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ABSTRACT 

This study was conducted to determine the proximate composition and in vitro digestibility of yam peels 

ensiled with some leaf meals as alternative feedstuffs for ruminants. Yam peels and Gmelina arborea leaves 

were ensiled as Treatment 1 (T1), Yam peels + Mangifera indica leaves as Treatment 2 (T2), Yam peels + 

Nuclea latifolia leaves as Treatment 3 (T3), Yam peels + Elaeis guineensis leaves as Treatment 4 (T4) and 

Yam peels + Leucaena leucocephala leaves as Treatment 5 (T5) for 28days in five plastic buckets. They 

were wilted for 24hours, chopped, compressed into the plastic buckets and sealed. The result showed 

significant differences (P<0.05) in the CP, CF and NFE percentages of the silages. CP was highest in T5 

(17.88%). Potassium, iron, zinc and copper differed significantly (P<0.05). Potassium (%) was highest in 

T5 (0.74%).  There were significant differences (P<0.05) in all the fibre fractions of the silages. The 

metabolisable energy (ME), organic matter digestibility (OMD) and short chain fatty acid (SCFA) of the 

silages differed significantly (P<0.05). ME was highest in T5 (5.85MJ/kg) and T3 (5.55MJ/kg). OMD was 

highest in T5 (45.46%) and lowest in T4 (39.99%), T2 (40.12%) and T1 (40.27%). SCFA was highest in 

T5 (0.40umol/200mgDM), T3 (0.40umol/200mgDM) and T1 (0.44umol/200mgDM). T2, T3, T4 and T5 

had CP contents above 7% and can be used to feed ruminants but T5 proved superior. 
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Introduction 

The major problem facing livestock production in 

Nigeria is the scarcity of feed especially in the dry 

season when forages become lignified and innutritious 

(Areghare, 2000; Ukanwoko and Okpechi, 2016). 

This results in poor utilization and performance by 

ruminants in terms of productivity. To bridge this gap, 

ruminants can be fed with crop residues and browses 

which serve as alternative feedstuffs in the dry season. 

Browses are high in nutrients: protein, minerals and 

vitamins (Babayemi et al., 2003; Amodu and Otaru, 

2004). Browses when given to ruminants enhance 

productivity and reduce cost of production. Browses 

are known to enhance intake of poor quality 

roughages, improve growth rates and increase 

reproductive efficiency in small ruminants (Asaolu et 

al., 2011). Yam (Dioscorea spp) peels constitute 

about 10% of the yam tuber (Ijaiya and Awonusi, 

2005) and have been reported to be successfully fed to 

sheep and goats (Ekenyem et al., 2006). Their crude 

protein content is between 2 – 6% while their crude 

fibre content ranges from 9 – 15% depending on the 

variety (Akinmutimi et al., 2006). Small ruminants 

have been reported to be prolific, breeding throughout 

the year (Chukwuka etal., 2010). Compared to cattle, 

goats can be raised with low feed requirement (Tsado 

et al., 2009) and this can go a long way in alleviating 

the problem of low protein intake in Nigeria 

(Adeokun et al., 2008). This in turn calls for increased 

approach towards small ruminant animal production 

and the need for silage production 

 

Materials and Methods 

Location of study 

The experiment was carried out in the University of 

Port Harcourt Research and Demonstration Farm, 

Choba, Obio/Akpor Local Government Area of 

Rivers State in the South-South zone of Nigeria. It 

falls  within  the  humid  rain  forest zone of West 

Africa with long duration of rainfall (March - 

November) and a very short dry season precipitation 

that occurs during September with an average of 367 

mm of rain in 182 rain days  with  a temperature range 

of 25 - 280C,  a very high relative humidity (above 80 

% rainfall (March-November) and a very short dry 

season precipitation which occurs during September 
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with an average of 367 mm of rain in 182 rain days,  

temperature range of 25 - 280C and a very high 

relative humidity (above 80 %). 

 

Data collection  

Fresh leaves of browses (Gmelina arborea, Nauclea 

latifolia, Elaeis guinensis,Leucaena leucocephala and 

Mangifera indica) were harvested from the school 

premises at Choba campus, wilted overnight and 

chopped into 3 - 4cm long pieces. Yam peels were 

collected from processing or selling points within and 

around the University campus. The yam peels were 

mixed with Gmelina arborea, Nauclea latifolia, 

Elaeis guinensis,Leucaena leucocephala and 

Mangifera indica leaf meals. 

