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Abstract

This experiment was conducted to evaluate the growth performance and carcass
yield of Arsi-Bale sheep fed on lentil straw with concentrate supplementation. The
dietary treatments were: lentil straw with concentrate supplement at 250 (T1), 300
(T2), 350 (T3), 400(T4) and 450 (Ts) g lamb/day. Thirty-five yearlings Arsi-Bale
lambs with initial body weight of 20.8+1.5 kg (mean + SE) was randomly allotted to
the treatments in randomized complete block design. The concentrate levels had
significant (P< 0.05) effect on total DM intake with higher value in T3 (791.1), T4
(782.6) and Ts (826 g) than T, (720.2) and T, (735g) groups. The highest (P<
0.001) average daily live weight gain was attained by lambs in T, (78 g) and Ts
(84g). Feed conversion efficiency increased (P< 0.001) with increase in the
concentrate amount. Lambs supplemented 350, 400 and 450g concentrate had
higher (P< 0.05) carcass weight (10.6-11.4 kg) than those supplemented 250 and
300g concentrate. The dressing percentage (42%) observed for T, and Ts lambs was
higher (P< 0.05) than the other groups (37.9-40.1%). The feed cost (birr/kg gain)
in T (111) and T, (97) were higher (P< 0.001) than that of other treatments (67-80
birr/kg gain). It can be concluded that 400-450g of concentrate is the optimum
level, for improved feed consumption, live weight gain, FCE, feed cost per unit of
live weight gain and carcass yield of Arsi-Bale sheep fed on lentil straw as
roughage source.
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Introduction

Inadequate and poor-quality feeds is among the common production constraints
that lower birth weight, growth rate and slaughter body weight of sheep and
ultimately affecting profitability of sheep farming. According to Abdi et al (2019)
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report in Ethiopia, most sheep are slaughtered at age of one year with average live
weight and hot carcass weight ranging between 18-20 and 8-9 kg, respectively,
while the corresponding values adult age were 20-21 kg and 9 kg. However, the
sheep can grow faster (attain compensatory growth) if provided with a better diet
before attaining their mature live weight. A short-term sheep fattening activity is
undertaken in different parts of Ethiopia to improve the low slaughter weight of
sheep for marketing.

Though indigenous sheep breeds are genetically limited to give enough
production, there are indicators for improved productivity through improved
husbandry management. For example, as Ayele and Urge (2019) reviewed
Ethiopian yearling indigenous sheep breeds fed with various supplementations
increased 16 to 126 g live weight per day and gave 7 - 18 kg and 31% -52%
carcass weights and dressing percentages, respectively. However, lack of
improved sheep production technologies and unwise utilization of available feed
resources are also causing for low sheep production and productivity. Decreased
community grazing land and increased cropping intensity have created a big gap
between feed demand and supply.

There is a need to improve utilization efficiency of available feed resources and to
exploit the genetic potential of a sheep at large. Lentil rank 5™ among the most
important pulses in the world as it’s rich in protein for rural poor households
inaccessible to animal source foods (FAO, 2014). Lentil cultivation is expected to
increase rapidly in the future due to its demand for consumption and agronomic
ability to assimilate atmospheric nitrogen (Singh et al., 2011). In Ethiopia the
productivity of lentil is 1.19 tons per hectare, which is the highest yield (1.2 t/ha)
recorded from the world (Geja, 2019). Thus, the availability of lentil straw is not a
problem to use it for sheep feeding. Studies showed that lentil straw contained 7.0,
0.23 and 0.14% of CP, Ca and P, respectively (FAO, 2014).

