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Abstract: Bio-mass yield (BMY), chemical composition, in-vitro organic matter digestibility(IVOMD) and gas
production (GP), metabolizable energy (ME), methane and short chain fatty acid (SCFA) productions of
Mulberry (Morus alba.) plant fractions (leaf, stem edible branch and whole plant) harvested at three cutting
stages were evaluated. The plants were harvested at 6,8 and 10 months after planting which was denoted as
stage 1,2 and 3 respectively. Among morphological fractions the highest (p<0.05) dry matter yield was for stem
while the lowest (p<0.05) was for edible branch. The DM yield increased (p<0.001) with increasing stage of
maturity for all fractions. The CP content decreased (p<0.001) with increasing stage of maturity for leaf and
edible branch. The neutral detergent fiber (NDF) content for stage 1 and 2 was lower than stage 3 for leaf, edible
branch and whole plant. The acid detergent fiber (ADF) for stage 1 in leaf was lower than that of stage 2 and
3. The IVOMD of leaf and whole plant was similar for stage 1 and 2 which was significantly higher than the third
cutting stage. For edible branch and stem IVOMD decreased (p<0.001) with increasing stage of maturity. The
highest (p<0.05) gas production was from leaf while the lowest was for stem. Gas production from immediately
soluble fraction (a) showed lower and negative value among plant fraction except whole plant. Gas production
from insoluble but degradable fraction and the potential gas production (a+b) was highest (p<0.05) for edible
branch while the lowest (p<0.05) was for stem. The IVOMD, ME and SCFA decreased (p<0.05) with increasing
stage of maturity. Methane production from leaf decreased with increasing stage of maturity at 24 hours of
incubation. The highest amount of methane production was from leaf and whole plant at first and second stage
of cutting. High CP and IVOMD and low fiber content for Mulberry leaf indicate that it could serve as protein
supplement and the other fractions of mulberry is also use as alternative feed resources for low quality forages.
First cutting stage is recommended as the right stage to obtain optimum protein content and digestibility. On
the other hand to obtain optimum bio-mass yield, the third cutting stage is a good stage for harvesting. Further
feeding trial is recommended by authors to verify the quality of the leaf on local Arsi-Bale sheep breed.
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INTRODUCTION Improved   animal   health   and   parasite   control,

Animal feeds in terms of quantity and quality is major emphasis must  be  placed  on   providing   better
essential for body weight  gain,   milk   production, and quality nutrients [1].  Crude   protein   (CP),   dry
efficient reproduction   and   high   profits.   A   major matter digestibility (DMD), metabolizable energy (ME)
factor in increasing livestock productivity is through and fiber content are often used as indicators of forage
feeding balanced nutrients and the required amount. quality.

breeding and management will also be important, but a
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Maturity stage at harvest is the most important factor evaluate effect of stage of maturity on biomass yield,
determining   forage     quality    of   a   given   species  [2]. chemical composition, digestibility, in-vitro gas
Moreover maturity stage had great effects on chemical production, short chain fatty acids, methane productions
composition. Protein content and soluble sugars in leaves and metabolizable energy content of mulberry plant
decrease with the maturity of leaves [3], while fat, ash, harvested at three cutting stages. 
neutral detergent fiber ( NDF) and acid detergent lignin
(ADL) constituents’ increase with maturity [4]. Leaves are MATERIALS AND METHODS
higher in quality than stems and the proportion of leaves
in forage declines as the plant matures. The predominance Description of the study area: The study was conducted
of the stem with the advancing maturity results in an in Hawassa Agricultural Research center situated in
increase in crude fiber, lower levels of fermentable southern regional state which is 275km from Addis Ababa
carbohydrates and protein and poor digestibility [5]. Ethiopia. Hawassa Agricultural Research Center is found
Forage consumption by animals is also influenced by in the geographic extent that ranges from 07° 03’ 19.1’’ to
maturity at harvest; as plants mature and become more 07° 04’ 00.2’’ north latitude and from 38° 31’ 08’’ to 38 °
fibrous, intake potential decreases and also the rate at 31’ 01.8’’ east longitude. It has an undulating topography
which fiber is digested slows. Dry matter (DM) intake and with altitude ranging from 1695 to 1713 m.a.s.l. It receives
in-vitro dry matter digestibility (IVDMD) of leaf is also mean annual rainfall of about 948 mm. It has a bimodal
decreased with increasing of maturity [5]. This is because rainfall pattern extending from March to September. Its
fiber is more difficult to digest than the non-fiber mean annual maximum and minimum temperatures are
components of forage. 27.3°C and 12.6°C, respectively. It is endowed with 200-

Forage yield and quality are influenced by various 240 consecutive length of growing period (LGP) and a
factors such as environmental and soil conditions, tepid to cool sub humid (SH) agro-ecology [10]. The soil
species, stage of growth, leaf to stem ratio, diseases and type of the farm is Vitric Andosols with 80-152 cm depth
pests and plant chemical composition [6]. The production and its slope ranges from 0-2%. The soil is slightly acidic
of leaf and total dry matter per hectare of mulberry to neutral with top soil (0-30 cm) pH values ranging
depends on the variety, location, plant density, between 6.4 and 6.9 [11].
harvesting season and cutting frequencies [3 -5]. Climate
(moisture and solar radiation) and soil fertility are Planting Materials and Experimental Designs: Stalks
determining factors on productivity.   In   this   regard,  the were collected from cultivated Mulberry (Morus a.) plant
result of Azim et al. [7] reported earlier  indicated  that  the from research center. Experimental fields were hand dug
CP value of mulberry leaf is higher in spring than winter three times and plots (2.1m x 1.4m) were prepared and
season. Another study showed that the nutritional value arranged in a randomized complete block design (RCBD)
of mulberry leaves is higher at mid-stage in spring and at against slope gradient of the land. Plots were arranged in
early stage in autumn [8]. There is also evidence that, three blocks each with 3plots in a row. Space between
increasing intervals between harvests significantly plots and rows was 70cm and planting were established in
increased the fresh and DM yields of plant fractions of 3 rows on each plots. Four stalks with 50cm length were
mulberry [5]. The same source further noted that delayed planted 70cm apart from each other in a rows. Planting of
harvesting resulted in higher yields and greater plant stalks was carried in August 2015. Irrigation was done
persistence, but associated with marked reduction in the every three days during rain fall shortage period and also
leaf: stem ratio and CP content and a corresponding weeding was done to maintain uniform establishment and
increase in lignification's. Rumen degradable protein production of plant until the end of data collection.
(RDP) is also found to decrease with the increasing
maturity [4]. However, yields (dry matter content) are Data Collection and Sampling Procedure: After 6, 8 and
higher in late development stages compared with early 10months the 1 , 2  and 3  cuttings were collected
growth stages [9]. Understanding the growth stage of respectively. For each cutting three plots, one plot from
forage plants in general is important for making good each block was randomly selected. The whole plants in
management and harvesting time decisions. There is little the plots were harvested and fractionated into the leaf,
information available which assess the effects of stage of edible branch and stem which were weighed separately to
maturity on biomass yield, chemical composition, in vitro determine fresh and dry biomass yield. Sub-sample of
digestibility and gas production of Mulberry (Morus a.) each fraction of the plant was taken from each cutting
in   Ethiopia.   Therefore,   this   study   was   designed   to stages separately and brought to laboratory by using

