed.

A survey indicate that, more than 7 million tones of
residues and hy-product were produced annually over
the last 4 years (Ministry of Agriculture, 2008}, consisting
of groundnut hulls and hulums, cereal straw (sorghum
and wheat), sugar-cane (tops and baggasse) and oil
seeds cakes of cotton, sesame and groundnut. The
major biological constraints for using poor quality

roughages is related to the low crude protein and low
accessibility of cell-wall polysaccharides by both cell-
free and microbial enzymes and this often results in low
voluntary intake (Preston and Leng, 1987).
Ammoniation method, using ammonia gas and
ammonium hydroxide to improve the digestibility of
fibrous roughages is now an accepted techniques
(Sundstol and Owen, 1984; Orden et af., 2000). Despite
the large quantities of poor quality roughages available
for ammoniation in developing countries, commercial
application of this approach has so far been limited
mainly to developed countries because of technical and
economical constraints in the former. Therefore,
utilization of urea to improve the digestibility of fibrous
roughages is more useful because it's applicable,
cheaper and safer. Therefore, the Objective of this study
was enhancing the nutritive value and utilization of
groundnut hulls by urea treatments.

MATERIALS AND METHODS

Preparation of treated groundnut hulls: A quantity of 27
kg of groundnut hulls were treated with three different
levels of urea 2, 4 or 6%. Urea were dissolved in water
(1L/kg DM), thoroughly mixed and the air removed from
each sack (1 kg treated groundnut hulls / sack). The
sacks were tightly sealed and stored in the shade fore a
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period of 2, 4 or 6 weeks for each treatment. After the
curing period the treated groundnut hull was spread on
polyethylene sheet for 1 day to allow the evaporation of
access ammonia.

Neutral Detergent Fiber (NDF), Acid Detergent Fiber
(ADF) and Acid Detergent Lignin (ADL) were analyzed
according to Goering and Van Socest (1970). CP content
was determined according to (AOAC, 1995).

Degradability study: Degradability studies of treated
groundnut hulls were carried out in three fistulated
steers according to the nylon bag technique described
by @rskov ef al. (1980). The steers were fed at
maintenance level on a balanced roughage-concentrate
diet with free access to water and mineral blocks. Five g
of each sample were put in the bag (80x140 mm; pore,
size 45)), tied with nylon ribbon and incubated for 4, 8,
16, 24, 48, 72 and 96hrs. At the end of each period of
time the bags were immediately removed and put in a
cold water to stop the rumen microorganism activity then
washed under tap water. The dry matter disappearance
at zero time (soluble fraction) was estimated as washing
loss of sample weighed into the nylon bag and rinsed
through running tab water. The residues in the bags
were oven dried at 105°C for overnight, cooled in
desiccators and weighed. Dry residues in the bags were
calculated, the percentage of dry matter loss was
calculated as follows:

Wi. of sample incubated — W of residues
Wit. of sample incubated

> 100

Residual samples after incubation were mixed, pooled
and made ready for analysis, the degradation kinetics of
the incubated sample may be described by curve linear
regression of CP loss from the bag with time:

P=atb[1-e%]
Where
P . Potential degradability
a . Axis intercept at time zero represent soluble

and completely degraded substrate that is
rapidly washed out of the bag

b . The difference between the intercept (a) and
asymptote, represent inscluble but potentiality
degradable substrate which is degraded by
microorganism according first order kinetic

t : Incubation time
c . Constant rate
Effective degradability =a + [b—c}
c+k

where, a, b and ¢ are constants as defined in Eq. 1
k = Rumen sample particles out flow rate.

Then a graph was plotted by the fitted values of CP
disappearance% against time of incubation in hours to
form a curve

Chemical analysis: Samples of treated and untreated
groundnut hull were analyzed for their crude protein
content according to (AOAC, 1990). NDF, ADF and ADL
were determined according to Georing and Van Soest
(1970).

Statistical analysis: Data were analyzed by analysis of
variance for completely randomized design (Steel and
Torrie, 1980). Where the F test was significant, the
treatment means were compared using Least
Significant Difference (LSD).

The result from in-situ study fitted to model p = a+b(1-e
ct) of Orskov and McDonald (1979) to determine the
degradation characteristics of the incubated samples.

RESULTS

General appearance: Physical changes in the treated
groundnut hulls were quite cbvious after 2, 4 or 6 weeks
of ensiling in stacks using 2, 4 or 6% urea. Strong smell
of excess ammonia was evident when uncovering the
stacks. The color of the treated hulls turned brown. It
acquired a soft texture, reduced dustiness, mould free
and was much easier to handle than untreated hulls.

