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ABSTRACT 
 
Sixteen Red Sokoto male goats weighing on average 9.36±0.67 Kg were used for the experiment in 
a completely randomised design (CRD) for a duration of 12 weeks to determine the total feed intake, 
weight gain and apparent nutrient digestibility coefficients. The treatments were; A (control): the 
basal diet (maize stover treated with 4% urea) plus 100 g maize bran, B: control diet plus 100 g 
Balanites aegyptiaca, C: control diet plus 200 g Balanites aegyptiaca and D: control diet plus 300 g 
Balanites aegyptiaca. All animals were allowed ad libitum access to water and mineral lick. p<0.05 
was considered as level of significance. Supplementing urea treated maize stover with Balanites 
aegyptiaca resulted in increased (p<0.05) total dry matter (DM) intake from 346.12 g/day (control), 
to 423.73 g/day (treatment B), 488.54 g/day (treatment C) and 536.81 g/day (treatment D). 
Supplementation increased (p<0.05) daily weight gain. Treatment D recorded the highest value of 
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52.00 g/day. Apparent DM digestibility increased (p<0.05) with supplementation with treatment D 
having the highest value of 74.32%. Nutrient digestibility also increased (p<0.05) with treatment D 
supplemented group having the highest values for all the parameters recorded. 
 

 
Keywords: Balanites aegyptiaca; weight gain; goats; intake; digestibility; basal diet. 
 
1. INTRODUCTION 
 
Crop residues represent a high proportion of total 
feed for herbivorous animals. They are 
characterised by high content of fibre usually 
above 40%, low content of nitrogen (0.3-1.0%) 
and low content of essential minerals such as 
sodium, phosphorus and calcium [1]. Preston 
and Leng [2] also observed that crop residues 
especially cereal types are characterised by low 
nutrient content and digestibility and poor 
voluntary consumption by ruminant animals. The 
consequences for ruminant animals are low feed 
intake (about 1.2 kg DM/100 kg live weight) and 
low performance [1]. Maize residues in particular 
is low in protein, that vary from 2.3% [3] to 7.1% 
[4] and, therefore, requires supplementation. 
Treatment of the stover before feeding may be 
necessary to improve stover utilisation by 
animals [4]. 
 
Tree legumes and shrubs that persist during the 
dry season when pasture is either scarce or of 
poor quality have been extensively used to 
provide protein rich forage for ruminant 
production in Asia, Africa and pacific Islands [5]. 
Tree fodders (browse plants) are important in 
providing nutrients to grazing ruminants in arid 
and semi-arid environments, where feed supply 
is a major constraint to livestock production [6]. 
They are less susceptible to climatic fluctuation 
since they are tree or perennial shrubs and they 
remain green all year round [7]. Browse plants 
maintain higher protein and mineral contents 
during growth than do grasses, which decline 
rapidly in quality with progress to maturity [8]. 
Also, browse plants tend to have low crude fibre 
than grasses harvested at the same time [9]. 
 
As a multipurpose tree, Balanites aegyptiaca 
offers food, medicines, cosmetics, fodder, fuel 
wood and pesticides valued for subsistence living 
in the arid and semi-arid areas where other 
options are few [10]. According to Hall [11], few 
African species are as widely distributed as 
Balanites aegyptiaca, which occurs in almost 
every African country north of the equator and 
several countries in the southern hemisphere. 
The leaves and fruits are widely consumed by 
animals. The green leaves, and particularly the 

green shoots, are commonly used as animal 
forage [10]. Balanites aegyptiaca could 
contribute up to 38% of the dry matter intake of 
goats in the dry season [12]. It is also a good 
source of degradable protein though it needs 
mineral supplementation [13] since it is poor in 
phosphorus and copper [14]. 
 
The study was designed to determine the dry 
matter intake, weight gain and apparent nutrient 
digestibility coefficients in Red Sokoto goats 
when fed graded levels of Balanites aegyptiaca 
leaf forage as a supplement to urea treated 
maize stover. 
 
2. MATERIALS AND METHODS 
 
2.1 Study Area 
 
The experiment was conducted at the Teaching 
and Research Farm of the Department of Animal 
Science and Range Management, Modibbo 
Adama University of Technology Yola, Adamawa 
state. Yola is located in the North Eastern part of 
Nigeria. It is situated within the Savannah region 
and lies between latitude 9° 14' North and 
longitude 12° 28' East and altitude of about 152 
m above sea level. Yola has a tropical climate 
marked by rainy and dry seasons. Maximum 
temperature can reach 40°c particularly in April, 
while minimum temperature can be as low as 
18°c. Annual rainfall is less than 1000 mm [15]. 
 