st nd rd
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plastic bags. Dry matter content of the sample was and 96h of incubation. The gas production characteristics
determined after oven drying at 105 C overnight. Samples were estimated by fitting the mean gas volumes to theo

for chemical analysis were dried at 65 C for 48hr and exponential equationO

ground to pass through 1mm sieve size for chemical
analysis, in-vitro digestibility and in-vitro gas G = a + b (l-e )
production.

Chemical Analysis:- Dry matter (DM), ash, ether extract G = The gas volume of gas produced (ml/200mg OM)
(EE), crude protein (CP), neutral detergent fiber (NDF), at time t, 
acid detergent fiber (ADF) and acid detergent lignin a = The gas production from the immediately soluble
(ADL) were analyzed according to standard procedures fraction (ml),
[12, 13]. b = The gas production from the insoluble but

In vitro Digestibility Experiment:  for determination of in a + b = is the potential gas production (ml) and 
vitro organic matter digestibility rumen fluid was collected
from two rams by inserting suction rumen tubes into the
rumen before morning feeding and added into a pre-
warmed thermos flask [14]. The fluid was strained through
double layers of cheese cloth and added into a Jar.
McDougall’s buffer solution was prepared and 0.889G24 + 0.45CP [15] where:- OMD = organic matter
approximately 0.5 gram of milled forage sample was
weighed and sealed into fiber bags. The buffer solution
with rumen fluid and 26 bags (24bags containing feed
sample and 2bags without feed samples) were incubated
in each jar for 48h at 39°C. Fermentation was stopped after
48h and acidified pepsin was added. Then bags were
incubated in a Jar for another 48h at 39°C. The contents
were then filtered and the residue dried and weighed.
After drying, residue was ashed. In vitro ruminal organic
matter digestibility (IVOMD) was determined as the
quantity of organic matter (OM) lost during fermentation
and subsequent pepsin digestion.

In vitro Gas Production: for determination of in-vitro gas
production was analyzed according to the procedure of
Menke and Steingas [15]. Ruminal fluid was collected from
two rams by inserting suction rumen tubes into the rumen
before morning feeding and added into a pre-warmed
thermos flask [14]. The fluid was strained through double
layers of cheese cloth before added into glass syringe.
The syringes were pre-warmed at 39°C  before   addition
of 30ml of buffer mixture and rumen liquor into each
syringe. McDougall’s buffer solution was prepared and
about 200 mg of dry sample was incubated with rumen
fluid in a calibrated glass syringe of 100 ml in duplicate.
The syringes were shaken gently 30 min after the start of
incubation and every hour for the first 10h of incubation.
Syringes with buffered rumen fluid without feed sample
were also included in duplicate as a control. All the
syringes were incubated in a water bath maintained at
39°C. Gas production was recorded after 3, 6, 12, 24, 48, 72

-ct

where:

degradable fraction (ml),

c = the rate constant of gas production (fraction/h)
[16].

Organic  matter   digestibility   (OMD)   was
calculated from the equation:- OMD (%) = 14.88 +

digestibility at 24 hours; CP=Crude protein content of
feed samples and G24 = G24= Gas production value
(ml/200mg) at 24hrs of. Metabolizable energy (ME) was
calculated from equation: ME (KJ/gDM) = 2.2 +
0.136G24 + 0.057CP [15] where:- G24=Gas production
value (ml/200mg) at 24hrs of incubation; CP=Crude
protein content of feed samples. Short-chain fatty acids
(SCFA) were estimated as: SCFA = 0.0239G24 -
0.0601.[15]; where:- G24 = Gas production value
(ml/200mg) at 24hrs of incubation.

Measurement of Methane Production: Methane (CH )4

production after 24 and 72 hours of incubation was
measured by connecting lower end of syringe with
another small (20ml) syringe with a needle containing
4.0ml of NaOH (10M) which was then introduced latter
into incubated contents, thereby avoiding gas escape
[17]. Mixing of contents with NaOH allowed absorption of
CO  and volume remaining in syringe is considered to be2

CH . Net methane and gas productions were calculated by4

differences of methane and total gas in test syringe and
corresponding blank. Methane concentration was
calculated as net methane production/net gas production
[4].

Statistical Analysis: Statistical analyses were performed
using general linear model procedure of Statistical
Analysis System (SAS)[18]. The model used for analysis
was:

Yijk = µ + Ai + Bj + A* B(ij)+ e(ijk)
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where y is the parameter studied µ is overall mean, Ai is Table 2. The highest (p<0.05) ash content was recorded
fixed cutting stages (i=1,2,3), Bj is fixed plant parts for leaf (18.2%) during third cutting stage and lowest was
(j=1,2,3) and A*B(ij) is interaction between cutting stages for stem (4.47%). Ash from leaf in the current result is
and plant parts and e(ijk) is error term. Mean were higher than the result reported earlier for leaf and pods of
compared using least significance difference (LSD) and Acacia and prosopis [22]. Crude fat (EE) did not shown
significance was declared at p < 0.05. significant (p>0.05) difference among plant parts and

RESULTS AND DISCUSSION recorded from leaf at first cutting stage.