Lentil straw has better degraded in the rumen of large ruminants and sheep as
compared to routinely used cereal straws (Abbeddou et al., 2011), however, it has
high fiber and low CP contents (Lardy and Atnderson, 2009). Feeding lentil straw
by itself is not enough to get the required production from sheep. The animals
need be augmented with energy and protein rich concentrates when maintained on
lentil straw-based feed. Concentrate supplementation improves the performances
of animal on low quality feeds by favoring an ideal environment for rumen
microbes and improves fermentation, digestion and absorption (Santra and Karim,
2002). Therefore, this study aimed to compare performances of yearling sheep fed
on lentil straw with different levels of concentrate supplementation.
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Materials and Methods

Description of the study area

The experiment was conducted at sheep research station of Debre Zeit
Agricultural Research Centre, located at 45 km South East of Addis Ababa
(08°44'N 38°,58'E; average altitude of 1900 m a.s.l), Ethiopia. The area is known
for bimodal rainfall pattern with average annual rainfall of 845 mm and annual
minimum and maximum temperature of 10 and 22°C, respectively (Ref). The area
is characterized by mixed-crop livestock production system with major crops
grown include Tef (Eragrostis Tef), wheat, chick pea and lentil.

Experimental animals, diets and design

Thirty-five yearling male Arsi-Bale sheep were purchased from the local market,
ear tagged and injected with Ivermectin and Oxyteteracycline for parasite and
shipment stress, respectively. The experimental animals were also vaccinated
against Sheep Pox and Ovine pasteurellosis. The animals were randomly assigned
to 7 groups (blocks) of five animals each using initial body weight taken after
overnight fasting at the end of 21 days adaptation period. The average initial body
weight of experimental animals was 20.8+1.5 kg (mean + SE). The lambs were
randomly allotted to five dietary treatments with seven lambs per treatment, in
randomized complete block design, and managed in individual pen.

The treatments were:

T1 = 250qg as feed-based concentrate feed supplement;

T, = 3009 as feed base concentrate feed supplement;

T3 = 350qg as feed base concentrate feed supplement;
T, = 4009 as feed base concentrate feed supplement and

Ts=450g as feed base concentrate feed supplement

Concentrate feed was formulated from 39% wheat bran, 40% noug seed cake, 20%
ground maize grain and 1% common salt, on DM basis, and contained19.6% CP.
All animals were fed lentil straw ad lib (at 20% refusal) and concentrate was given
in equal portion twice daily at 8 am and 2 pm. Tap water was freely accessed.

Feed intake, growth and feed conversion efficiency

Data on feed offer and refusal were taken daily, and the feed intake was calculated
as the difference between feed offered and refused. While live weight was
measured at fifteen-days interval after overnight fasting using a movable weighing
scale. The average daily body weight gain was calculated as the difference
between initial and final live weights divided by the number of experimental days.
Feed conversion efficiency (FCE) of the lambs was determined as average daily
body weight gain divided by average daily DM intake.
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Digestibility trial

Digestibility trial was conducted on three lambs per treatment. Animals were
adapted to fecal bags for three days, followed by collection of a done for seven
days. The daily fecal output was measured and 10% sampled for each lamb in
plastic bags. All samples were freezed at -20°C until used for chemical analysis.

Carcass evaluation

At the end of the feeding trial four animals were kept in fasting overnight then
slaughtered for carcass evaluation. Hot carcass weight and non-offal components
were measured immediately after slaughter. The carcasses were chilled at 4°C for
24 hours for proper cutting and weighing and then the rib-eye muscle was
measured. Cold carcass was cut between the 12" and 13" ribs perpendicular to the
backbone to measure the area of the rib-eye muscle. The transparency paper was
placed on the area of rib-eye muscle first then sketch by pencil and the area again
sketched from transparency paper on 0.25 cm? gridded paper. The number of
squares counted in the area was multiplied by 0.25 cm? and the value taken as rib
eye muscle area. Dressing percentage was calculated on the basis of slaughter
body weight: Hot carcass weight /Slaughter body weight X 100

Feed cost analysis
Feed cost per unit live weight gain was determined dividing feed cost by body
weight gain of the respective treatment.

