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ABSTRACT
The supplementation of maize cobs with forage legumes was used to evaluate the performance of sixteen West African Dwarf
sheep aged 10-15 months and average weight of 18.01 ± 0.30 kg in a complete randomized design. The basal diet of maize
cob plus 100 g of palm kernel cake was offered alone (control) or supplemented with 200 g on dry matter basis of forages of
Enterolobium cyclocarpum, Leucaena leucocephala and Gliricidia sepium, respectively. Data were taken on feed intake, body
weight changes, feed conversion ratio, digestibility and haematological parameters. The result of the study showed that maize
cobs supplemented with forage legume improved sheep performance with best (p<0.05) feed intake and weight gain observed in
sheep supplemented with Leucaena (745 g.day-1 and 33.57 g.day-1, respectively) and Gliricidia forage (720 g.day-1 and 30.89 g.day-1,
respectively) with best dry matter, crude protein and fibre digestibilities. Though, there were significant differences (P<0.05)
observed in values of blood parameters with the exception of white blood cells, these values were within the normal range
reported for healthy sheep production. It was therefore concluded that maize cobs supplementation with forage legumes can play
an important role in improving the performance of sheep with the supplementation of Leucaena and Gliricidia forage producing
the best performance.
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INTRODUCTION
The prohibitive cost of concentrate diets for
sheep production has necessitated continuous search for
less expensive and high nutritive feedstuffs that could
represent cost-effective supplements for sheep on poor
quality crop residues.
Maize cob is a common and readily available
feedstuff in Nigeria which is an underutilized by product
from the processing of harvested maize. The amount of
maize cob generated annually in the country increases
as more people venture into the cultivation of maize, but
they have low feeding value because of its poor protein
content, energy, minerals and vitamins (Akinfemi et al.,
2009). However, supplementation is perhaps a cheaper
and simpler way of improving the feeding value of

crop residues in situ, involving practical methods that
are realistic of small farm situations. Foliage from tree
legumes and shrubs which are readily available and
persist during the dry season when pasture is either
scarce or of poor quality has been found to be beneficial
to ruminants as they offer a cheaper alternative to
supplementation of poor quality roughages (Odeyinka,
2001; Phimphachanhvongsod and Ledin, 2002),
contributing protein-rich forage, digestible energy and
minerals when used either as supplements or as sole
feed (Abdulrazak et al., 1997). There exists extensive
and diverse literature on the effects of leguminous
tree supplementation on the productivity of ruminants.
Forage tree leaves, particularly of Leucaena and
Gliricidia, have been used as supplements to a wide
range of forages and agricultural by products in
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ruminant nutrition (Norton, 1994).
This study therefore evaluates the effect
of forage legume supplementation on the intake,
digestibility, growth and haematological profile of
West African Dwarf sheep fed maize cob.

MATERIAL AND METHODS
Experimental Animals and Management
Sixteen (n = 16) sheep of the West African
Dwarf breed selected from the farm flock in the Small
Ruminant Experimental unit of Teaching and Research
Farms, Federal University of Agriculture, Abeokuta,
Ogun State were used in a 56 day study. The animals
aged 10-15 months with an average body weight of
18.01 ± 0.30 kg were allotted to four treatments in
individual feeding pens with wooden slatted floors,
balanced for weight in a complete randomized design.
The animals were assigned to a basal diet of maize
cob plus 100 g of palm kernel cake offered alone
(control) or supplemented with 200 g on dry matter basis
of forages of Enterolobium cyclocarpum, Leucaena
leucocephala and Gliricidia sepium respectively, at
4 % of their body weight with fresh and clean water
provided ad libitum.
Experimental Diets
Dried maize cobs were procured from maize
sellers in a local market and the leaves of the forage
legumes namely Leucaena leucocephala, Enterolobium
cyclocarpum and Gliricidia sepium were harvested
from established plots within the university campus.
Maize cobs were sun-dried and grounded while the
forage legumes were harvested, chopped, sun dried for
5 days.