Effect of Cutting Stages on Forage Biomass Yield: Fresh first cutting and lowest from stem (4.16%) at third cutting
and dry matter yield of plant parts is presented in Table 1. stages. The CP content of mulberry leaf from first cutting
There was an increase (P<0.05) in biomass yield with an stage in this study was higher than results reported [23,
increase in harvesting stage. The highest fresh yield was 8, 46 and 24] earlier. However, it is comparable with the
from stem (59.9tone/ha) followed by leaf (47.9tone/ha) and result (26.06%) reported for different species of mulberry
edible branch (34.1tone/ha). Leaf production at the 3 harvested at 60 days of cutting interval [25] and lowerrd

cutting stage in the current study was higher than the than the 28.1-35.8% CP reported for Mulberry leaf
results reported earlier (10tonDM/ha/year) [19] and [20] harvested at 3-7week[5]. Crude protein content of edible
and close to results reported earlier (15 to 22 tons/ha/year) branch at third cutting stage presented in this study was
earlier [8] and it was lower than the result reported earlier in line with result reported earlier [24]. Crude protein
(20ton of DM/ha) for mulberry leaf harvested at the end of content recorded for stem in this study was lower than the
rainy season and beginning of mid dry season [21]. A dry 8.3% reported for mulberry harvested at 7  week of age
matter yield of 15.5ton/ha/year and 45.2ton/ha/year was [5].
also reported for edible leaves [19] and young stems [20]. Crude protein contents (20.28-26.5%) of mulberry leaf

Chemical Composition and in-vitro Organic Matter 30% reported for legume tree leaf [26] showings that
Digestibility (IVOMD): Effect of cutting stage and plant
parts on chemical composition and in-vitro organic matter
digestibility  of  cultivated  Mulberry plant is presented in

within each cutting stages. However, the highest EE was

The highest CP was recorded from leaf (26.5% ) at

th

in three cutting stages in the current study is within 12-

mulberry leaf could serve as an important protein sources.
The CP content in the leaf is above the recommended
minimum   requirements   for   lactation  (12%)  and growth

Table 1: Effects of cutting stages on fresh and DM yield of Mulberry 
Morphological fractions
--------------------------------------------------------------------------------------------------------------------------------------------------------

Yield Cutting stage Leaf Edible branch Stem SEM p-value
Fresh yield (g/plant) 1 413 207 835 54.0 <.0001cB cC cA

2 821 506 1217 87.6 0.0002bB bC bA

3 1174 836 1467 85.3 0.0003aB aC aA

SEM 77.13 43.1 100.4
p-vale <.0001 <.0001 0.0007

DM yield (g/plant) 1 128.1 71.7 318.1 20.22 <.0001cB cC cA

2 284.2 145.6 553.8 38.22 <.0001bB bC bA

3 343.9 349.3 784.6 31.79 <.0001aC aB aA

SEM 23.49 16.77 45.3
p-value <.0001 <.0001 <.0001

Fresh yield (tone/ha) 1 16.9 8.4 34.1 2.2 <.0001cB cC cA

2 33.5 20.6 49.7 3.59 0.0002bB bC bA

3 47.9 34.1 59.9 3.48 0.0003aB aC aA

SEM 3.1 1.77 4.1
p-value <.0001 <.0001 0..0008

DM yield (tone/ha) 1 5.2 2.93 12.9 0.84 <.0001cB cC cA

2 11.6 5.9 22.6 1.57 <.0001bB bC bA

3  14.03  14.3 32.0 1.29 <.0001aB aB aA

SEM 0.96 0.69 1.85
p-value <.0001 <.0001 <.0001

Different letters ‘’ ’’ in a row and ‘’ ’’ in a column shows significant (p<0.05) difference for each plant parts and cutting stages respectively SEM =ABC abc

Standard error of mean, P = probability
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Table 2: Chemical composition and organic matter digestibility of cultivated Mulberry (Morus a.) plant parts in different cutting stage
Chemical composition 
-----------------------------------------------------------------------------------------------------------------------------------------------

Plant part Cutting stages DM Ash EE CP NDF ADF ADL IVOMD
Leaf 1 93.4b 15.3c 3.11 26.5 a 25.6b 12.7b 4.95 86.9a

2 94.7a 16.7b 1.05 23.3b 27.6b 14.8a 6.60 84.7a
3 93.7b 18.2a 1.13 20.3c 35.7a 15.1a 7.58 75.9b
SEM 0.10 0.35 1.21 0.81 2.11 0.27 0.62 1.45
P-value 0.0017 0.0082 0.2968 0.0104 0.0332 0.0059 0.0526 0.0092

Edible branch 1 93.6c 7.46b 0.42 12.1a 53.0b 38.1 6.36 70.3a
2 94.6a 8.37a 0.56 10.3b 54.8ab 38.5 6.56 55.2b
3 94.4b 6.47c 0.88 8.16c 56.2a 39.3 7.29 48.9c
SEM 0.029 0.114 0.573 0.479 0.714 0.464 0.757 6.533
P-value 0.0001 0.0011 0.7330 0.0088 0.0471 0.1770 0.5113 0.0066

Stem 1 94.6 5.43a 2.16 5.39 67.3 50.8 7.53 54.4a
2 95.6 4.71b 0.59 4.81 67.4 48.8 9.23 41.6b
3 96.2 4.47c 0.59 4.16 67.7 47.7 8.29 30.6c
SEM 1.152 0.062 0.435 0.328 0.501 0.699 0.418 4.616
P-value 0.4523 0.0012 0.0561 0.0736 0.7143 0.0471 0.0603 0.0323

Whole plant 1 95.9 10.8b 1.47 23.1 41.7b 27.8 5.04 82.4a
2 96.3 11.1b 0.86 15.4 40.9b 25.7 6.17 75.9a
3 95.7 12.7a 1.36 13.1 44.8a 29.3 6.20 66.9b
SEM 0.674 0.175 0.509 3.798 0.766 2.861 0.899 2.903
P-value 0.7083 0.0034 0.5209 0.1483 0.0312 0.5278 0.4421 0.0291

P-value Plant part 0.0004 <.0001 0.0010 <.0001 <.0001 <.0001 0.0003 <.0001
Cutting stages 0.0054 <.0001 0.0424 0.0005 <.000 0.5181 0.004 <.0001
Interaction 0.4872 <.0001 0.2837 0.1215 0.0019 0.1344 0.3150 0.3421

