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Abstract 

A feeding trial was carried out for 60 days with 40 growing West African Dwarf (WAD) bucks aged 5 - 7 months with an 
initial weight of 5.25 kg±0.35 to determine their nutrient intake. The goats were randomly allocated to five treatments, 
each treatment had eight replicates. Five diets were compounded CPU (100% urea treated cassava peel). CPF (60% 
untreated cassava peel, 40% cassava foliage), CPM (60% untreated cassava peel, 40% poultry manure), CPUF (60% 
untreated cassava peel, 20% cassava foliage and 20% treated cassava peel).CPFM (60% untreated cassava peel, 20% 
cassava foliage, 20% poultry manure). Result obtained indicated that nutrient intake significantly (P<0.05) varied 
among the dietary treatments. CPU had significant (P<0.05) higher dry matter intake, organic matter intake, crude fibre 
intake and nitrogen free extract intake than other treatments while CPF had significantly (P<0.05) better crude protein 
intake than other treatments. Acid detergent fibre intake was significantly (P<0.05) higher in CPM (163.g/d) while NDF 
had significant higher value in CPFM (198.96g/day). Hemicellulose intake was significantly (P<0.05) higher 
(93.02g/day) in CPM than other treatments. The study revealed that supplementing the diets of grazing West African 
Dwarf goats with nitrogen sources such as urea, cassava foliage, poultry manure can boost the intake of the animals 
which thereby leads to better productive performance of the animals.  
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1. Introduction

Livestock enterprise especially small ruminants production is one of the most resourceful and reward-able ventures 
in agriculture all over the world. Their easy handling, adaptability to various climatic conditions, modest feed require
ments and efficient conversion of limited feed resources among others favour their production both in small hold and 
large scale. A vibrant and innovative feed industry with capacity to utilize alternative and sustainable feed resources 
from agro industrial by-products and organic farm wastes can significantly boosts small ruminant production [1]. 
Cassava peel, one of the readily available and abundant agro industrial by-products has been fed to goats in various 
forms: with rumen epithelia wastes [2], with cassava foliage [3], with graded urea fertilizer [4] and with poultry manure 
[5]. [6] opined that the quality of protein available for the ruminants to utilize poor quality feed stuff is immaterial in 
their nutrition, what is paramount is the utilization of compound rich in N- supplies in combination with the fibrous 
feed materials. Increased N- supplies can improve the rumen environment in term of appropriate pH buffer, rumen NH3 

concentration and metabolites for increased fermentation of the basal feedstuffs and other by-products by rumen 
micro-organisms [7]. Common ruminant dietary nitrogen resources exist, such as highly nitrogenous forages and faecal 
waste from well managed poultry litter at very low cost [8].These materials represent potential source of crude protein 
for ruminant animals and may serve as rational application of simple technology and skill to recycle these wastes into 
the animal feed industry with expectation that there would be double successes of producing animal protein profitably 
and alleviating pollution within our immediate environments[8]. The objective of this study was to investigate nitrogen 
intake of West African Dwarf goats fed nitrogen supplemented cassava peel meal.  
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2. Material and methods 

The experiment was carried out at the Sheep and Goat Unit of Department of Animal Production, Kogi State, University, 
Anyigba, Kogi State. Anyigba is located in the derived Savannah of Nigeria between Latitude 70 151 and 70 291N of the 
equator and Longitude 70 111 and 70 321 E of the Greenwich meridian [9]. The wet season spreads over a minimum of 
seven (7) months and it extends from late April to October with the dry season spanning from November to March. The 
area is characterized by luxuriant growth of many tall grass species like gamba grass (Andropogon tectorium, 
Andropogon gayanus), elephant grass (Pennisetum purpureum), guinea grass (Panicum maximum) and some short 
grasses [9]. 

Cassava peels were collected at Fadama Cassava Processing Centre at Ojuiapata, along Ankpa Road, Kogi State, Nigeria. 
At the centre, simple processing methods as follows were adopted: Fresh cassava peels, free from stumps were collected 
and grated before being subjected to hydraulic press for dewatering. The dewatered peels were then pulverized and 
sieved to obtain the coarse mash, which was then sun-dried for 2-3days before being loaded into bags for feeding 
animals [10]. Fresh cassava foliage was harvested fresh and sundried for 2-3 days until the leaves became brittle and 
milled for diet compounding. Poultry manure free from wood shavings and litter materials was obtained from poultry 
enterprise that installed battery cage system, and sundried 4-5 days prior to milling for proportional diet combinations 
and mixing. Graded urea fertilizer was purchased in market. The processed cassava peel meal was treated with fertilizer 
grade urea by spraying 4% aqueous solution (4kg urea to every 100litre of water) on 100kg cassava peels enclosed in 
air tight container covered with plastic sheet and allowed for 21 days before exposure to air to let out residual NH3 gas 
prior to usage for diet formulation in accordance with the method adopted by [11]; [10]. The animals were allowed to 
graze around the university farm area between 9.00am- 2.00pm thereafter concentrates diets were offered: The dietary 
combinations offered were  

