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This study was conducted to evaluate noug seed (Guizotia abyssinica) cake substituted with dried mulberry and Vernonia
mixed leaves’ meal on feed intake, body weight change, and digestibility of Bonga sheep fed on Rhodes grass hay at Teppi
Agricultural Research Center, Ethiopia. The experiment was conducted using 25 yearling lambs with an average initial
body weight of 20.83 + 1.66 kg. Five lambs were allotted per treatment in randomized complete block design. Treatments
were isonitrogenous supplements of 100% concentrate (49.5% NSC, 49.5% ground maize grain, and 1% salt) offered at
400 g DM/head/day (T1), 25, 50, 75, and 100 of NSC CP substituted by dried mulberry and Vernonia mixed leaves’ meal in
T2 =429.8 g/day, T3 =459.5 g/day, T4 =489.3 g/day, and T5 =519 g/day, respectively. The sheep were fed Rhodes grass hay
adlibitum and had free access to water and salt block. Intake and growth trail lasted for 90 days followed by 10 days of
digestibility trial. The CP, NDF, and ADF contents of Rhodes grass hay were 7.9, 74.8, and 46.8 percent. The CP content of
NSC, ground maize grain, dried mulberry, and Vernonia leaves was 32.4, 8.3, 18.5, and 22.5%, respectively. Total DM
intake (g/day) was significantly higher for lambs in T3 (771.4) than in T1 (722.8) and T5 (642.8) but similar to T2 (754.9)
and T4 (759.7). The CP intake was highest (P <0.001) for sheep in T2 and T3, but lowest in T5. The apparent DM di-
gestibility for T1 (70.8%), T2 (68.8%), and T3 (69.1%) was significantly higher than for T5 (64.4%), while T4 (67.9%) and T5
were not significantly different. The attained average daily gain (g/day) of sheep in T1 (87.7), T2 (82.0), T3 (83.4), and T4
(75.2) was higher (P <0.01) than in T5 (56.0). The result of this study indicated that dried mulberry and Vernonia mixed
leaves’ meal can substitute NSC as a protein supplement up to 75% inclusion level resulting in optimum DM and nutrient
intakes and body weight gain of yearling Bonga sheep. This study also highlights the positive potential of dried mulberry
and Vernonia mixed leaves’ meal as a supplement to ruminants on a basal diet of fibrous feeds.

1. Introduction

Sheep are small ruminants capable of exploiting poor, un-
fertile, desert, and mountainous terrains, where other classes
of livestock find difficulties in living and producing eco-
nomically, Kumar et al. [1]. Ethiopia is one of the African
countries with the largest small ruminant population in the

continent [2]. The recent estimate indicates that there are
about 30.7 million heads of sheep in the country, out of
which 72.2 percent are females, and the rest are males [3].
Bonga sheep are one of the Ethiopian recognized breed
types found in humid and mid-highland (1200-2500
meters) ecological zones and are geographically dis-
tributed in Keffa, Sheka, and Bench zones of Southern
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Nations, Nationalities, and Peoples’ Regional State
(SNNPRS) region [4, 5].

Lack of dietary nutrients, mainly energy and protein, is
the major factor affecting productivity of sheep. Both energy
and protein are equally important during the dry season for
optimum weight gain [6]. Proteins are the major compo-
nents of the animal body and are continuously needed in the
feed for growth and cell repair [7]. However, the use of
protein supplements is limited under smallholder livestock
producers due to unavailability and high costs. Moreover,
available feed resources are not properly and efficiently
utilized by livestock producers, Ebro et al. [8].

In Southwestern Ethiopia, Keffa, Bench-Maji, and Sheka
zones, smallholder farmers practiced traditional fattening of
lambs during off-seasons. This enables farmers to generate
income from the sale of live animals most commonly during
holidays and also for their own home consumption. However,
most farmers in the study area are constrained with lack of
protein source supplements due to unavailability and high
costs. In order to alleviate problems associated with protein
supplements, there is a need to look for alternative protein
source feeds which are preferably locally available and easily
accessible by farmers. Thus, supplementation with indigenous
and introduced multipurpose fodder trees and shrub leaves
has great advantage. Among indigenous multipurpose tree
and shrub fodders, Vernonia amygdalina are locally available,
have considerable nutritional value, can be grown by farmers,
and play a significant role as a protein supplement for ru-
minants, Aynalem and Taye [9]; Takele et al. [10]. Similarly,
mulberry (Morus indica) is a browse tree with good ability to
produce quality forage for livestock in humid and subhumid
agroecologies [11]. Besides their easy accessibility, these fo-
liage trees provide high-quality feed, particularly the protein
content (15-28% CP), which could be an alternative re-
placement to conventional and expensive feed resources [12].
Although mulberry is introduced and widely utilized as a
source of forage for silk worms in different parts of Ethiopia
[13] including southwestern parts, so far no adequate study
has been conducted and information is available for users
regarding its role as sheep feed in the area. Therefore, this
study was designed to evaluate substituting of noug seed cake
of concentrate mix with dried mulberry and Vernonia mixed
leaves’ meal feed intake, digestibility, and growth perfor-
mances of growing Bonga sheep and to identify the optimum
substitution level of dried mulberry and Vernonia mixed
leaves’ meal fed on Rhodes grass hay as a basal diet.