Means with different superscript within column are significantly different at (p<0.05); DM = Dry matter; OM = Organic matter; EE = Ether extract; CP = Crude
protein; NDF = Neutral detergent fiber; ADF = Acid detergent fiber; ADL = Acid detergent lignin; IVOMD = In-vitro organic matter digestibility and p =
probability

(11.3%) in ruminants [9], which can justify its inclusion in mulberry leaves was lower at the third cutting as
diet of lactating and growing ruminants. Moreover, the CP compared with earlier reports [30 and 24] but higher than
content 13.1 – 23.0% of whole mulberry plant from three the value reported earlier [31]. The ADL content of
cutting stage in this study is higher than minimum level of mulberry leaf, edible branch, stem and whole   plant   in
CP required for optimum microbial growth (7-14%) for this study is below the maximum level  of   10%   which
ruminant and required for optimum rumen function (7- 8%) was indicated to limit DM intake [28]. Mulberry bark and
[27] and it is also above 8% CP required to satisfy stem are also reported to be edible [21, 32]. Cattle
maintenance requirement of ruminant animals [26]. consume whole biomass of Mulberry if it is finely
Differences in CP content of plants could be an attribute chopped [33]
of harvesting season, age of the leaves at harvesting, In-vitro organic matter digestibility (IVOMD) was
frequency of harvesting, climate and soil [28]. significantly (p<0.05) different among morphological

The value of NDF, ADF and ADL were shown fractions within each cutting stages and among plant
significant (p<0.05) difference among morphological fractions in a cutting stages. The highest IVOMD was
fraction within each cutting stages. Highest (p<0.05) value recorded for leaf under first cutting and lowest for stem
of NDF, ADF and ADL was recorded from stem under under third cutting. Result of IVOMD% of leaf from first
third cutting stage (Table 2). The NDF value of mulberry cutting in this study is higher than 77.9% and 82.1%
leaf harvested at the first cutting stage in this experiment reported for leaf of mulberry [24 and 30] respectively. The
is lower (67.3%) than previous result reported for mulberry IVOMD from leaf, edible branch and whole plant from
[28, 8 and 24]. Average ADF content of mulberry leaf three cutting stages is higher than earlier report for
harvested at third cutting stage was lower than the result selected semi-arid browse forages except Prosopis
reported for mulberry [24, 28] Feed with more than 65% Africana [34]. The value of IVOMD for leaf in the three
NDF and 55% ADF content were classified as low quality cutting stage and the whole plant is higher than earlier
feeds and fodder trees with ADF values less than 31% are reports for Desmodium intortum and Sesbania sesban leaf
rated as having superior quality [29]. The ADL content of and whole plant [41].
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Table 3: Pearson correlation coefficient (r) matrix among cell wall component (NDF, ADF and ADL), crude protein and in-vitro dry matter digestibility
IVOMD

NDF ADF ADL CP IVOMD
NDF 1.00
ADF 0.73* 1.00
ADL 0.88* 0.97* 1.00
CP -0.94* -0.92* -0.99* 1.00
IVOMD -0.99* -0.74* -0.88* 0.94* 1.00
CP = Crude protein, NDF = Neutral detergent fiber, ADF = Acid detergent fiber, ADL = Acid detergent lignin, IVOMD = In vitro organic matter digestibility
*Significant difference (p<0.05)

Fig. 1: In-vitro gas production of morphological fraction of mulberry plant

Fiber components such as, NDF, ADF and ADL were for different vegetable wastes[38]. However, it is lower
negatively correlated (p<0.05) with both CP content and than the result reported earlier for different Oak species
IVOMD. On the other hand, there was positive correlation [47]. The gas production from leaf in this study was faster
between protein content and IVOMD. Neutral detergent during the first 24hr of incubation and it declined with
fiber (NDF) negatively affects IVOMD followed by ADL increasing incubation time.
and ADF (Table 3). Stem had significantly reduced CP The gas production from edible branch was faster
content and IVOMD in berseem clover [35]. Vegetative after 24hr of incubation time than leaf and it declined with
leaves declines as structural constituent increased with increasing of incubation time. Gas production from the
advancing maturity [36] which indicates that an increase immediately soluble fraction “a” in this study was lower
in stem fraction in forages reduces IVOMD and CP and and shown negative value. This agrees with earlier reports
increases fiber content. Therefore, maximum IVOMD was for stinging nettle [31], for grasses, woody species and
observed at 1  stage of cutting and it declined with forbs [40], for twigs and whole forage of Desmodiumst

advancing stages of cutting. intortum [41], for different morphological fraction of maize

In-Vitro Gas Production and Characteristics: In-vitro The negative values could be due to differences in
gas production and characteristics of morphological
fractions  of  cultivated  mulberry  plant  is presented in
Fig 1 and Table 4 respectively.

Throughout incubation hours, the highest gas
production was for leaf while the lowest was for stem
Figure 1. The gas production from leaf at 24 and 48hr of
incubation in this study was higher than the result
reported for browse species and for stinging nettle [31, 37]
and gas production at 24, 48 and 72hr of incubation period
are in line with earlier results (23-61ml, 33-70ml) reported

stover [42] and for A. tortolis and P.juliflora [22].

lag phase of fermentation of insoluble feed components
that led to a deviation from exponential curve of
fermentation [43].

Gas production from insoluble but degradable
fraction “b’, potential gas production (a+b) the rate
constant “c” of gas production and lag time “L” are
significantly (p<0.05) different between morphological
fraction. The highest “b” fraction was recorded for whole
plant at first cutting stage and the lowest from edible
branch from cutting stage three. The highest “b” fraction
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Table 4: Gas production characteristics (constants) of the morphological fraction of Mulberry plant 
Morphological fractions
--------------------------------------------------------------------------------------------------------------

Variables Cuttings Leaf Edible branch  Stem Whole plant p-value
a 1 -7.35 -5.75 -2.15 -5.1 0.0001bC bB aA bB

2 -10.35 -5.7 -2.25 -6.25 <.0001cC bB aA cB

3 -4.35 -2.65 -2.6 -1.6 0.0005aC aB bB aA

p-value <.0001 <.0001 0.0049 <.0001
b 1 50.25 46.75 39.75  51.25 <.0001aB aC bD aA

2 48.25 36.05 34.1 42.2 <.0001bA bC cD bB

3 41.15 32.05 46.1 37.3 <.0001cB cD aA cC

p-value <.0001 <.0001 <.0001 <.0001
a + b 1 43.15 40.5  37.35  46.15 0.0002aB aC bD aA