2.2 Preparation of Feed 
 
The leaves of Balanites aegyptiaca were 
collected around Rumde-Kila and Mayo-Ine 
villages of Yola South Local Government Area, 
Adamawa state. The leaves from the browse 
plant were collected by lopping the branches. 
The lopped branches were sun-dried for 2 days. 
The branches were then shaken to remove the 
leaves. The leaves were shade-dried for 7-10 
days and then stored in bags. Maize stover was 
obtained from farms around the university area.  
The maize stover was chopped using a cutlass to 
a size of 2-4cm before treatment with 4% urea 
(purchased from the market) for three weeks 
(400 g of urea in 10 litres of water per 10 kg of 
stover). The treated stover was placed for 3 
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weeks in black polythene sheets (in order to 
absorb more heat) and covered with sacks. The 
urea treated maize stover served as the basal 
diet and the browse leaves served as the 
supplement. 
 
2.3 Experimental Animals and Their 

Management 
 
Sixteen (16) Red Sokoto male goats weighing on 
average 9.36±0.67 Kg were used for the 
experiment. All the animals were treated against 
external and internal parasites, using ivermectin 
and albendozole respectively. Terramycin long 
acting (TLA) injection was used to take care of 
subclinical bacterial infections. The animals were 
confined in an individual, well ventilated raised 
pens within a common house. The roof of the 
house was relatively high so as to reduce heat. 
Proper hygiene of the house was ensured all 
through the period of the experiment. 
 
2.4 Experimental Treatments and Design 
 
Four (4) treatment diets were offered in a 
Completely Randomized Design (CRD) with four 
animals per treatment. Urea treated maize 
stover, mineral salt lick and water were offered 
ad-libitum. The 4 treatments were; 
 

A) Urea treated maize stover + mineral salt lick 
+ 100 g maize bran (control) 

B) Control diet + 100 g of Balanites aegyptiaca 
C) Control diet + 200 g of Balanites aegyptiaca 
D) Control diet + 300 g of Balanites aegyptiaca 

 
2.5 Experimental Procedure 
 
The live weight of each animal was obtained 
before the commencement of the experiment. 
The supplement was offered in the morning 
before the basal diet was offered. Feed refusals 
were collected and weighed in the morning 
before fresh diet was offered. Salt licks and fresh 
water were provided ad libitum. The goats were 
weighed weekly so as to determine the weight 
gain. The experiment lasted for 12 weeks in 
which there was 2 weeks of adaptation period 
and 2 weeks of digestibility experiment.  
 
2.6 Data Collection 
 
Feed intake was determined by collecting and 
weighing the amount of leftover every morning 
before feeding, and subtracting the refusal from 
the total amount of feed offered to the animals. 

Weight gain of each animal was determined by 
subtracting the initial weight of the animal from 
the final weight of the animal. Daily weight gain 
was obtained by dividing total weight gain by the 
number of days of the collection period. 
 
Feed conversion ratio was obtained by dividing 
daily dry matter intake by daily weight gain. 
 
2.7 Digestibility Experiment 
 
The digestibility study was conducted during the 
last 14 days of the feeding trial. Two animals 
from each treatment were confined in separate 
pens for the 14 days period. Adaptation period 
lasted for seven days and collection period for 
seven days. Daily feed intake and faecal output 
for each animal were collected, weighed and 
recorded. 
 
2.8 Chemical Analysis 
 
The proximate composition of the experimental 
feeds and faeces were determined following 
standard methods [16]. Neutral detergent fibre 
(NDF) and acid detergent fibre (ADF) were 
determined by the method of [17]. Data collected 
were used to compute the apparent digestibility 
coefficients, using the formula: (nutrient in feed - 
nutrient in faeces/nutrient in feed x 100). 
 
