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ABSTRACT 
 

A study was conducted on twenty Rift-valley sheep (RVS) of 15.1 2.1kg initial body weight to evaluate comparative 

dietary effect and partial-budget-analyses of urea treated maize stover (UTMS) and grass-hay (GH) basal diets alone 

or with concentrate mix (CM= 67% wheat-bran: 33% noun-seed cake) on Performance and carcass characteristics. 

Treatments were GH+300gm CM, GH alone, UTMS+300g CM and UTMS alone as T1, T2, T3 & T4, respectively. 

Digestibility-trial and carcass evaluation carried-out at the end of feeding-trial. Urea-treatment improved CP by 47% 

from 4.8-9.11%. Supplementation improved TDMI (908, 607, 883 & 571-gm/day (SEM=11.0)) and CP (132,60,124 

&51gm/day (SEM=2.4) for T1, T2, T3 & T4, respectively. Apparent DCP was in order of T3>T1>T4>T2 

(74,73,48&45%). ADG was 98,8,103 & 8gm/day (SEM=6.1) and hot carcass weight (HCW) was 12.3,7.0,12.7 & 7.6 

kg (SEM=0.68) for T1,T2,T3,&T4, respectively.  Both ADG and HCW followed similar-trend like DMI and were 
greater(P<0.001) for the supplemented treatments. Net return was greater-for groups supplemented. Marginal-rate of 

return for treatments supplemented were comparable. Generally, in all performance and partial-budget analyses-

parameters, results were similar between the two supplemented groups & non-supplemented-treatments. This 

suggested that UTMS can equally replace grass hay whether fed alone or with a supplement.  
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INTRODUCTION 

 

Livestock production contributes significantly for the 

livelihood people in countries like Ethiopia. It is 

evidenced that beyond 66% of the rural poor keep 

livestock and 60% of these is found in mixed crop-

livestock farming-systems of tropical, humid, and 
semiarid agro-ecologies. In Ethiopia animal-agriculture is 

an essential component driving-force for over-all farming 

system mainly serving as source of draught power to the 

large majority of rural farming community (ESAP, 2006). 

Azage (2013) reported animals importance like small-

ruminants doesn’t stop here; it plays crucial role in 

providing food-(meat & milk), cloth &, serving as cash-

income source. Sheep and goats are also closely linked to 

social and cultural lives of Ethiopian farmers and 

pastoralists to whom livestock ensure varying degrees of 

sustainable farming & economic stability. Sheep and goat 

accounts for up to 55% of domestic meat consumption in 
Ethiopia, where the largest meat volume is produced 

(80,000MT) compared to other major sheep producing 

counties, except South Africa (Belay, 2008). 

Despite scenarios-aforesaid, contribution livestock to 

the economy is remained below the expected level. This is 

attributed to several-constraints hindering sector’s 

exploitation, among which inadequate livestock-feed in 

terms of quality-quantity, which is exacerbated by 

seasonal fluctuations (Solomon, 2008). There is year to 

year deficit in ruminant’s feed resources. The feed amount 
required to maintain livestock is estimated to be 56MMT 

DM, which is 22% >40 MMT produced annually (Dawit, 

2007). This is associated by fast deterioration of natural 

grassland overstocking and recurrent droughts. This 

situation seeks means of better alternative livestock feed 

resources such as crop residues. 

In Ethiopia 1.6million hectare of land is devoted to 

produce maize-yield 3.3 MMT, it accounts 25.9% of the 

total grain production and produces the largest bio-mass 

yield of maize stover as source of ruminant feed in Africa. 

However, feeding-value of maize stover is limited 

(Tesfaye et-al., 2006) due-to its lower voluntary-intake, 
digestibility, and nutrient content associated to its high 

fiber-content and chemical association between lignin and 

cell-wall components (Adugna, 2002). 
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Improving the crop residues feeding value through 

chemical treatment and supplemen-tation provide better 

option to its improved utilization results better livestock 

productive- ty. Urea treatment has a potential to increase 

the CP content, digestibility and voluntary intake by acting 

as an alkali and source of supplementary nitrogen to fibrous 

feed mater-ials (Tesfaye et al., 2006). 

Evaluation of urea-treated-maize-stover as a potential 

substitute to grass hay basal diet in the sheep ration would 

be feasible alternative where maize is the dominant crop 
and grazing land for sheep is scarce. Such strategies would 

enable to develop feeding system based on available feed.  

 

The objectives of this study were 

1. To evaluate the dietary effect of urea-treated maize-

stover and grass-hay basal-diets fed to sheep 

alone/with supplementation on performance traits and 

digestibility.  

2. To assess profitability of the feeding-regime through 

partial-budget-analysis. 

 

MATERIALS AND METHODS 

 

Description of study area 

A study was conducted at Alage Agricultural TVET-

College located at a distance of 217km South West of 

Addis Ababa, 380 28`E longitude, 070 42’N latitude and at 

an altitude ranging from 1580 to 1600meter-above-sea-

level, agro ecologi-cally in dry-plateau of the 

southwestern part of the Ethiopian mid-rift-valley 
(Tesfaye, 2008). 