Laboratory analysis of samples

Laboratory analysis of experimental feeds for dry matter, Ash, Nitrogen, Neutral
detergent fiber, acid detergent fiber and acid detergent lignin contents were
determined using AOAC official methods (AOAC, 2005). DM for feed offered
and refusal samples was determined by oven drying of the samples at 105 °C to
constant weigh. Nitrogen was determined using kjeldhal's procedure then N was
multiplied by 6.25 to find crude protein content. The fiber analysis for NDF, ADF
and ADL was done according to (Van Soest et al., 1994).

Data analysis

Data was analyzed using SAS software program (SAS, 2003). Mean comparison
was done using Duncan's multiple range test and significant differences between
the treatment groups were declared at P<0.05. The model fitted to calculate the
different parameters were:

Yij=p +ai+ + Bjt e
Where:Yj; = Response variables, p = Over all mean, a; = i concentrate level
effect, Bj= j™ body weight effect, Eij = Effect of the ij™ random error

:th
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Results and Discussion

Nutrient composition of feeds

Results of chemical analysis of experimental feed ingredients and refusals are
presented in Table 1. The dry matter (DM) and crude protein (CP) content of
offered lentil straw was 91 and 7.38%, respectively. The contents of neutral
detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL)
of lentil straw was 63.94, 59.45 and 14.61%, respectively. As reported by FAO
(2014), the DM, CP, NDF, ADF and ADL content of lentil straw was 92.1, 7.0,
60.6, 39.8 and 9.7%, respectively. The DM, CP and NDF contents of the present
lentil straw were similar, while ADF and ADL contents were higher compared to
that of previous report.

Roughages with crude protein content greater than 7% DM can satisfy the
requirements of rumen microorganisms (Lopez et al., 2005). However, the
minimum protein level required for sheep maintenance is about 8% (Gatenby,
2002). The chemical analysis result of the previous and the present data showed
that lentil straw alone cannot satisfy the nutrient requirement of sheep for
production, indicating that supplementation of energy and protein rich concentrate
is required. In line with this, Santra and Karim (2002) stated that concentrate
supplementation improves sheep productivity by providing ideal environment for
rumen microbes for fermentation, and nutrient digestion and absorption.

Table 1. Nutrient composition of experimental feed ingredients and lentil straw refusals

Sample DM CP NDF ADF ADL
Lentil straw offered 91 74 63.9 59.4 14.6
Noug cake 92.1 329 36.7 271 12.9
Wheat bran 89.3 11.7 448 1.7 2.6

Maize 89.0 95 376 12.5 37

Lentil refusal:

T 89.4 74 66.2 61.0 16.7
T2 89.4 8.9 731 63.5 16.9
T3 89.7 8.3 75.0 60.9 15.9
T4 89.4 8.3 64.6 56.2 15.3
Ts 89.6 8.01 67.9 57.26 16.09

DM = dry matter; CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber

The result of chemical analysis showed that Noug seed cake contained 92.09%
DM, 32.9% CP, 36.75% NDF, 27.06 % ADF and 12.90 % ADL. The value of
DM, CP, NDF, ADF, and ADL in wheat bran was 89.34, 11.6, 44.76%, 11.74 and
2.62%, while for maize 88.99, 9.51, 37.58, 12.49, and 3.72%, respectively. And
the corresponding values for concentrate mix was 16, 46.76, 17.96 and 5.32%,
respectively. The DM content of lentil refusals was similar among the treatments,
while less CP content was observed in T; left over. The reason could be due to



Performances of Arsi-Bale Sheep Fed on Lentil Straw [104]

high selection since concentrate supplement (250g) was not enough to meet sheep
nutrient requirement. The content of NDF, ADF and ADL of lentil refusal was
relatively low in T, The observed differences in feed nutrient analysis results
between the present and previous studies might be due to difference in
environment, methods of trashing, storing facilities, time and method, soil type
and lentil variety.