2  37.65 30.1 31.6 35.7 <.0001bA bD cC bB

3  37.3  29.15  43.25 35.4 <.0001cB cD aA bC

p-value <.0001 <.0001 <.0001 <.0001
c 1 0.0887 0.0416 0.0255 0.0552 <.0001aA bC bD bB

2 0.0865 0.0557 0.0304 0.0606 <.0001bA aC aD aB

3 0.0461 0.0372 0.0133 0.0445 <.0001cA cC cD cB

p-value <.0001 <.0001 <.0001 <.0001
L 1 1.45 3.15  2.15 1.7 0.0045cD aA bB bBC

2  2.65  3.1 2.25  2.6 0.0863a a b a

3 2.15  2.2 4.4  1.5 0.0008bB bB aA bC

p-value 0.0009 0.0025 0.0002 0.0220
*Means within a row with different superscripts  and in column differ significantly (p<0.05), a = Gas production from the immediately soluble fractionABCD abc

(ml), b = gas production from the insoluble but degradable fraction(ml), a + b = potential gas production (ml), c = the rate constant of gas production
(fraction/hr), L = lag time, SEM = standard error of mean, 1 = cutting stage one, 2 = cutting stage two and 3 = cutting stage three

from whole plant could be due to low CP content as Organic Matter Digestibility, Metabolizable Energy and
compared with leaf. This is in agreement with earlier report Short Chain Fatty Acids: Effect of cutting stages and
for husk a fraction with the lowest CP content [42]. plant parts on organic matter digestibility (OMD),
However, the total gas production in this study from metabolizable energy (ME) and short chain fatty acids
whole plant at 72hr of incubation was the highest (SCFA) is presented in Table 5. The IVOMD, ME and
compared with leaf, edible branch and stem. The “b” SCFA decreased (p<0.05) with increasing stage of
fractions in the current study for whole plant is higher maturity. Organic matter digestibility of leaf recorded from
compared with earlier report for M.olifera and first cutting in this study is higher than the result reported
M.stenoptala leaf [44] but lower than that of A. tortolis for leaf, stem and whole plant of stinging nettle [31] and
and P.juliflora [22]. for Acacia and prosopis leaf treated with rumen liquor,

Potential gas production (a+b) was higher from whole effective microbes, commercial yeast and wood ash and
plant at first cutting and lower from edible branch from lower than acacia leaf treated with calcium hydroxide and
third cutting stage. The   potential   gas   production (a+b) polyethylene glycol (PEG) [22]. Akinfemi [38] has also
from whole plant in this study was lower than the value reported lower result for different vegetable wastes except
reported earlier for M.olifera and M. stenoptala leaf [44] potato. The OMD of stem in this study harvested from
and A. tortolis and P.juliflora [22]. The rate constant of first cutting stage is higher than the result reported for
gas production (c) was higher for leaf at first cutting stage alternative feed resources, but it is lower than hay,
and lower for stem at third cutting stages. The lag time (L) Artichoke leaves and stems [18]. Metabolizable energy
was higher for stem at third cutting stage and while the value of mulberry leaf in this study is higher than the
lowest for leaf at first cutting stages. The lag time(L) for result reported for Acacia and prosopis leaf treated by
morphological fractions in this study was lower than the rumen liquor, effective microbes, commercial yeast and
result reported earlier for A. tortolis and P.juliflora except wood ash and lower than Acacia leaf treated by calcium
prosopis leaves and pods treated with rumen liquor [22]. hydroxide and polyethylene glycol [22].
The different results observed in gas production Higher result for ME was reported from leaf and
parameters among morphological fractions indicate that edible branch of Mulberry, rain tree seed and
there is a difference in rate and extent of fermentation unconventional feed than in the current study [24, 45].
characteristics. Metabolizable energy result obtained from leaf in the



Am-Euras. J. Agric. & Environ. Sci., 18 (4): 173-184, 2018

180

Table 5: Effect of stage of maturity and plant parts of mulberry on%organic matter digestibility, metabolizable energy and short chain fatty acids during 24hr
incubation period.

Parameters
-----------------------------------------------------------------------------------------------------------------------------------------------------

Plant parts Cutting stages OMD (%) ME (MJ/kg DM) SCFA (µmol/g DM)
Leaf 1 72.62a 8.61a 0.80a

2 65.9b 7.61b 0.66b
3 59.59c 6.62c 0.51c

Edible branch 1 64.92a 5.85a 0.46a
2 52.21b 5.24b 0.37b
3 45.48c 4.70c 0.30c

Stem 1 51.21a 4.29a 0.26a
2 47.62b 4.09b 0.23b
3 44.5c 3.49c 0.12c

Whole plant 1 70.12a 8.07a 0.74a
2 60.06b 6.88b 0.59b
3 53.89c 6.08c 0.49c
 Cutting stages <.0001 <.0001 <.0001

P-value Plant parts <.0001 <.0001 <.0001
Interaction 0.0008 0.0013 0.0253

*Means within and among fractions with different superscripts differ significantly (p<0.05). DM = Dry matter, ME = Metabolizable energy, OMD = Organic
matter digestibility, SCFA = Short chain fatty acids, 

Table 6: Methane gas production and concentration at 24h and 72h of incubation
Cutting stages
-----------------------------------------------------------------------

Incubation periods (hr) Parameters Plant parts 1 2 3 SEM P-value
24 Gas production (ml/0.2gDM)

Leaf 12.5aA 10.5bA 7.75cA 0.61 0.0102
Edible branch 6.5aB 3.5bB 2.5bB 0.71 0.0225
Stem 4.0C 3.5B 3.0B 1.22 0.7401
Whole plant 10.5A 10.5A 8.5A 0.71 0.1028
SEM 0.94 0.71 0.88
P-value 0.0018 0.0007 0.0063

Gas concentration (ml/total gas volume)
Leaf 0.35 0.35AB 0.32B 0.01 0.1671
Edible branch 0.30a 0.25bC 0.22bC 0.01 0.0076
Stem 0.17 0.17B 0.15A 0.01 0.1424
Whole plant 0.33 0.39A 0.37B 0.03 0.2585
SEM 0.05 0.03 0.05
P-value 0.2077 0.0168 0.0054