Treatment 1: 50% Yam peels + 50% Gmelina arborea 

leaf meals. 

Treatment 2: 50% Yam peels + 50% Mangifera indica 

leaf meals. 

Treatment 3: 50% Yam peels + 50% Nuclea latifolia 

leaf meals. 

Treatment 4: 50% Yam peels + 50% Elaeis guineensis 

leaf meals. 

Treatment 5: 50% Yam peels + 50% Leucaena 

leucocephala leaf meals 

 

Five paint plastic buckets were used as laboratory 

silos for the five treatments; the cut Gmelina arborea, 

Nauclea latifolia, Elaeis guineensis, Leucaena 

leucocephala and Mangifera indica leaves with yam 

peels were loaded into the silos, compressed and 

sealed to prevent air from entering the silo. The 

treatments were replicated three times. After 30 days, 

the containers were opened and the physical 

properties such as odour, mouldiness, colour changes 

and moistness were determined by rating the 

quantities using the physical characteristics rating 

scale shown in Table 1. 

 

Table 1: Physical characteristics rating scale 

Scale Mouldiness Odour  colour moisture 

1 Without mould Pleasant Light greenish brown No moisture 

2 Slightly mouldy  Fairly pleasant Greenish brown Slightly moist 

3 Averagely mould Averagely pleasant Dark brownish green Averagely moist 

4 Highly mouldy Slightly pungent Brown Heavily moist  

5 Black spores Pungent Dark brown Completely moist 

Source: adapted from Hassan (2004) 

 

Data analysis 

Crude protein content was determined using 

Kjeldahls’ method of nitrogen determination. Ether 

extracts (EE) were determined using the Soxhlet 

extractor. Crude fibre (CF) was determined using the 

Weende’s method and nitrogen free extract was 

determined by adding crude protein, fat, water, ash, 

and fibre and the sum subtracted from 100, the 

difference is NFE = DM– (%Moisture + %CF + %CP 

+ % EE + %Ash). The anti-nutritional factors 

(saponins, tannins and phytate) and the mineral 

content (calcium, potassium, sodium, magnesium and 

phosphorus) were also analysed. The presence of 

Tannins was determined by adding 2ml of 5% ferric 

chloride to plant extract, the presence of saponins was 

determined by the addition of 2ml distilled water to 

plant extract and shaken in a graduated cylinder for 

15minutes and phytate was determined by adding 

equal volume of chloroform to plant extract and 

subjecting with few drops of concentrated sulphuric 

acid. Sodium, potassium, calcium and magnesium 

were determined with anautomatic atomic absorption 

spectrophotometer and total phosphorus was 

determined spectrophotometrically after incubation 

with molybdo-vanadate solution (AOAC, 2005). 

 

Rumen liquor collection for in vitro study 

Rumen liquor was collected from goats housed at the 

University of Benin Teaching and Research farm, 

Ugbowo Campus, Benin City. The collection was via 

stomach tube. The liquor was collected in the early 

hours of the morning into a pre warmed flask prior to 

feeding the animals. The flask containing the rumen 

liquor was taken to the laboratory where it was 

strained through four layers of cheese cloth. The 

strained liquor was mixed with a buffer solution in a 

ratio of 1:2. This mixture was put in a water bath and 

gassed with CO2 to maintain anaerobic condition and 

a temperature of 39°C to keep the microorganisms 

alive. 

 

Buffer preparation 

The buffer was prepared a day before the rumen 

liquor collection and maintained at a pH of 6.2 

(Navaro-ville et al., 2011) and temperature of 39oC. 