Feed intake

The effect of concentrate levels on the average daily feed DM intake of
experimental animals is presented in Table 2. Increasing concentrate level had no
effect (p> 0.05) on lentil straw intake, however, it increased (P< 0.05) total feed
DM intake, which indicated that concentrate feeding had no replacement effect on
lentil straw intake. Numerically, the highest lentil straw intake was recorded for T,
group. Concentrate consumption increased (P< 0.001) with its level of offer.
Lambs assigned in T3 T4 and T5, consumed significantly (P<0.05) more feed DM
compared to lambs in T1 and T, groups. The higher DM intake of lambs’ observer
at higher concentrate level could be due to improved rumen fermentation and
lentil straw digestibility with increased supplementation.

Table 2. Average daily dry matter intake of Arsi-Bale sheep as affected by concentrate levels

Treatment Lentil straw intake concentrate intake TDMI
T 494.82 225.4¢ 720.2¢
T2 465.32 270.44 735.8¢
T3 475.62 315.5¢ 791.120
Ts 42202 360.6° 782.620
Ts 420.72 405.62 826.32
Grand mean 456.6 3141 770.7
P-value 0.1991 <.0001 0.0464

Significance ns b ’

Note: TDMI=total dry matter intake; ns=non-significant ((p> 0.05); *= significant(P<0.05); ***=significant(P<0.001)

Lentil straw was dry, steamy and contained high proportion of fiber and lignin,
which limited palatability, fermentation and digestion. In line with this, Lardy and
Anderson (2009) described that lentil straw has high fiber content like most of
other crop residues. The overall mean daily DMI of lamb in this experiment
(770.70+£64.349) was lower than DMI of 920g/day (Getahun, 2015), but within the
range of 704-843g (Getahun et al., 2020) reported for the same sheep breed.

Digestibility of experimental feeds

Table 3 shows the effect of concentrate levels on dry matter, CP and fiber
digestibility. The experimental feed DM digestibility (DMD) was differed (P<
0.05) among the treatments. Experimental feed digestibility in T3, T, and Ts
groups was higher than in T1 and T2 lambs. Numerically, the NDF, ADF and
ADL (fibers) digestibility in experimental sheep was better at T3 groups. As
reported by Abebe and Yoseph (2015), Arsi-Bale sheep fed on urea treated barley
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straw and 400g concentrate showed DMD of 77%, which is higher than the
present result. Hirut et al (2011) reported DMD of 56% for Hararghe Highland
Sheep fed on a basal diet of urea treated maize Stover with 350g concentrate.
These differences could be due to sheep breed and feed used.

Table 3. Digestibility (%DM) feeds in Arsi-Bale sheep as affected by concentrate levels

Treatment means Grand

Parameters P-value Significance
T4 T2 T3 Ta Ts mean
DM 59¢ 63be 692 662 6620 65 0.0125 *
CP 60 63 64 71 71 66 0.0947 ns
NDF 49 54 58 56 53 54 0.2333 ns
ADF 52 52 55 54 54 53 0.9721 ns
ADL 8 12 28 27 17 21 0.1843 ns

DM =dry matter, CP=crude protein, NDF = neutral detergent fiber, ADF = acid detergent, ADL = acid detergent
Fiber; ns=non-significant ((p> 0.05); *= significant(P<0.05)