CPU = Cassava peel ensiled with 4% urea graded fertilizer  

CPF= Cassava Peel   + Cassava Foliage mixed meal  

CPM =Cassava Peel + Poultry Manure mixed meal  

CPUF= Cassava Peel + Cassava foliage +ensiled Cassava Peel  

CFPM=Cassava Peel + Cassava foliage + Poultry Manure 

Rations of supplementary mixed diets were offered to the WAD goats at 3% of body weight after about 5-6 hours grazing 
while water was provided ad libitum [10]. 

Forty growing West African Dwarf (WAD) goats of about 6-7 months old were used for the study. They were sourced 
from nearby goat market in the environs around Anyigba. The animals were treated against both ecto and endo parasite 
infestations. They were tagged and allowed fourteen days adjustment period before the commencement of the study. 
The animals were randomly assigned to five treatment groups consisting of eight animals, each animal serving as a 
replicate and housed individually in their pens, for 60 days [10].  The design was a Completely Randomized Design 
(CRD). Data on feed intake by individual animal was recorded daily and left over feed was weighed and subtracted from 
the total quantity offered to determine the daily feed intake. Average daily feed intake was obtained by dividing the total 
feed intake by the number of experimental days. Samples of experimental diets were collected during the experiment 
for proximate composition determination. The samples were weighed and dried in an oven to constant weight at 105 
ºC. The dried samples were weighed and ground to pass through 2 mm sieve. The experimental diets were analyzed for 
moisture, ash, ether extract and crude fibre according to the methods of Association of Official Analytical Chemists [12], 
while nitrogen content was determined by the micro Kjeldahl method [12]. Nitrogen free extract was determined by 
difference while fibre fractions were determined using the method of [13]. 
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Table 1 Feed composition of cassava peal meal enriched with supplemental nitrogen sources  

Ingredients           CPU CPF          CPM       CPUF     CPFM 

Urea Treated Cassava Peel 100 -          -          20        - 

Untreated Cassava Peel - 60             60          60       60 

Poultry Manure - -   40          -       20 

Cassava Foliage - 40                 -          20       20 

Total 100 100            100         100     100 

Source: [10] 
        CPU= Cassava peels + 4% urea graded fertilizer CPF= Cassava peels + cassava foliage CPM= Cassava peels + poultry manure  
                     CPUF= Cassava peels + 4% urea graded fertilizer + cassava foliage, CPFM= Cassava peels + Cassava foliage + poultry manure. 

3. Results  

Nutrient composition of experimental diets is shown in Table 2. The dry matter (DM) content of the diets ranged from 
82.38 to 85.60%. Organic matter (OM) content of the concentrate supplements ranged between 80.53% and 77.86 %. 
The crude protein content of the concentrate supplement ranged between 9.95% and 11.89% while the crude fibre 
content of the diets ranged from 9.68% to 10.95%.  The value of ether extract obtained in this study ranged from 2.99% 
to 3.25%. The ash content obtained varied between 4.85% and 5.77% while the nitrogen free extract ranged from 
52.59% to 56.02%. The acid detergent fibre and neutral detergent fibre ranged from 15.90% - 31.85% and 29.22%- 
50.01% respectively. Hemicellulose ranged from 11.42%-18.16%. 

Table 2 Proximate composition of supplementary diets (%)  

Nutrients  CPU CPF CPM CPUF CPFM 

Dry matter  85.60                     83.23 83.63 84.40          85.38 

Organic Matter  80.05                    77.98 77.86 79.25 80.53 

Crude Protein 9.95                                       11.89 11.09 10.70 10.89 

Crude Fibre 10.95                                    10.25 10.62   10.15 9.68 

Ether Extract 3.13                                         3.25 3.25   3.20 2.99 

Ash 5.55              5.25 5.77   5.15 4.85 

Nitrogen Free Extract 56.02                                 52.59 52.63   55.20   51.00 

Neutral Detergent Fibre 29.22                                    39.95 50.01 29.00 39.73 

Acid Detergent Fibre 17.80             26.05 31.85   15.90 25.23   

Hemicellulose 11.42                      13.90       18.16        11.42          14.50 

CPU= Cassava peels + 4% urea graded fertilizer, CPF= Cassava peels + cassava foliage CPM= Cassava peels + poultry manure 
CPUF=Cassava peels+4% urea graded fertilizer + cassava foliage, CPFM = Cassava peels + Cassava foliage + poultry manure. 