The buffer used consists of the following reagents: 

Na2HPO4. 12H2O  1.985g/l 

KH2PO4   1.302g/l 

MgCl2.6H2O  0.105g /l 

NH4HCO3  1.407g /l 

NaHCO3  5.418g /l  

NaOH   0.100g /l 

 

In vitro fermentation of samples 

The in vitro incubation was carried out using 120 ml 

calibrated syringes containing the inoculums (Rumen 

liquor: buffer, 1:2). 200 mg of substrate was weighed 

into nylon bags for the incubation at 39ºC with 30 ml 

of inoculums. A 0.1g of each sample was added prior 

to sealing the bags. The bags were placed inside the 

syringes before the inoculum was introduced into the 

syringes. The syringes were fitted with silicon tube 
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The Fermentation Efficiency (FE) and effect of 

methane reduction (CH4%) were calculated using the 

following formulas 

 

 Fermentation Efficiency (FE) =    

Dry matter Digestibility (g/kg) 

      Total Gas Volume (mL/g) 

The post incubation parameters such as metabolisable 

energy (ME), Organic matter digestibility (OMD), 

Gas volume and Short chain fatty acids (SCFA) was 

estimated using the equation below: 

ME= 2.20 + 0.136 GV + 0.057 CP + 0.00029 CF 

(Menke and Steingass, 1988). 

OMD = 14.88 + 0.88 GV + 0.45 CP + 0.651 XA 

(Menke and Steingass, 1988). 

SCFA = 0.0239 GV – 0.0601 (Getachew et al., 1999), 

where  

GV, CP, CF and XA are total gas volume, Crude 

protein, Crude Fibre and ash of the incubated samples 

respectively. 

 

Experimental design 

The study was conducted using a completely 

randomize design (CRD). 

Chemical analysis 

Samples of the silages were analyzed for proximate 

composition using the general procedures of AOAC 

(2000) while detergent fibre was determined by the 

procedures of Van Soest et al (1991).  

Statistical analysis 

The data obtained in this study were subjected to one 

way analysis of variance (ANOVA). Difference 

between means was determined with the Duncan’s 

multiple range test (Duncan, 1955) using the 

Statistical Package for Social Sciences (SPSS) 

software. 

 

Results and Discussion 

The results of the physical properties of the silages are 

presented in Table 2. All the silages were greenish 

brown in colour, had pleasant odour and without 

mould. Yam peels with Mangifera indica leaves 

silage (T2) had no moisture while the other silages 

were slightly moist.  

 

Table 2: Physical properties of the silage  

Properties Types of Silages 
 1 2 3 4 5 
 

     

Colour 2 1 1 1 1 

Moisture 2 1 2 2  2  

Odour 2 2 1  2  2  

Mouldiness 1 1 1  1  1  

1 = Yam peels with Gmelina arborea leaves, 2 = Yam peels with Mangifera indica leaves, 3 = Yam peels 

with Nuclea latifolia leaves, 4 = Yam peels with Elaeis guineensis leaves, 5 = Yam peels with Leucaena 

laecocephala leaves.  

 

The proximate composition of the silages is presented 

in Table 3. There were significant differences 

(P<0.05) in the crude protein contents of the silages. 

T5 had the highest CP content of 17.88% while T1 had 

the least (3.69%). The CP content of 17.88% reported 

for Leucaenaleucocephala silage in this study was 

lower than a CP content of 24.75% reported by 

Ukanwoko and Ukandu (2012) and a CP range of 24 – 

30% reported by Garcia et al (2008) for fresh 

Leucaena. Generally, there tends to be a decline in 

nutrient composition after silages are made, 75% of 

the nutrients are conserved (Obua, 2005). There were 

significant differences (P<0.05) in the CF and NFE 

contents of the silages. The highest CF content was 

recorded in T4 (18.37%) and the lowest in T3 

(13.89%). The CF content of 18.37% recorded by T4 

yam peels ensiled with Elaeis guinensis is higher than 

a CF of 16.29% reported by Ukanwoko et al (2013) 

for Elaeisguinensis and that reported by Esonu et al 

(2008). The highest NFE value was recorded in T1 

(55.12%) while the lowest was recorded in T5. 

 

and clipped before placing them in the incubator at 

39°C. The syringes containing only inoculum served 

as the blank while the bags containing only the 

substrate served as the control. The time for the 

commencement of incubation was noted and the 

syringes were monitored at three hour intervals for the 

next 24 hours. For each incubation time, the head 

space of the syringes was measured and recorded. At 

24 hours of incubation, the final readings were taken 

and the syringes put on ice to stop further gas 

production. 