Compositional changes: Table 1 showed the chemical
analysis of untreated (UGH) and urea Treated
Groundnut Hulls (TGH). Results showed low contents of
protein (4.54% CP) with a high contents of cells wall
(87.8% NDF) (38.4% ADL) and (74.2% ADF) in the
(UGH). However, when 2, 4, or 6% level of urea were
added and ensiled for 2, 4 or 6 weeks, the CP contents
increased while cells wall diminished significantly
(p<0.03) in all the treatments. Among the TGH there
were a significant (p<0.03) differences in CP content
hetween treatments; whereas, the increased in CP
content was greater with 6% urea (10.89%) and 4% urea
(10.70%) compared with 2% (8.13%) urea treatments.
No differences were found in CP contents at the same
level of urea due to ensiling periods of time. There was
a significant (p<0.05) differences in NDF contents
between UGH and TGH. Ensiling of groundnut hulls with
urea was resulted in reduction of NDF contents of
groundnut hulls by 4.8, 17.08 and 15.35% for (2%
ureax2 weeks) (4% ureax4 weeks) and (6% ureax6
weeks), respectively. However, 4% urea with 6 weeks
had a lower value 70.53% hut not significant compared
with 73.64 and significant with 82.14% for 6% urea with
6 weeks and 2% urea with 2 weeks respectively. ADL
and ADF contents of groundnut hulls were significantly
(p=<0.09) decreased with increasing urea treatments and
ensiling periods. The decrease in ADL and ADF was
greatest when the urea level and ensiling period were
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Table 1: CP, NDF, ADL and ADF contents of untreated and urea treated (2, 4 and 6%) groundnut hull, ensiled for 2, 4 and 6 weeks

Urea level (% DM) Ensiling period (WWeeks)y CP NDF ADL ADF

o] 0 4.54 87.80 38.40 74.20

2 2 8.13 84.61° 34.98° 70.86°
2 4 7.58" 82.14° 30.7" 69.24%
2 6 772 84.00° 30.17° 68.11%
4 2 10.70° 72.94¢ 27.08¢ 64.44°
4 4 9.85° 74.93° 26.36° 66.950
4 [¢] 10,122 70.53¢ 25.54 65.99
6 2 10.01° 75.54¢ 26.39° 65.55%
6 4 982 73.79° 25,22 66.90°
6 [¢] 10.89° 73.64° 23.60¢ 65.61%
SEM 0.491 3.23 0.9797 1.65
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Fig. 1: Rumen degradation of DM degradability (%) of

urea treated (2, 4 and 6%) groundnut hull, ensiled
for 2, 4 and 6 weeks, u = urea level (%) and w =
ensiling periods/weeks
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Fig. 2: Rumen degradation of OM (%) of urea treated (2,
4 and 6%) groundnut hull, ensiled for 2, 4 and 6
weeks. U = urea level (%) and w = ensiling
periodsfweeks

both high, under which conditions the maximum value of
reduction (38.54%) and (11.66%) occurred for ADL and
ADF respectively.

In-situ degradability: Average proportion of DM, OM and
NDF disappearing from urea treated groundnut hulls
were plotted graphically in Fig. (1-3).

The degradation characteristics of dry matter in the
rumen: The soluble fraction (a), Potential Degradability
(PD) and the effective degradability in the different rate of
outflow showed significant difference (P>0.05), while the

—0— 2Ux2W —x— 4ux4w
60 7—m— 2ux4w —e— 4uxBw

50 4 —A— 2Ux6W —— Bux2w
—%— 4ux2w

Degradability (%)
w
o
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Fig. 3: Rumen degradation of NDF (%) of urea treated
(2, 4 and 6%) groundnut hull, ensiled for 2, 4 and
6 weeks. u = urea level (%) and w = ensiling
periodsfweeks

rate of degradation (fraction ¢) showed no significant
differences (P>0.05) among all treatments and times.
Although, no differences were found between 4% urea
treatment x 6 weeks and 6% urea treatments (Table 2).
The degradation rate of dry matter tended to be greater
in the first 24 h than that in the latter period of incubation
for all the treatments.

The degradation characteristics of organic matter in
the rumen: The rate of degradation {fraction ¢) showed
no significant difference (P>0.05) among all treatments
and times. whereas, the soluble fraction (a), slow
degradable fraction (b), Potential Degradability (PD) and
the effective degradability in different rate of outflow
showed a significant difference (P=0.05) among all
treatments and times (Table 3), fig (3). The degradable
fraction of OM was significantly (P>0.05) increased for 6
and 4 compared with 2% urea level treatments. The
interaction effect between urea level and treatment
periods showed no significant difference.