Data Collection
The body weights of the animals were taken
using a spring balance at the beginning of the
experiment and on weekly basis thereafter. The feed
offered and feed refusal were also taken to get the
feed intake. During the last 7 days of the experiment,
the animals were transferred into metabolic cages where
faecal samples were collected from each sheep. Also,
the faeces were weighed to get the faecal voided. The
faecal sample was dried in oven to constant weight
and bulked for the determination of its proximate
composition.
Blood samples were also collected from each
animal in ethylenediaminetetraacetic acid bottles at the
end of the experiment via jugular vein puncture with a
5 ml guage syringe for the determination of
haematological parameters namely packed cell volume,
white blood cells, red blood cells, haemoglobin and total
protein (AOAC, 1995).
Chemical Analysis
The proximate composition of the feeds and
faeces was determined (AOAC, 1995). The dry matter
was determined by oven drying at 65 °C for 24 hours,
crude protein (CP) by Kjeldahl method and fat by
Soxhlet fat extraction method. The concentration of
neutral detergent fibre (NDF), acid detergent fibre
(ADF) and acid detergent lignin (ADL) both in feed and
faecal samples were also determined by the method of
Van Soest and Robertson (1985).
Statistical Analysis
Data collected were subjected to one way
analysis of variance in a completely randomized design
(SAS, 1999). Significant means were separated using
Duncan multiple range test (Duncan, 1955).

Table 1: Chemical composition (% DM) of experimental diets fed to sheep
Parameters

MC

EC

LL

GS

PKC

Dry matter

90.37

90.81

91.14

91.07

92.20

Crude protein

2.43

20.27

27.02

20.80

18.67

Ether Extract

0.26

6.91

3.11

2.91

6.88

Ash

1.40

5.92

9.89

9.73

5.08

Neutral detergent fibre

81.30

67.43

49.22

56.31

68.43

Acid detergent fibre

47.20

36.54

20.39

24.65

45.22

Acid detergent lignin

8.89

12.02

6.01

8.56

12.78

MC – Maize cob, EC – Enterolobium cyclocarpum, LL – Leucaena leucocephala, GS – Gliricidia sepium, PKC – Palm Kernel cake

158

Slovak J. Anim. Sci., 47, 2014 (3): 157-163

Original paper

RESULTS AND DISCUSSION
The chemical composition of maize cobs
and forage legumes is shown in Table 1. Maize cob
had a low content of crude protein (2.43 %), ether
extract (0.26 %) and ash (1.40 %) with a high content
of fiber fractions. The high NDF content in maize
cob was consistent with previous reports where it is
characterized by high NDF contents implying that the
material is high in lignocelluloses component and
low in nitrogen (Adebowale, 1988).
The CP contents of Enterolobium cyclocarpum
(EC), Leucaena leucocephala (LL) and Gliricidia
sepium (GS) were consistent with values reported
in the literature (Odeyinka 2001, Babayemi 2006,
Fasae et al., 2011) with Leucaena having the highest
crude protein (27.02 %). The CP content of these
forage legumes were above 10-12 % as recommended
by Gatenby (2002) for moderate level of ruminant
production suggesting the potential of these forages
to provide adequate nitrogen required by rumen
micro organism to maximally digest the dietary
fiber components which will lead to the production o
f volatile fatty acids.
The fiber contents of the plant species were
similar with the report of another group of workers
(Larbi et al. 1996). Although Meissner et al. (1991)
reported that browse species with NDF above 60 %
will reduce the intake of such fodder by ruminants,
thereby reflecting the benefits of low NDF content of
forage legumes used in this study in improving the DM
intake of these plant species. In all, Leucaena species
exhibited the lowest values of the fiber fractions.
The data on feed intake, weight changes and
feed conversion ratio of the experimental animals are
shown in Table 2. The high DM intake of maize cobs

supplemented with forage legume by the experimental
sheep indicates the potential of these forages as a
good supplement to low quality roughages such
as maize cob. The DM intake differed significantly
(P<0.05) among the treatments and increased with
supplementation. This response could be attributed
to the stimulating effect of these forages on the
intake (Tolkamp, 1988) of the basal diet. In addition,
the CP content of the forage legumes being able to
provide the rumen microbial requirements of nitrogen
(Abdulrazak et al., 1997) could have had an effect in
increasing the microbial population thereby improving
the breakdown of digesta. When the rate of breakdown
of digesta is increased, there is a corresponding
increase in feed intake (Ngwe and Kona, 1996). This
however, reflects the ability of these forages to provide
a favourable environment for microbes to grow and
multiply, hence colonizing more of the cobs leading to an
increase in intake.
Moreover, sheep supplemented with LL
had significantly (P<0.05) higher feed intake of
745.0 g.day-1 which ranked the same (P>0.05) with
animals supplemented with GS (720.0 g.day-1). Animals
supplemented with EC had a lower (P<0.05) feed intake
of 677.5 g.day-1 relative to sheep on other forage legumes
but higher (P<0.05) than the control (567.5 g.day-1).
The higher fiber fraction content of EC might
explain the lower level of intake observed in the
sheep compared to the other forages. Also, the
low feed intake of the control treatment could be
accentuated by high fiber fractions of diet to be
digested. This increases the retention time in the
recticulo-rumen (Orskov and Ryle, 1990) thereby
depressing the intake of more feed. From this, one
would expect both voluntary intake and digestibility of
maize cobs to be low and an addition of supplemental

