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ABSTRACT

Sixteen (16) crossbred (White Fulani, Muturu & Keteku) calves aged 7-10 months and with 
an average weight of 69.78 ± 8.81 kg were sampled in a 12-week experiment to evaluate the 
response of calves to supplementation of  legume - based concentrate diets. These calves 
graze on natural pastures. The sampled calves were allotted in a completely randomised 
design into four treatment groups and offered 25% Leucaena leucocephala, Enterolobium 
cyclocarpum and Glricidia sepium based concentrate diets and natural pastures (control) 
for treatments 1 - 4 respectively. Data were collected on feed intake, weight gain, 
nutrient digestibility, nitrogen balance, blood profile and faecal egg count of calves. The 
supplementation of forage legume concentrate diets improved (P < 0.05) DM intake and 
weight gain of calves with best results were observed in calves fed Glricidia sepium 
concentrate diets with 450.56 g/day and 188.45 g/day respectively. Nutrient digestibility 
(%) and nitrogen balance varied (P < 0.05) across treatment groups. Blood parameters did 
not differ (P > 0.05) across treatments and falls within the normal range for healthy calves, 
while the supplementation of forage legume concentrate diets reduced (P < 0.05) faecal egg 
count (egg/g) to ascertain the level of worm burden in calves. The study concluded that 

supplementation with legume concentrate 
diets improved the performance of calves 
with Gliricidia forage supplemented 
concentrate diet recommended for calves’ 
optimum performance. 

Keywords: Calves, forage legumes, performance, 

blood, faecal egg count 
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INTRODUCTION

Nigeria is known for its nomadic nature of 
cattle rearing. The major constraints faced in 
the production of these animals is the severe 
drop in body condition during prolonged 
droughts (Ibrahim & Jayatileka, 2000), 
due to forage scarcity characterised by low 
quality, resulting in low digestibility and 
poor productivity of the animals (Richard et 
al., 1994). Despite the fact that production 
of cattle depends solely on natural pastures 
which have contributed to their dietary 
needs, there is need to exploit available 
forage for year-round feeding, which should 
be of good quality to meet their nutritional 
requirements so as to attain their genetic 
potential. With good management, quality 
forage could be available year-round and 
where this is lacking, alternative feed can 
be provided (Karageorge, 2005, Tufarelli 
et al., 2012).

Forage legumes are important feed 
resources in ruminant production systems, 
readily available in Nigeria and are found 
in natural grasslands, playing a valuable 
role in providing supplemental nitrogen to 
ruminant animals. The feeding value of any 
forage is a function of the characteristics 
of the species, such as its availability, 
accessibility and nutrient content as well 
as the balance between available nutrient 
and the quantity of the nutrient ingested 
by the animal (Matlebyane, 2005, Bansi, et 
al., 2014).

Enterolobium cyclocarpum, Leucaena 
leucocephala and Gliricidia sepium are 
tropical multipurpose leguminous tree 
species which are drought resistance, 

persistent, relatively fast-growing trees, 
used for forage production. These plants 
are widely used as a source of nitrogen for 
ruminants as they are  available year-round, 
and for their rapid growth and re-growth 
as well as  palatability (Adejumo, 1991; 
Abdulrazak et al., 1997; Reynolds & Atta-
Krah, 2006, Fasae et al., 2010).  Therefore, 
the aim of this experiment is to evaluate 
the supplementation of forage legume 
based concentrate diets in improving the 
performance of cross bred calves grazing 
natural pasture.

MATERIALS AND METHODS

Experimental Animals and 
Management

Sixteen (16) healthy cross bred calves 
(White Fulani, Muturu and Keteku) of 
mixed sex (8 males and 8 females), between 
7 and 10 months of age, with weight ranging 
from 60 kg to 80 kg, managed by the cattle 
unit of the Directorate of Teaching and 
Research Farms of the Federal University 
of Agriculture, Abeokuta were used for this 
experiment. The calves were tagged for 
identification and allotted in a completely 
randomised design into four groups. They 
were offered 25% Leucaena leucocephala, 
Enterolobium cyclocarpum and Gliricidia 
sepium based concentrate supplements for 
treatments 1-3, with calves on the fourth 
treatment grazing natural pasture (NP), 
serving as the control. 