Body weight change and feed conversion efficiency

The effect of concentrate levels on body weight change and feed conversion
efficiency (FCE) of lambs is presented in Table 4. The initial body weight of
experimental animals was similar (P> 0.05) between the dietary groups. Average
final body weight (FW) and daily body weight gain of the animals were higher
(P<0.01) for lambs in T, and Tsthan for T, T, and Ts. Effect of concentrate level
was significant (P< 0.01) on FCE. The lambs in T, and Ts showed superior feed
efficiency (0.10) than the other groups. The ADG (849) of lambs in T5 (450 Q)
was in the rage (80-90q) reported by Getahun et al. (2020) for Arsi-Bale yearling
sheep fed on grass hay, sugarcane top silage or hay with 350 concentrate
supplements. Ayele and Urge (2019) reviewed that most of the indigenous sheep
at yearling age consumed various types of supplement feed attained 18 - 26kg live
weight and gained 16 - 126 g/day. Specifically, Arsi-Bale sheep that fed on grass
hay ad lib, and concentrate at 2% of initial body weight gained 69-104g live
weight daily. In this current study the lambs supplemented with 450g concentrate
(Ts) attained the highest body weight (28kg), showing that there is a potential to
find better live weight at yearling age on various feeding strategies.

Table 4. Average body weight change of Arsi-Bale sheep as affected by different concentrate levels supplement

Parameter Treatment means Grand P-value  Significance
T T T T T mean

IBW (kg) 206 214 207 206 206 207 08998 ns

FW (kg) 236 257 266 269 280 262 00021 -

Wekg) 37 44 59 68" 74 56 00001

ADG () 51 508 er3 782" 84g 645 0.0001

FCE 006 007" 008 040 040 008 0.0001

Note: IBW = Average initial body weight; FW = Final body weight; ADWG = Average daily body weight gain; FCE =feed
conversion efficiency; ns=non-significant ((p> 0.05); **= significant(P<0.01); ***=significant(P<0.001)
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Abdi et al (2019) report that most of the indigenous sheep can attained 18-20 kg
live weight at their yearling age and 20-21kg at adult age. According to Hirut et
al (2011), Arsi-Bale sheep fed on urea treated barley straw and 400g concentrate
gained 74.82 g live weight daily, which is less than the present finding on similar
concentrate level. The trend of body weight across the feeding period is indicated
in Figure 1. Lambs allocated to T, had the lowest body weight after the first 30
days of feeding, while lambs in T, and T5 had consistently increased body weight
throughout experimental period.

28 Treatment
=Tl ==T2 ==T3 =%=T4 =0-T5

N
o

10Q

Figure 1. Trends of experimental animals’ body weight change as affected by concentrate levels 75
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Carcass characteristics

The effect of concentrate levels on carcass yield is presented in Table 5. The
slaughter weight (SW), carcass yield and dressing percentage (DP) of finishing
ram lambs varied among the treatments (P< 0.05). Experimental lambs in T3, T,
and Ts had higher SW than in T, group Carcass weights of lambs in T3, T4 and Ts
were higher (P<0.05) than that of lambs in T, and T, categories. The carcass yield
(9-11kg) observed in this study was within the range 7-18kg reported for
indigenous sheep breeds (Ayele and Urge,2019). According to Abdi et al (2019),
most indigenous sheep slaughtered at one year of age has average carcass weight
between 8-9 kg.

The lowest dressing percentage (37.9%) was recorded for lambs in T,, while the
highest (42.02%; P>0.05) in T, and Ts groups. Different studies showed that
dressing percentage of yearling indigenous sheep breeds fed with various
supplementations ranged 31%-52% and specifically, the DP of Arsi-Bale sheep
fed on urea treated barley straw with 300-400g concentrate supplement was 36-
38% (Ayele and Urge,2019).The slaughter weight and carcass weight of yearling
weight of Arsi-Bale ram lambs grazing natural pasture were 12 and 5Kkg,
respectively (Kefyalew et al., 2013), indicating that the productivity of sheep is
impaired by insufficient nutrition. The current and previous reports also showed
that yearling sheep attain best slaughter weight and carcass yield at higher than
lower levels of supplementation.