2. Materials and Methods

2.1. Experimental Feed Preparation and Feeding. The ex-
periment was undertaken in southwest Ethiopia at Teppi
Agricultural Research Center (7° 08'N; 35° 18 E). Rhodes
grass (Massaba variety) was established at Teppi Agricultural
Research Center. The grass was harvested at about 50%
flowering stage manually using sickles and sun-dried in open
air for three to four days until the moisture content of the hay
was about 15% to 20%. The dried hay was piled and stored as
loose hay under shade. The hay was manually chopped to a
size of approximately 5-6 cm to facilitate intake.
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The mulberry (Morus indica) and Vernonia (Vernonia
amygdalina) leaves’ meal was prepared from the trees grown
in the research center. Green leaves of the plant were har-
vested by cutting with sickle manually from the branches
during the months of October to November. The leaves from
bottom to top of the branches were collected from the
standing shrub of mulberry and Vernonia to make the feed
collected to be representative. The harvested leaves were
subjected to air-drying under shed separately for three to
four days and turned up four times a day to ensure uniform
drying and maintain green color. The dried mulberry and
Vernonia leaves were crushed with hands by twisting and
stored under shed until used for the feeding trial to maintain
their quality.

Noug seed (Guizotia abyssinica) cake (NSC) was pur-
chased from Addis Ababa oil processing factory. Maize grain
was purchased from Teppi town and crushed/ground by the
local grain miller and stored at the experimental site. To
conduct the feeding trial, adequate amount of all the ex-
perimental feeds (Rhodes grass hay, Vernonia and mulberry
leaf meal, and the concentrate mix) was prepared once
before the commencement of the experiment. The grass hay
was offered ad libitum, and the supplements were given
twice daily in equal portions at 8:00 am and 16:00 pm to each
experimental lamb [14].

2.2. Experimental Animals’ Management. Twenty-five intact
yearling Bonga lambs were used for the feeding trial. The
lambs were purchased from the local market in Yeki district,
Teppi town, Ethiopia. The lambs were purposively selected
and purchased with similar ages, in which the ages were
estimated by dentition. The experimental animals were ear-
tagged, treated with albendazole (150 mg/head) for internal
parasites, and vaccinated with ovine pasteurellosis and
quarantined for 3 weeks before the start of the experiment.
Then, the animals were housed in a well-ventilated indi-
vidual pen consisting of a feeding trough for hay, separated
plastic bucket for supplemental diets, and water troughs. The
lambs were fed individually with the experimental diets for
an adaptation period of 2 weeks followed by 90 days of
feeding period and 10 days of digestibility trial. Water and
salt block were available to all animals free access to all days
during the feeding period. The pens and the troughs were
cleaned everyday early morning before offering the daily
experimental feeds.

2.3. Experimental Design and Treatment Layout. The feeding
trial was arranged in a randomized complete block design
(RCBD) containing 5 treatments and 5 replications. Initial
body weight of lambs was applied as a block, and the ex-
perimental lambs were randomly assigned to the dietary
treatments within the block. The average initial body weight
of experimental lambs was 20.83 + 1.66 kg (Mean + SD). The
proportion of feed ingredients of the concentrate mixture for
the supplement in the control treatment was 49.5% NSC,
49.5% ground maize grain, and 1% common salt and set at
400 g/head/day based on the previous recommendation for
finishing Horro lambs [15].
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The dietary treatments containing inclusion of mixed
leaves meal (T2, T3, T4, and T5) were prepared for NSC of
concentrate mix at different levels. The proportion of the
dried mulberry and Vernonia leaves’ meal was calculated
based on the CP content of NSC and mixed in one-to-one
ratio for the substitute of NSC to make supplements iso-
nitrogenous in all treatments.

The amount of supplements was fixed to supply
64.15 g CP which falls between 60 and 65g CP/head/day
which is recommended for growing sheep weighing
20-30kg and gaining 100 g/head/day [16]. The dietary
treatments were a replacement of the protein in noug seed
cake of concentrate mix at 25, 50, 75, and 100% pro-
portions with dried mulberry and Vernonia mixed leaves’
meal. The amount of the supplements was 400.0, 429.8,
459.5, 489.3, and 519.0 g/day/head on DM basis for T1,
T2, T3, T4, and T5, respectively. Rhodes grass hay was
offered ad libitum (Table 1).

2.4. Measurements

2.4.1. Feed Intake. The daily feed offered and the corre-
sponding refusals of hay and supplemental diets were
weighted and recorded daily for each experimental animal
during the entire period of the experiment (90 days) to
determine daily feed intake. The DM intake was calculated as
the difference between amount of feed offered and refused
on dry matter basis. Similarly, nutrient intake was computed
as the difference between nutrient content of feed offered
and nutrient content in feed refusals on DM basis. The
estimated metabolisable energy (EME) intake of experi-
mental animals was estimated from its digestible organic
matter intake (DOMI) by using the following formula: EME
(M]J/kg DM) =DOMI x 0.0157 [17].