 

Determination of post in vitro parameters (DMD, 

FE, SCFA, ME and OMD)  

The sealed nylon bags containing the sample were 

taken out from the syringes, washed with water and 

oven dried at 100°C to constant weight. The dry 

matter determined is expressed as the percentage of 

the original sample weighed. To calculate dry matter 

digestibility (DMD), the formula is expressed thus: 
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The mineral composition of the silages is presented in 

Table 4. There were significant differences (P<0.05) 

in the potassium, iron, zinc and copper contents of the 

silages. The highest potassium content of 0.74% was 

recorded in T5.  

 

Table 3: Proximate composition of the silage 

 Parameters (%) 

Treatments CP FE CF ASH M DM NFE 

1 3.69e 3.39 17.26b 7.62 12.92 87.08 55.12a 

2 16.78b 3.69 15.46c 8.21 12.83 87.17 42.99c 

3 12.67d 3.18 13.89d 7.87 13.34 86.66 49.05b 

4 14.29c 3.23 18.37a 7.98 13.17 86.83 42.96c 

5 17.88a 3.78 16.89b 8.49 12.59 87.41 40.37d 

SEM 1.34                 0.12 0.42 0.13 0.13 0.13 1.43 
abc Mean between row that bear different superscripts differ significantly. 

Treatments: 1 =Yam peels with Gmelina arborea leaves, 2 = Yam peels with Mangifera indica leaves, 3 = 

Yam peels with Nuclea latifolia leaves, 4 = Yam peels with Elaeis guineensis leaves, 5 = Yam peels with 

Leucaena laecocephala leaves 

 

The mineral composition of the silages is presented in 

Table 4. There were significant differences (P<0.05) 

in the potassium, iron, zinc and copper contents of the 

silages. The highest potassium content of 0.74% was 

recorded in T5. This compares favourably with the 

potassium content of 0.83+0.10% reported by Okwu 

and Ezenagu (2008) for Leucaena leaves but lower 

than 3.48% potassium content reported by Aye and 

Adegun (2013). The highest iron content was 

recorded in T5 (156.45mg/kg) while the least was in 

T2 (118.70mg/kg). The highest iron content recorded 

in this study for T5 is higher than the iron content of 

136mg/kg reported by Feedipedia.org for Leucaena 

but far lower than that (365mg/kg) reported by 

Uemura et al (2014) for Leucaena. T5 also had the 

highest Zinc content (61.30mg/kg). This is higher 

than 7.88+0.10mg/kg and 30.4mg/kg Zinc contents 

reported by Okwu and Ezenagu (2008) and Uemura et 

al (2014) respectively for Leucaena. T5 had the 

highest copper content of 8.10mg/kg. This compares 

favourably with the copper content of 

8.68+0.10mg/kg reported by Okwu and Ezenagu 

(2008) for Leucaena but lower than 9.4mg/kg of 

copper reported by Uemura et al (2014) for Leucaena. 

 

Table 4: Mineral composition of the silages 

  Parameters      

Treatments %Na 

 

%K %Ca %P Fe 

(mg/kg) 

Zn 

(mg/kg) 

Cu 

(mg/kg) 

1 0.23 0.37c 0.22 0.38 134.80c 51.40c 7.30a 

2 0.22 0.53b 0.21 0.35 118.70e 43.20e 5.30e 

3 0.23 0.56b 0.22 0.37 129.80d 48.70d 6.40d 

4 0.24 0.58b 0.23 0.38 137.70b 52.50b 6.90c 

5 0.31 0.74a 0.28 0.42 156.45a 61.30a 8.10a 

SEM 0.01 0.03 0.01 0.01 3.29 1.57 0.24 
abcde  Mean between row that bear different superscripts differ significantly. 

Treatments: 1= Yam peels with Gmelina arborea leaves, 2 = Yam peels with Mangifera indica leaves, 3 

=Yam peels with Nuclea latifolia leaves, 4 =Yam peels with Elaeis guineensis leaves, 5 = Yam peels with 

Leucaena laecocephala leaves. 