 

3.1.  Nutrient intake (g/day) of West African Dwarf goats fed cassava peels meal enriched with supplemental    
         nitrogen sources 

The results of nutrient intake of WAD goats fed with cassava peels enriched with supplemental nitrogen is presented in 
Table 3. All the parameters for nutrient intake were significantly (P<0.05) influenced by dietary treatments. Dry matter 
(DM) intake ranged from 412.53-451.26 g/day with CPU having significant (P<0.05) higher value. Organic matter (OM) 
intake ranged from 480.51-497.91 g/day with CPU having the highest value. The crude protein (CP) intake ranged from 
52.45-61.28 g/day with CPF having the highest value while crude fibre intake fell between 48.96 
and 57.73 g/day, CPU had significant (P<0.05) highest value. Nutrient intake for ether extract, ash and nitrogen free  
extract ranged from15.12 to17.93g/day, 24.57-9.56 g/day and 269.59-295.32 g/day respectively. Ether extract ranged 
from 16.20g/day-17.93g/day while ash content was between 24.56g/day and 29.56g/day. Nitrogen free extract intake 
was significantly (P<0.05) higher in CPU (295.32 g/day) but lower in CPM (269.64 g/day). Acid detergent fibre intake 
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was significantly (P<0.05) higher in CPM (163.g/d) while NDF had significant higher value in CPFM (198.96g/day). 
Hemicellulose intake was significantly (P<0.05) higher (93.02g/day) in CPM than other treatments. 

Table 3   Daily nutrient intake of West African dwarf goats fed cassava peel meal supplemented with nitrogen sources 
   (g/day). 

Parameters CPU CPF CPM CPUF CPFM SEM                              LOS 

Dry Matter 451.26a 428.94b 426.33d 426.73c 412. 53d 2.54 * 

Organic Matter 404.33a 401.89b 398.82c 400.21d 403.27c 1.31 * 

Crude Protein 52.45d 61.28a 56.81b 54.21d 55.07c 0.61 * 

Crude Fibre 57.73a 52.83c 54.38b 51.42d 48.96e 0.59 * 

Ether Extract 16.50c 16.75b 17.93a 16.20d 16.20d 0.18 * 

Ash 29.26b 27.26c 29.56a 26.09d 24.56e 0.39 * 

NFE 295.32a 271.03d  269.58e 279.64b 273.12c 1.92 * 

ADF 93.84d 134.25b 163.15a 80.39e 126.34b 6.07 * 

NDF 154.04c 205.88b 225.99a 146.62c 198.96b    6.67 * 

Hemicellulose 57.68d                  71.63c  93.02a           57.67d                72.61b 5.06         * 

abcde - Means in the same row with different superscript are significant different (P˂ 0.05). SEM- Standard Error of Mean, CPU= cassava peels + 4% 
urea graded fertilizer, CFU =cassava peels +cassava foliage, CPM= cassava peels + poultry manure, CPUF= cassava peels + 4% urea graded fertilizer + 
cassava foliage, CPFM = cassava peels + cassava foliage + poultry manure, NFE= Nitrogen free extract, ADF= Acid detergent fibre,  
NDF= Neutral detergent fibre, LOS= Levels of significance. 