2.4.2. Body Weight and Feed Conversion Efficiency. The live
body weight of each animal was taken at every 10-day in-
terval after depriving of the animals from feed and water

apparent nutrient digestibility (%) =

2.4.4. Chemical Analysis of Feed and Faeces. The feed
samples used in feeding (offered and refusal) and faecal
samples were analyzed for their chemical composition at
Holeta Agriculture Research Center. The offered samples
were analyzed before the start of the feeding trial to be used
in the ration formulation. Samples of feed offered were
collected from each treatment, while samples of refusal were
taken from each sheep daily. Collected samples were pooled
per treatment over the experimental period and stored in
plastic bags pending analysis.

The subsamples of feed offered and refusal were ground
to pass through a 1 mm sieve screen and were ready for

for16 hours before each weighing [18]. The weight of sheep
was taken using a personal digital balance by caring each
sheep with known weight of an individual person and then
subtracting the weight of the person from the total weight.
The initial and final live weight of the experimental animals
were used to determine the weight change during the 90-day
feeding period. Average daily body weight gain was calcu-
lated as the difference between final and initial body weight
divided by the number of feeding days. Feed conversion
efficiency (FCE) is the measure of feed utilization how ef-
ficient the lambs were converting the feed into meat and
calculated according to the following formula [19]:

feed conversion efficiency = averagedailylive weight gain (g)

average daily feed intake (g)
(1)

2.4.3. Digestibility Trial. The digestibility trial of the treat-
ments diets was conducted using all experimental animals at
the end of the feeding trial for ten days. The experimental
animals were allowed to adapt harnessing of faecal collection
bags for three days before data collection. The actual data
collection was done for seven days. The daily feed offered
and refused and faecal outputs were measured for each
animal based on DM basis. Dry matter of the faecal output
was determined daily. Representative faecal samples (10%
from total faecal production) were dried at 65°C for 72 hours
to constant weight in a forced draft oven for dry matter
determination. At the end of the collection period, the
subsamples of partially dried faeces were pooled from each
animal, and 10% subsample was ground to pass through a
Imm sieve and stored in an airtight polyethylene bag
pending analysis. The chemical analysis was undertaken at
the animal nutrition laboratory of Holeta Agricultural Re-
search Center. Apparent digestibility of DM, OM, CP, NDF,
and ADF was determined as a percentage of the nutrient
intake not recovered in the faeces using the following
equation [20]:

nutrient intake — nutrient in feaces

—— % 100. (2)
nutrient intake

chemical analysis. Offered and refusal samples of feed were
dried at 105°C overnight in a forced draft oven for DM
determination, while the ash content was determined by
burning/igniting feed samples in a muffle furnace at 550°C.
The DM, ash, and organic matter contents of the feed
samples were determined following the procedure of AOAC
[21]. The N content of the samples was determined
according to the micro-Kjeldahl method [21], and the crude
protein (CP) was calculated as N#6.25. Neutral detergent
fiber (NDF), acid detergent fiber (ADF), and acid detergent
lignin (ADL) were determined according to the procedure of
Van Soest and Robertson [22].
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TaBLE 1: Proportion of different feed ingredients to formulate the experimental diets.
Supplement (g/day) DM basis
Treatments Description PP (g/day) Tot supp. (g/day/h)
RGH GMG NSC DMLM DVLM  Salt
T1 100% concentrate mix Ad libitum 198 198 — — 4 400.0
T2 75% NSC+25% (DVLM + DMLM)  Ad libitum 198 148.5 43.5 35.8 4 429.8
T3 50% NSC+50% (DVLM + DMLM)  Ad libitum 198 99 87 71.5 4 459.5
T4 25% NSC+75% (DVLM + DMLM)  Ad libitum 198 49.5 130.5 107.3 4 489.3
T5 100% (DVLM + DMLM) Ad libitum 198 — 174 143 4 519.0

T =treatment; RGH = Rhodes grass hay; GMG = ground maize grain; NSC = noug seed cake; DVLM = dried Vernonia leaf meal; DMLM = dried mulberry leaf

meal; g=gram; h =head (sheep).

2.5. Data Analysis. The data obtained on feed and nutrient
intakes, digestibility, and body weight change were subjected
to analysis of variance (ANOVA) using the general linear
model procedures of the statistical analysis system [23].
Duncan’s multiple range tests were used for mean separation
that was found to be statistically different at the 5% significant
level. The statistical model used for the analysis of data is

(3)

where Y;; = response variable, 4 = overall mean, T; = treatment
effect, B;=block effect, and E;; = random error.

Yij:y+ Ti+Bj+E,-j,

3. Results

3.1. Chemical Analysis of Experimental Feeds and Treatments.
The chemical compositions of the experimental feed ingre-
dients and treatment diets used in the present study are
tabulated in Table 2. The Rhodes grass hay used as a basal diet
in the current study was poor in quality. The crude protein
content of the refusal hay was lower compared to the offered
grass hay. The CP concentrations of the dried mulberry leaf
meal (DMLM) and dried Vernonia leaf meal (DVLM) were
lower than noug seed cake. Mulberry leaf meal had lower
NDF than Vernonia leat meal, whereas both had similar ADF.