 

The anti-nutritional contents of the silages are 

presented in Table 5. There were no significant 

differences (P>0.05) in the anti-nutritional contents of 

the silages. The tannin values of 0.002 – 0.006% 

reported in this study were within tolerable levels for 

ruminants as Onyeonagu and Njoku (2010) reported a 

tannin level of 2% as a safe range for ruminants. The 

saponin levels of 0.32 – 0.78% observed in this study 

were within tolerable levels as reported by Anhwange 

et al (2009).  
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Table 5:  Anti nutritional factor of the different silage 

Treatments Saponin Phytate Oxalate Tannin 

1 0.68 0.24 0.18 0.002 

2 0.42 0.21 0.16 0.004 

3 0.32 0.23 0.18 0.002 

4 0.78 0.25 0.19 0.003 

5 0.53 0.20 0.15 0.006 

SEM 0.06 0.02 0.01 0.001 

Treatments 1 = Yam peels with Gmelina arborea leaves, 2 = Yam peels with Mangifera indica leaves, 3 = 

Yam peels with Nuclea latifolia leaves, 4 = Yam peels with Elaeis guineensis leaves, 5 = Yam peels with 

Leucaena laecocephala leaves. 

 

The fibre fractions of the silages are presented in 

Table 6. There were significant differences (P<0.05) 

in the NDF, ADF, ADL, hemicellulose and cellulose 

contents of the silages. The highest NDF percentage 

was recorded in T4 (58.62%). This is higher than that 

(53.82%) reported by Suyitman et al (2018) but lower 

than that (63 – 80%) reported by Aim-oeb et al (2008) 

for oil palm fronds. The highest ADF percentage was 

recorded in T4 (45.26%). This is lower than the ADF 

percentage of 52.6% reported by Kawamoto et al 

(2001) but higher than that (41.34%) reported by 

Suyitman et al (2018) for oil palm fronds. The highest 

ADL percentage was recorded in T4 (19.38%). This 

compares favourably with the ADL percentage of 

19.90% reported by Kawamoto et al (2001) but lower 

than that (12.37%) reported by Islam et al (2000) for 

oil palm fronds. The highest hemicellulose percentage 

was recorded in T5 (14.24%). This is lower than the 

hemicellulose percentages of 18.70% and 37.13% 

reported by Aye and Adegun (2013) and Alaba et al 

(2011), respectively for Leucaena leucocephala 

leaves. The cellulose percentages in T1 (25.96%), T2 

(25.68%) and T4 (25.88%) were similar (P>0.05) but 

higher than those in T3 (24.06%) and T5 (24.26%). 

The cellulose percentage of 24.26% reported in T5 in 

this study is lower than that (56%) reported by Oni et 

al (2014) But higher than that (20.59%) reported by 

Alaba et al (2011) for Leucaena leaves.  

 

Table 6: Fiber fractions of the silage 

Treatments %NDF %ADF %ADL %Hemicellulose  %Cellulose 

1 57.48b 43.81b 17.85b 13.67ab 25.96a 

2 58.52a 44.06b 17.58b 13.16b 25.68a 

3 51.28d 38.15d 13.89d 13.13b 24.06b 

4 58.62a 45.26a 19.38a 13.36ab 25.88a 

5 55.29c 41.05c 16.79c 14.24a 24.26b 

SEM 0.74 0.74 0.55 0.14 0.24 
abc Mean between row that bear different superscripts differ significantly. 

Treatments 1= Yam peels with Gmelina arborea leaves, 2= Yam peels with Mangifera indica leaves, 3 = 

Yam peels with Nuclea latifolia leaves, 4= Yam peels with Elaeis guineensis leaves, 5 = Yam peels with 

Leucaena laecocephala leaves. NDF = Neutral detergent fibre, ADF = Acid detergent fibre and ADL = 

Acid detergent lignin 

 

The in-vitro gas characteristics of the silages are 

presented in Table 7. There were significant 

differences (P<0.05) in the ME contents of the silages. 

T5 (yam peels ensiled with Leucaenaleucocephala 

leaves) had the highest ME (5.85MJ/Kg). This is 

lower than that reported by Babayemi etal (2009) for 

Leucaena. There were significant differences 

(P<0.05) in the OMD values of the silages. The 

highest was recorded in T5 (45.46%) which is lower 

than the OMD values of 47.43% and 57.20% reported 

by Putra et al (2017) and Babayemi et al (2009), 

respectively. There were also significant differences 

(P<0.05) in the SCFA values produced by the silages. 