The calves were fed forage legume 
concentrate supplements at 2-3 % body 
weight on dry matter basis at 0800 to 1100 
hours and released for grazing between 
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the hours of 1100 -1700 every day for five 
hours. Refusals of concentrate feeds were 
recorded in order to ascertain feed intake. 
Animals were weighed weekly with a 
weighing bridge. Clean water was provided 
ad libitum. 

Experimental Feeds

The leaves of Leucaena leucocephala, 
Gliricidia sepium  and Enterolobium 
cyclocarpum were harvested within the 
University premises, sun dried until the 
leaves become brittle and incorporated at 
25% with other feed ingredients to formulate 
a concentrate supplement comprising  maize 
(10%), wheat offals (35%), palm kernel cake 
(27.50%), bone meal (2%) salt and were 
premix at 0.25% for each treatment and fed 
to the animals at 5% of the body weight.  
The calves on the control treatment grazed 
natural pastures within the experimental 
site consisting of common forages. namely 
Panicum maximum, Cynodon dactylon, 
Azadirachta indica, Gomphrena celosioides, 
Aspilia africana, Synedrella nodiflora, 
Pennisetum purpureum and Centrosema 
pubescens. These forages were harvested 
from selected portions of the natural grazing 
land, sorted out and bulked together for the 
analysis of their chemical constituents.

Digestibility and Nitrogen Balance 
Trials

The 16 animals were transferred into 
metabolic crates at the 84th day of the 
experiment fitted with facilities for separate 
collection of faeces and urine. The quantity 

of feed offered, feed refusal, faecal output 
and urine were determined for 7 days. 
Ten percent of the faeces and urine were 
collected daily over the 7- day period and 
bulked. Faecal samples were weighed, oven 
dried at 70°C for 36 hours, milled and stored 
in air tight bottles for analysis.

Haematology and Biochemical analysis

Ten (10 ml) of blood samples was collected 
through the jugular vein of each calf 
using hypodermic needle and syringe at 
commencement and termination of the 
experiment. Five  ml  blood samples were 
released into sample bottles containing ethyl 
dimethyl tetra acetic acid as anticoagulant 
for haematological studies, while the rest 
were drawn into a clean test tube for he 
serum tests.

Faecal Egg Count Analysis 

Faecal samples from the animals were 
collected at the onset of the experiment and 
at 2-week intervals directly from the rectum 
of the calves and then subjected to the 
modified McMaster egg-counting technique 
for nematode counts. 

Chemical Analysis

Feed samples were oven-dried at 65°C 
for 48hrs, and analysed for proximate 
composi t ions  (AOAC,  2005) .  The 
concentration of fibre components and 
tannin in feeds were determined based on` 
Van Soest et al., (1991) and Makkar et al., 
(1993) respectively.
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Statistical Analysis

Data collected were subjected to one 
way analysis of variance in a completely 
randomized design (SAS, 1999) and 
significant means separated (Duncan, 1955).

RESULTS AND DISCUSSION

The dry matter content of the forage legumes 
varied (P<0.05) from 57.74 in Leucaena 
leucocephala to 45.52 % in natural pasture 
(Table 1). The values for the DM content 
of leaves for the forage legumes is at 
variance with that reported for indigenous 
multipurpose trees in Nigeria (Babayemi, 
2006, Anele et al., 2009) which may be 
attributable to the maturity of the leaves 
used in this study to feed cattle. The crude 

protein contents of the forage legumes are 
within the range for reported values (Carew, 
1983; Odeyinka, 2001; Oni et al., 2006), 
while that obtained for bulked forages 
from natural pastures is slightly lower than 
18.96 % reported by Jolaosho et al. (2011). 
The forage legumes were found to contain 
varying percentages of tannin which were 
within the permissible range of 50 g/kg 
DM recommended by Frutos et al. (2004). 
Tannins have been reported to be the most 
widely occurring anti-nutritional factors 
found in plants, present in numerous tree 
and shrub foliages, seeds and agro-industrial 
by-products (Makkar & Becker, 1999), and 
have been shown to significantly reduce 
voluntary feed intakes at high levels.