Table 5. Carcass characteristic of Arsi-Bale sheep as affected by different concentrate levels

Treatment

Parameters Grand mean P-value Sig
T T T T T

SW (kg) 23.4b 252 26.50 26.50 27.30 25.7 0.0380 *

HCW (kg) 94" 95 10.62 11 14 10.4 0.0199 *

CCW (kg) 9.2’ 95 107 109 10 103 0.0323 y

DP (%) 40.10 37.9 40.1 42.0 41.72 40.4 0.0540 *

REA (cm?) 17.2 16.4 16.6 16.6 16.6 16.7 0.9940 ns

HCW-= Hot carcass weight, CCW= cold carcass weight, CP=Dressing percentage, REA= Rib eye area; ns=non-significant
((p>0.05); *= significant(P<0.05)

The areas of rib-eye muscles were not statistically (P>0.05) different among the
treatments. The higher rib-eye area (16.4-17.2 cm?) observed in the present
experiment was higher than that (5.6-9.5cm?) reported by Abebe et al (2010)
Otonie et al (2012)] reported that rib-eye areas of the longissimus dorsi muscle
varies with breed and management, and directly related to the amount of muscle in
the carcass.

Non-carcass components of Arsi-Bale sheep as affected by concentrate levels are
show in Table 6. The concentrate level had no significant (P>0.05) effect on the
weight of non-carcass components, except on uro-genital tract. The heaver (P<
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0.01) uro-genital tract was recorded in T, animal group. The skin weights of for
Arsi-Bale sheep in the current study, were higher than the skin weight reported for
the same breed (Kefyalew et al., 2013), but lower than 2.7kg skin weight reported
for Menze sheep supplemented with 352g concentrate supplement (Wude et
al.,2019). These differences in skin weight of local sheep breeds could be because
of the feed type and breed differences. The head, heart and liver weight of sheep
in this study was almost similar with previous reports for yearling Arsi-Bale sheep
raised on natural pasture grazing (Kefyalew et al., 2013).

Table 6. Non-carcass characteristic of Arsi-Bale sheep as affected by concentrate levels

Parameters Treatment Grand mean P-value Sig.
T4 T» Ta T T=
Skin (kg) 2.1 22 23 24 24 23 0.7418 ns
Leg (kg) 0.6 0.6 0.6 0.6 0.6 0.6 0.8918 ns
Head (kg) 1.7 12 1.6 1.9 1.9 1.7 0.2867 ns
FGIT (kg) 6.4 7.7 72 6.7 6.9 7.0 0.3073 ns
EGIT (kg) 1.7 32 20 1.9 1.9 2.1 0.4787 ns
Kidney (g) 65 72 75 70 72 71 0.2337 ns
Kidney fat 45 42 50 58 58 51 0.8020 ns
Lung*(g) 327 335 372 335 347 343 0.3719 ns
Heart (g) 97 102 110 102 100 102 0.7362 ns
Liver (g) 327 360 427 382 198 339 0.0798 ns
Spleen (g) 30 42.5 50 35 50 41 0.1692 ns
UGT(g) 2970 3170 3470 350P 4122 300 0.0018 **
Tail fat (g) 378.3 329.0 568.0 442.3 740.5 492 0.0669 ns

FGIT = full gastrointestinal truck; EGIT = empty gastrointestinal truck™ Lung with trachea; UGT = Uro-genital track
(bladder, penis, urethra and testicles); ns=non-significant ((p> 0.05); **= significant(P<0.01)

Analysis of feed cost

The cost of experimental feeds and feed cost per unit body weight gain are
presented in Table 7. Feed cost per kg body weight gain was lower in T3, T4 and
Ts than in Ty and T, groups. The highest P<0.001) feed cost per kg live weight gain
(111birr/kg gain) was recorded from T; lambs. This study showed that
supplementation can improve body weight gain and reduce feed cost required to
produce a unit amount of live weight. In line with the current study, Abebe and
Yoseph (2015) reported that concentrate supplementation was profitable, while
feeding hay alone led to economic loss. Arsi-Bale sheep fed on urea treated barley
straw and supplemented with 200g concentrate had higher feed costs per unit live
weight gain than the group supplemented with 400 g concentrate, (Hirut et al.,
(2021). Proper supplementation of concentrate is useful to meet the nutrient
demand of sheep and improve performances (Umberger, 2009).
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Table 7. Feed cost per weight gain as affected by concentrates levels (Birr/lamb/84 days)