The degradation characteristics of neutral detergent
fiber in the rumen: The soluble fraction (a) and rate of
degradation (fraction c) showed no significant difference
(P>0.05), while Potential Degradability (PD) and the
effective degradability in the rate of 2, 5 and 8% outflow
showed significant (P=0.05) difference among all
treatments and times (Table 4).
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Table 2: DM degradability kinetics of urea treated (2, 4 and 6%) groundnut hull, ensiled for 2, 4 and 6 weeks

ED

Treat Time a b c PD 2% 5% 8%

2 2 2.60° 31.77" 0.04%® 34.37° 23.50° 16.531 13.17¢
2 4 5.30% 30.2% 0.045® 3553 2413 17.47¢ 14.40°
2 6 7.97% 29.30¢ 0.045® 37.27 24 .63 18.13¢ 15.37¢
4 2 11.13* 30.40° 0.04% 4153 30.20° 23.50¢ 20.30°
4 4 9.33%4 31.40 0.04%® 40.73° 30.3% 23.46° 20.00°
4 6 13.40% 36.90° 0.072 50.30° 39.60° 32.90° 29172
6 2 13.47% 35.50° 0.04%® 49.00° 36.40° 2877 2503
6 4 14.40° 37.00° 0.06% 51.407 42307 34.97% 30.80°
6 6 14.07® 34.80% 0.06% 48.90° 39.43*® 32207 28178

SEM 232 1.75 0.02 1.62 1.50 1.53 1.26

(a): Readily degradable fraction; (b): Slow degradable fraction; (c). Rate of degradable fraction; (PD). Potential degradability; (ED):
Effective degradability; (SEM): Standard Error of The Mean; a-b means with different superscript in the same column were significantly
different (P < 0.05). treat: urea level treatment (%), time: ensiling period (week)

Table 3: OM degradability kinetics of urea treated (2, 4 and 6%) groundnut hull, ensiled for 2, 4 and 6 weeks

ED

Treat Time a b c PD 2% 5% 8%
2 2 9574 29.27¢ 0.072 38.83¢ 32.33¢% 26.70¢ 23.37¢
2 4 10.60° 29.87¢ 0.06% 40.43¢ 32.63% 26.63" 23.30%
2 6 9.434 30.17¢ 0.05% 30.67¢ 30.63¢° 26.10¢ 20.63¢
4 2 11.734 28.33¢ 0.06% 40.07¢ 32.67% 26.90¢ 23,734
4 4 18.43° 31.80% 0.03° 50.17° 37.73¢ 3077 27 50%
4 6 15.50%® 41.47% 0.05% 56.97° 44.30° 35.30° 30.63®
6 2 17.27% 43.73° 0.07%* 55.93° 46.10° 38.00%* 33.3%
6 4 16.93%* 48.20% 0.05%* 65.13° 50.80° 40.43* 3493
6 6 17.93%® 58.73% 0.082 65.37° 52.03* 41.507 354%

SEM 2.25 5.36 00.02 3.39 2.78 2.66 2.46

(a): Readily degradable fraction; (b): Slow degradable fraction; (c): Rate of degradable fraction; (PD): Potential degradability; (ED):
Effective degradability; (SEM): Standard Error of The Mean;a-b means with different superscript in the same column were significantly

different (P<0.05)

Table 4: NDF degradability kinetics of urea treated (2, 4 and 6%) groundnut hull, ensiled for 2, 4 and 6 weeks.

ED

Treat Time a b c PD 2% 5% 8%

2 2 11.97% 27.20" 0.06% 3813 N7 2567 22.80"
2 4 12.33* 28.40% 0.05%® 41.23" 3117 2537+ 22,53k
2 6 16.50* 22.00° 0.05%® 38.50¢ 32.40° 27.80% 25.30%
4 2 13.60° 28.40" 0.03%* 39.00° 27 53 21.33° 18.50°
4 4 14.37® 33.77% 0.07¢ 48.13* 3963 33.200 2953
4 6 13.53® 41.70° 0.05%® 55272 40.90° 32.67% 287%
6 2 14.00% 40.77° 0.02 54.80° 33.00° 25.63" 2223
6 4 12,73 39.63 0.04%® 52.37% 38.37° 29.63%¢ 25.37%
6 6 17.072 38.10° 0.04%® 55.167° 41.872 33.57° 29477

SEM 2.99 432 0.02 3.61 1.99 2.36 2.32

(a): Readily degradable fraction; (b) Slow degradable fraction; (c) Rate of degradable fraction; (PD): Potential degradability; (ED):
Effective degradability; (SEM) Standard Error of The Mean;a-b means with different superscript in the same column were significantly

different (P < 0.05)

DISCUSSION

The appearance of molds on the surface of the Treated
Groundnut Hulls (TGH) was not observed. A strong
ammonia smell suggested a higher ammonia
concentration in TGH which may have prevented the
growth of the mold by acting as a fungicide which agrees
with findings by Fadel Elseed et a/. (2003).