   

Experimental Animals and Management 

20 mid-rift-valley-lambs with 15.12.1kg (mean-

+SD) IBW were-purchased. Animals determined for-Age, 

quarantined-&-adapted for 21days. They were treated 

against parasites, and vaccinated for common bacterial 

and viral diseases before the start of feeding trial. 

Treatment-feed was introduced over two-weeks of 

adaptation and then fed for the experimental period.  

 

Feed-Preparation and Feeding 

Feed used was consists of GH, UTMS, and CM. 
UTMS, and CM(wheat-bran=67%, NSC=33%) as a 

supplement. Maize-stover collected & stored after maize-

collection, air-dried was chopped to 2cm-size uniformly-

distribution of 5% urea-solution/100kg, ensiled into two 

alternative-polyethylene sheeted-wall-pits of 2x2x2m3; 

trampled-until pit-full, then-finally sealed,-loaded on top 

by-soil-mass to airtight, and left un-opened for 21days. 

Ammoniated-stover taken-out of the-pit, was aerated-

overnight before-feeding animals. 

 

Experimental design and treatments 

Animals were fed-individually with free-water access 

and salts-mineralized in ventilated tie-stalls. Animals-

weighed after-quarantine, were, blocked randomly-

assigned into treatments using IBW, Basal-and-

supplement-diets offered (at 0800-&-1600hrs) were fed-

separately. 

Animals were acclimatized for 15days-prior to data-

collection, weighed-morning after fasting-overnight to 

reduce error due-to gut-fill. 
Table 1: Experiment-Treatments  

Treatments Basal-diet DM-bases (Ad-
libtum) 

CM(WB+NSC) 
offered(g/h/day) 

T1 GH 300 
T2 GH 00 
T3 UTMS 300 
T4 UTMS 00 

GH=grass-hay;UTMS=urea-treated-maize-stover; CM= 

concentrate-mix; WB=wheat-bran67%; NSC=noun-seed-cake33%. 

 
Measurements 

Feeding-trial  

This-lasted 90days after-adaptation. Animals offered 

feed, corresponding-refusals were recorded daily 

throughout feeding-trial to determine daily-feed-intake as 

difference of offered &-refused. Feeds-samples were 

collected on-batches stored in plastic-bags, and-Sub-
samples of each-treatment thoroughly-mixed was taken, 

forced-draft-oven-partially-dried at 600C for 72hours for 

chemical-analysis. Body-weight-measurements taken every 

10days after overnight-fasting.  

Feed-conversion-ratio was calculated as follows:  

 

FCR = 
Daily-DMI 

Daily-BWt-gain 

        

Digestibility-trial 

Digestibility-experiment was carried-out after-

feeding-trial. Animals fitted with fecal collection bags-
(harness) 3-days before commencement of total feces 

collection. Daily-fecal-output were collected-weighed and 

recorded-daily-morning before individual-morning-meal 

for 7days. Fecal output of each-animal was thoroughly-

mixed, its 20% was sampled-&-stored at–20°C. Feed-

offered sampled-daily and pooled/feed-type for chemical 

analysis. 

 

Nutrients(N)-Apparent-Digestibility(D)-calculated as: 

 

D% = 
TN in feed–TN in-feces 

× 100 
Total-nutrient in-feed 

 
Where: TN=total-nutrient. 

 

Carcass characteristics 

 After digestibility-trial, experimental-sheep were 

feed-&-water deprived for 12hours before slaughtering. 

Pre-slaughter weights were recor-ded & then animals were 

slaughtered. Blood collected in plastic-container was 

weighted. After the blood drained, skin was flayed properly 

and weighed. Head was cutoff and separated from the rest 

of the carcass. An entire-gut was removed, weighed 

without contents. Weight of gut-contents was measured by 
difference. Empty body weight was calculated by 

subtracting gut content from slaughter-weight. 

After removal of non-carcass parts the hot carcass 

was weighed and recorded. The rib-eye muscle area of 

each animal was determined by tracing the cross sectional 

area of the 12th and 13th ribs. The mean of the right and 

left cross sectional area was taken as rib-eye muscle area. 

Dressing percentage was computed as proportion of hot 

carcass weight to slaughter and empty body weight. 
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Chemical analysis 

Samples of feed-offered-refused and-faeces were 

ground to pass a 1mm sieve-screen using a laboratory-

mill and analyzed for DM, ash and N. Crude protein was 

calculated as N×6.25. Analyses of NDF, ADF& lignin in 

feed and-fecal-samples were performed.  

 

Partial-Budget-Analysis(PBA) 

PBA was carried out to determine the potential 

profitability of new technology. Thus, purchasing-selling 
prices of sheep and, quantity of basal and supplement-

feed and its purchasing prices were recorded. However, 

other costs like housing, labor, and veterinary-service was 

common for all treatment and not considered. At the end 

of the experiment, the price differences of sheep in each 

treatment, before and after the experiment were 

considered as total return(TR) in the partial budget 

analysis.  

