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Nutrient intake, digestibility and nitrogen balance of two temperate and two tropical 
forage legume hays fed to New Zealand white rabbits
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Abstract

An experiment was carried out to evaluate two temperate forage legumes (Trifolium pratense 
and Trifolium repens) and two tropical forage legumes (Stylosanthes guianensis and 
Centrosema molle) for hay intake and digestibility in the cool tropical climate of Vom, Jos, 
Plateau State of Nigeria. The legumes were planted in the month of June, 2016 and harvested 
at early-podding stage for hay.  Sixteen (16) growing male New Zealand White rabbits were 
used for the digestibility study. The rabbits were arranged in a Completely Randomised 
Design and in individual cages measuring 55 cm x 39 cm x 40 cm. Nutrient contents, intake 
and digestibility in rabbits were determined. Crude protein content was significantly 
(P<0.01) higher in T. repens (18.38%) compared to T. pratense (16.50 %), whereas S. 
guianensis produced the least value of 13.83%. The crude fibre content of the hay was 
significantly higher (P<0.0I) in S. guianensis (37.29 %) compared to the other forage 
legumes. Dry matter intake was significantly (P<0.01) higher in rabbits fed T. repens 
(77.88%) compared to T. pratense (76.57%), and the lowest value of 62.97% was obtained in 
S. guianensis. Crude protein intake was significantly (P<0.01) higher in rabbits fed T. repens 

-1 -1
(15.05 g d ) compared to those fed T. pratense (12.71 g d ), but S. guianensis had the least 

-1
value of 8.64 g d . On the other hand, rabbits fed S. guianensis hay had a higher (P<0.01) 
crude fibre intake (23.39%). Trifolium repens was significantly (P<0.01) higher in dry 
matter and crude protein digestibility (64.79 and 85. 88 %), while S. guianensis had lower 
values of 56.89 and 71.33%, respectively. Trifolium repens also had a significantly (P<0.01) 
higher total nitrogen intake and retained compared to the other forage legumes. Nitrogen 

-1 -1 retained in T. repens was 2.40 g d  compared to 1.87 g d in T. pretense, while S. guianensis 
-1had the lowest of 1.34 g d . The temperate forage legume hays were higher in nutrient 

content, intake and digestibility compared to the tropical legume hays. Therefore, the forage 
crops may serve as better supplementary feeds for livestock feeding especially during the dry 
season.
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Introduction
Ruminant livestock in most parts of the 
tropics graze intensively on naturally 
growing forages which are poor in quality 
(Awad and Elhadi, 2010). Tolera and Abebe 
(2007) reported that these naturally 
growing forages provide 90 – 93 % of 

animal feed requirement either through 
grazing or as conserved forages. Tropical 
forages are generally known to be lower in 
nutrient composition and digestibility. This 
may be due to higher lignifications of the 
plant leaves which is a mechanism they 
have developed to minimise water loss or 
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transpiration, in order to increase their 
survival in hot conditions (Boschma et al., 
2010). Red clover (Trifolium pratense L) 
and White clover (Trifolium repens L) are 
perennial forage legumes widely grown in 
the temperate regions of  the world and as 
well as in the sub-tropical areas of Australia 
for extensive livestock feeding. The two 
legumes provide forages that are high in 
protein content and digestibility, which 
facilitate high feed intake by animals 
(Black et al., 2009). Zemenchik et al. 
(2002) observed that the legumes usually 
have higher crude protein content, lower 
acid detergent fibre and neutral detergent 
fiber in grass stands, and especially in 
grasses mixed with clovers. Another benefit 
of clovers is that digestibility remains fairly 
constant throughout maturity period 
(Schlueter, 2011). Stylo (Stylosanthes 
guianensis Cv. Cook) is one of the forage 
legumes well suited to the sub-humid 
tropical and sub-tropical zones with a 
marked dry season (Heuzé et al., 2015). 
Thang et al. (2010) observed that S. 
guianensis is often used as a supplement 
during dry season to improve the nutritive 
value of low quality forages, such as crop 
residues or by-products such as rice straw. 
The Organic Matter Digestibility (OMD) of 
S. guianensis ranges between 51 to 67% 
(Magalhaes et al., 2003) which is lower 
than T. pratense and T.  repens. Dry matter 
and crude protein digestibilities were 
reported to be between 71.82 and 71.80% 
(Ogunbode and Akinlade, 2012). Centro 
(Centrosema molle Mart. ex Benth.) 
formerly called Centrosema pubescens is 
widespread in the wet tropics from the 
Tropic of Cancer in the North to the Tropic 
of Capricorn in the Southern hemisphere 
and up to an altitude of 1,600 m and is one of 
the most palatable legumes (Teitzel and 
Chen, 1992). It is considered to be a 
valuable feedstuff since it provides fresh 
green matter during the dry season (Heuzé 

and Tran, 2014). Forage yield of C. molle is 
variable depending on nutrient availability 
in the soil. The legume is generally 
described as fairly good quality forage with 
high protein content but medium 
digestibility. It has an average OMD of 
64.4% (Warly et al., 2010). Nutrient 
content and digestibility are higher in cold 
climate legumes and C  (temperate) grasses 3