Table 1 
Chemical composition (%) of the forage legumes and natural pasture

Nutrients LL EC GS NP SEM
Dry matter 57.74 53.50 50.56 45.52 0.31
Crude protein 20.85 22.07 23.50 17.34 0.21
Neutral detergent fibre     62.43 64.67 52.34 70.57 1.34
Acid detergent fibre 43.45 37.00 31.87 43.23 0.10
Acid detergent lignin 12.54 20.37 10.34 7.35 0.13
Ether extract 3.78 2.50 1.80 5.32 0.17
Ash 7.90 9.03 10.90 12.23 0.37
Tannin 3.72 3.09 3.49 ND 0.15
LL: Leucaena leucocephala, EC: Enterolobium cyclocarpum, GS: Gliricidia sepium NP: natural pastures 
(bulked forage), ND – Not determined

The chemical composition of forage 
legume supplemented concentrate (Table 
2) compares favourably with forage legume 
supplemented diets fed to cattle and other 
ruminant species (Gonzalez et al., 2002, 

Jokthan, 2013). The CP contents of the 
diets were above the threshold level of 6% 
CP required by the microbes in the rumen 
to support metabolic functions of their 
host while the NDF contents across the 
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treatments with exception of the bulked 
forages from natural pastures were below 
the permissible limit of 65% guaranteed as 

optimal intake of tropical feeds by ruminant 
animals (Van Soest, 1994). 

Table 2 
Chemical composition (%) of experimental diets fed to calves

Nutrients LSC ESC GSC NP SEM
Dry matter 92.93 88.82 92.54 45.52 1.14
Crude protein 22.63 22.82 24.73 17.34 0.31
Neutral detergent fibre 44.67 40.42 45.89 70.57 0.14
Acid detergent fibre 33.55 28.45 35.78 43.23 0.17
Acid detergent lignin 14.67 15.78 13.50  7.35 0.13
Ether extract 7.90 7.72  9.47  5.32 0.15
Ash 12.54 10.45 11.92 12.23 0.23
LSC: Leucaena leucocephala supplemented concentrate, ESC: Enterolobium cyclocarpum supplemented 
concentrate, GSC: Gliricidia sepium supplemented concentrate, NP: natural pastures (bulked forage) 

The effect of forage legume supplement  
concentrate on the performance of calves is 
shown in Table 3. The improved (P<0.05) 
weight gain (g/day) of calves supplemented 
with forage legume concentrate diet may be 
attributed to the protein content of the forage 
legumes which would have influenced the 
available CP for animal performance. The 
range of 158.92 to 188.45 g/day observed 
in calves supplemented with ESC and GSC 
respectively, compares favourably with the 
findings of González et al., (2002) in Bunaji 
bulls fed a mixed concentrate containing 
Gliricidia sepium. However, higher values 
of 214.49 g/day were reported by Jolaosho et 
al. (2011) in calves fed diets supplemented 
with Leucaena leucocephala. 

The improved (P<0.05) weight gain 
(g/day) in calves in the supplementary 
treatments is an indication of the superiority 
of the diets in relation to total protein and 
energy contents; This contributed to better 

forage digestibility, higher level of gastro 
intestinal tract fill and longer residence time 
of particulate and fluid digesta phase in the 
rumen (Demeyer, 1981) thereby, eventually 
having an effect on animal performance. 

Moreover, the GSC diets appeared to 
promote faster growth rate and encouraged 
the best performance compared with the other 
forage legume supplemented treatments. 
The best performance in weight gain is 
justified by the high nutrient digestibility 
values observed in this study (Wanapat et 
al., 2009). In addition, the improvement 
observed in body weight gains of calves 
on GSC could be partly attributed to better 
balance and utilisation of absorbed nutrients 
in the tissue. 