Net-return(NR) was calculated by subtracting total 

variable cost(TVC), which includes the cost of all inputs 

that change due to technology, from the gross returns(GR) 
NR=GR-TVC 

change in net-return(ΔNR) was calculated as:    

ΔNR=ΔGR-ΔTVC 

Marginal-rate of return(MRR), measures net-return (ΔNR) 

associated with each additional unit of 

expenditure(ΔTVC), calculated as:        

MRR=ΔNR/ΔTVC 

 

Statistical analysis 

The data on digestibility, feed intake, weight change 

and other parameters were analyzed using Statistical 

Analysis System (SAS, 2008) computer software. 
Treatment means were separated and compared using 

least significant different analysis. The model used for the 

analysis of the data was: 

Yij=μ+Ti+Bj+eij  

Where: 

Yij=Response variable 

 μ=Overall mean 

Ti=Treatment effect 

Bj=Block effect 

eij=Random residual error 

 

RESULTS AND DISCUSSION 

 

Sensory Evaluation of the Ensiled Stover 

Sensory evaluation is a method to evaluate the 

quality of ammoniated stover/ straw. In this study, the 5% 

urea solution treated stover was characterized as dark-

brown color, strong pungent smell of ammonia, soft in 

consist-ency & no mold development. This indicated that 

the treatment was efficient to preserve stover without 

mold growth. The method of layer by layer application of 

urea solution created a uniformly treated stover with good 

attributes. Similarly, Hirut (2008) reported that properly 
ammoniated straw/stover appeared to be soft and fragile, 

with dark-brown-yellowish color and soft-consistency and 

with a light-pungent fragrance after excess ammonia has 

evaporated.  

 

Chemical Composition of Treatment Feeds 

Experimental-diets chemical-compositions are 

presented in Table-2. CP content of untreated maize-

stover(UMS) in this study was quite low. But it was 

within range of 2.8-6.1%CP reported by Adugna et-al. 

(2004). The maize-stover’s 5% urea-solution treating-

strategy is one of the best suggested-methods to improve 

its poor-nutritive-value. Chenost-&-Kayouli (1997) and 

Rihirahie-&-Ledin (2004) indicated to maximize stover 

nutritional-value through urea-treatment(UT). Likewise in 

this-study, UT of maize-stover resulted in increased CP 

content and decreased NDF and ADF content.   
In this study, urea treatment almost doubled the 

maize-stover CP content. Com-parable rate of 

improvement in CPC due-to ammonization has been 

presented before by Rihirahie & Ledin (2004) whereby 

UT increased the CPC of maize stover from 4-7.4%. CPC 

in this study was compare-able to 8.7, &8.3%CP of 

Weldegebriel (2007). However, CPC in UTMS obtained 

was <14.9 and 14.2% by Fall et-al. (1987) and Bareeba & 

McClure (1996), respectively. This CPC variation was 

probably caused by N-loss from UTMS while ventilating-

stover-overnight before feeding, until sampling and-
during drying before analysis. Moreover, crop-maturity 

(Garmo, 1984), leaf-to-stem ratio, storage-&-analysis 

methods (Hartley, 1981) can influence the stover’s-chem-

ical-composition after-treatment. Other-factors: urea-

dose, stover-moisture, temperature-& treatment-time are 

responsible for the effectiveness of urea-treatment might 

induce variation in UTMS-CP. Indeed, 2/3 of ammonia-

generated is usually evaporated to environment in course 

of treatment until fed to-animals (Sundstol&-Coxworth, 

1984). 

In this experiment the cell-wall-fractions, NDF & 

ADF were positively affected by urea treatment, which 
reduced their values by 20.16 and 6.9%, respectively. 

This may be due-to the dissolving effect of ammonium 

ion of urea on the hemicelluloses fraction and subsequent-

removal from cell-wall constituents (Givens et al., 1988).  

The hay offered to the lambs in the present study 

contained appreciated amount of CP and fiber. Therefore, 

the CP content of hay used in the present study was quite 

sufficient for sheep required to maintain live weight 

(FAO, 2007; Van Soest, 1982). The relatively high CP of 

the hay used in this study could be attributed to the early 

harvesting (before blooming period) and properly 
carrying of the hay (McDonald et-al., 2002). This is 

expected, since with plant maturity the cell-wall-fractions 

increase, and therefore, proportion of structural-

carbohydrates such as cellulose and cell-wall-components 

as lignin also increase and CP% normally decreases 

(McDonald et-al., 2002). 

Based on the chemical composition results GH and 

UTMS appeared to have similar feeding value. The GH 

and UTMS refusals contained lower CP than in the 

offered in treatments, which indicated the selective 

feeding behavior of sheep on portions of feeds with better 

nutritive value. The NDF, ADF & ADL were higher in the 
refusals than the feed offered in all treatments than the 

feed offered, and this clearly indicated the lower 

preference of these components by the experimental 

animals. 