72 Gas production (ml/0.2gDM)
Leaf 18.5A 18.75A 16.25A 1.04 0.1643
Edible branch 11.5B 9.75C 9.25B 0.87 0.1539
Stem 6.75C 4.0D 1.75C 1.44 0.0891
Whole plant 14.0aB 12.5bB 9.0cB 1.15 0.0409
SEM 1.44 0.9 0.77
P-value 0.0037 0.0004 0.0002

Gas Concentration ( ml/total gas volume)
Leaf 0.49 0.47A 0.49A 0.04 0.1128
Edible branch 0.37 0.34B 0.31B 0.47 0.4308

Stem 0.29 0.22C 0.12C 0.04 0.0577
Whole plant 0.34 0.36B 0.29B 0.05 0.1304
SEM 0.05 0.03 0.04
P-value 0.1186 0.0023 0.0021

Means with different superscript letter ” in a column and “  in the rows are significantly (p<0.05) different, SEM = Standard error of mean, P =“ABCD abc”

probability, 1 = cutting stage one, 2 = cutting stage two and 3 = cutting stage three 
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Table 7: Correlation among protein, fiber fractions, digestibility, gas production and energy content of mulberry leaf
CP NDF ADF ADL IVOMD TGP CH4 ME

CP 1.00
NDF -0.97** 1.00
ADF -0.95** 0.99** 1.00
ADL -0.76** 0.71** 0.64** 1.00
IVOMD 0.94** -0.92** -0.90** -0.84** 1.00
TGP 0.98** -0.94** -0.92** -0.86** 0.97** 1.00
CH4 0.96** -0.92** -0.89** -0.89** 0.97** 0.99** 1.00
ME 0.73 -0.73 -0.69 -0.93 0.84 0.83 0.86 1.00
** Significant difference (p<0.05), CP = Crude protein, NDF = Neutral detergent fiber, ADF = Acid detergent fiber, ADL = Acid detergent lignin, IVOMD
= In vitro organic matter digestibility, TGP = Total gas production, CH4 = Methane, ME = Metabolizable energy.

current study is higher than result reported for stinging (NDF, ADF and ADL) were negatively correlated (p<0.05)
nettle [31] and for rice straw and Leucaena [18]. Short with CP, IVOMD, TGP, CH4 and ME. The CP content
chain fatty acids (SCFA) of leaf from first cutting showed positive correlation (P<0.05) with IVOMD, TGP,
presented in this study is higher than result reported on CH  and ME. The above findings of total gas production
leaf flower of S. nettle and Acacia leaf treated by rumen agree with result reported for Stinging nettle [31]. Gas
liquor, effective microbe and commercial yeast [31, 22]. production from insoluble but degradable fraction “b”
However, it was lower than acacia leaf treated with was highest for edible branch which had low CP content
calcium hydroxide, PEG and wood ash [22]. Lower result than leaf. 
of SCFA was reported for onion and higher for potato
[38]. CONCLUSION

Methane Production and Concentration: Total methane Leaf is the major plant part which contains more CP
(CH ) gas production and concentration values are and had highest digestibility than edible branches and4

presented in Table 6. The highest (p<0.05) CH  production stem. However, edible branches and stem would be also4

and concentration was recorded from the leaf and the utilized as alternative feed resources in order to fill the gap
lowest from the stem under the first and second cutting during feed shortage period for ruminants. Harvesting at
stages for both incubation time and from third cutting the first cutting stage is recommended to obtain optimum
stages in 72h of incubation. protein content and digestibility. But, to maintain high

The highest (P<0.05) gas production and bio-mass yield; cutting at the third stage is recommended
concentration was recorded from whole plant at third to collect more yield than first cutting stage. In general the
cutting stages. Gas production ranged from 2.5- different fractions or whole plant of mulberry are of high
12.5ml/200mgDM in24hr of incubation and from 1.75- nutrient content and good digestibility that are
18.75ml/200mgDM in 72hr of incubation time. Methane comparable to other leguminous forages and can be used
gas production from stem in 24hr of incubation time was as supplements to low quality roughages.
higher than gas production in 72hr of incubation time.
Methane gas production at 72hr of incubation from leaf at ACKNOWLEDGEMENTS
the first cutting is in line with the result earlier reported for
Acacia leaf (14.5-18.8ml/200mgDM) and pods (17.6- We authors acknowledge Southern Nation
20.5ml/200mgDM) and it is lower than the result reported Nationality and Peoples Regional State(SNNPRS) research
for prosopis leaf and pods except leaf treated by wood office; Hawassa center for facilitating the land and
ash[40]. Methane production and concentration at 24 and planting material, ministry of education and Dilla
72hr of incubation earlier reported [31] is lower than the University for their financial support during this research
result obtained from all fractions of mulberry plant in the work.
current study.

Correlation of Crude Protein, Fiber Content, IVOMD,
ME, Total Gas and Methane Production: Correlation 1. Keady, T.W.J., C.M. Marley and N.D. Scollan, 2012.
among crude protein (CP), fiber content (NDF, ADF and Grass and Alternative Forage Silages for Beef Cattle
ADL), in-vitro organic matter digestibility (IVOMD), and Sheep: Effects on Animal Performance.
metabolizable energy (ME), total gas (TG) and methane Proceedings of the 16  International Silage
(CH ) production is presented in Table 7. Fiber fractions Conference, Hämeenlinna, 2-4: 210-228.4

4

REFERENCES

th



Am-Euras. J. Agric. & Environ. Sci., 18 (4): 173-184, 2018

182

2. Ball, D.M., M. Collins, G.D. Lacefield, N.P. Martin, 12. Van Soest, P.J., J.B. Robertson and B.A. Lewis, 1991.
D.A.   Mertens,     K.E.     Olson,     D.H.     Putnam,
D.J. Undersander and M.W. Wolf, 2001.
Understanding forage quality; American Farm Bureau
Federation Publication 1-01, Park Ridge, IL

3. Singh, B. and H.P.S. Makkar, 2002. The potential of
mulberry foliage as a feed supplement in India. FAO
Animal Production and Health Paper 147. Rome, Italy,
pp: 139-155.

4. Kabi, F. and F.B.  Bareeba, 2008. Herbage biomass
production and nutritive value of mulberry (Morus
alba) and Calliandra calothyrsus harvested at
different cutting frequencies. Animal Feed Science
and Technology, 140(1): 178-190. 