3.2. Feed Intake. The mean daily DM intake of feeds, total
DM, and nutrient intakes of growing Bonga lambs during 90
days of an experimental period are presented in Table 3. The
lambs allotted in treatments T1 and T2 consumed all
quantities of supplement offered without refusal during the
entire experimental period. Significant differences (P < 0.01)
were observed among treatments in daily hay DM and total
DM intakes. Intake of Rhodes grass hay dry matter was
significantly different (P < 0.01) among treatments. The basal
diet intake for lambs fed in T2 (325.9 g/day) observed the
highest value, whereas T5 showed the lowest value (228.1 g/
day). The statistically differences (P < 0.01) of basal diet intake
of lambs were described as T1=T3=T2>T4> T5. Total dry
matter intake (TDMI) of sheep receiving T1, T2, T3, and T4
was significantly higher (P <0.01) than T5. Total organic
matter intake of sheep allotted in T5 was significantly lower
than sheep assigned in the rest four treatments, and the trend
was also similar with organic matter (OM) intake and esti-
mated metabolisable (EME) intake. The CP intake of sheep
grouped in the noug seed cake inclusion was significantly
higher than sheep allotted in mulberry and Vernonia mixed

TaBLE 2: Chemical compositions of experimental feed ingredients,
treatments diet, and offered and refused hay.

Chemical compositions (%), DM

Sample description
DM OM CP Ash NDF ADF ADL

Feed ingredients

Hay offered 931 903 79 9.7 748 468 6.4
Mulberry leaf meal 92.1 83.3 185 16.7 28.6 266 7.4
Vernonia leaf meal 91.0 87.6 22.5 125 46.0 26.0 49
Ground maize 87.6 943 83 58 153 42 20
grain
Noug seed cake 92.3 909 324 9.0 316 227 61
Treatments diets
offered
T1 89.9 942 198 58 235 135 3.6
T2 89.8 922 189 7.8 249 147 64
T3 89.9 90.6 179 94 262 159 5.6
T4 90.1 90.3 16.7 9.7 273 169 7.3
T5 90.0 89.5 15.8 10.5 283 178 8.1
Hay refusal
T1 929 909 44 90 765 516 8.8
T2 928 91.5 45 85 784 532 89
T3 929 914 47 86 77.41 524 8.6
T4 92.7 90.7 43 93 775 524 89
T5 92.7 914 39 8.6 78.0 5312 8.9

DM: dry matter; OM: organic matter; CP: crude protein; NDF: neutral
detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin;
T1=Rhodes grass hay ad libitum+100% concentrate mix; T2 =Rhodes
grass hay ad libitum +75% noug seed cake (NSC) and 25% dried mulberry
and Vernonia mixed leaves’ meal; T3 =Rhodes grass hay ad libitum + 50%
NSC and 50% dried mulberry and Vernonia mixed leaves’ meal;
T4 =Rhodes grass hay ad libitum +25% NSC and 75% dried mulberry and
Vernonia mixed leaves’ meal; T5=Rhodes grass hay ad libitum +100%
dried mulberry and Vernonia mixed leaves’ meal.

leaf meal treatments (T5). Significantly lower (P < 0.001) ash
and ADL intake were observed on sheep assigned in T1 than
in T2, T3, T4, and T5. Higher NDF intake was recorded in
sheep maintained on treatments containing different pro-
portions of NSC than sheep fed T5.

Trends of total dry matter intake (TDMI) over the ex-
perimental period are illustrated in Figure 1. Total dry matter
intake increased with advancing feeding periods.

3.3. Apparent Dry Matter and Nutrient Digestibility. The
apparent DM, OM, CP, NDF, and ADF digestibility per-
centage of experimental feeds are presented in Table 4. The
apparent DM and OM digestibility percentages of T5 were
significantly different (P <0.05) and lower than the rest of
treatments. The apparent CP digestibility percent value of T1
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TaBLE 3: Mean daily dry matter and nutrient intake of growing Bonga lambs fed on Rhodes grass hay basal diet and supplemented with dried
mulberry and Vernonia mixed leaves’ meal substituting noug seed cake of concentrate mix at different levels.