when compared to warm climate legumes 
and C  (tropical) grasses, respectively 4

(Archimède et al., 2011). Ward and de 
Ondanze (2008) reported that cooler 
weather promotes neutral detergent fibre 
(NDF) digestibility. Tropical legumes and 
grasses require more physical breakdown 
for degradation and their N concentration is 
also lower than in C  grasses and cold 3

climate legumes (Chapman et al., 2014). 
These problems limit the productivity of 
animals in the tropical regions. Trifolium 
pratense and T. repens are perennial 
forages grown in the temperate regions of 
the World while S. guianensis and C. molle 
are perennial forage legumes grown in 
tropical countries. There is need to grow 
and evaluate the performance of animals 
fed the temperate forages in a cool 
temperate-like environment of Vom, Jos, 
Plateau State, Nigrian. The main aim of the 
study was to evaluate hay from four forage 
legumes for quality at early podding stage 
of maturity and their digestibilty in New 
Zealand White rabbits. 

Materials and methods 
Location of the study
The experiment was also carried out at the 
Nigerian Institute for Trypanosomiasis 
Research (NITR), Vom (Lat 9° 43' 60N, 
Long 8° 46' 60E and 1,223m above sea 
level), (Ovimaps, 2014). The area is 
characterised by two major seasons (rainy 
and dry seasons). The rainy season starts in 
late-May and ends in early-October each 
year, while the dry season starts from late-
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October and ends in early- May. Peak of the 
rain is normally observed in the month of 
August each year.  The soil is classified as 
sandy-clay loam. It is low in total nitrogen 
(0.33%), phosphorus (7.53 mg/litre), but 
fair in potassium (247.2 mg/litre). The 
climate of  the area is cool with 

otempearature ranging from 15 - 27 C during 
othe rainy season and 7 - 18 C during the 

hamattam season (NRCRI, 2016). 
Plant material and preparation of hay
The temperate forage legume seeds of Red 
clover (Trifolium pratense L.), AberClaret  
variety and White clover (Trifolium repens 
L.), AberHerald variety were obtained from 
the Institute of Biological, Environmental 
and Rural Sciences (IBERS), University of 
Aberystwyth, United Kingdom. The 
tropical forage legume seeds of Cook Stylo 
(Stylosanthes guianensis) and Centrosema 
(Centrosema molle Mart. Ex Benth) were 
obtained from the Feeds and Nutrition 
Research Programme of the National 
Animal Production Research Institute 
(NAPRI), Ahmadu Bello University, Shika, 
Zaria, Nigeria. The seeds of the lesgumes 
were planted in June, 2016. Hay making 
was carried out at early-podding stage (one 
pod with fully developed seeds). The forage 
legumes were harvested 5 cm above the 
ground level with the aid of a sickle. The 
harvested fresh forages were spread under 
the shade of a tree in the field and the cut 
forages were turned twice daily for 
effective drying and to maintain the desired 
green colour. Sub-samples of the forage 
materials were oven-dried to test for dry 
matter content. Sub-samples of the forage 
materials were weighed and oven-dried at a 

0temperature of 45 C for 72 hrs to determine 
the dry matter and moisture contents. The 
forage materials were removed from the 
field when the moisture content was less 
than 15%, therefore, sub-samples were 
taken for physical and chemical quality 
evaluation. The hay harvested from the four 

forage legumes were then packed in 
seperate sacks and stored until the 
commncement of the digestibility trial.
Experimental animals and management
Sixteen  growing bucks of New Zealand 
White rabbits obtained from His Grace 
Agric. Enterprise, Jos,  were used for this 
study. Four (4) rabbits were used as 
replicates for each legume (T. pratense, T. 
repens, S. guianensis and C. molle) hay. The 
experimental rabbits for the trial had an 
average weight of 1,700 g  (1.7 kg ± 0.1kg) 
and were placed in individual cages 
measuring 55cm X 39cm X 40cm. The 
rabbits were carefully examined for any ill-
health and treated against ecto- and endo-
parasites using Ivomectine before the 
commencement of the digestibility trial.
Experimental design and diets
The rabbits were placed in individual cages 
using the Completely Randomised Design 
(CRD). The hay made from the four 
legumes served as experimental diets 
during the digestibility studies. The diets 
include sole four forage legume (T. 
pratense, T. repens, S. guianensis and C. 
molle) hays harvested at early-podding 
stage. 
Chemical quality evaluation of hay
Dried forage samples of the hay materials 
were ground with a Thomas Willey 
Laboratory Mill-Model 4 to pass through 1-
mm sieve. Proximate analyses of crude 
protein (CP), ash, crude fibre (CF), ether 
extract (EE) and nitrogen-free extract 
(NFE) were carried out  using the Method 
of AOAC (1990), while detergent fibre 
analysis was carried out according to the 
Method described by Van Soest et al. 
(1991). Mineral composition (Ca, P, Mg, K 
and Na) of the samples was carried out 
u s i n g  t h e  A t o m i c  A b s o r p t i o n  
Spectrophotometer of AOAC (1990). 
Poximate and detergent fibre analyses were 
carried out at the Biohemisty and Animal 
Nutrition Laboratories of the Departments 
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of Animal Science and Ahadu Bello 
University, Zaria and the University of 
Agriculture, Makurdi, respectively. 
Mineral analyses were carried out at the 
General Laboratory, Department of Soil 
Science, Ahmadu Bello University, Zaria, 
Nigeria. 
Evaluation of nutrient intake and 
digestibility 
The procedure described by Osuji et al. 
(1993) was used for evaluating nutrient-
intake and digestibility of the four legume 
hays. The trial lasted for 14 days. The first 
seven days was adjustment period for the 
rabbits and this was followed by another 
seven days faecal and urine collection. 
Faecal and urine collection trays were 
thoroughly washed a day prior to the 
collection. The rabbits were fed 60 g forage 
dry matter of each forage legume hay per kg 
live weight a day. During the trial, water 
was provided ad- libitum. The animals were 
fed twice at 0800 and 1600 hrs each day. 
Daily urine output for each rabbits was 
collected into plastic bottles containing 0.2 
mL of 0.1N Sulphuric acid. An aliquot 
sample of about 10% from each animal's 
urine output per day was taken and stored in 
a refrigerator at a temperature of about (-