3.2. Discussion 

3.2.1. Nutrient composition of supplementary diets 

Dry matter contents of the diets are comparable to 83.13% - 88.21% reported by [14] for molasses urea multi-nutrients 
blocks. The observed dry matter value is an indication of the shelf life of the diets. The higher the dry matter the longer 
the shelf life and the more resistance to the growth of mould. Organic matter content fell below 92.52% to 94.50% 
reported by [4] for urea treated cassava peels fed to WAD goats. The values of organic matter obtained in this study 
might be due to the nature of supplemental nitrogen used in this study. Crude protein (CP) contents are lower than 
20.56% - 21.61% reported by [15], but comparatively higher than 9.75% reported by [4] who fed graded levels of urea 
treated cassava peels to grazing WAD goats. The crude protein of the diets were generally higher than 8%, below which 
[16] observed that feeds will not provide the required levels of ammonia for optimum rumen microbial activity. The 
values above 8% for crude protein obtained in this study may be attributed to the urea treatment and the inclusion of 
poultry manure and cassava foliage which are the sources of supplemental nitrogen in the diets. The productive crude 
protein obtained in this study seems adequate for productive performance in grazing goats as additional nutrients are 
made available in natural herbage being grazed. Crude fibre (CF) content values are lower than the values reported by 
[17], ether extract (EE) values are lower than 3.02 and 6.84 reported by [18]. Ash contents are lower than 8.89% - 
11.00% reported by[15], nitrogen free extract NFE) values are higher than values reported by[17]. Proximate 
composition values observed for the supplementary diets are comparable to those reported by [19]. This is an indication 
that the diets can be potential supplements to grazing goats as well as goats being fed other crop residues in the dry 
season. Apparently, the diets may assist in improving the activities of rumen microbes by generating high level of 
ammonia in the rumen that will promote efficient digestion process [20]. Also the fibre fraction level obtained in this 
study was lower than the safe upper limit of 60% reported by [21] for guaranteed forage intake by ruminant. The result 
of the fibre fractions obtained in this study was also lower than the value reported by [22]. The fibre fractions showed 
that the diets have the potentials to support intestinal movement and proper rumen function. This may imply that the 
fibre fractions of the diet have the potential to improve fermentation in the fore stomach of the animals. [23] stated that 
excess fibre fractions especially NDF reduces the rate of fermentation and feed intake, but little fibre leads to rapid 
rumen fermentation. 

3.2.2. Nutrient intake of WAD goats fed cassava peels supplemented with nitrogen sources 

The dry matter intake (DMI), organic matter intake (OMI), crude fibre intake (CFI) and nitrogen free extract (NFE) 
intake were better (P<0.05) in group supplemented with urea treated cassava peels (CPU) than other treatments. The 
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DM intake obtained in this study is higher than 87.1-107.8g/day reported by [24] who fed cassava peel and poultry 
manure to WAD goats. Higher DMI, CFI and NFE intake in the group supplemented with urea treated cassava peels (CPU) 
may be attributed to the urea treatment and ensiling process the cassava peels underwent. This might have degraded 
the cell wall content present in the cassava peels as well as making the diet more digestible, thus bringing about 
improved microbial degradation and maximized intake. This is indicated in the higher value of nitrogen free extract 
obtained for CPU. [13]opined that intake is influenced by the rate, extent of ruminal digestion, the rate of passage and 
microbial digestion of treated cell wall. Urea treatment of cassava peels could have increased microbial degradation and 
amount of digesta that moved through the stomach compartments of the animals with a consequential increased intake. 
This implies that nitrate can be safely used as rumen supplementary nitrogen source as well as urea to improve animal 
feed intake and performance with another tremendous advantage of reduction of rumen methane emission. The CPU 
was also observed to have less fibre fractions compared to other treatment groups. This may be due to the degradation 
effect of ensilation. Significantly (P<0.05) higher value of crude protein intake (CPI) was observed in CPF than other 
treatments. This might be due to higher CP content present in cassava foliage as reported by [25]. However, the result 
obtained in this study is in contrast to the report of [26] who used Moringa oleifera, Gliricidia sepium and cassava foliage 
to feed West African Dwarf (WAD) goats. The researchers posited that the least DM intake was recorded for cassava 
foliage. According to [27], variations in feed and nutrient intake can be attributed to differences in breed, body weight, 
types of diet and length of time spent on the diet. [28] also posited that feed intake is greatly influenced by the 
palatability of the feed and animals’ level of productivity. Therefore, the value of nutrient intake recorded in this study 
could be attributed to palatability and acceptability of the diet to the goats. More so, the aromatic smell of the urea 
treated cassava peels after fermentation might have conferred better palatability and acceptability, thereby resulting in 
better intake. The lower value of lignin fractions for CPU in this report could be attributed to the ensiling process 
adopted in treating the cassava peel and the rumen microbial degradation of the urea treated cassava peels used in this 
study. 

4. Conclusion 

Based on the results obtained from this study, it is concluded that supplementing the diets of grazing West African Dwarf 
goats with nitrogen sources such as urea, cassava foliage and poultry manure can boost the intake of the animals as well 
as result in better productive performance of the animals.  
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