Treatments
Intake (g/day) SEM SL
Tl T2 T3 T4 T5
Hay DM 322.8% 325.9° 323.3% 294.1° 228.1¢ 9.41 o
Supplement DM 400.0 429.8 4481 465.6 414.7 — —
TDMI 722.8° 755.7% 771.4% 759.72° 642.8¢ 13.34 **
TDMI (%BW) 2.9 3.1 3.2 3.1 2.8 0.12 ns
TDMI (g/kgW®”*/day) 64.8° 68.2° 70.6* 69.5" 60.9 2.24 :
Total nutrient intake
OM 668.3° 689.1° 697.9° 686.1° 577.1° 12.06 **
CP 104.72° 106.8° 105.8° 100.9° 88.2¢ 1.48
EME (M]/kg DM) 10.0° 10.2° 9.9 10.2° 8.3 0.25
Ash 54.5° 64.9° 73.5% 73.7% 65.7° 1.32
NDF 335.5% 350.1° 359.3% 347.3% 288.1° 8.05 **
ADF 204.9° 215.3%° 222.6° 216.4%° 180.6° 5.03 s
ADL 35.1° 48.3° 45.8° 52.8° 48.2° 0.92

3><Mean values with different superscripts within a row are significantly different at * = (P < 0.05), ** = (P < 0.01), and *** = (P < 0.001). DM: dry matter; OM:
organic matter; CP: crude protein; EME: estimated metabolisable energy; NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin;
TDMI: total dry matter intake; SEM: standard error of the mean; SL: significant level; ns: nonsignificant. T1 = Rhodes grass hay ad libitum + 100% concentrate
mix; T2 = Rhodes grass hay ad libitum + 75% noug seed cake (NSC) and 25% dried mulberry and Vernonia mixed leaves’ meal; T3 = Rhodes grass hay ad
libitum + 50% NSC and 50% dried mulberry and Vernonia mixed leaves’ meal; T4 = Rhodes grass hay ad libitum +25% NSC and 75% dried mulberry and
Vernonia mixed leaves’ meal; T5=Rhodes grass hay ad libitum +100% dried mulberry and Vernonia mixed leaves’ meal.

~ 900 -
5 850 -
32 800 -
£ 700 A
S 650 -
2 600
E 550 -
= 500 . . . . . . . .
10 20 30 40 50 60 70 80 90
Experimental period (days)

—— T1 T4

—m— T2 —x— T5

—a— T3

FIGURE 1: Trends of total DM intake during the experimental
period of Bonga lambs fed on Rhodes grass hay basal diet and
supplemented with dried mulberry and Vernonia mixed leaves’
meal substituting noug seed cake of concentrate mix at different
levels. T1=Rhodes grass hay ad libitum +100% concentrate mix;
T2 =Rhodes grass hay ad libitum + 75% noug seed cake (NSC) and
25% dried mulberry and Vernonia mixed leaves’ meal; T3 = Rhodes
grass hay ad libitum+50% NSC and 50% dried mulberry and
Vernonia mixed leavess meal; T4=Rhodes grass hay ad
libitum + 25% NSC and 75% dried mulberry and Vernonia mixed
leaves’ meal; T5=Rhodes grass hay ad libitum+100% dried
mulberry and Vernonia mixed leaves’ meal.

(81.8%) was the highest, whereas T5 (73.9%) showed the
lowest. The digestibility of NDF was significantly (P < 0.001)
different among the experimental diets where T1 showed the
highest digestibility.

3.4. Body Weight and Feed Conversion Efficiency. Mean
values of initial body weight, final body weight, body weight
change, average daily gain, and feed and protein conversion
efficiencies (FCE and PCE) of experimental animals are

TABLE 4: Percentages of apparent DM and nutrient digestibility of
experimental diets fed to growing Bonga lambs with Rhodes grass
hay basal diet.

. o Treatments
Digestibility (%) SEM SL
T2 T3 T4 TS

DM 70.8* 68.8° 69.1° 67.9° 644> 125 *
oM 73.8° 71.5* 70.94* 703 66.8° 122 **
Cp 81.8° 78.6° 77.8% 7474 7399 116 ***
NDF 752 63.8° 63.6° 62.7° 60.1° 1.55 ***
ADF 479 480 509 495 415 285 ns

+bedMean values with different superscripts within a row are significantly
different at * = (P <0.05), ** =(P<0.01), and *** =(P <0.001). DM: dry
matter; OM: organic matter; CP: crude protein; NDF: neutral detergent
fiber; ADF: acid detergent fiber; SEM: standard error of the mean; SL:
significant level; ns: nonsignificant. T1=Rhodes grass hay ad
libitum + 100% concentrate mix; T2 = Rhodes grass hay ad libitum + 75%
noug seed cake (NSC) and 25% dried mulberry and Vernonia mixed leaves’
meal; T3 = Rhodes grass hay ad libitum + 50% NSC and 50% dried mulberry
and Vernonia mixed leaves’ meal; T4 = Rhodes grass hay ad libitum +25%
NSC and 75% dried mulberry and Vernonia mixed leaves’ meal;
T5=Rhodes grass hay ad libitum +100% dried mulberry and Vernonia
mixed leaves’ meal.

shown in Table 5. There were significant differences
(P<0.01) among treatments on body weight changes
(BWC) and average daily weight gain (ADG). Thus, sheep in
T1, T2, T3, and T4 had higher (P<0.05) body weight
changes than sheep received in T5, but T1, T2, T3, and T4
had no significant difference in terms of BWC and ADG.
There was no significant variation observed in feed con-
version efficiency (FCE) and protein conversion efficiency
(PCE).

The trend of body weight change of experimental ani-
mals across the feeding period is shown in Figure 2. The
body weight change over the 90 days of feeding period
showed an increment trend.