The concentrate mix used in this study is of good 

nutritive value. The CP content of concentrate mix 

(23.79) used in the present experiment was higher than 
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the values 20.5, 21.34 & 21.7% reported by Solomon et-

al. (2004), Awet (2007) and Tesfaye (2007), respectively. 

Differences in nutritive value of concentrate mix used in 

different experiments may be stemmed from differences 

in processing methods, the raw materials used and the 

method of chemical analysis.  

 
Table 2: Chemical composition of Treatment diets 

Parameters 
(%DM) 

UMS Feed Offered Feed Refusal 

UTMS GH CM T1 T2 T3 T4 

TDM 92 59 94 94 93 93 64 64 

Ash 7 9.5 10 8 5.2 5.8 7.2 7.3 
CP 4.8 9.1 9 24 6.4 3.4 6.4 3.4 

NDF 86 69 72 38 78 78 71 71 
ADF 49 45 45 20 50 50 38 38 

ADL 46 11 8 8 - - - - 

Keys= refer Table-3. 

 
Feed and Nutrient Intake 

The mean daily dietary DM and NI of sheep is 

presented in Table-3. Although total-basal-diet(BD) 

intake was similar(P>0.05) among treatments, intake 

expressed per metabolic-BWt  

was greater(P<0.05) for non supplemented-sheep. On 
the other hand intake of GH &UTMS indicated 

comparable feeding-values of BDs as evidenced from 

similar chemical-composition values. 

TDMI was greater in supplemented-group than non-

supplemented-sheep (P<0.05). From TDMI, concentrate-

mix-intake in T1-&-T3 accounted 34%. Indeed, Adugna 

(2004) indicated the absence/limited animals 

supplementation, there is an increase in basal-diet-

intake(BDI) but if more, it will have a reduced-effect in 

BDI. Relatively lower BD DMI in supplemented-group 

could-be attributed high-DMI as-a supplement proportion 

of TDMI, thus preventing maximum intake of basal feed.  
 
Table 3: DM and NI of RVS fed-UTMS in-place-of GH 

alone/with CM. 

   Intake T1 T2  T3  T4 SEM SL 

 BDM(g/day) 608 607  581  571 19.3 ns 
 BDM(g/kgBW0.75) 29B 39A  28B  37A 3.5 *** 
 CM(g/day) 300 - 300 - - - 

Total Intake 

   DM(g/day) 908A 607B 883A  571C 11.0 *** 
 DM(g/kgBW0.75) 44A 39B 43A 37B 1.4 ** 
 OM(g/day)  830A 545B 812A 516B 9.9 *** 
 OM(g/kgW0.75) 40A 35B 39A 34B 1.3 ** 
 CP(g/day) 132A 60C 124B 51D 2.4 *** 
 CP(g/kgW0.75) 6.4A 3.9B 5.98A 3.3B 2.4 ** 
 NDF(g/day) 548A 434C 515A 393D 7.8 *** 
 ADF(g/day) 331A 270B 324A 258B 8.6 *** 
A,B,C,D=means within a row-not bearing a similar superscript-
letter-significantly differ. *=P<0.05; **=P<0.01; ***=P<0.001; 
BDM=basal-dry-matter; OM=organic-matter; CP=crude-protein; 
NDF=neutral-detergent-fiber; ADF=acid-detergent-fiber; UTMS 
=urea-treated-maize-stover; GH=grass-hay; CM=Concentrate-
mix(67% Wheat-bran+33% noug-seed-cake); T1=GH ad-
libtum+300g T2=GH ad-libtum alone; T3=UTMS adlibtum+300g; 

T4=UTMS ad-libtum alone, SEM=standard-error of means-
difference; and SL=significance-level. 
 

The greater daily TDMI(g/kgW0.75) for lambs 

supplemented indicated positive supplementation effect 

on daily TDMI. Higher TDMI in T1&T3 could be 

attributed to the supplementation ability to provide CP 

and energy for the rumen cellul-olyticmicrobes-

degradation than other treatments. Energy-&-protein 

sources supplementation improved TDMI of sheep. 

Tesfaye (2007) obtained a significant increased-TDMI of 

Afar rams supplemented with different-levels (150, 

250,&350gDM/day) of concentrate-mix (cotton-seed 

cake, sesame-seed-cake &noun-seed-cake) as compared to 

the control. 

TDMI in this study was consistent to 738-

964g/day/head by Awet (2007) in Afar sheep fed urea-
treated-teff-straw and supplemented with different-levels 

of WB. DMI (g/kgW0.75) in this-study was with a range of 

2-4% of BW suggested by Sansoucy (2003).  

TOMI followed a similar-trend like that of TDMI. 

The total OMI was higher (P<0.01) for lambs in T1&T3 

than in T2&T4. CPI was in order of T1>T3>T2>T4. The 

lowest CPI as in T4 was more than the minimum 

requirement for adequate microbial synthesis in rumen 

(ARC, 1980). Greater values in supplemented groups 

could be attributed to supplementation increases nitrogen 

supply to rumen microbes, which can bring a positive-
effect on increased microbial-population and efficiency, 

thus enabling them to increase fermentation rate of digesta 

and feed-intake (Van Soest, 1994; Rehrahie et-al., 2003). 