The increase in the intake of the 
supplemented forages could be attributable 
to the high crude protein content of these 
forages. Nitrogen supplementation for 
animals fed low-quality forage have 
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been reported to favour the growth of 
fibrolytic bacteria, and increases the ruminal 
degradation and voluntary intake of fibre, as 

well as the energy extraction from forage 
fibre (Detmann et al., 2009).

Table 3 
Performance indices of calves fed forage legume supplemented concentrate diets

Parameters LSC ESC GSC NP SEM
Initial weight (kg) 70.12 68.80 69.87 69.25 8.81
Final weight (kg) 84.47ab 82.15b 85.70a 70.75c 9.36
Weight gain (kg) 14.35b 13.35b 15.83a 1.50c 4.31
Daily weight gain (g∕day) 170.83ab 158.92b 188.45a 17.85c 0.05
Metabolic weight gain (g∕dayW0.75) 47.25b 44.75b 50.86a 8.68c 3.42
Supplementary feed intake (g∕day) 430.54ab 350.78b 450.56a ND 0.51
Metabolic intake (g∕dayW0.75)  94.52a  81.05b  97.79a ND 8.21
abc….. Means along the same rows with different superscript are significant (P<0.05).
LSC: Leucaena leucocephala supplemented concentrate, ESC: Enterolobium cyclocarpum supplemented 
concentrate, GSC: Gliricidia sepium supplemented concentrate, NP: Natural pastures., ND: Not 
determined

The nutrient digestibility of the 
supplemented concentrate diets is shown in 
Table 4. In the present study, the digestibility 
values obtained for most nutrients were 
generally high, which could have provided 
better environment for digestibility to 
occur.  Digestion is dependent on the 
activity of micro-organisms which require 
energy, nitrogen, minerals and a suitable 
medium to enable the microbes perform 
well (Ranjhan, 2001). The improvement 
in  digestibility of nutrients across forage 
legume supplemented concentrates, relative 
to the natural pastures in the present study 
may be due to the availability of increased 
nutrient molecule in rumen and small 
intestine for digestion (Abdel-Ghani et al., 
2011).

Further, results showed that nitrogen 
intake values increased (P<0.05) with forage 

legume supplementation, corroborating 
Arigbede et al., (2008) that the inclusion 
of fodder leaves in animal feed improves 
dietary nitrogen utilisation. The GSC had 
the highest (P<0.05) nitrogen balance, 
which contradicts the findings of Aye, 
(2013), in which Leucaena supplemented 
diet had higher N-value  compared with 
those supplemented with cassava and 
Gliricidia leaf meals. However, nitrogen 
balance recorded in all the treatments in this 
study was positive.

The haematological  and serum 
biochemical parameters of experimental 
calves were not influenced (P<0.05) by the 
forage legume supplemented concentrate 
(Table 5). Values observed were in 
accordance with the recommended values 
for normal blood parameters in cattle 
(Merck Veterinary Manual, 2009; RAR, 
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Table 5 
Hematological and serum biochemical of calves fed forage legume supplemented concentrate diets

Parameters  LSC ESC GSC NP SEM
Pack cell volume (%) 32.50 32.00 32.25 36.25 1.08
Red blood cells (x 1012/L) 3.03 3.00 2.92 3.41 0.05 
Haemoglobin (g/L) 10.70 10.65 10.70 12.10 0.35
White blood cells (x 109/L) 8.17 7.12 10.60 11.02 0.72
Total protein (g/dl) 8.12 9.02 9.90 8.62 10.47
Globulin (g/dl) 5.01 5.50 6.40 4.80 6.95
Albumin (g/dl) 3.11 3.52 3.50 3.32 3.52
Glucose (Mg/dl) 78.41 76.65 82.22 77.25 79.97
abc….. Means along the same rows are significantly different (P<0.05). 
LSC: Leucaena leucocephala supplemented concentrate, ESC: Enterolobium cyclocarpum supplemented 
concentrate, GSC: Gliricidia sepium supplemented concentrate, NP: Natural pastures

2009), suggesting that dietary forages are 
safe and not detrimental to the health of 
the calves. The knowledge about normal 
values of biochemical variables in blood 
serum and other physiological variables 

is important for assessment of damage of 
organs and tissues in case of diseases and 
for general health of the animal (Terosky, 
1997; Tufarelli et al., 2015). 