o20 C) until required for analysis. Daily 
faecal output was collected for each animal 
using a polyethylene bag. Similarly, about 
10% of the faecal output was taken and 

ostored in a refrigerator at (-20 C). At the end 
of the collection period, the samples were 
bulked together and 10% of the sub-
samples taken for proximate and nitrogen 
analyses. 
Statistical model

Y = µ + A  + eij i ij

Where; Y = observation in treatment i ij

        µ= population mean
th        A = i effect of treatment (4 i

legumes)
        e = Random errorij

Statistical analysis
All data generated were subjected to 
Analysis of Variance (ANOVA). The 
general linear model of SAS (2001) 
statistical software was used for the 
analyses and means were seperated using 
the Tukey's test (1949).
Results
Chemical Composition of Four Forage 
Legume hays at early-podding stage
The proximate and detergent fibre 
compositions of the four legume hays are 
presented in Table 1. Crude protein (CP) 
content was significantly higher (P<0.01)  
in T. repens (18.38%) than in T. pratense 
(16.50 %), while S. guianensis had the least 
value of 13.83 %.  The crude fibre (CF) 
content was, however, significantly higher 
(P<0.01) in S. guianensis (37.29%) than in 
the other forage legumes, while T. repens 
(22.61%) had the lowest value. Ether 
extract (EE) content was significantly lower 
(P<0.01) in S. guianensis (1.09%) than in 
the other legumes. The result showed that T. 
repens (10.02 %) was significantly 
(P<0.01) higher in ash content compared to 
the other legumes. The difference between 
the forage legumes for nitrogen free extract 
was not significant (P>0.05); however, S. 
guianensis (51.35 %) was significantly 
higher (P<0.01) than the other three forage 
legumes for NDF content. The result also 
showed that ADF content was significantly 
(P<0.05) higher for S. guianensis than the 
other forage legumes. 
Table 2 shows the mineral composition of 
the hay from four forage legumes. Calcium 
concentration was significantly (P<0.01) 

-1
higher in T. pratense (14.28 g kg ) than in T. 

-1
repens (12.44 g kg ), while S. guianensis 

-1
had the least value of 9.25 g ka . However, 
the P and K values for T. repens (2.91 and 

-119.51 g kg ) were significantly (P<0.01) 
higher compared to those for T. pratense 

-1
(1.26 and 15.73 g kg ) while those of  C. 

-1
molle (0.84 and 10.57 g kg ) were lowest. 
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Table 1: Proximate and detergent fibre composition of four forage legume hays (%)  
                                 Forage legume   
Parameter  T. pratense  T. repens  S. guianensis  C. molle  SEM  LOS  
Crude protein

 
16.50b

 
18.38a

 
13.82d

 
14.52c

 
0.08

 
**

 Crude fibre
 

26.33c

 
22.61d

 
37.29a

 
34.51b

 
0.06

 
**

 Ether extract
 

2.09a

 
2.23b

 
1.09d

 
1.57c

 
0.02

 
**

 Ash

 
9.31b

 
10.02a

 
6.64d

 
7.16c

 
0.10

 
**

 NFE

 

40.40

 

41.58

 

40.68

 

42.09

 

2.96

 

NS

 NDF

 

43.24c

 

39.13d

 

51.35a

 

48.21b

 

0.10

 

*

 
ADF

 

31.05c

 

27.08d

 

43.66a

 

38.17b

 

0.59

 

**

 
abcdMeans

 

with different superscripts within the row are significantly different, SEM= standard error of means, LOS=level of significance (* 
P<0.05, **P<0.01, NS= Not significant)