Difference with NDFI and ADFI, which was greater for 

supplemented-group, is consistent with TDMI of animals. 

 

Dry-Matter and Nutrient-Digestibility 

Apparent Dry-matter-digestibility(DMD) and nutrient 

are presented in Table-4. DMD was in the order of 

T3>T1>T4>T2(P<0.001). Greater DMD for 

supplemented-group is apparently a consequence of 

added nutrients that might favor microbial proliferation 
enhances ruminal-ferm-entation of diets (McDonald et-

al., 2002). Differences between treatments: supplemented 

and non-supplemented indicate a possible variation in 

basal-diets DMD. Thus, the result suggests GHDMD is 

lower-than that of UTMS. Although the reason for this is 

not apparent from chemical composition values, relatively 

higher NDF content in GH than UTMS might have 

contributed to DMD differences. DMD and OMD in this 

study were range 0.6-0.72. This results was better than 

0.5-0.6 reported by Smith et al. (1989) for UTMS.  This 

may be due to GH quality and urea solution level used to 
treat maize-stover & supplementa-tion. In line with this 

study, Rasby (1989) & Misra et al. (2006) reported DMD 

of 0.6 and 0.73 in UTMS and wheat-straw, respectively.  

In this-study, supplementation improved (P<0.001) 

CPD. Lower CPD in sheep-fed only GH-&UTMS 

compared to the supplemented might be related to <CPC 

of BD activated rumen-microbes. Overall mean CPD 

recorded in this experiment were similar to mean CPD 

value (62.8%) reported by Bareeba & McClure (1996) for 

growing-lambs fed-UTMS supplemented with alfalfa at 

20% of TDMI. But Dawit (2007) reported higher values 

of mean CPD(74%) for Arsis-Bale sheep fed a basal diet 
of urea treated barley-straw and supplemented with vetch 

and alfalfa. Variation in CPD between different studies 

might be due-to difference in type, maturity and quality of 

basal and supplement-diets used. Advanced plant-

maturity could contribute to high cell wall proportion, 

which has a negative role on digestibility and as a result 

part of proteins might have been bound in lignoc-ellulose 
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and cannot be degraded by microbes (Cheeke, 1999) and 

total-protein in diet may not be available to animal. On-

other hand, CPD in lambs-fed UTMS alone was better 

than fed-GH alone, which reveals urea-treatment 

improves CPD possibly due to readily available-CP in 

non-protein-nitrogen form. 

 
Table 4: Apparent DM and ND in UTMS fed to RVS as a 

substitute to GH alone/with CM 

Apparent 

digestibility (DM%) 

T1 T2 T3 T4 SEM SL 

DM(%) 64B 59D 71A 60C 0.315 *** 

OM 69B 61C 72A 62C 0.188 *** 

CP 73B 45D 74A 48C 0.217 *** 

NDF 67D 71B 68C 76A 0.215 *** 

ADF 63C 63C 71B 78A 0.3624 *** 

Key=refer that of table-3. 

 

Fiber-digestibility in this study is generally high & 

values were greater in non-supplemented-group than the 

supplemented. 

supplemented with vetch &alfalfa, and urea-treated 

and untreated-maize-stover supplemented with molasses 

and/or sweet potato vines, respectively. It was also higher 

when compared with NDFD value of 45.4% reported by 

Bareeba & McClure (1996) for UTMS supplemented with 

20% alfalfa. Better values of NDFD&ADFD as a result of 

urea-treatment and supplementation in this experiment 

may contribute better TDMI and growth-rate of animals. 

 

Body Weight Change (BWC) 

The animals’ BWC in this-study (Table-5) revealed 

that final BW, ADG &FCE were positively 

affected(P<0.001) by supplementat-ion. Final BW for 

non-supplemented-lambs was lower(P<0.001) than in 

T1&T3. DMI was shown to impact-BWC (ILCA, 1990), 

and differences in BWC obtained was consistent with 

variation in DMI. ADG&FCE also followed similar-trend 

like that of final-BWC. Final BW for lambs-fed UTMS 

basal-diet(BD) revealed numerically better BWC 

compared to lambs fed-GH-BD; indicated that urea-

treatment improved feeding-value of crop-residues. 

The relatively good CPC of both BDs were reflected 

in positive but small-ADG. BW record for sheep-fed-

UTMS alone in this-experiment indicated that urea-

treatment improved maize-stover CP content; which 

could satisfy lambs with BW maintenance requirement. 

Similarly, Getahun (2006) indicated that sheep offered 

sole urea-treated-wheat-straw gained 10.7g/day. 

However, incontrast, Hadjipanayiotou et-al. (1993) and 

Weldegebriel (2007) reported BW loss of 13&15.5g/day 

in sheep fed-sole urea-treated-barley-straw and UTMS, 

respectively. Furthermore, sheep-fed UTMS basal-diet 

only lost 14.7g/day (Hirut, 2008). Differences in ADG 

recorded for lambs fed sole UTMS among studies may be 

due-to urea-solution concentration used to treat-stover. 