Feed inaredients’ cost

Treatment Lentil straw l;lgsg Wheat bran Maize Total feed cost Cost per kg gain
T 236.52 69.6¢ 59.4¢ 30.4¢ 396¢ 11142

T2 22242 83.5¢ 71.3¢ 36.5¢ 413.7¢ 97 4eb

Ts 227.3 97.4¢ 83.1¢ 42.6° 450.5 80.40¢

Ts 201.72 111.40 950 48.7° 456.82 69.8°

Ts 201.12 125.3 106.92 54.82 488.12 67.9¢

G mean 218 97 82.8 424 440.5 85
P-value 0.1991 <.0001 <.0001 <.0001 <.0001 <.0001

H kkk *kk *kk *kk *kk
Sig. ns

Note: ns=non-significant ((p> 0.05); ***= significant(P<0.001); P-value=probability value; Sig.=significance
Conclusion

Meat sheep production on pasture grazing or grass hay-based diet is preferred in
many aspects. However, the low availability and high price of grass hay limit its
use in sheep fattening. There is a need to look for alternative roughage source such
as lentil straw with appropriate concentrate supplementation for a short-term sheep
fattening operation. This study has revealed that higher levels (400-450 Q)
concentrate supplementation improved feed consumption, growth performances,
feed conversion efficiency and carcass weight and reduced feed cost per live
weight gain in Arsi-Bale sheep fed lentil straw ad libitum. Based on the present
finding, it can be concluded that 400 to 450g/day concentrate is optimum level of
supplementation for Arsi-Bale sheep fed on lentil straw.

Acknowledgment

The authors are grateful to the Ethiopian Institute of Agricultural Research for the
financial support to conduct this experiment.

References

Abbeddou S, Rihawi S, Hess HD, Iniguez L, Mayer AC and Kreuzer M. 2011.
Nutritional composition of lentil straw, vetch hay, olive leaves, and salt bush
leaves and their digestibility as measured in fat-tailed sheep, Small Rumin.
Res., 96: 126-135.

Abdi Y, Birhanu A. and Eyob E. 2019. Evaluation of Carcass Yield Characteristic



Performances of Arsi-Bale Sheep Fed on Lentil Straw [110]

of Sheep and Goat at ELFORA Export Abattoir, Bishoftu town, Ethiopia,
Advances in Biological Research 13: 46-51DOl:
10.5829/idosi.abr.2019.46.51.

Abebe G. and Yoseph M. 2015. Effect of Supplementation on Feed Intake,
Digestibility, Body Weight Change, Carcass Parameters and Economic
Benefit of Arsi-Bale Sheep Fed With Basal Diet of Urea Treated Barley
Straw, Technol and Arts Res. J. 4.

Abebe T, Solomon M and Kurt J. 2010. Supplementation with linseed (Linum
usitatissimum) cake and/or wheat bran on feed utilization and carcass
characteristics of Arsi-Bale sheep, Trop. Anim. Health Prod, 42:677-85.

AOAC (Association Official Analytic Chemists), 1990. Official methods of
analysis 15" ed. AOAC. Inc. Anc. Arlington, Virginia, U.S.A. 1298.

Ayele S and Urge M. 2019. Productive and Reproductive Performances of
Indigenous Sheep in Ethiopia: A Review. Open Journal of Animal Sciences,
9: 97-120. https://doi.org/10.4236/0jas.2019.91009.

FAQO, 2014. Feedipedia - Animal Feed Resources Information System - INRA
CIRAD AFZ and FAO © 2012-2019, https://www.feedipedia.org/
node/12250.

