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An experiment was conducted to determine the crude protein degradation
kinetics of browse forages of semi arid of Nigeria. Crude protein (CP) contents
were higher (P<0.05) in all the browse forages. Higher numerical values of
neutral detergent fibre (NDF), acid detergent fibre (ADF), lignin and cellulose
were recorded. The result showed significant differences (P<0.05) for all the
ant-nutritive factors and no significant difference (P>0.05) among the browse
forages. Crude protein (CP) degradability after 24, 48, 72 and 96 h of ruminal
incubation were higher (P<0.05) in all the browses. Higher values (P<0.05) in
CP bag losses at zero time (‘a’ fraction) were high for the browses. The
insoluble but fermentable CP (‘b’ fractions) were low (P<0.05) among browse
forages. Numerically lower values of CP ‘c’ fraction were found in browses
whereas CP potential degradability were higher (P<0.05) in all the experimental
leaves. High (P<0.05) contents of CP in the browse forages, the potential
degradability was high in all the browse forages. Thus, these results may be
related to both the better feeding value of forage consumed by the animals and
better performance of livestock in these areas. The soluble fraction ‘a’, rate of
degradation ‘c’ and effective degradability ‘ED’ were generally low for all the
browse forages while the insoluble but degradable fraction ‘b’ and potential
degradability a+b were high for all the browse forages. Base on these findings,
it can be concluded that the browse forages are of good nutritive value and can
be use as supplement.
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available feed resources for enhanced nutrition of grazing
ruminants in semi arid areas of north eastern Nigeria.
Content of minerals of indigenous browse fodder species
such as Acacia, Ficus and ziziphus sp. that grow naturally
in the semi arid areas has been established (Njidda, 2011).
A study was therefore conducted to assess the in situ
protein degradation and mineral nutritive potential of
selected ficus species available for ruminants feeding in
Gwoza local Government area of Borno state, north
eastern Nigeria.

INTRODUCTION
Grazing ruminants are exposed to quantitative and
qualitative changes in the nutritive value of forages during
different periods (Buxton and Fales, 1994). Forage
composition and ruminal DM and CP degradation are
affected by forage species and maturity (Balde et al. 1993;
Coblentz et al. 1998). The effects of forage species and
maturity on digestion and animal performance have been
well characterized in processed forages (Nelson and
Satter, 1990).
Most laboratory techniques used in food evaluation
are still judged according to their ability to predict the
nutritive value of foodstuffs. The in situ dry matter (DM)
degradability of forage consumed by livestock has been
used in this way to determine whether degradation
characteristics of individual vegetative species could be
used to predict its nutritive value (Shem et al., 1995).
Knowledge on mineral composition of browse
forages would form base-line data on mineral status of

MATERIALS AND METHODS
Description of site and samples
All forages were harvested from Gwoza local
government area (11.050 N, 30.050 E, 364 m above sea
level) of Borno State, North Eastern part of Nigeria. The
ambient temperature ranges between 30 and 42 0C during
the hottest period (March to June) and decreases to 19250C between November and February (Alaku and
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Moruppa, 1988). Ten browse forage species commonly
found in the semi-arid and derived savannah zones were
used in this experiment; the species were Khaya
senegalensis, Kigalia africana, Leptadenia lancifolia,
Maerua angolensis, Olea hochstteteri, Poupartia sirrea,
Prosopis africana, Pterocarpus earinceus, Sterculia
setigera, and Tamarindus indica,. The browse forages
were harvested from at least 10 trees per species selected
at random in four locations within the study area at the
end of rainy season. The samples were sun-dried, milled
and sub- sampled for analysis.
Sample preparation
About 500 g of the harvested and pooled samples
from each plant were oven dried at 1050C for 24 h, cooled
and weighed. The weight difference between the initial
weights and dried weights was taken as the moisture
content of the leaves and then converted to percentage.
Percent dry matter content was then obtained as the
difference between 100 and percent moisture content
(AOAC, 2002). The dried weekly samples were then
bulked according to plant species and each shared into
two portions. One portion was sun dried and milled to
pass through 2 mm sieve, labelled and stored in sealed
polythene bags for degradability and in vitro studies. The
other portion (also milled to pass through 1 mm sieve)
was labelled and as well stored for proximate analysis.