2.9 Statistical Analysis 
 
All data generated from the experiment were 
subjected to one way analysis of variance 
(ANOVA) in a completely randomized design 
(CRD) according to [18]. Treatment means were 
separated using Duncan’s multiple range test 
(DMRT) [19]. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Proximate Composition of Experi-

mental Diets 
 
The proximate composition of the experimental 
diets is shown in Table 1. The dry matter content 
obtained for urea treated maize stover (91.0%) is 
comparably higher than 65.47% reported by [20] 
but lower than 95.6% reported by [21]. Wambui 
et al. [22] reported a dry matter value of 45.68% 
for urea sprayed maize stover, which is also 
lower than the value obtained in this study. The 
dry matter content recorded for Balanites 
aegyptiaca (92.5%) is lower than the value 
955.00 g/KgDM (95.5%) reported by [23]. Heuzé 
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and Tran [24] compiled a dry matter content of 
94.0% on average for Balanites aegyptiaca, 
which is similar to the value obtained. Maize bran 
had a dry matter content of 94.0%, which is 
higher than the value (91.5%) reported by [25]. 
The crude protein content for urea treated maize 
stover (9.7%) is higher than the value (5.09%) 
reported by [22] but lower than 15.40% reported 
by [20]. [21] reported a crude protein value of 
7.67% for urea treated maize stover, which is 
lower than the value obtained in this study. 
Balanites aegyptiaca had a crude protein content 
of 11.9%, which is lower than 15.0% reported by 
[26]. LeHouerou [27] reported a mean crude 
protein value of 12.5% in West African browse 
species, which is relatively higher than the value 
obtained in this study. Generally, the crude 
protein content in browses has been shown to be 
above the minimum level (7%) required for 
microbial activities in the rumen [28]. The crude 
protein content of maize bran obtained in this 
study (10.3%) is similar to 10.9% reported by   
[25] and relatively higher than 9.6% reported by 
[29]. 
 
Egbu [30] reported a crude fibre content of 
27.03% for a 50:50 mixture of Centrocema 
pubescens and urea treated maize stover, which 
is similar in value (28.0%) to the crude fibre 
content for urea treated maize stover obtained in 
this study. Similarly, Yahaya and Kibon [31] 
reported a crude fibre content of 14.00%, which 
is very low when compared to the value 
obtained. Kamal and Nour [32] reported 17.33% 
as crude fibre content for Balanites aegyptiaca, 
which is lower than 20.0% obtained in this           
study. Yahaya and Kibon [31] reported a crude 
fibre content of 31.21% for maize bran, which             
is much higher than 7.5% obtained in this         
study. 
 
Ash content obtained for urea treated maize 
sover (8.1%) is similar to 7.92% reported by [20] 
but lower than 11.35% reported by [31]. The ash 
content obtained for Balanites aegyptiaca 
(10.4%) is lower than 15.0% reported by [32] but 
higher than 65.00 g/KgDM (6.5%) reported by 
[23]. Bello and Tsado [33] reported an ash 
content of 5.50% for maize bran, which is lower 
than 8.1% obtained. 3.6% ether extract content 
obtained for urea treated maize stover is lower 
than 5.00% reported by [33] but higher than 
2.15% reported by [22]. Yahaya and Kibon [31] 
also reported a higher ether extract content of 
7.13% for 4% urea treated maize stover. Kamal 
and Nour [32] reported an ether extract content 
of 6.15% for Balanites aegyptiaca, which is 

higher than 3.3% obtained. Similarly, the ether 
extract content obtained fell in the range of 2 - 
5% reported by [34] for different browse plants. 
Lepanga et al. [35] reported 82.0 g/KgDM (8.2%) 
as ether extract content for maize bran, which is 
lower than 9.6% obtained. The nitrogen free 
extract obtained for urea treated maize stover 
(41.6%) is lower than 58.69% reported by [31]. 
Njidda and Ikhimioya [23] reported a        
nitrogen free extract content of 581.80 g/KgDM 
(58.18%), which is higher than the content 
(46.9%) obtained. Yahaya and Kibon [31] 
reported a nitrogen free extract content of 
44.30% for maize bran which is lower than 
61.8% obtained. 
 