TaBLE 5: Growth performances of Bonga lambs fed on Rhodes grass
hay basal diet and supplemented with dried mulberry and Vernonia
mixed leaves’ meal substituting noug seed cake of the concentrate
mix at different levels.

Treatments
Parameters SEM SL
T1 T2 T3 T4 T5
IBW (kg) 20.84 20.98 20.83 20.95 20.94 0.28 ns
FBW (kg) 28.74 28.36 28.34 27.72 2598 0.67 ns
BWC (kg) 7.90° 7.38 7.51*° 6.77° 5.04° 049 **

ADG (g/d/head)  87.7° 82.0° 834" 752% 56.0° 545 **

FCE (ADG/daily

TDMI) 012 011 011 009 008 000 ns
gcpf) (ADG/daily 29 073 075 069 058 005 ns

* ®Mean values within a row with different superscripts are significantly
different at ** = (P <0.01); SEM: standard error of the mean; SL: significant
level; ns: nonsignificant; IBW: initial body weight; FBC: final body weight;
BWC: body weight change; ADG: average daily gain; FCE: feed conversion
efficiency; PCE: protein conversion efficiency. T1 =Rhodes grass hay ad
libitum + 100% concentrate mix; T2 =Rhodes grass hay ad libitum +75%
noug seed cake (NSC) and 25% dried mulberry and Vernonia mixed leaves’
meal; T3 = Rhodes grass hay ad libitum + 50% NSC and 50% dried mulberry
and Vernonia mixed leaves’ meal; T4 = Rhodes grass hay ad libitum +25%
NSC and 75% dried mulberry and Vernonia mixed leaves’ meal;
T5=Rhodes grass hay ad libitum +100% dried mulberry and Vernonia
mixed leaves” meal.
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FIGURE 2: Trends in body weight changes of growing Bonga lambs
fed on Rhodes grass hay basal diet and supplemented with dried
mulberry and Vernonia mixed leaves’ meal as a substitute to NSC of
concentrate mix during the 90-day feeding period.

3.5. Regression Analysis of Protein Intake and Daily Weight
Gain. The functional dependence of daily weight again and
daily protein intake of Bonga lambs fed on experimental
diets is illustrated in Figure 3. Linear regression of daily
protein intake versus daily weight gain was used to predict
the weight performance of the animals.

4. Discussion

The high CP content of mulberry and Vernonia leaf meals
indicates their high potential as a protein supplement diet
for poor-quality roughage feed. The refusal hays contained
lower crude protein and higher fibers (NDF, ADF, and ADL)
as compared to offered hay indicating that more steamy and
unpalatable part of refusals[24]. The lower crude protein and
high fiber (NDF, ADF, and ADL) contents of the hay refusals
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FIGURE 3: Linear regression relationship of daily body weight gain
and protein intake of growing Bonga lambs fed on Rhodes grass hay
basal diet and supplemented with dried mulberry and Vernonia
mixed leaves’ meal as a substitute to noug seed cake at different
levels.

than hay offered indicating occurrence of selection of the leaf
part which are more palatable of the hay. The CP contents of
noug seed cake (NSC) and ground maize grain in the present
study were 32.4 and 8.3%, respectively. The CP content of
NSC was comparable with 31.6% reported by Seid [25] and
slightly lower than 33.3% reported by Dereje [26] and 33.4%
by Gebru et al. [27]. The differences in the CP content of
NSC may arise from variations in production management
practices, agroecologies, soil conditions, and the efficiency of
processing method employed [28].

The crude protein concentration of the dried mulberry
leaf meal (DMLM) used in the present study was 18.5% and
within the range of 15-30% reported by Boschini [28]. This
CP value was higher than the values 15.2, 15.3, and 16.2%
reported by Dereje [26], Yirga et al. [29], and Mitiku [30],
respectively. The NDF content of dried mulberry leaves in
the present study was 28.6% which is below 45% NDF
grouped as high-quality feed [31]. The NDF content was
lower than 32.9, 36.7, and 39.5% reported by Gebru et al.
[27], Yirga et al. [29], and Dereje [26], respectively. The ADF
content was within the range of 20.8-35% reported by Singh
and Makkar [31]. The ADL content of dried mulberry leaves
of the present study (7.4%) was higher than 4.6% reported by
Mitiku [30] but lower than 11.8% and 11.1% reported by
Dereje [26] and Yirga et al. [29], respectively. Generally, the
difference in the nutritional composition of mulberry leaves
might be due to variety, growing condition, phenological
stage of the plant, age of the plant, and the leaf at harvest
[31, 32]. The CP used in the present study was 22.5%. The
high CP content of the dried Vernonia leat meal (DVLM)
indicates its high nutritive value and potential as a protein
supplement to poor-quality roughages. This CP value is
nearly similar with 22.6% reported by Woyessa et al. [33],
but higher than 21.5 and 19.2% reported by Takele et al. [10]
and Owen and Amakiri [34]. The current value of DM, ash,
and ADL was comparable with 91.7, 4.7, and 5.06%, but the
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values of NDF and ADF were higher than the values re-
ported by Woyessa et al. [33]. Vernonia leaves had higher
NDF content (lower soluble carbohydrate content) than
dried mulberry leaves.