Chemical analysis
The samples were analyzed in triplicate for dry matter
(DM) and crude protein (CP), according to AOAC (2002)
procedures. Neutral detergent fibre (NDF), acid detergent
fibre (ADF) and lignin were determined as described in
Van Soest et al. (1991). Hemicellulose was estimated as
NDF-ADF and cellulose as ADF-lignin. anti-nutritional
constituents that were determined in the browses include
Phytate estimated as phytic acid using the method
prescribed by Maga (1982), while saponins and total
condensed tannin were determined as reported by
(Babayemi et al., 2004) and (Polshettiwar et al., 2007).
Finally, phenolics were determined using Folin Ciocalteu
metho as described by Makkar (2000).
Management and feeding of animals
Three ruminally cannulated bulls were used for this
experiment. They were housed in individual pens with
concrete floors bedded with wood shavings. The beddings
were changed weekly. In these pens, they were offered
corn bran, cowpea husk and salt lick as supplements daily.
The animals also had free access to fresh clean water
daily. The diet given to the animals were to allow the
rumen microbial population meet their requirement for
essential nutrients as well as provide optimum rumen
environment for degradability. The area around the
opening of the cannulae was cleaned regularly with warm
water and detergent to prevent infection by pathogens.
Incubation of samples
The effects of ten browse species on the rate of
nutrient disappearance were determined by the use of
nylon bag technique. The browse plants were grounded to
pass through 1.0 mm screen sieve and the bags measure
140 mm x 20 mm when laid flat. They were numbered for
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easy identification. The feed samples were oven-dried and
grounded using a laboratory grinder for dry feeds and then
kept in glass cylinders. The samples were then put in the
oven overnight (24 h) at 70oC prior to weighing into the
bags. A piece of marble was included in each bag
containing 5g of feed sample to prevent the bag from
floating in the rumen. The weight of each bag and its
content was then recorded. Ten bags containing the
sample were incubated at the same time in each animal. A
bag was removed from each of the three animals at 3, 6,
12, 24, 48, 72 and 96 h for observation on nutrient
disappearance. The experiment was carried out in two
periods so that each of the fistulated bulls will have 10
bags/sample. The bags were tied using a nylon twine and
carefully inserted into the rumen. After each incubation
period, the bags were carefully removed and rinsed with
tap water until the water was clean and clear. The washing
procedure took 30 min and then oven-dried. The bags
were allowed to air-calibrate to room temperature for
about three hours in a desiccator before weighing to
determine bag plus marble plus feed sample residue
weight for dry matter determination. The difference
between the initial and final weights of each sample was
regarded as degraded material and thereafter expressed as
a percentage of the initial weight.
Washing and Drying of withdrawn sample bags
After incubation, all the bags were withdrawn from
the rumen at the same time and immediately placed under
running cold tap water until the rinse water became clear.
This was done to wash off ingested feed particles adhering
to the bags as well as stop further fermentative processes.
The bags with the sample residues were then oven dried at
650C for 48 h and the weight of the bags plus residues
measured and recorded. The zero-hour washing losses that
is, losses due to non-incubation, were determined by
soaking 5 g of each of the samples in triplicates in warm
water (370C) for 1 h which was followed by washing and
drying of the bags as done with the incubated sample
residues.
Chemical analysis of residues from incubated samples
Dry matter losses was computed as the difference
between the determined dry matter content of the preincubated samples and the determined dry matter content
of the incubated residues. To determine the organic matter
content of the residues, sub-samples (500 mg) were placed
in crucibles and burnt for 2 h at 500°C. The ash was
weighed and the value was subtracted from the values for
dry matter. The balance sample residues were then remilled to pass through a 1.00 mm screen sieve for other
chemical analyses. Nitrogen was analyzed according to
standard AOAC (2002) procedure. Crude protein was
calculated by multiplying the percent nitrogen content by
the factor 6.25.
CP disappearance (%) = Initial CP - final CP X 100
Initial CP
Digestion characteristic of CP was obtained by fitting data
to the equation according to Ørskov and McDonal (1979)
P=a + b (1-e-ct), Where:
P = Potential degradability after time ‘t’
a = Water Soluble Fraction (zero hour)
b = Insoluble but degradable fraction after time
‘t’
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c = Rate of degradation of slowly degradable fraction b
t = Incubation length i.e. 3, 6, 12, 24, 36, 48, 72, 84 and
96 h
e = exponential
Statistical Analysis
Data obtained from the computer analysis for
degradation characteristic for the different incubated plant
species at the different hours were subjected to analysis of
variance (Gomez and Gomez, 1984) using the completely
randomized design. Significant means were separated by
Duncan multiple range test of SAS (1988).