 
-1The Mg content of T. pratense (2.85g kg ) 

was significantly (P<0.01) higher than that 
-1

for T. repens (1.88 g kg ), while C. molle 
-1

had the least value of 1.23 g kg .  Sodium 
content was significantly (P<0.05) higher in 
T. repens compared to the other three forage 
legumes. 
Nutrient intake and digestibility in New 
Zealand white rabbits fed four legume 
hays
Table 3 shows the nutrient intake of the 
forage legume hays in New Zealand White 
rabbits fed sole forage legume hays. Dry 
matter (DM), crude protein (CP), ether 
extract (EE), ash, nitrogen free extract 
(NFE) and organic matter (OM) intakes 
were significantly higher (P<0.01) in 
rabbits fed T. repens, while crude fibre (CF) 
intake was significantly higher (P<0.01) in 
those fed S. guianensis. The highest value 

-1
(81.88 g d ) for DM intake was recorded for 

-1
rabbits fed T. repens compared to 76.57 g d  
for T. pratense, while those that consumed 

S. guianensis had the lowest value (65.05 g 
-1d ). Rabbits fed T. repens had a 

significantly (P<0.01) higher crude protein 
-1

intake of 15.05 g d , compared with 9.48 g 
-1

d for for thoses fed S. guianensis hay. 
Similarly, the EE intake was significantly 

-1
higher (P<0.01) for T. repens (1.79 g d ) 

-1
compared to T. pratense (1.58 g d ); lowest 

-1
value (1.06 g d ) was recorded for S. 
guianensis. The results also indicated that 
ash intake was significantly higher 
(P<0.01) in rabbits fed T. repens hay (8.30 g 

-1 -1d ) and lowest intake (4.66 g d ) was 
recorded in rabbits fed C. molle hay. Crude 
fibre intake was significantly higher 
P<0.01) in rabbits fed S. guianensis (23.46 

-1 -1
g d ) than in C. molle (22.70 g d ); the value 

-1
for T. repens (18.63 g d ) was the least. The 
highest value (72.16%) for OM intake was 
also recorded for T. repens which was 
significantly higher (P<0.01) than the value 
for T. pratense (68.90%) and S guianensis 
(58.23%).

Table 2: Mineral composition of hay four forage legumes  (g kg-1)  
                               Forage    legume   
Parameter  T. pratense  T. repens  S. guianensis  C. molle  SEM  LOS  
Calcium

 
14.25a

 
12.44b

 
8.06d

 
9.25c

 
0.02

 
**

 Phosphorus
 

1.26b

 
2.91a

 
1.16c

 
0.84d

 
0.04

 
**

 Magnesium
 

2.85a

 
1.88b

 
1.78c

 
1.23d

 
0.03

 
**

 Potassium
 

15.73b

 
19.51a

 
14.53c

 
10.57d

 
0.02

 
**

 Sodium

 
0.23c

 
0.64a

 
0.32b

 
0.23c

 
0.04

 
*

 
abcdMeans with different superscripts within the row are significantly different, SEM= standard error of mean, LOS=level of significance  at **1% 
and *5%
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Table 3: Nutrient intake of hay from four forage legumes by New Zealand White               
rabbits (g d-1)  
             

Forage legume
   Parameter

  
T. pratense

 
T. repens

 
S. guianensis

 
C. molle

 
SEM

 
LOS

 Dry matter
 

76.57b

 
81.88a

 
62.95d

 
65.09c

 
0.13

 
**

 Crude protein

 
12.71b

 
15.05a

 
8.64d

 
9.48c

 
0.12

 
**

 Ether extract   

 

1.58b

 

1.79a

 

0.66d

 

1.06c

 

0.04

 

**

 Ash

 

7.19b

 

8.30a

 

4.18d

 

4.66c

 

0.10

 

**

 Nitrogen free extract

 

30.89b

 

34.08a

 

25.55d

 

27.35c

 

0.11

 

**

 
Crude fibre

 

20.25b

 

18.60d

 

23.39a

 

22.46b

 

0.09

 

**

 
Organic matter

 

68.90b

 

72.16a

 

58.23d

 

60.34c

 

0.67

 

**

 

abcdMeans with different superscripts along the row are significantly different, SEM= Standard error of mean, LOS= Level of significance at 1%.

 
Table 4 shows the nutrient digestibilities of 
the four legume hays by growing male New 
Zealand Whi te  rabbi t s .  Nutr ien t  
digestibilities were significantly (P<0.01) 
higher in rabbits fed T. repens than in the 
other three legume hays.  The highest dry 
matter digestibility of 64.79% was recorded 
for T. repens compared to T. pratense 
(62.23%) and S. guianensis (56.89%) 
which was the lowest value. Crude protein 
digestibility was also significantly higher in 
rabbits that consumed T.repens (85.88%) 
than in those that were fed S. guianensis 
(71.33%). A similar trend of results was 
observed for EE, NFE and CF, where 
digestibilities were significantly (P<0.01) 
higher for T. repens than for the other three 
legumes.  Organic matter digestibility was 
also significantly higher (P<0.01) for T. 
repens (67.55%) than for T. pratense 