Table 2: Performance indices of West African Dwarf sheep fed maize cobs supplemented with forage legumes
Parameters

MC + EC

MC + LL

MC + GS

MC

SEM

Average feed intake (g.day-1)

677.5b

745.0a

720.0a

567.5c

13.05

Initial weight (kg)

17.75

17.60

18.48

19.20

0.31

Final weight (kg)

19.60

19.48

20.20

20.13

Weight gain (kg)
Weight gain (g.day-1)
Metabolic weight gain (kgW

)

0.75

Feed conversion ratio

1.55

1.88

1.73

33.57a

30.89a

16.61c

2.03

12.06

13.95

13.01

8.23

c

1.01

22.19c

23.31bc

34.17a

3.73

b

24.49b

a

a

a

a

0.93

0.30

27.67b

b

c

0.12

a,b,c means with same superscripts within the same rows are not significantly different (p>0.05)
MC – Maize cob, EC – Enterolobium cyclocarpum, LL – Leucaena leucocephala, GS – Gliricidia sepium
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forages would be required to support reasonable
levels of production. However, the utilization
of crop residues have been found to be limited
because they contain a large proportion of
lignocellulosic compounds and little nitrogen
(Butterworth and Mosi, 1985).
Among the forage supplements, Gliricidia was
the least consumed initially but was all consumed
subsequently. This could not be unconnected with
the presence of coumarin that triggers the offensive or
repulsive odour that emanates from Gliricidia forage
(Arigbede et al., 2003). This corroborates earlier reports
(Fasae et al., 2010) of nonchalant attitude of goats
initially to the consumption of Gliricidia forage.
The average daily weight gain (ADG) of the
experimental sheep varied (P<0.05) among the treatments,
following the same trend with feed intake and reflecting
better gain in weight with forage legume supplementation.
This supports earlier reports on an increasing trend in
weight gain as a result of the effect of forage legume
supplementation of crop residues in various species of
ruminants (Nguyen, 1998; Phimphachanhvongsod and
Ledin, 2002; Fasae et al., 2010). Sheep on LL and GS
supplementation had higher (P<0.05) ADG (33.57 and
30.89 g.day-1, respectively) followed by sheep on EC (27.67)
and least (P<0.05) values of 16.61 observed in sheep
on the control treatment. The variations in ADG of
the experimental sheep could therefore be attributed
to variation in nutrient supply from the diets (Oddy
and Sainz, 2002). Availability of digestible protein
and energy reflected by the relatively low fibre levels
of the supplementary forages could have provided
ready nutrients for the synthesis of body tissues
in the lower gut. This could be responsible for the
higher weight gains and efficiency of feed utilization
of sheep on the forage supplementary treatments.
However, the ADG values in this study

are higher than the range of 23.33 to 28.57 g.day-1
as reported by Odeyinka (2001) for WAD goats fed
forages of Leucaena and Gliricidia, but lower than that
of the reports of Fasae and Alokan (2006) in Yankasa
sheep fed maize offals diet with varying levels of
Leucaena leucocephala leaf residues. The metabolic
weight range of 8.23 to 13.95 kgW0.75 observed in
this study is higher than 5.88 to 7.11 as reported by
Yusuf et al. (2010) for the same breed of sheep fed
forages and concentrate.
The feed conversion ratio (FCR) also varied
(P<0.05) among the treatments. Animals supplemented
with LL had the best (P<0.05), which is statistically
similar with sheep on GS diets. This is largely a
reflection of the highest weight gain observed in animals
on these treatments. Animals on the control treatment
had the worst (P<0.05) FCR, indicating that the feed was
not efficiently converted by the animals.
The apparent digestibility of various dietary
combinations is shown in Table 3. Results showed
that digestibility values differed (P<0.05) among
the treatments. High protein contents of forage
supplemented treatments played a significant role in
improving the digestibility of nutrients over those of
the control. This supports a report that digestion
of feed in ruminant animals is highly influenced by
the level of protein and fibre in the diet (Peyraud and
Astigarraga, 1998). Thus, the control treatment with
high fibre content could have contributed to its low
digestibility.
Among the treatments, MC supplemented with
LL and GS had the highest (P<0.05) digestibility values.
This may be due to its higher protein content and
also their low fibre content of these forages which
reflected high DM intake by these animals. In addition,
the 200 g of forage legume offered to sheep in this
study could have encouraged digestibility of MC.