The values in T1, T3 and T5 were similar but higher 

than the values recorded in T2 and T4. Babayemi et al 

(2009) reported a SCFA value of 0.95umol/200mgDm 

for Leucaenaleucocephala and this is higher than that 

(0.40) reported in this study for T5 (Yam peels ensiled 

with Leucaena leucocephala leaves). 
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Table 7: Invitro gas characteristics of the different silages  

Treatments CH4 DMD FE ME OMD SCFA 

1 10.00 33.74 1.58 5.31bc 40.27c 0.44a 

2 6.67 26.01 1.85 5.06c 40.12c 0.27b 

3 10.00 33.07 1.17 5.55ab 42.71b 0.40a 

4 8.67 26.65 1.75 5.10c 39.99c 0.30b 

5 8.00 30.07 1.55 5.85a 45.46a 0.40a 

SEM 0.72 1.20 0.05 0.08 0.62 0.01 
abc Mean between row that bear different superscripts differ significantly. 

Treatments 1 =Yam peels with Gmelina arborea leaves, 2= Yam peels with Mangifera indica leaves, 3= 

Yam peels with Nuclea latifolia leaves, 4= Yam peels with Elaeis guineensis leaves, 5 = Yam peels with 

Leucaenalaecocephala leaves. CH4 = methane, DMD = Dry matter digestibility, FE = Fermentation 

efficiency, ME = Metabolisable enrgy, OMD = Organic matter digestibility, SCFA = Short chain fatty 

acid 

 

Conclusion  

Treatments; T2, T3, T4 and T5 had CP percentage well 

above the 7% recommended for ruminants but T5 

proved superior in terms of its mineral contents, 

metabolisable energy and organic matter digestibility. 

Therefore T5, the yam peels ensiled with Leucaena 

leucocephala leaf meal is recommended for ruminant 

animal producers.  

 

References 

Adeokun, O.A., Oladoja, M.A. and Adisa, B.O. 

(2008). Adoption of improved goat production 

practices in Ogun State, Nigeria. Nigerian Journal 

of Animal Production. 35(2): 267 – 274. 

Aim – oeb, J., Harnbunchong, A., Insung, O. and 

Engkagul, A. (2008). Chemical composition and 

ruminal dry matter and organic matter 

degradability of oil palm fronds. Proceeding of the 

46th Kasetsart University Annual Conference, 

Kasetsart. Pp 46 – 55. 

Akinmutimi, A. H., Odoemelam, V. U. and 

Abasiekong, D. (2006). Effect of Replacing Maize 

with Ripe Plantain and Yam Peels in the Diet of 

Weaner Rabbits. Journal of Animal and 

Veterinary Advance, 5(9):737-740. 

Alaba, J., Jimoh, O., Omenogor, I., Amole, T. and 

Ogunlolu, B. (2011). Performance of calves fed 

with hay, silage and browse plants as feed 

supplement during the dry season. International 

conference on Asia Agriculture and Animal Vol. 

13. 

Amodu, J. T. and Otaru, S. M. (2004). Forage and 

Crop Research Programme. A training Manual, 

National Animal Production Research Institute, 

Shika-Zaria. Pp. 23-27. 

Anhwange, B. A., Ugye, J. T. and Nyiatagher, T. D. 

(2009). Chemical composition of Musa sapietum 

peels. Electronic Journal of Environmental, 

Agriculture and Food Chemistry. 86: 437 – 444. 

A.O.A.C (2000). Official Methods of Analysis.18th 

Ed. Association of Official Analytical Chemists, 

Washington, D.C. 

A.O.A.C (2005). Official Methods of Analysis.18th 

Ed. Association of Official Analytical Chemists, 

Washington, D.C 

Areghare, E.M. (2000). Nutritive and antinutritive 

value of some tree legumes used in ruminant 

livestock nutrition in Pacific island countries. 

Journal of South Pacific Agriculture. 6: 50- 61. 

Asaolu, V. O., Binuomote, R., Akinlade, J. A., 

Oyelami, O. S. and Kolapo, K. O. (2011). 