(65.83%); the value for S. guianensis 
(62.48%) was the lowest. Results of 
nitrogen intake, urinary nitrogen, faecal 
nitrogen and nitrogen retained by New 
Zealand White rabbits are presented in 
Table 5. Total N intake was significantly 
(P< 0.01) higher in rabbits fed T. repens 

-1
(3.41 g d ) than in those fed the other three 
legumes. There were no significant 
(P>0.05) differences in urinary N values 
among the legume hays. The result of the 
faecal N, indicated that rabbits fed T. repens 
had a significantly (P<0.01) higher value 

-1
(0.53 g d ) than those fed T. pratense (0.46 g 

-1
d ); the values for S. guianensis and C. 
molle were not significantly (P>0.05) 
di fferent .  Ni t rogen re ta ined was 
significantly (P<0.01) higher in rabbits fed 

-1T.repens hay (2.40 g d ) than in those fed the 
other three legume hays. 

 

Table 4: Apparent nutrient digestibility  of four legume  hays by New Zealand White rabbits  
          Forage legume     
Parameter (%)  T. pratense  

62.23b

 

T. repens  S. guianensis  C. molle  SEM  LOS  
Dry matter

 
64.79a

 
56.89d

 
59.92c

 
1.07

 
**

 Crude protein
 

81.39b

 
85.88a

 
71.33d

 
78.88c

 
0.87

 
**

 Ether extract
 

78.09b

 
81.32a

 
71.77d

 
73.66c

 
0.32

 
**

 Nitrogen free extract     

 
87.16b

 
89.29a

 
79.07d

 
83.95c

 
0.50

 
**

 Crude fibre

 

65.96b

 

68.34a

 

59.84d

 

61.85c

 

0.55

 

**

 Organic matter

 

65.85b

 

67.55a

 

60.47c

 

62.48d

 

0.33

 

**

 
abcdMeans with different superscripts along the  row are significantly different, SEM= Standard error of mean, LOS= Level of significance  at 1%.
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Table 5: Nitrogen intake, urinary nitrogen, feacal nitrogen and nitrogen balance of New Zealand 
White rabbit  fed four forage legume hays  
                             Forage      legume    
Parameter (g kg-1)

 
T. pratense

 
T. repens

 
S. guianensis

 
C. molle

 
SEM

 
LOS

 
Total nitrogen intake

 
2.90b

 
3.41a

 
2.38c

 
2.49b

 
0.02

 
**

 Urinary nitrogen
 

0.62
 

0.61
 

0.60
 
0.57

 
0.02

 
NS

 Faecal nitrogen
 

0.46b

 
0.53a

 
0.42b

 
0.43c

 
0.01

 
**

 N-

 
retained                     

 
1.87b

 
2.40a

 
1.34c

 
1.48c

 
0.17

 
**

 N-retained (% intake)

 

64.24b

 

70.29a

 

58.32d

 

59.17c

 

0.33

 

**

 
abcdMeans

 

with different superscripts along the  row are significantly

 Discussion
The CP and ash contents obtained in this 
study were higher, whereas CF, NDF and 
NDF were lower than the results (16.5 %, 
9.3 %, 26.9 %, 31 % and 43 %, respectively) 
reported by Preston (2010) for T. pratense 
in the USA.  The CP content of 18.38 % was 
lower that 21.4%, but the CF content 22.61 
% was higher than that of 20.9 %, reported 
by Cheeke (1987) for T. repens. The CF 
content obtained in this study was similar, 
but the CP (18.4 %) and EE (3.9 %) were 
lower while the ash (8.4 %) content was 
higher than the result recorded by 
McDonald et al. (1998). The higher nutrient 
compositions in hay of the temperate forage 
legumes agreed with the findings of 
Archimède et al. (2011) that the temperate 
forages have higher nutrient compositions. 
Forages growing in the hot climate mature 
rapidly and have lower nutritive value than 
their counterparts in cooler environments 
(Kellems and Church, 2002).Trifolium 
repens hay could meet the CP requirements 
of 15 – 17 and 18 - 19 % for growth and 
reproduction, respectively (Lebas, 2004) in 
rabbits, while T. pratense hay harvested at 
the early podding stage in this environment 
can only meet the requirement for 
reproduction. The CP contents in the 
tropical forage legume hays cannot meet 
these requirements. Rabbits fed the tropical 
legume hays should, therefore, be 
supplemented with higher CP content feeds 
to meet these requirements. The legume 
hays can supply more than 16.0 and 30.0 % 