All treatments in the present study significantly (p<0.05)
increased CP contents in GH compared with untreated
onhe. The increase in CP content 10.7 and 10.9% for 4
and 6% urea treatment levels in this study respectively
were similar with the finding Sirohi and Rai (1999),
10.27% for wheat straw treated with 5% urea. The
increase in CP content in urea-treated straw over control
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has also been reported earlier (Jayasuriya and Perrera,
1982; Jai Kishan et ai., 1986; Dass ef af, 2000) This
increase partially may be due to enhanced its nitrogen
content which contributed by the addition of nitrogenous
substrate as reported by (NgyUen ef af, 2001). CP
content of TGH was increased significantly with
increasing urea level (from 2 to 4 and 6%) may be
attributed to their increased solubilization due to higher
NHz retention (Sarwar et af, 2005).

The DM for 4 and 6% urea level treatments was highly
degradable, than that of 2% urea level treatment but
the proportion of readily degradable fraction increased
for all the treatments. An increased degradable fraction
of DM may be contributed by an increase in the slowly
degradable fraction of DM. Mason et al (1990)
suggested that, the increase in the cell walls
degradability after ammoniation could have resulted
from the effect of the treatment on lignin itself or its
linkage. An increased degradable fraction of DM,
therefore, may have been attributed to an increased
degradability of structural carbohydrates such as
hemicelluloses and cellulose for 6 and 4 than 2%
urea level treatment. The slowly degradable constant ‘b’
for the DM obtained in this study for 2, 4 and 6% urea
level lower than 646, 736 and 821 g/kg, respectively,
being reported by Rodrigues et al (2009). This
difference could be attributed to the difference in diets
type of this study (groundnut hulls) and the studies by
Rodrigues ef af. (2009) (grass). Differences in the diets
of the fistulated animals can also cause variations in
degradability estimates (Mehrez and @rskov 1977;
Kitessa et al., 1999; Foster ef al., 2007; Mohamed and
Chaudhry 2008, Rodrigues et al, 2009). Moreover,
different methods that were used for the washing of
bags following rumen incubation can also cause
variations in degradation estimates. Rodrigues et al
(2009) used cold water in a washing machine for 40 min
compared with the washing of bags for the same length
of time but under tap water in this study which could
have contributed to the variations in these estimates.
The soluble fraction (a) and rate of degradation (fraction
c) showed no significant difference among all
treatments of NDF degradability. This may be caused by
treatment of groundnut hulls with nitrogenous substance
such as urea, thereby enhanced the partial solubility of
hemicellulose as described by Buettner ef a/. (1982) and
Chaudhry (1998). An increased potential degradability
fraction of NDF with 6 and 4% level of urea treatments
compared with 2% was explainable because, increase
urea level resulted in an increase of the efficiency of
microbial N supply (Orden ef af., 2000).

Degradability of NDF fraction was increased significantly
for 6 and 4% urea level treatments compared to 2%.
Result was similar with those obtained by Attaelmnan ef
al. (2009). They suggested that, the effects of urea on
bagasse show that neutral detergent fibre decreases

through a decrease in lignin and cellulose. This effect
may be due to alkali treatment to cell wall of fibrous
materials are modified the bonds between lignin and
structural carbohydrate are partially cleared, making it
easier for rumen cellulolytic bacteria to colonize and
degrade ingested fibrous materials (NgyUen ef af,
2001). This is also may be due to the fact that, more
readily available fibrous are liberated and consequently
rumen microbes can multiply faster and this degrades
fibrous materials faster (Silva and @rskov, 1988).
However, no significant differences were observed
between 4 and 6% level of urea treatments regardless
the time of treatments which may have resulted from
high amount of nitrogen supply Fadel Elseed ef al
(2003). The higher degradability values of OM for 4 and
6% level of urea treatments than the 2% could be due to
the more suitable structure and solubility of DM and NDF
in these feeds which could be easily captured by the
rumen microorganisms (Mahadevan et al, 1980;
Emanuele and Staples 1988, Kong et af, 2010).
Although, ammoniation improves forage degradability
due to hydrolytic action on linkages between lignin and
structural polysaccharides, thus increasing OM
potentially available for utilization by ruminal
microorganisms. Ammonia treatment also changes
physical characteristics of forages making them more
pliable and increasing hydration which is proportional to
digestion rate (Weiss and Underwood, 1995).
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