Utilization of Moringa oliefera fodder 

combinations with Leucaena leucocephala, and 

Gliricidia sepium fodders by West African Dwarf 

Goats. International Journal of Agricultural 

Research. ISSN 1816- 4897/ DOI:IO. 3923/ 

ijar.2011. 

Aye, P. A. and Adegun, M. K. (2013). Chemical 

composition and some functional properties of 

Moringa, Leucaena and Gliricidia leaf meals. 

Agriculture and Biology Journal of North 

America. 4(1): 71 -77. 

Babayemi, O. J., Bamikole, M. A., Daniel, I. O., 

Ogungbesan, A. and Babatunde, A. (2003). 

Growth, nutritive value and dry matter 

degradability of three Tephrosia species. Nigerian 

Journal of Animal Production. 30 (1): 62-70. 

Babayemi, O. J., Bamikole, M. A. and Daodu, M. O. 

(2009). In vitro gas production and its predition on 

metabolisable energy, organic matter digestibility 

and short chain fatty acids of some tropical seeds. 

Pakistan Journal of Nutrition. 8(7):1078 – 1082. 

Chukwuka, O.K., Okoli, I. C., Opara, M. N., Omede, 

A. A., Ogbuewu, I. P. and Iheshiulor, O. O. M. 

(2010). The growing problems of mycotoxins in 

animal feed industry in West Africa: A review. 

Asian Journal of Poultry Science. 4: 122-134. 

Duncan, D. B. (1955). Multiple Range and Multiple 

F-Tests. Biometrics 11: 1 – 42. 

Ekenyem, B. U., Madubuike, F. N. and Dike, O. F. 

(2006). Effect of Partial Replacement of Yam Peel 

Meal Dioscorea Spp. for Maize Meal Zea mays on 

Performance and Carcass Characteristics of 

Finisher Broiler Chicks. International Journal of 

Poultry Science, 5 (10): 942-945. 

Esonu, B. O., Udedibie, A. B. I., Emenalom, O. O., 

Madumere, C. C. and Uchegbu, O. A. (2008). 

Evaluation of oil palm (Elaeis guineensis) leaf 

meal as feed ingredient in broiler diets. Nigerian 

Journal of Animal Production. 35(1): 32 – 39. 



------------------------------------------------------------------------------------------------------------------------------------------------------ 
Ukanwoko. & Odjuvwederhie 

Nigerian Agricultural Journal Vol. 50, No. 2 | pg. 37 

 

Garcia, D. E., Medina, M. G., Cova, L. J., Soca, M., 

Pizzani, P., Baldizan, A. and Dominguez, C.E. 

(2008). Acceptability of tropical tree fodder by 

cattle, sheep and goats in Trujillo State, 

Venezuela. Zootecnia Tropicale. 26(3): 191 – 196. 

Getachew, G., Makkar, H. P. S. and Becker, K. 

(1999). Stoichiometric relationship between short 

chain fatty acid and in vitro gas production in 

presence and absence of polyethylene glycol for 

tannin containing browses, EAAP Satellite 

symposium, Gas production: Fermentation 

kinetics for feed evaluation and to assess microbial 

activity. 18 – 19 August, Wageningen, the 

Netherlands. 

Hassan, D. (2004). Physical properties of guinea grass 

(Panicum maximum jacg) and cassava leaves 

(Manihot esculenta crantz var texas) silage using 

low cost containers. B.Sc Project report University 

of Agriculture, Abeokuta, Ogun State, Nigeria. 

Ijaiya, A. T. and Awonusi, E. P. (2005). Effect of 

replacing maize with yam peel meal on the growth 

performance of weaner rabbits. Journal of 

Sustainable Tropical Agriculture and Research, 

91 – 93. 

Islam, M., Dahlan, I., Rajion, M. A. and Jelan, Z. A. 

(2000). Productivity and nutritive values of  

different fractions of oil palm (Elaeis guineensis) 

frond. Asian – Ausralian Journal of Animal 

Science. 13(8): 1113 – 1120. 

Kawamoto, H., Mohamed, W. Z., Mohamed – 

Shukur, N. I., Mohamed – Ali, M. S., Ismail, Y. 

and Oshio, S. (2001). Palatability, digestibility and 

Voluntary intake of processed oil palm fronds in 

cattle. Japan Agricultural Research Quarterly. 