for ADF and NDF, respectively, required by 
rabbits (De-Blas and Mateos, 2010). All the 
forage hays can meet the CP range of 7 – 16 
% required by small ruminants for growth 
and productive/physiological functions 
(Rashid, 2008).  The forage legume hays 
could also meet the CP of 7 – 14 % generally 
required by cows and 10.5 - 14 % for heifers 
and steers in the tropics (Kubkomawa et al., 
2015). The temperate legume hays could 
also meet the 15.1 – 18.5 % CP required for 
dairy cows (NRC, 2001), while animals fed 
with the tropical legume hays harvested at 
the early podding stage need to be 
supplemented with diets of higher CP 
content. The values recorded for calcium 
and phosphorus contents for T. pratense hay 
were similar to those reported by Preston 
(2010) in the USA. The higher mineral 
composition in the temperate legumes 
agreed with Kellems and Church (2002) 
who observed that nutrient compositions 
were higher in the temperate forage species 
compared to their counterparts in the tropics 
due to the lower fibre contents in the 
temperate species. The legume hays could 
meet the Ca (4 -6 %) and K (<18 %) 
requirements of rabbits (Lebas, 2004), 
while the other mineral elements need to be 
supplemented. All the forage hays can meet 
the Ca (0.3 - 0.8 %) and Mg (0.18 - 0.4 %) 
(Rashid, 2008) required for growth and all 
productive/physiological functions of small 
ruminants.  The hays from the legumes 
harvested at the early podding stage in this 
environment have the potential to supply 
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0.53 - 0.67 % Ca, 0.22 - 0.44 % P, 0.18 - 0.21 
%Mg, 0.22 - 0.29 % Cl, 11% K. 0.22 %Na 
and 0.11 % S required for lactating cows 
(NRC, 2001). The dry matter intake for C. 
molle obtained in this study was lower than 
the value (69.0 g) reported by Odeyinka et 
al. (2007) in rabbits at Ile-Ife, Nigeria. This 
might be due to differences in the stage of 
plant growth and age of the rabbits. The 
higher nutrient intake for the temperate 
forage legumes could be attributed to 
higher the CP content and digestibility, 
which tend to increase feed intake (Black et 
al., 2009). The DM digestibility obtained in 
this study for T.repens was lower than 85 % 
reported by John and Lancashire (1981) in 
New Zealand White rabbits in the New 
Zealand, whereas that of T. pratense was 
similar. The DM digestibility recorded for 
S. guianensis was, however, higher than 
61.4% (Mao et al., 2014) and 60% (Cook et 
al., 2005), but fell within the range of 60 - 
67% reported by Mannetje and Lones 
(1992). The DM digestibility for C. molle in 
this study was higher than the average value 
of 43.8%, but similar to that reported by 
Evitayani et al. (2004) and Geleti et al. 
(2013), respectively. The higher DM 
digestibility of the temperate forages 
compared to the tropical forages even when 
grown in the same environment as reported 
by Forde et al. (1976) was confirmed in this 
study. The lower nutrient intake and 
digestibility of the tropical legumes was 
due to higher cell wall content and 
lignification. As DM accumulation 
increases, there is higher lignification of 
plant tissues, which lowers digestibility 
(Buxton and Fales, 1994). The higher 
nutrient-intake and digestibility of the 
temperate forages indicated that a higher 
animal productivity could be attained when 
animals are fed hay made from those crops 
in this environment. The higher nitrogen 
retained from the temperate legumes 
showed that more N could be available for 

microbial growth and multiplication that 
could improve digestion of feeds, thereby 
improving feed intake, and consequently, 
animal productivity. 

Conclusion
The chemical quality of the temperate 
forages (T. pratense and T. repens) hays 
were better than those for the tropical 
species (S. guianensis and C. molle). 
Nutrient intake and digestibility were 
outstanding for the temperate legume hays 
compared to their tropical counterparts. The 
crude protein content of the forage legume 
hays could satisfy the requirements for 
rabbits and were well above the minimum 
threshold of 7% recommended for ruminant 
animals in the tropics. It is therefore 
recommendated that the temperate forage 
legumes (T. pratense and T. repens) can be 
grown and conserved as hay in the Vom, 
Jos-Plateau environment. The two 
temperate legume hays can be used as 
supplementary feeds especially during the 
dry season to improve animal productivity 
in the Jos-Plateau environment.

Acknowledgement
The authors are grateful to the management 
of Nigerian Institute for Trypanosomiasis 
Research, Vom, Plateau State who provided 
land for this research. National Animal 
Production Research Institute, Shika, Zaria 
and Institute of Biological, Environmental 
and Rural Sciences (IBERS), University of 
Aberystwyth, United Kingdom supplied the 
tropical and temperate legume seeds. 
Tertiary Education Trust Fund (TETFund), 
Nigeria partially funded this project. 

References
Archimède, H., Eugène, M., Marie 

Magdeleine, C., Boval, M., 
Martin, C., Morgavi, D. P.,  
Lecomte, P.  and Doreau, M. 
2011. Comparison of methane 

Nutrient intake, digestibility and nitrogen balance

139



production between C3 and 
C4 grasses and legumes. Animal 
Feed Science and Technology, 
166-167:59–64.

A.O.A.C. 1990. Official Method of 
thAnalysis. 15  edition. Association 

o f  O f f i c i a l  A n a l y t i c a l  
Chemists. Washington DC, U.S.A. 
Pp. 200-210.