Table 4 
Nutrient digestibility (%) and nitrogen balance of forage legume supplemented concentrate diets fed to 
calves (n = 16)

Nutrients  LSC ESC GSC NP SEM
Dry matter 72.56 71.92 73.40 68.56 4.05
Crude protein 76.06a 70.48b 77.68a 61s.01b 4.66
Neutral detergent fibre 61.52b 64.69a 62.32b 53.22c 5.99
Acid detergent fibre 51.23ab 46.70b 52.33a 40.31b 5.77
Acid detergent lignin 58.23a 53.34c 54.38b 55.41c 4.33
Ether extract 69.86a 57.66b 68.71a 52.11b 6.77
Ash 74.45 67.12 69.33 60.21 4.92
Nitrogen (N) balance
N-intake(g/calves/day) 42.20a 41.10a 46.21a 30.21b 1.26
N-voided in faeces (g/calves/day) 15.76 12.37 16.28 14.11 1.00
N-voided in urine (g/calves/day) 0.60b 0.79a 0.73a  0.69b 0.03
N-balance (g/calves/day) 25.84b 27.94b 29.03a 15.41c 0.50
abc….. Means along the same rows with different superscript are significant (P<0.05). 
LSC: Leucaena leucocephala supplemented concentrate, ESC: Enterolobium cyclocarpum supplemented 
concentrate, GSC: Gliricidia sepium supplemented concentrate, NP: Natural pastures
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The  e ff ec t  o f  fo r age  l egumes 
supplemented concentrate on the faecal 
egg count of calves is shown in Table 
6. Calves supplemented with forage 
legume concentrate diets had a reduction                                                                                                                                        
(P<0.05) in faecal egg count which could 
be associated to the presence of tannin 
in the forage. Studies have confirmed 
the beneficial effects of dietary tannin in 
ruminant animals; the presence of tannin 
in several plant species have been found to 
reduce faecal egg count as well as increased 
daily weight gain in animals given protein-
rich diets (Alonso-Díaz et al. 2008; Salam, 

2015). Tannins have direct anthelmintic 
properties whereby they lower infections by 
gastrointestinal nematodes, thereby reducing 
larval migration and development and 
directly minimising abomasal and intestinal 
infections (Kahn & Diaz-Hernandez, 2000, 
Athanasiadou et al., 2000). Moreover, 
the high faecal egg parasite observed in 
calves on natural pastures maybe due to the 
non - supplementation of forage legume 
concentrate diets which could be attributed 
to reduced weight gain of calves on this 
treatment.

Table 6 
Effect of forage legume supplemented concentrates on the faecal egg count of calves

Parameters  LSC ESC GSC NP SEM
Pre-faecal egg count 802.50 832.00 792.25  836.25 2.08
Post faecal egg count 103.03b 117.00b 102.92b 1003.41a 4.05
Reduction (%) 87.16a 85.94a 87.01a -19.99b 0.72
ab Means along the same rows with different superscript are significant (P<0.05).
LSC: Leucaena leucocephala supplemented concentrate, ESC: Enterolobium cyclocarpum supplemented 
concentrate, GSC: Gliricidia sepium supplemented concentrate, NP: Natural pastures

CONCLUSION

In conclusion, the performance of calves was 
significantly influenced by forage legume 
supplemented concentrate diets, with 
Gliricidia sepium supplemented concentrate 
diet promoting higher nutrient intake and  
weight gain. Forage legume supplemented 
concentrate diets can therefore be used as 
an alternative feed supplement source in 
enhancing the performance of calves grazing 
natural pastures, as well as controlling 
nematodes.  
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