The basal diet intake decreased with increasing the
substitution levels of dried mulberry and Vernonia mixed
leaves meal in T4 and T’5 probably due to the bulkiness of the
mixed leaves’ meal contributing to the gut fills. Additionally,
sheep supplemented with NSC mixtures showed greater
basal intake than sheep fed with sole dried mulberry and
Vernonia mixed leaves’ meal which could be due to the high
rate of digestion of diets containing NSC as compared to sole
mixed leaves’ meal [31].

Total dry matter intake (TDMI) and OM intake of sheep
receiving T1, T2, T3, and T4 were significantly higher than
T5. This might be due to that treatments containing NSC had
reduced rumen retention time by increasing the outflow rate
and stimulating the intake than sole mulberry and Vernonia
mixed leaves’ meal. Moreover, the physical and chemical
characteristics of the feed can positively or negatively affect
the intake [35]. The observed increase in DM and OM as a
result of increasing the level of substitutions of mulberry and
Vernonia mixed leaves’ meal up to 75% in the present in-
vestigation agrees with the finding of Kedir [36] who noted
greater DM and OM intakes of diets comprising Vernonia
supplement in growing Somali goats fed with Catha edulis
leftover. The total dry matter intake of sheep in the present
study ranged 642.8-771.4g/day and was higher than
480-498 g/day DM intake reported by Mulat [37] for local
lambs fed on finger millet straw basal diet and different levels
of concentrate supplements and comparable to
671.7-754.3 g/day reported by Teklu [38] for Arsi-Bale sheep
ted on Faba bean straws with concentrate, but lower than
681.6-809.3 g/day reported by Animut and Adem [39] for
Dorper x Afar F1 sheep fed on Rhodes grass hay supple-
mented with alfalfa, lablab, and Leucaena leucocephala and
concentrate mixtures. The observed variations in dry matter
intakes could be attributed to animal factor, body weight,
environmental condition, diet composition, and quality
[40].

The total dry matter intake (TDMI) in the present study
ranged from 2.8 to 3.2% BW. The values were slightly higher
than 2.8-3% reported by Teklu [38] for Arsi-Bale sheep fed
on Faba bean straws with 300 g/day concentrate mix (noug
seed cake and wheat bran) and lower than 3.25-4.29% BW
reported by Yulistiani et al. [41]. Sheep which received T2,
T3, and T4 statistically showed higher (P < 0.05) DM intake
per unit of metabolic body weight (g/kgW’’*/day) than
sheep in T5, but similar with T1. The variation in CP intake
observed in the present study might be due to the differences
in hay and supplement intakes. The total crude protein
intake of the experimental animals in the present study
ranged from 88.2 to 106.9g/day. The crude protein value lies
between 81.1 and 121.6 g/day supplemented for Arsi Bale
sheep breed fed on Faba bean haulms [42].

In the present study, the lower total NDF intake of
lambs in T5 could be attributed to the lower total DM
intake of lambs receiving T5 compared to the rest of the
treatments. The ADF intake of lambs significantly varied

(P<0.01) among treatments. The highest ADF intake of
lambs in T3 and the lowest in T5 might be due to high
retention time of the undigested fiber content of feed in
T5 which attributed to the lowest ADF intake. Statistically
similar ADF intake was recorded between lambs in T2
and T4. The result of this study showed that increasing the
substitution level of dried mulberry and Vernonia mixed
leaves’ meal for NSC up to 75% significantly increases the
TDMI of the sheep as compared to the control group.
However, the intake of the basal diet for sheep in T2, T3,
and T4 was not significantly different with the intake in
T1, but higher than T5.

The higher estimated metabolisable energy (EME) intake
of sheep in T1, T2, T3, and T4 compared to sheep in T5 in
this study could be associated with the higher content of
NDF in T5 that resulted in lower metabolisable energy
intake. The EME intake (8.3-10.2 MJ/day) in this experiment
was higher than 6.2-8.5M]J/day for the maintenance and
growth requirements of sheep with 20-30 kg live weight [16].
This difference might be due to variations in breed, feed, and
other factors.

Total dry matter intake increased with advancing feeding
periods. This might be associated with increment in live
body weight of experimental animals, which resulted in
increased feed intake to satisfy nutrient requirement of the
animal. The nutrient requirement of growing animals
changes throughout the growing period in direct response to
the changing needs of the individual organs and systems
making up the whole animals [43]. The daily feed intake of
sheep grouped in all treatments increased as the days of the
feeding trial progressed.