Gatenby, RM. 2002. Sheep, CTA (Tropical Agriculturalist) Revised Macmillan,
Oxford, UK. 178.

Geja, MM. 2019. Evaluation of lentil varieties for adaptation and vyield
performance under midland ecology of kaffa zone, south-west Ethiopia. Int.
J. Agril. Res. Innov. Tech. 9(2): 9-14. DOI: 10.3329/ijarit. v9i2.45404.

Getahun, K, Ashenafi M and Getachew A. 2020. Performances of Arsi-Bale
Lambs Fed Diets Based on Sugarcane Tops Silage and Hay as a Partial
Substitute for Natural Pasture Hay, Ethiop, J. Agric. Sci. 30:177-190.

Getahun K. 2015. Optimum Dietary Crude Protein Level for Fattening Yearling
Arsi-Bale Lambs Getahun Kebede, World Journal of Agricultural, Sciences
11: 101-106.

Hirut Y, Solomon M and Mengistu U. 2011. Effect of Concentrate Mix
Supplementation to Urea-Treated and Ensiled Maize Stover on Feed Intake,
Digestibility and Nitrogen Balance of Hararghe Highland Sheep, East
African Journal of Sciences, 5:51-57. ISSN 1992-0407.

Kefyalew B, Sandip B and Yigrem S. 2013. Carcass Traits of Arsi-bale Sheep and
Goat Reared under Farmers Management System in Sidama Region of
Southern Ethiopia, Middle-East Journal of Scientific Research, 13: 1465-
1470.

Lardy G and Anderson V. 2009. Alternative feeds for ruminants, General concepts
and recommendations for using alternative feeds, North Dakota State
University Fargo, AS-1182 (Revised) 24.

Lopez S, Davies DR, Giraldez FJ, Dhanoa MS, Dijkstra J, and France J. 2005.
Assessment of nutritive value of cereal and legume straws based on
chemical composition and in vitro digestibility.

Mir PS and Mir Z.1993. Growth of and digestibility by sheep fed diets comprising



https://doi.org/10.4236/ojas.2019.91009
https://www.feedipedia.org/%20node/12250
https://www.feedipedia.org/%20node/12250

Wude and Worknesh [111]

mixtures of grass and legume hay compared with those fed high-grain diets,
Can. J. Anim. Sci. 73: 101-107.

Otonie GF, Fabio R, Régis C, Vivian F and Marlova B. 2012. Measurement of rib-
eye area by the method of digital images, R. Bras. Zootec, 41:
http://dx.doi.org/10.1590/S1516-35982012000300047.

Santra, A and S Karim, A. 2002. Rumen Manipulation to Improve Animal
Productivity, A paper presented at 2002 International Symposium on
“Recent Advances in Animal Nutrition” held in New Delhi, India
(September 22, 2002).

SAS (Statistical Analysis System), 2003. SAS/STAT Guide to Personal
Computers, Version 7. Statistical Analysis system Institute. Inc., NC. North
Carolina, USA.

Singh S, Kushwaha BP, Nag SK, Mishra AK, Bhattacharya S and Gupta PK.
2011. In vitro methane emission from Indian dry roughages in relation to
chemical composition, Current Science, 101: 57-65.

Umberger SH. 2009. Feeding sheep, Virginia Coop. Ext. 13: 331-333.

Van Soest PJ, Robertson BJ and Lewis BA. 1994. Methods for dietary fiber,
neutral detergent fiber, and non-starch polysaccharides in relation to animal
nutrition, J. Dairy Sci. 74:3583-3597.

Wude T, Berhan T and Girma A. 2019 Carcass Characteristics of Menz Ram
Lambs Fed Grass Hay Basal Diet and Supplemented Wheat Bran and Lentil
Broken Screening Academic Journal of Plant Sciences, 12: 43-51, 2019
ISSN 1995-8986 © IDOSI.



http://dx.doi.org/10.1590/S1516-35982012000300047