Similarly, lambs fed-GH alone showed fair BW-gain 

rather-than lost indicated the quality of hay that satisfies 

animals for fair growth. In line with this study FAO 

(2007) and Smith (1999) reported that good quality hay 

contain CP(9–12%), which satisfy animals maintenance 

requirements. 

McDonald et-al. (2002) stated that animals depend on 
urea treated crop residues perform better than animals 

with un-treated crop residues, and they continued to be in 

a maintenance level. However, in contrast, Munthali et-al. 

(19-92) suggested that treated crop-residue alone is not 

sufficient to meet maintenance and production 

requirement.  

Improvements in ADG&FCE through 

supplementation might be explained by an increased 

nutrient-content due to higher TDM and CPI and 

increased rate and efficiency of microbial biomass 

production. Besides to higher CPI and microbial-protein 
supply, a more balanced uptake of nutrients and efficient 

utilization of available energy might enhance animal-

growth-rate through suppl-ementation. Getahun (2006) 

also pointed out additive effect of combining 

supplementation of forage & urea-treatment in enhancing 

nutrient-utilization for lambs fed urea-treated-wheat-straw 

and barley-straw basal-diets. 
ADG in supplemented-group of this study was 

comparable to that reported by Awet (2007), 
Weldegebriel (2007). ADG&FCE were improved higher-

FI, increased through supplementation and appropriate 

methods of treatments of crop-residues (Massae-& 
Mtenga, 1990).  

Increased BW of lambs in T2&T4 is an indication of 
basal-diets, which can-satisfy the-animals maintenance 

requirements even with fair-gain. 
On the other hand, there was no(p>0.05) significant 

difference between BW of lambs in T2&T4, and T1&T3 in 
this experiment. 

This situation clearly indicated that maize-stover 
treated with 5% urea solute-ion can successfully substitute 

native grass hay basal diet during the dry season, 
particularly when shortage of forage is prominent. 

Lambs in T1&T3(Figure-3) had a consistent increased 
BW greater-than lambs in T2&T4 from first 10days of 

growth-trial. Whereas, lambs in T2&T4 had unrecognized 
level of BWG throughout feeding-trial. 

Regression equations were fitted between DWG upon 
TDM consumed. Regression of ADG upon independent 

variable, TDMI-(Figure-3), clearly indicated a paramount 
contribution of DMI to DWG explained by higher 

coefficient of determination(r2=0.927).  

 
Table 5: Body-weight-change of RVS fed-UTMS in-place of GH alone/with-CM. 

Parameters T1 T2 T3 T4 SEM SL 

IBW(kg) 15.4 15 15 15 1.013 ns 

FBW(kg) 24.3A 15.8B 24.5A 16.1B 1.11 *** 
ADG(g/day) 97.8A 8.5B 103.3A 7.7B 6.1 *** 
FCE(gADG/gDMI) 0.169A 0.024B 0.172A 0.023B 0.011 *** 

Keys= see table-3. 
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Fig. 1: Trends in BWC of RVS fed-UTMS in-place of GH 
alone/with CM 

 

 
 
Fig. 2: Linear-regression of ADG(g/day) upon TDMI (g/day of 
RVS fed-UTMS in-place of GH alone/with concentrate-mix. 

 

Carcass-Characteristics 

Carcass-characteristics of YMRVS fed UTMS in-place 

of GH basal-diet alone/with 300gm-CM/day were 

evaluated based on slaughter-weight(SW), empty-body-

weight(EBW), hot-carcass-weight(HCW), dressing-

percentage(DP) and rib-eye-muscle-area(REA) (Table-6). 

SW, EBW, HCW of lambs in the-supplemented-

group(P<0.05) was greater-than non-suppleme-nted 

treatments. But no difference in these para-meters 
between two-supplemented and non-supplemented 

treatments. Response in SW, EBW-&HCW is consistent to 

DMI &ADG. Higher EBW in supplemented-lambs might 

be due to greater SW in supplemented than the non 

supplemented sheep. Despite greater proportion of gut 

contents in supplemented-group, greater HCW with 

supplementation is expected as been noted before 

(Tesfaye, 2007). 

Dressing-percentage (DP), both a yield and value-

determining-factor, is an important-parameter in 

evaluating perform-ance of meat producing animals 
(Massae and Mtenga, 1990). DP of SW basis was in the 

order of T2<T4<T1=T3(P<0.05). But DP on EBW basis 

was unaffected(P>0.05) by treatment. Improve-ment in 

DP like that observed in this study has been noted 

previously (Awet, 2007). DP on EBW basis values of 

49.8–55.9 compara-ble to this-study was reported. 

Lambs supplemented had greater(P<0.001) REA than 

none-supplemented. This indicates supplementation 

render better muscle develop-ent. The cross-section of 

REA is frequently used as a measure of carcass-leanness 

since these two parameters are positively correlated. 