Tesfaye et al. [20] reported a neutral detergent 
fibre content of 76.15% for urea treated maize 
stover, which is comparable to the value 74.4% 
obtained. The neutral detergent fibre obtained for 
Balanites aegyptiaca (33.8%) is lower than 
44.6% reported by [36], similar to 349 g/KgDM 
(34.9%) reported by [37] and higher than 222 
g/KgDM (22.2%) reported by [13] for leaves 
collected in early dry season. [35] reported a 
neutral detergent fibre of 189.1 g/KgDM 
(18.91%) for maize bran, which is lower when 
compared to the value (28.6%) obtained. Acid 
detergent fibre content obtained for urea treated 
maize stover (52.5%) is higher than 44.58% 
reported by [22], similar to 53.6% reported by 
[21] and lower than 69.10% reported by [38]. 
Acid detergent fibre obtained for Balanites 
aegyptiaca (26.4%) is lower than 401.10 g/KgDM 
(40.11%) reported by [23] but similar to 257 
g/KgDM (25.7%) reported by [13] for leaves 
collected in late dry season. Lepanga et al. [35] 
reported 103.9 g/KgDM (10.39%) as acid 
detergent fibre content for maize bran, which is 
relatively higher than 9.2% obtained. The organic 
matter content for urea treated maize stover 
obtained in this study (91.9%) is comparable to 
93.72% reported by [22]. 89.6% organic matter 
content obtained for Balanites aegyptiaca is 
relatively higher than 867 g/KgDM (86.7%) 
reported by [37] but similar to 903 g/KgDM 
(90.3%) and 897 g/KgDM (89.7%) reported by 
[13] for leaves collected in early and late dry 
season respectively. Mlay et al. [25] reported a 
similar organic matter content (94.9%) for maize 
bran when compared to 95.2% obtained in this 
study. 
 
3.2 Feed Intake and Growth Performance 
 
Table 2 shows the feed intake and growth 
performance of Red Sokoto goats fed the 
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different experimental diets. The stover intake 
was different (P<0.05) between the treatments. 
Animals on treatment A had relatively higher 
Stover intake (252.12 g/day) than the rest of the 
treatments (238.88, 216.09 and 185.89 g/day for 
treatments B, C and D respectively). 
Supplementation with Balanites aegyptiaca 
increased (P<0.05) the total feed intake. For 
treatments A, B, C and D; 346.12, 423.73, 
488.54 and 536.81 g/day were obtained 
respectively for total feed intake. The grading of 
the supplement offered influenced the total feed 
intake and thus, treatment A that was not offered 
supplement recorded the lowest total feed intake 
(346.12 g/day) and treatment D that was offered 
the highest level of the supplement (300 g) 
recorded the highest total feed intake (536.81 
g/day). Wambui et al. [22] reported 286.7 g/day 
as stover intake for animals in the control diet 

(urea sprayed maize stover), which is relatively 
higher than the value for the control (treatment A) 
in this study.   
 
Total weight gain, average daily weight gain and 
feed conversion ratio were positively affected by 
supplementation. The average daily weight gain 
for treatments A, B, C and D were 26.14, 36.29, 
44.88 and 52.00 g respectively. There were 
significant differences (P<0.05) between 
treatments. Wambui et al. [22] reported an 
average daily weight gain of 20.9 g/day for 
animals in the control (4% urea treated maize 
stover), which is lower when compared to the 
value for the control. The control group 
(treatment A) was the least in feed conversion 
ratio when compared to other treatments      
which can be attributed to the absence of 
supplement. 

 
Table 1. Chemical composition of experimental diets (%DM) 

 
Samples UMS UTMS B. aegyptiaca  Maize bran 
Dry matter 94.5 91.0 92.5 94.0 
Crude protein 3.5 9.7 11.9 10.3 
Crude fibre 36.0 28.0 20.0 7.5 
Ash 6.6 8.1 10.4 4.8 
Ether extract 3.2 3.6 3.3 9.6 
Nitrogen free extract 45.2 41.6 46.9 61.8 
Organic matter 93.4 91.9 89.6 95.2 
Neutral detergent fibre 77.3 74.4 33.8 28.6 
Acid detergent fibre 39.2 52.5 26.4 9.2 

UMS = untreated maize stover; UTMS = Urea treated maize stover 
B. aegyptiaca = Balanites aegyptiaca 

 
Table 2. Performance characteristics of Red Sokoto goats fed graded levels of Balanites 

aegyptiaca leaf forage (BAL) and urea treated maize stover 
 

Parameters Treatments 
A 
(0 g BAL) 

B 
(100 g BAL) 

C 
(200 g BAL) 

D 
(300 g BAL) 

SEM 

Dry matter (DM) intake 
(g/day) 

     