5. Saddul, D., Z.A. Jelan, J.B. Liang and R.A. Halim,
2004. The potential of mulberry (Morus alba) as
fodder crop, The effect of plant maturity on yield,
persistence and nutrient composition of plant
fractions. Asian-Australia Journal of Animal
Sciences, 17: 1657-1662.

6. Martiniello, P. and J.A. Teixeira da Silva, 2011.
Physiological and bio agronomical aspects involved
in growth and yield components of cultivated forage
species in Mediterranean environments. European
Journal of Plant Science Biotechnology, 5(2): 64-69

7. Azim, A., A.G. Khan,   J.   Ahmad,   M.   Ayaz   and
I.H. Mirza, 2002. Nutritional evaluation of fodder tree
with goats. Asian-Australia Journal of Animal
Sciences, 15(1): 34-37.

8. Vu, C.C., M.W.A. Verstegen, W.H. Hendriks   and
K.C. Pham, 2011. The Nutritive Value of Mulberry
Leaves (Morus alba) and Partial Replacement of
Cotton Seed in Rations on the Performance of
Growing Vietnamese Cattle Asian-Australia. Journal
of Animal Sciences, 24(9): 1233-1242.

9. Asaadi, A.M. and A.R. Daadkhah, 2010. The study of
forage quality of Haloxylon aphyllum and Eurotia
ceratoidesin different phonological stages. Research
Journal of Biological Science, 5(7): 470-475.

10. Abay Ayalew, Kelsa Kena and Tesfaye Dejene, 2011.
Application of NP Fertilizers for Better Production of
Teff (Eragrostis teff ) on Different Types of Soils in
Southern Ethiopia, Journal of Natural Sciences
Research, ISSN 2225-0921 Vol.1, No.1

11. Abaineh, Esayas, Ashenafi Ali and Demeke Tafesse,
2006. Soils of the Farmland of Awassa Agricultural
research center and its testing sites, Ethiopian
Agricultural research Organization, Addis Ababa,
Ethiopia.

Methods for dietary fiber, neutral detergent fiber and
non-starch carbohydrates in relation to animal
nutrition. Journal of Dairy Science, 74: 3583-3597. 

13. Van Soest, P.J. and J.B. Robertson, 1985. Analysis of
forages and fibrous foods, a laboratory manual for
animal science 613, Cornell University, USA. 

14. Tilley, J.M.A. and R.A. Terry, 1963. A two stage
technique for the in vitro digestion of forage crops.
Journal of British Grassland Society, 18: 104-111.

15. Menke, K.H. and H. Steingas, 1988. Estimation of the
energetic feed value from chemical analysis and in
vitro gas production using rumen fluid. Animal
Research and Development, 28: 7-55.

16. Blümmel, M. and E.R. Ørskov, 1993. Comparison of in
vitro gas production and nylon bag degradability of
roughages in predicting feed intake in cattle. Animal
Feed Science and Technology, 40: 109-119.

17. Fievez, V., O. Babayemi and D. Demeyer, 2005.
Estimation of direct and indirect gas production in
syringes: A tool to estimate short chain fatty acid
production that requires minimal laboratory facilities.
Animal Feed Science and Technology, 123: 197-210.

18. Sallam, S.M.A., 2005.   Nutritive   value   assessment
of the alternative feed   resources   by   gas
production and rumen fermentation in-vitro. Animal
Production Department Faculty of Agriculture,
Alexandria University, El-Shatby, Egypt. Research
Journal of Agriculture and   Biological   Sciences,
1(2): 200-209.

19. Mehla, R.K., R.K. Patel and Trip V.N. Athi, 1987. A
model for sericulture and milk production.
Agricultural Systems, 25: 125-133.

20. Espinoza, E., J.E.Y Benavides and P. Ferreire, 1999.
Evaluación De Tres Variedades De Morera (Morus
Alba) En Tres Sitios Ecológicos De Costa Rica, Y
Bajo Tres Niveles De Fertilización.

21. Shayo, C.M., 2002. Potential of mulberry as feed for
ruminants in central Tanzania. FAO Animal Health
and Production Paper No.147. Rome, Italy. 

22. Merga Bayssa, Tegene Negesse and Adugna Tolera,
2016. Effect of chemical and biological treatments on
nutrient and phenolic composition in sacco
degradability, in vitro gas and methane production
kinetics of Acacia tortilis and Prosopis juliflora
Leaves and Pods, School of Animal and Range
Sciences, Hawassa University, Middle-East Journal
of Science. Res., 24(4): 1236-1251.



Am-Euras. J. Agric. & Environ. Sci., 18 (4): 173-184, 2018

183

23. Uzman Bashir Cheema, Javed Iqbal Sultan, Asif 31. Andualem D., T. Negesse and A. Tolera, 2015.
Javaid, ParvisS Akhtar and  Muhammad   Shahid, Biomass yield, chemical composition and in vitro
2011. Chemical composition, mineral profile and in organic matter digestibility of stinging nettle (Urtica
situ digestion kinetics of fodder leaves  of   four simensis) from four locations at three stages of
native trees, Institute of animal nutrition and feed maturity. Hawassa University, School of Animal and
technology,    University    of  Agriculture, Range Sciences, Hawassa, Livestock Research for
Faisalabad, Pakistan, Pakistan Journal of Botany, Rural Development, http:// www.lrrd.org/lrrd27/
43(1): 397-404. 8/andu27159.html.