Result of this-experiment with REA agreed with that 

reported by Matiwos (2007) in which goats supplemented 
with medium-level (300g) of cotton-seed-cake showed 

higher REA. Comparable result was also reported by Hirut 

(2008) where the REA for Harerge highland sheep fed 

UTMS supplemented with 300g of concentrate mix.  Mulu 

(2005) also reported a positive effect of supplementation 

on REA. 
 

Non-Carcass Parameter 

Edible non carcass component 

Supplemented sheep had greater edible non-carcass 

components(ENCC) as compared to the non-

supplemented ones(Table-7). But values for the two 

supplemented as well as the two non-supplemented 

treatments were similar (P>0.05). A greater value of 
ENCC for the supplemented group-appears to be a 

consequence of greater increment in BW part, which 

would be reflected in NCC. In agreement with this study 

Tesfaye (2007) reported higher weight of edible non-

carcass for supplemented sheep. Similarly, Simret (2005) 

reported a positive effect of supplemen-tation on ENCC. 

Tesfaye (2007) showed that supplementation has no effect 

on weight of some edible non-carcass components such as 

empty gut. Generally, nutritional status of animals and 

BW affects production efficiency of non-carcass 

component (Kirton et-al., 1995). 
Total edible carcass-component was numerically 

higher(P<0.001) for lambs supplemented than fed-sole 

basal-diets. This revealed that supplementation increases 

quantity and proportion of usable carcass components. 
 

Non-Edible Non-Carcass Component 

With the exception of head without tongue, all other 

and TNENC were significantly affected-(P<0.05) by 

treatment(Table-8). In all parameters that should 

significant variation, values were greater for 

supplemented than non-supplemented groups. Results 

recorded in this study pointed positive-correlation 

between supplementation and NENC weight of lambs in 

contrast-to Awet (2007) in Afar-sheep and Matiwos 
(2007) in Sidama-goats reported absence of significance 

difference in TNENC between supplemented and non-

supplemented-treatments. 

 

Table 6: Carcass-parameters of RVS fed UTMS as a substitute to GH alone/with CM 

Parameter    T1   T2 T3 T4 SEM SL 

Slaughter-weight(kg) 25.36A 15.82B 25.7A 16.26B 0.81 *** 
Empty-body-weight(kg) 21.04A 12.62B 21.51A 13.35B 1.6 * 
Hot-carcass-weight(kg) 12.32A 7.02B 12.66A 7.5B 0.3 *** 
Dressing percentage 

      Slaughter body-weight base 48.7A 44.4C 50.03A 45.9B 0.5 * 

      Empty body-weight-base 58.6 55.6 58.9 49.6 4.4 ns 
REA(cm2)  9.45B 5.7C 11.3A 5.45C 0.4  *** 

Key: refer to that of table-3. 
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Table 7: Edible non-carcass components of RVS fed-UTMS in place of GH alone/ with CM 

Parameters  T1 T2 T3 T4 SEM SL 

Tongue 0.29A 0.21B 0.232B 0.2B 0.013 ** 
Heart 0.096A 0.068B 0.098A 0.078B 0.004 *** 

Tail 0.36A 0.2B 0.35A 0.22B 0.01 *** 
Liver & Spleen 0.46A 0.272B 0.504A 0.236B 0.03 *** 
Empty-gut 1.62A 0.85B 1.51A 0.782B 0.05 *** 
Blood 1.172A 0.738C 1.204A 0.894B 0.05 *** 
Kidney 0.077A 0.024B 0.076A 0.024B 0.03 * 
TENC 4.1A 2.47B 4.01A 2.86B 0.14 *** 
TENC(%) 17.54A 15.74B 16.94A 15.48B 0.4 * 

A,B,C=means with same letter in same-row are not-significant by different; *=p<0.05; **=P<0.01, ***=P<0.001; TENC=total edible 
non-carcass. 

 
Table 8: Non-edible non-carcass component(kg) of RV Sheep fed-UTMS as a substitute to GH alone/with CM 

Parameters     T1 T2 T3     T4 SEM SL 

Head without tongue  1.204 1.21 1.16 1.1 0.06  ns 
Skin & feet  2.386A 1.48B 2.35A 1.664B 0.07  ** 
Pennis & testicle  0.38A 0.254C 0.375A 0.286B 0.01  ** 

Gut content  4.324A 3.2B 4.2A 2.91B 0.2  ** 
Lung & trachea  0.41A 0.25B 0.41A 0.29B 0.06   * 
TNENC  8.722A  6.4B  8.46A  6.21B 0.575 *** 

TNENC=total non-edible non-carcass-component. 