The lower apparent DM and OM digestibility for sheep
in T5 might be attributed to the higher NDF and ADF
content in dried mulberry and Vernonia leaves as com-
pared to NSC (see in Table 3). The result of the present
study indicated that substitution of NSC protein with the
dried mulberry and Vernonia leaf mixture up to 75% level
(T4) did not affect the apparent digestibility of DM and
OM. The higher CP digestibility with control (T1) and
75% level of NSC (T2) could be due to higher CP contents
(see in Table 3) since high CP intake is usually associated
with better DM digestibility [40]. The CP digestibility
percent values observed in this study ranged from 73.9 to
81.8% which were higher than the digestibility values
(68.2-71.9%, 73.8%) reported by Mitiku [30] and Tesfay
et al. [44] for substitution of concentrate mix (noug seed
cake and wheat bran) with dried mulberry leaf meal for
Tigray lambs. The variation in CP digestibility might be
due to the nutritional composition of the feed and animal
type.

The level of apparent digestibility of diets in this study is
an indication of improvement of digestibility of DM and
nutrients of fibrous feed (hay) achieved due to supplements.
McDonald et al. [40] supported that supplementation with
forage legumes increased the digestibility of poor-quality
roughages by promoting high microbial population by
enhancing rumen fermentation process. Hence, based on the
current study, dried mulberry and Vernonia mixed leaf meal
was comparable to the concentrate mix in terms of diet



digestibility and can be preferably used as a substitute to
noug seed cake.

The final body weight of all experimental animals was
increased during the feeding period for all treatments with a
similar trend as total dry matter intakes. This result agrees
with the report of Yulistiani et al. [41] who found that
supplementation with mulberry as concentrate replacer had
no significant effect on the final weight of Pelibuey male
lambs. The differences in body weight change and daily body
weight gain among treatments in the current study could be
due to the differences in the amount of daily DM intake and
digestibility of the feed intake [20]. Sheep which received T5
(100% DVLM and DMLM) had lower total body weight
change (5.04kg), and this value was slightly higher than 5.0
kg and lower than 6 kg as reported by Yirga et al. [29] that
body weight change for local sheep fed with dried mulberry
leaves at 1.5 and 2.5% body weight, respectively. Sheep fed
with T5 had the lowest ADG, whereas sheep in T1 had the
highest ADG. The variation in ADG might be resulted from
sheep supplementation with NSC that had better DM and
OM intake and nutrient digestibility than in T5. The level of
intake and digestibility of experimental diets could deter-
mine animals’ performances [35].

Furthermore, this difference might also be resulted from
the relatively higher bypass protein content in NSC than the
mulberry and Vernonia leat mixture. Alemu and Merkel [6]
in their study on evaluation of supplement feeds indicated
that feeds such as oilseed cakes have large proportion of the
protein bypasses to the small intestine without being sol-
ubilized in the reticulorumen, and this improves use of
dietary protein more efficiently. The above authors also
agreed that crude protein from forage legumes has inter-
mediate rumen solubility. The values for ADG observed in
the current study ranged 56.0-87.7 g/day and were higher
than the values 51.9-70.7 g/day/head reported by Gebru
et al. [27], who did substitution of concentrate mix with
dried mulberry leaves in the diets of Abergelle sheep, and
higher than 52-67 g/day for dried mulberry leaf supple-
mentation for local sheep in Wollo area reported by Yirga
et al. [29]. In contrary, the ADG observed in this study was
lower than 93.8 g/day reported by Woyessa et al. [33] for
Horro sheep supplemented with 450 g/day ground Vernonia
leaves and ground sorghum grain mixtures. This result
indicates that mulberry and Vernonia mixed leaves’ meal can
be replaced up to 75% NSC in sheep feeding strategy to
mitigate the cost of feeding at smallholder farmers’ level
where mulberry and Vernonia trees are available. No dif-
ferences were observed in feed conversion efficiency, indi-
cating similarity in the age of the experimental animals,
breed, and condition in which the animal was kept. This is in
agreement with the finding of Woyessa et al. [33] for Horro
sheep supplemented with different levels of ground Ver-
nonia leaves and ground sorghum grain mixtures and Gebru
et al. [27] for substitution of concentrate mix with dried
mulberry leaves for Abergelle sheep. The present study has
also showed no significant difference (P> 0.05) in protein
conversion efficiency due to the treatment diets. The values
for body weight change trends of T5 were lower compared to
other treatments throughout the experimental period, which
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is consistent with the trend observed for dry matter intake.
The regression graph tended to show that, for every one
gram unit increase in protein intake, there was 1.56 g unit
body weight gain of the experimental animal.

5. Conclusion and Recommendation

The current study indicates the substitutions of noug seed
cake crude protein up to 75% dried mulberry and Vernonia
mixed leaves’ meal resulted in optimum performances in
terms of feed intakes, digestibility of feeds, and growth
performances of Bonga sheep. This study also highlights the
positive potential of the dried mulberry and Vernonia leaves’
mixture as a supplement to ruminants on a basal diet of
fibrous feed. Therefore, considering the current availability,
access, and cost of conventional concentrates and agro-
industrial byproducts, using such browse trees in areas
where they are available as an option of supplement regime
in ruminant animal feeding is highly recommended. Veri-
fying, demonstrating, and promoting the recommendation
of this study to farmers are very important. Moreover, their
potential year round availability of these fodder trees and
their antinutritional content need additional study.
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