24. Assen Ebrahim,    Getachew   Animut, Mengistu 32. Boschini, C.F., 2002. Nutritional quality of mulberry
Urge  and       Aklilu   Hailemichael,   2016. cultivated for ruminant feeding. Mulberry for animal
Nutritional  value   of   mulberry (Morus   alba) production. FAO Animal Production and Health
forage   harvested   in dry and wet seasons in Paper 147. http:// www.fao.org/
northern Ethiopia. School of animal and range DOCREP/005/X9895E/x9895e0g.htm
sciences,   Haramaya   University, Dire Dawa, 33. Sanchez, M.D., 2001. Mulberry an exceptional forages
Ethiopia. Indian   Journal   of   Animal   Nutrition, available almost worldwide. www.fao.org/ decrep/
33(1): 45-53. x3770t05.htm

25. Hutasoit, R., S.P. Ginting, J. Sirait and A. Tarigan, 34. Njidda, A.A., E.A. Olatunji and M.G. Garba, 2013. In
2016. Effect of cutting interval on yield, nutrient sacco and In vitro organic matter degradability of
composition and digestibility several species of selected semiarid browse forages, department of
Mulberry, Indonesian goat research station, Sei Putih animal science, Bayero University, Kano state,
20585, north Sumatra, Indonesia Nigeria, Journal of Agriculture and Veterinary
h.rijanto@yahoo.com, DOI: http:// dx.doi.org/ Science ISSN:2319-2380, Volume 3, Issue 2 pp09-16
10.14334/ Proc.Intsem.LPVT-2016-p.476-485 www.iosrjournals.org

26. Norton, B.W., 1998. The nutritive value of tree 35. De Santis, G.,     A.     Iannucci,   D.   Dantone   and
legumes. Gutteridge, R. C. and Shelton, H.M. (ed.), E. Chiaravalle, 2004. Changes during growth in the
Forage tree legumes in tropical agriculture. The nutritive value of components of berseem clover
Tropical Grassland Society of Australia Inc. cutting treatments in a Mediterranean region. Grass
Australia. Forage Science, 59: 378-388.

27. Van Soest, P.J., 1994. Nutritional ecology of 36. Baloyi, J.J., N.T. Ngongoni and H. Hamudikuwanda,
ruminants.   2  Edition Cornell University Press, 2008. Chemical composition and Ruminalnd

Ithaca degradability of cowpea and silver leaf desmodium
28. Reed, J.D., K. Yilma and L.K. Fossel, 1986. Factors forage legumes harvested at Different stages of

affecting the nutritive value of sorghum and millet maturity. Tropical and Sub tropical agro-ecosystem.
crop residues. Plant breeding and the nutritive value http://www.redalyc.org/articulo.oa?id=93980107
of crop residues. J.D. Reed, B.S. Capper and P.J.M. 37. Abdulrazak, S.A., J. Nyangaga and T. Fujihara, 2001.
Neate (Eds.). Proc. of ILCA workshop held at Addis Relative palatability to sheep of some browse
Ababa, Ethiopia, pp: 233-251. species, their in sacco degradability and in vitro gas

29. Kazemi,   M.,     A.M.     Tahmasbi,   A.A.   Naserian, production characteristics department of animal
R. Valizadeh and M.M. Moheghi, 2012. Potential science, Egerton University Njoro, Kenya.
nutritive value of some forage species used as Laboratory of Animal Science, Shimane University,
ruminants feed in Iran. African Journal of Matsue 690-8504, Japan.
Biotechnology, 11: 110-117. 38. Akinfemi, A., 2012. Evaluation of nutritive value of

30. Shayo, C.M., 1997.Uses, yield and nutritive value of vegetable wastes grown in north central Nigeria
mulberry(Morus alba) trees for ruminants in the semi- using in vitro gas production technique in ruminant
arid areas of central Tanzania, Zonal Research and animals, faculty of agriculture, department of animal
Training center, Livestock Production Research sciences, Nasarawa State University, shabu-lafia
Institute, Mpwapwa, Tanzania, Tropical Grass Lands, campus, Journal of Animal Science; 2(12):934-940,
31: 599-604. ISSN:2251-7219.



Am-Euras. J. Agric. & Environ. Sci., 18 (4): 173-184, 2018

184

39. Tuah, A.K., D.B. Okai, E.R. Ørskov, D. Kyle, Wshand, 43. Blummel, M. and K. Becker, 1997. The degradability
J.F.D. Greenhalgh, F.Y. Obese and P.K. Karikari, 1966. characteristics of fifty-four roughages and roughage
In sacco dry matter degradability and in-vitro gas neutral detergent fibers as described by in vitro gas
production characteristics of some Ghanaian feeds, production and their relationship to voluntary feed
department of animal sciences, UST, Kumasi, Ghana, intake. British Journal of Nutrition, 77: 757-768.
Livestock research for rural development 8(1) 1996 44. Etana Debela. and Adugna Tolera, 2013. Nutritive
http://www.Irrd.org/Irrd8/tuah.htm. value of   botanical fractions of Moringa oleifera

40. Bezabih, M., W.F. Pellikaan, A. Tolera, N.A. Khan and Moringa stenopetala grown in the mid-Rift
and W.H. Hendriks, 2013. Chemical composition and Valley   of southern Ethiopia. Agroforestry System,
in vitro total gas and methane production of forage 87: 1147-1157.
species from the Mid Rift Valley grasslands of 45. Banakar, P.S., K. Ally, E. Lokesh, Arathy Saseendran,
Ethiopia. Grass and Forage Science DOI: Jasitha Jaafar and George Dominic, 2017. In vitro
10.1111/gfs.12091. Assessment of Nutritive Value of Unconventional

41. Etana Debela, Adugna Tolera, Lars O. Elk and Ragnar Feed Resource as Livestock Feed, Department of
Salte, 2011. Nutritive Value of Morphological Animal Nutrition, KVASU, Kerala, INDIA,
Fractions of Sesbania sesban and Desmodium International Journal of Livestock Research ISSN :
intortum, Department of Animal and Range Sciences, 2277-1964 NAAS Score -5.36
College of Agriculture, Hawassa University, 46. Haftay, H. and K. Dargo, 2014. Adaptation and
Hawassa, Ethiopia, Tropical and Subtropical Agro nutritional evaluation of fodder trees and shrubs in
Ecosystems, 14: 793-805. Eastern Ethiopia. International Journal of Chemistry

42. Adugna Tolera and Frik Sundstøl, 1999. and Natural Sciences, 2(5): 120-124.
Morphological fractions of maize stover harvested at 47. Ozkan, C.O. and M. Sahin, 2006. Comparison of In
different stages of grain maturity and nutritive value situ dry matter degradation with in vitro gas
of different fractions of the Stover, Department of production of Oak leaves supplemented with or
animal production and range land management, without polyethylene glycol (PEG), Kahramanmaras
Awassa college of agriculture, Animal Feed Science Sutcu Imam University, Faculty of Agriculture,
and Technology 81(1999) 1-16. Department of Animal Sciences Kahramanmaras,
www.elsevier.com/locate/anifeedsci Turkey. Asian-Australia Journal of Animal Sciences,

19(8): 1120-1126.