 
Table 9: Partial-budget-analysis of RV Sheep fed-UTMS as a substitute to GH alone/with CM 

Parameter T1 T2 T3 T4 

Number of animals 5 5 5 5 
Purchase-price of sheep(ETB) 266 273 269 270 
Total-basal-diet intake(kg) 54.63 61.3 55 63.2 

Total-concentrate-mix intake(kg) 27 0 27 0 
Total-cost of concentrate-mix(ETB) 89.775 0 89.775 0 
Total-cost of basal diet & labor(ETB) 41.584 46.548 47.01 53.178 
Total-variable-cost 131.4 46.548 136.773 53.178 
Sheep-Selling-price(ETB) 650 412 638 420.6 
Total-return 384 139 369 150.6 
Net-return 252.64 92.452 232.227 97.422 
ΔNR 160.19  134.805  

ΔTVC 84.81  83.595  
MRR 1.9  1.613  

ETB=Ethiopian-birr; ΔNR=change in net-return; ΔTVC=change in total variable cost; MRR=marginal rate of return. 
 

Partial-Budget-Analyses of Experiment 

Partial-budget-analysis(PBA) was conducted to 

assess the economic benefit and feasibility of feeding 

regime of yearling sheep fed UTMS as substitute to GH 

alone/with concentrate-mix(Table-9). PBA result revealed 

supplem-entation to be more profitable, attributable to the 
lambs better-growth-rate of in supplemented-group. 

NR was in-order-of T1>T3>T4>T2. Marginal-rate-

return(MRR) indicated that each additional unit of 

1ETB/sheep cost-increment resulted in 1.9 &1.63ETB 

benefit for T1&T3, respectively. NR-&MRR for T1&T3 

appeared to be comparable. Similarly, NR in two-non-

supplemented treatme-nts in this study was more/less 

similar. This along with intake, growth-rate & carcass-

characteristics data suggest that GH used can be replaced 

with UTMS whether fed alone or with a supplement. 

 

Summary and conclusions 

This-study was conducted to determine feed 

utilization, BWC, digestibility, carcass-character-istics, 

and-profitability of treatments in lambs-fed urea-treated-

maize-stover(UTMS) in-place of grass-hay (GH) basal-

diet(BD) alone/with concentrate-mix(CM: wheat-

bran(WB) and noug-seed-cake(NSC=(67:33-%). BD-GH 

and UTMS-(100kgDM maize-stover by 5%-urea-solution 

ensiled for 21days. 20rift-valley-lambs used in RCBD 

with 4-treatments: were GH-fed ad-libtum with 

300gCM(T1) or alone(T2) and UTMS-fed ad-libtum with 

300g CM(T3) or alone(T4). 

Feeding trial was undertaken for 90days after 15days 
adaptation followed 21days of quarantine. Feeding-trial 

followed by 7days digestibility-trial. Individual-feed-

intake recorded-daily & BW was measured-every 10days. 

Samples of feed-offered-refusals and feaces of lambs were 

analyzed for chemical-composition. At Digestibility-trial-

end, lambs slaughtered to examine carcass-&non-carcass-

characteristics. 

Urea-treatment improved CPC of maize-stover by 

about 47.3% from 4.8-9.11%. Sheep in T2&T4 consumed-

higher(P<0.05) basal-DM (38.6±5.5 & 

37±5.5g/d/kgBW0.75, respectively) than T1&T3 (29.2±5.5 

& 28±5.5g/d/-kg-W0.75, respectively). TDMI was higher 
(P<0.001) in T1&T3 than in T2&T4 (908, 607,883 and 

571g/day for T1,T2,T3,&T4, respectively (SEM=11.0). CPI 

was 132,60,124,&51g/day for T1,T2,T3,&T4, respectively 

was greater for supplemented than non-supplemented 

group. However, differences in intake between two-

supplemented and non-supplemented-treatments were not-
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significant-(P>0.05). CPC, recorded in-order of 

T3>T1>T4>T2(74.4,73.1,48.4&44.5±5%, respect-ively). 

Non-supplemented lambs were less efficient (P<0.001) in 

utilizing nutrients for ADG as compared to supplemented 

sheep. As a result, lambs in T2&T4 had lower (P<0.001) 

ADG than in T1&T3 (103,8,98,8g/day for T1,T2,T3,&T4, 

respectively (SEM =3.0)).     

Response in carcass and non-carcass param-eterrs 

generally followed a similar trend like TDMI & ADG. 

HCW was 12.3,7.0,12.7,&7.5kg for T1,T2,T3,&T4, 
respectively was lower for non-supplemented 

groups(P<0.05). DP on slaughter BW basis ranged 44–

50% & was greater for supplemented-groups. REA almost 

doubled-(P<0.05) by supplementation. 

Net-return was comparable for the two non-

supplemented treatments. Similarly, supplemen-ted 

treatments had similar net-return and marginal-rate of-

return. Generally, performance parameters and partial-

budget-analysis results showed similar-outcomes between 

two-supplemented treatments. This suggests that GH of 

this-study has a similar-value with treated maize stover. 
Thus, UTMS can replace GH whether fed alone/with 

supplementation. 

 

Scope for future work 

For-further information-supporting present-result, 

further-work is suggested using urea-treated and 

untreated-maize-stover to be used in-place-of native-

grass-hay basal-diet.  
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