Urea treated maize stover 252.12a 238.88a 216.09b 185.89c 4.73* 
Balanites aegyptiaca  - 90.85c 178.45b 256.92a 0.97* 
Maize bran 94 94 94 94  
Total DM intake (g/day) 346.12d 423.73c 488.54b 536.81a 4.95* 
Growth performance      
Initial live weight (Kg) 10.10 9.68 9.10 8.56 0.46 
Final live weight (Kg) 11.93 12.22 12.24 12.20 0.49 
Total weight gain (Kg) 1.83b 2.54ab 3.14a 3.64a 0.23* 
Daily weight gain (g) 26.14c 36.29b 44.88ab 52.00a 3.74* 
Feed conversion ratio 13.24c 11.67b 10.89a 10.32a 1.84* 

Means with different superscript in the same row differ significantly (p<0.05) 
SEM = Standard error of mean; * = Significant at (p<0.05) 
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Table 3. Apparent nutrient digestibility of Red Sokoto goats fed urea treated maize  stover and 
graded levels of Balanites aegyptiaca leaf forage (BAL) 

 
Digestibility (%) Treatments 

A 
(0 g BAL) 

B 
(100 g BAL) 

C 
(200 g BAL) 

D 
(300 g BAL) 

SEM 

Dry matter 58.67d 67.19c 71.90b 74.32a 0.07* 
Crude protein 76.59d 81.09c 83.90b 85.68a 0.11* 
Crude fibre 87.14d 89.02c 89.88b 90.70a 0.09* 
Ash 75.97d 81.85c 85.30b 88.35a 0.18* 
Ether extract 66.32c 73.16b 73.65b 75.14a 0.12* 
Organic matter 70.77d 75.73c 79.12b 81.89a 0.15* 
Neutral detergent fibre 85.85b 86.01b 86.90a 87.15a 0.19* 
Acid detergent fibre 86.90d 87.69c 88.70b 89.33a 0.11* 

Means with different superscript in the same row differ significantly (p<0.05) 
SEM = Standard error of mean; * = Significant at (p<0.05) 

 
3.3 Apparent Nutrient Digestibility 
 
The results of the apparent nutrient digestibility 
coefficient in Table 3 above showed significant 
differences (P<0.05) between the treatments. 
Treatment D had the highest values for all the 
parameters observed. Digestibility for dry matter 
ranged from 58.67 to 74.32%. [39] reported a 
mean dry matter digestibility of 63.94±10.33 and 
62.14±11.27% for Nubian and Desert goats 
respectively fed different energy/protein levels, 
which fell within the range obtained. The values 
obtained for crude protein digestibility are higher 
than 60.4-77.4% reported by [20]. Tona et al. [40] 
reported a crude fibre digestibility which ranged 
from 66.13 to 74.80% for West African dwarf 
goats fed graded levels of Moringa oleifera leaf 
meal, which is comparably lower to the range 
87.14 to 90.70% obtained. Ash digestibility 
(75.97-88.35%) is comparable to 67.0-87.8% 
reported by [33] for Yankasa rams fed sorghum 
stover supplemented with graded levels of dried 
poultry droppings based diet. Tona et al. [40] 
also reported similar values of 79.53-90.80% for 
ash digestibility. When compared to 66.32-
75.14% obtained in this study, [41] reported a 
similar ether extract digestibility of 63.70-78.80% 
for West African dwarf goats fed foliage 
combinations of Moringa oleifera and Gliricidia 
sepium with equal proportions of a low-cost 
concentrate. Organic matter digestibility obtained 
(70.77- 81.89%) is similar to 78.07-80.47% 
reported by [40]. Values obtained for neutral 
detergent fibre and acid detergent fibre 
digestibility (85.85-87.15% and 86.90-89.33% 
respectively) are higher when compared to 56.6-
64.3% and 39.2-56.5% reported by [42] for 
neutral detergent fibre and acid detergent fibre 
respectively. Tona et al. [40] reported 26.27-
34.12% neutral detergent fibre digestibility and 

15.38-24.11% acid detergent fibre digestibility, 
which are lower to the values obtained. Nutrient 
digestibility in animals is the classical and direct 
method for estimating feed digestion by 
ruminants; hence studies on digestibility of 
ruminant feeds are very important as they allow 
for the estimation of nutrients actually available 
for ruminant nutrition [43]. 

 
4. CONCLUSION 
 
The use of Balanites aegyptiaca as a supplement 
for urea treated maize stover greatly improve the 
total intake, apparent nutrient digestibility and 
average daily weight gain of goats. Therefore, 
Balanites aegyptiaca has potential as a protein 
supplement and could be utilized when feeding 
goats with low quality basal diets. 
Supplementation of urea treated maize stover 
with 300 g of the Balanites aegyptiaca gave the 
best output. 
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