Awad, O. A. and Elhadi, O. A. 2010.  
Seasonal variability in nutritive 
value of ruminant diets u n d e r  
open grazing system in the semi-
arid rangeland of Sudan (South 
Darfur State). Agriculture and 
Biological Journal of America, 
1(3): 243-249.

Black, A. D., Laidlaw, A. S., Moot, D. J. 
a n d  O ' K i e l y ,  P.  2 0 0 9 .  
C o m p a r a t i v e  g r o w t h  a n d  
management of White and Red 
c love r s .  I r i sh  Journa l  o f  
Agricultural and Food Research, 
48: 149–166.

Buxton, D. R. and Fales, S. L. 1994. Plant 
environment and genetic effects on 
cell wall composition and 

digestibility. In: Jung, 
D.R., Buxton, D.R., Hatfield, R.D. 
and Ralph, J.(Eds.). Forage 
cellwall s t r u c t u re  a n d  
digestibility. ASA, Maidison, WI. 
PP. 685-714.

Boschma, S. P., Lollback, M. L. and 
Rayner, A. J. 2010. Tropical 
perennial grasses – pasture 
quality and livestock production. 
Prime facts for profit, adaptive and 
sustainable primary industries. 
Retrieved August 20, 2015 from 
www.industries.nsw.gov.au.

Chapman, D. J. A., Lee, B. and Waghorn. 
G. C. 2014. Interaction between 
plant physiology and pasture 
feeding value: A review. Crop and 
Pasture Science, 65: 721–734   

Retrieved October 23, 2 0 1 5  
f r o m  
http://dx.doi.org/10.1071/CP1337
9

Cook, B. G., Pengelly, B. C., Brown, S. 
D., Donnelly, J. L., Eagles, D. A., 
Franco, M. A.,  H a n s o n ,  J . ,  
Mullen, B. F., Partridge, I. J., 
Peters, M. and Schultze-Kraft, 
R. 2005. The Product ion of  
Tropical forages: An alternative 
s e l e c t i o n  t o o l   C S I R O ,  
DPI&F(Qld), CIAT and ILRI, 
Brisbane, Australia. Retrieved 
M a y  2 4 ,  2 0 1 6  f r o m  
http://www.tropicalforages.info 

De-Blas, J. C. and Mateos, G. G. 2010. 
Feed formulation. In: De Blas, C., 
Wiseman J. (Eds.). The Nutrition 
of the Rabbit. 2nd Edition. CABI 
Publishing, CAB International, 
Wallingford Oxon, UK, Pp: 222-
232.

Evitayani, A., Warly, L.,  Fariani, A.,  
Ichinohe, T. and Fujihara, T. 
2004.  Study on Nutritive Value 
of Tropical Forages in North 
Sumatra, Indonesia . Asian-
Australian Journal of Animal 
Science, 17(11):  1518-
1523

Ford, C. W., Morrison, I. M., and 
Wilson, J. R. 1979. Temperature 
effects on lignin, hemicelluloses 
and cellulose in tropical and 
temperate grasses. Australian 
Journal of Agriculture Research, 
30: 621-633.

Geleti, D., Hailemariam, M., Mengistu, A. 
and Tolera, A. 2013. Herbage 
Yield and Quality of Selected 
Accessions of Centrosema Species 
Grown under Sub-humid Climatic 
Conditions of Western Oromia,  
Ethiopia. Global Veterinaria, 11 
(6): 735- 741.

Akpensuen, Amodu, Tanko, Abdu, Namo, Luka, Hassan and Gadzama

140



Heuzé, V. and Tran, G. 2014. Centro 
( C e n t r o s e m a  m o l l e ) .  
Feedipedia.org. A programme by 
INRA, CIRAD, AFZ and FAO. 
Retreived on March 20, 2015 from 
http://www.feedipedia.org/node/3
21.

Heuzé, V., Tran, G., Bastianelli, D., 
Boudon, A. and Lebas, F. 2015. 
S t y l o  ( S t y l o s a n t h e s  
guianensis). Feedipedia.org. A 
programme by INRA, CIRAD, 
A F Z  a n d  F A O .  
http://www.feedipedia.org/node/2
51

John, A. and Lancashire, J. A. 1981. 
Aspects of the feeding and nutritive 
v a l u e  o f  L o t u s  s p e c i e s .  
Proceedings of the New Zealand 
Grassland Association, 42: 152-
159.

Kellems, O. R. and Church, D. C. 2002. 
Roughages. In: Kellems, O.R. and 
Church, D.C. (Eds). Livestock 
feeds and feeding. Upper Saddle 
River  Publishers, Pp.145-159.

Kubkomawa, H., Olawuye, H. U.,  
Krumah, L. J.,  Etuk, E. B. and 
Okoli, I. C. 2015. Nutrient 

requirements and feed 
resource availability for pastoral 
cattle in the tropical Africa: A 
review. Journal of Agricultural 
and Crop Research , 3(7) :100-
116. 