Table 3: Apparent digestibility (%) of maize cobs supplemented with forage legumes in West African Dwarf sheeps
Parameters

MC + EC

MC + LL

MC + GS

MC

SEM

Dry matter

69.78a

77.94a

73.12a

60.07b

Crude protein

67.70

77.94

71.21

51.24

Ether extract

74.44b

76.60ab

Ash

55.13b

Neutral detergent fibre

4.32

c

5.36

78.31a

74.97b

2.86

67.73a

67.88a

50.03b

6.22

66.12

69.48

67.20

51.54b

2.74

Acid detergent fibre

62.24

60.22

61.17

63.35

2.14

Acid detergent lignin

54.21

50.11

50.96

55.21

2.01

b

a

a

a

a

a

a,b,c means with some superscripts within the same rows are not significantly different (P>0.05)
MC – Maize cob, EC – Enterolobium cyclocarpum, LL – Leucaena leucocephala, GS – Gliricidia sepium
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The optimum dietary level of fodder leguminous
trees and shrubs has been reported to be 30 % to 50 %
of the ratio on DM basis (Stewart and Simon, 1994).
This limits the secondary components that inhibit the
digestibility and reduce the acceptability to animals
at higher levels of inclusion (Reed et al., 1990).
Table 4 presents the mean haematology
parameters of WAD Sheep fed maize cobs
supplemented with forage legumes. The packed cell
volume (PCV) was significantly (P<0.05) higher in
sheep on LL supplementation compared to the other
treatments but all were within the range 20.5 - 24.9 % as
reported by Olayemi et al. (2000) for WAD sheep.

The red blood cells (RBC) values also differed
(P<0.05) among treatments. The low values reported
for sheep on the control treatment could be attributed
to the nutritional status. Swenson (1990) reported that
nutritional status of an animal can affect the RBC
count. However, the RBC counts in animals fed the
experimental diets do not suggest a susceptibility to
anaemia related disease condition because the values
fall within the normal range for healthy sheep.
The white blood cells (WBC) values observed
in this study were within the normal range of 4 to
12x109.L for sheep (Jain, 1993) reflecting that the animals
were healthy while the haemoglobin concentration

Table 4: Haematology of West African Dwarf sheep fed maize cobs supplemented with forage legumes
Parameters

MC + EC

MC + LL

MC + GS

MC

SEM

22.50b

26.07a

21.75b

22.60b

2.52

Haemoglobin (g.dL)

9.80b

10.65a

10.05a

8.13b

1.02

Red Blood Cell (10 .L)

8.58

7.38

Packed cell volume (%)
12

White Blood Cell (x109.L)
Total protein (g.dL)

10.11

9.65

11.00

12.94

11.70

10.80

1.07

5.22a

5.95a

5.40a

4.10b

0.43

ab

a

a

b

0.92

a,b,c means in the same superscripts within the same rows are not significantly different (P>0.05)
MC – Maize cob, EC – Enterolobium cyclocarpum, LL – Leucaena leucocephala, GS – Gliricidia sepium

was high and significantly (P > 0.05) influenced across
treatments but fell within the normal range for sheep.
High haemoglobin values have been shown to have an
advantage in terms of the oxygen carrying capacity of
the blood.
It has been reported that haematological and
biochemical indices give insight into the production
potential and help to monitor and evaluate incidence of
diseases in animals (Orheruata and Aikhuomobhogbe,
2006). The result of haematological parameters in this
study suggests that supplementation of maize cobs with
forage legume do not pose health challenges.

CONCLUSION
Based on the experimental data, the
supplementation of forage legume in maize cob
diets did not show any adverse effect on feed intake,
digestibility and haematological parameters of sheep.
However, maize cobs supplementation with Leucaena
and Gliricidia forage was the best in improving the

feeding value of maize cobs, producing the optimum
performance in sheep. It could therefore be concluded
that forage legume could play a valuable role in
supplying supplemental nitrogen to sheep fed maize
cobs.
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