35(3): 195 – 200. 

Menke, K.H., and Steingass, H. (1988). Estimation of 

the energetic feed value obtained from chemical 

analysis and in vitro gas production using rumen 

fluid. Animal Research and Development. 28: 7 – 

55.  

Navarro-Villa, A., O’Brien, M., Lopez, S., Boland, T. 

and O’kiely, P. (2011). In vitro rumen methane 

output of red clover and perennial ryegrass 

assayed using the gas production technique (GPT). 

Animal Feed Science and Technology. 168: 152 – 

164 

Obua B. E. (2005). Forage conservation in Nigeria. 

Concave publications, Owerri Nigeria. 

Okwu, D. B. and Ezenagu, V. (2008). Evaluation of 

the phytochemical composition of mango 

(Mangifera indica Linn) stem bark and leaves. 

International Journal Chemical Science. 6(2): 705 

– 716. 

Oni, A. O., Sowande, O. S., Oni, O., Aderinboye, R. 

Y.,Dele, P. A., Ojo, V. O. A., Arigbede, O. M. and 

Onwuka, C. F. I. (2014). Effects of additives on 

fermentation of cassava leaf silage and ruminal 

fluid on West African Dwarf goats. Archivos de 

Zootecnia. 63(243): 449-459. 

Onyeonagu, C. C. and Njoku, O. L. (2010). Crop 

residues and agro-industrial by-products used in 

traditional sheep and goats production in rural 

communities of Makurdi LGA. Journal  of 

Tropical Agriculture, food, environment and 

Extension. 9(3): 161 – 169. 

Putra, R. A., Noviandi, C. T. and Umami, R. (2017). 

Digestibility and ruminal fermentation 

characteristics of native grass silage supplemented 

with different levels of Leucaena leucocephala. 7th 

International seminar on Tropical Animal 

Production, Sept 12 – 14, 2017. 

https://www.researchgate.net/publication/3210974

48 

Suyitman, L. W. and Evitayani. (2018). In vitro 

digestibility of palm leaf waste treated with 

different processing methods. Pakistan Journal of 

Nutrition 17: 368 – 373. 

Tsado, D. N., Aremu, A., Egena, S. S. A. and Ismah, 

O. (2009). Assessment of body weight of  Savana 

brown goat, castrates, non- castrates and females 

using linear measurement. 34thAnnual Conf. of 

Nig. Soc. For Anim. Prod,  Pp 500 – 503. 

Uemura, E., Hayashida, M., Orden, E. A. and 

Fujihara, T. (2014). Tree legume supplementation  

improves mineral  status of grazing does and 

growth performance of their kids. Livestock  

Research for Rural Development. Vol 26, Article 

#40.http://www.lrrd.org/lrrd26/3/uemu26040.html 

Ukanwoko, A. I. and Okpechi, J. I. (2016). Evaluation 

of the carcass characteristics of West African 

Dwarf (WAD) goats fed Gliricidia sepium, 

cassava and Leucaena leucocephala leaf meals in a 

cassava peel-based diets. International Journal of 

Agriculture and Rural development. 19(1): 2497 – 

2500. 

Ukanwoko, A. I. and Ukandu, C. (2012). Proximate 

composition of cassava peels ensiled with cassava, 

Gliricidia and Leucaena leaf meals prepared under 

a humid environment. Continental Journal of 

Animal and Veterinary Research. 4: 17 – 21. 

Ukanwoko, A. I., Ironkwe, M. O. and Nmecha, C. 

(2013). Growth performance and haematological 

characteristics of West Arfican Dwarf goats fed oil 

palm leaf meal –cassava peel-based diets. Journal 

of Animal Production Advances. 3: 1 – 5. 

Van Soest, P.J., Robertson, J. B. and Lewis, B. A. 

(1991). Methods for dietary fibre, neutral 

detergent fibreand non – starch poly saccharides in 

relation to Animal Nutrition. Journal of Dairy 

science. 74: 3583 - 3597 

 

 

https://www.researchgate.net/publication/321097448
https://www.researchgate.net/publication/321097448
http://www.lrrd.org/lrrd26/3/uemu26040.html