Lebas, F. 2004. Reflections on rabbit 
nutrition with a special emphasis 

on feed ingredients 
utilization. Proceedings - 

8th World Rabbit Congress – 
September 7-10, 2004 – Puebla, 
Mexico. Invited Paper. PP: 
686- 736

Magalhaes, L. J., Carneiro, J. D. C., 
Campos, D. S., Mauricio, R. M.,  

Alvim, M. J. and Xavier, D.F. 
2003. Chemical composition, 
digestibility and fractionation of 
nitrogen and carbohydrates of 
some forage species.  Tropical 
Pastures, 25 (1):33-37.

Mannetje, L.'t. and  Lones, R. M. 1992. 
Plant Resources of South-East 
Asia. No 4, Forage, Bogor, 
Indonesia.

Mao, L., Xuejuan, Z., Hanlin, Z., 
Guanyu, H. and Yimin, C. 2014. 
Chemical composition and in 
vitro d i g e s t i b i l i t y  o f  
S t y l o s a n t h e s  g u i a n e n s i s  
varieties, Grassland Science, 
60(2):125–129. D O I :  
10.1111/grs.12046.

NRC, Nation Research Council. 2001. 
Nutrient Requirements of Dairy 
Cattle.  Seventh Revised 
Edition. Subcommittee on 
Dairy Cattle Nutrition Committee 
on Animal Nutrition, Board 
on Agriculture a n d  N a t u r a l  
Resources, National Research 
CouncilNational Academy Press, 
Washington, D.C. Retrieved on 
1 2  M a y ,  2 0 1 7  f r o m  
http://www.nap.edu

Odeyinka, S.M., Oyedele, O. J., Adeleke 
T. O. and Odedire,J .A. 2007. 
Reproductive performance of 

rabbits fed Moringa 
oleifera as a replacement for 
Centrosema pubescens. 9th World 
Rabbit Congress, held June 10-
13, 2008  in Verona – Italy. Pp: 
416- 416.

Ogunbode, S. M. and Akinlade, J. A. 
2012. Effect of Three Species of 
S t y l o s a n t h e s  o n  t h e  
performance of West African 
Dwarf Sheep. Fountain Journal of 
Natural and Applied Sciences, 
1 (1): 36 – 40.

Nutrient intake, digestibility and nitrogen balance

141



Osuji, P. O., Nsahli, I. V., and Khalili, H. 
1993. Feed evaluation, ILCA 
M a n u a l  5 ,  I L C A  
(International Livestock Centre 
for Africa) Addis Ababa, Ethiopia. 
Pp .9 and 16.

Ovimaps 2014. Ovi location map: Ovi 
earth imagery data. Retrieved on 
November 3, 2014

Preston, P. R. 2010. Feed Composition 
Tables. Retrieved on May 04, 2013 
f r o m  
http://beefmagazine.com/nutrition
/feed-composition-tables/feed-
composition-value-cattle- -
030

Rashid, M. 2008. Goats and their nutrition. 
Manitoba Agriculture, Food and 
Rural Initiatives 
Retrieved 08 July, 2017 from 
www.manitobagoats.ca

S.A.S. 2001. Statistical Analysis System, 
th

Users Guide. 7  Eedition. North 
Carolina, U.S.

Schlueter, D.H. 201). Overseeding 
Clovers into Permanent Pastures. 
M.Sc. Thesis submitted to the 
Faculty of the Virginia Polytechnic 
Institute and State University. 
U.S.A. Pp:3

Thang, C. M., Ledin, I. and Bertilsson, J. 
2010. Effect of feeding cassava 
and/or Stylosanthes f o l i a g e  
on the performance of crossbred 
growing cattle. Tropical Animal 
Health Production, 42 (1):1-11.

Teitzel, J. K. and Chen, C. P. 1992. 
Centrosema pubescens Benth.. 
R e c o r d  f r o m  P r o s e a b a s e .  
Mannetje, L.'t and Jones, R.M. 
(Edi tors ) .  PROSEA (Plant  
Resources of South-East Asia) 
Foundation, Bogor, Indonesia.

Tolera, A. and Abebe, A. 2007. Livestock 
production in pastoral and agro-
pastoral production s y s t e m s  
of southern Ethiopia. Livestock 
Research for Rural Development, 
19(177).Retrieved February 19, 
2 0 1 6  f r o m  
http://www.lrrd.or/lrrd19/12/tole1
9177.htm

Tukey, J. W. 1949. Comparing individual 
means in the analysis of variance. 
Biometrics, 5(2): 99- 114.

Van Soest, P. J., Robert, J. B. and Lewis, 
B. A. 1991. Method for dietary 
fiber, neutral d e t e r g e n t  
f i b e r  a n d  n o n - s t a r c h  
polysaccharides in relation to 
animal nutrition. Journal of Dairy 
Science, 74:3583-3597. 

Ward, R. and de Ondarza, M. B. 2008. 
Relative Feed Value (RFV) vs. 
Relative Forage Quality (RFQ). 
Cumberland Valley Analytical 
Services, Inc., Hagerstown, MD.

th
Received: 19  September, 2018

th
Accepted: 10  February, 2019

Akpensuen, Amodu, Tanko, Abdu, Namo, Luka, Hassan and Gadzama

142


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56