RESULTS
Chemical Composition of the Browse Forages of Semiarid climatic zone
The chemical composition of the browse forage
leaves determined in this study is presented in Table 1.
Dry matter content ranged from 838.30 g kg-1 DM in
Poupartia sirrea to 976.30 g kg-1 in Khaya senegalensis
on DM basis. Generally, the examined plant leaves had
high crude protein values, ranging from 132.20 g kg-1 DM
in Poupartia sirrea to 174.30 g kg-1 DM in Maerua
angolensis. Ash content of the browse forages range from
107.60 g kg-1 DM in Khaya senegalensis to 174.60 g kg-1
DM in Kigalia africana. Values obtained for organic
matter content of the browse forages ranged from 801.30
g kg-1 DM in Olea hochstteteri to 868.70 g kg-1 DM in
Khaya senegalensis. The highest neutral detergent fibre
content of 688.10 g kg-1 DM was recorded in Kigalia
Africana, while leptadenia lancifolia had the lowest value
of 433.10 g kg-1 DM. The acid detergent fibre levels in the
experimental leaves ranged from 206.80 g kg-1 DM in
Olea hochstteteri to 255.20 g kg-1 DM in Kigalia aficana.
The least lignin content of 86.40 g kg-1 DM in the browse
forages was recorded in Prosopis africana while Maerua
angolensis had the highest value of 144.70 g kg-1 DM.
Acid detergent insoluble ash content in the experimental
leaves ranged from 412.30 g kg-1 DM in Khaya
senegalensis to 521.90 g kg-1 DM in Pterocarpus
erinceus. Cellulose levels in the browse forages were
within the range of 131.20 g kg-1 DM in Leptadenia
lancifolia to 182.50 g kg-1 DM in Khaya senegalensis
while hemicellulose content of the browse leaves ranged
from 189.20 g kg-1 DM in Leptadenia lancifolia to 432.90
g kg-1 DM in Kigalia africana.
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Anti-nutritional factor levels of semi-arid browse forages
The result of the anti-nutritional factors in the browse
forage leaves is shown in Table 2. Total condensed tannin
varied from 0.08 mg/g DM in Kigalia africana to 0.41
mg/g DM in Maerua angolensis. A range of 0.31 mg/g
DM in Poupartia sirrea to 0.61 mg/g in Ptericarpus
erinceus was obtained for phenolic. Saponin content of
the experimental leaves range from 1.08 mg/ g DM in
Poupartia sirrea to 2.89 mg/g DM in Sterculia setigera.
Oxalate in the browses used ranged from 4.59 mg/g DM
in Maerua angolensis to 8.14 mg/g DM in Olea
hochstteteri. The highest value of 6.08 mg/g DM was
obtained in Sterculia setigera while Olea hochstteteri had
the lowest value of 2.02 mg/g DM for Phytic acid in the
browses studied.
Macro mineral concentration of semi-arid browse
forages
The result of the macro mineral concentration is
shown in Table 3. Leaves from Olea hochstteteri had the
highest calcium amongst the browses with 12.50 g kg-1
DM which dropped to 7.80 g kg-1 DM in Khaya
senegalensis and Sterculia setigera. Phosphorus had the
highest recorded level of macro mineral (445.50 g kg-1
DM) in Sterculia setigera while Kigalia africana with
102.50 g kg-1 DM had the lowest level. The magnesium
level was highest with a value of 7.20 g kg-1 DM in
Maerua angolensis and lowest with a value of 1.70 g kg-1
DM Kigalia africana. The sodium concentrations in the
browse forages were generally low. Poupartia sirrea had
the highest value 1.20 g kg-1 DM while Olea hochstteteri
had the lowest 0.40 g kg-1 DM. Potassium concentration
in Poupartia sirrea was significantly higher than all the
browses studied while Khaya senegalensis had the lowest
value amongst the browse forages.
Trace mineral concentration of semi-arid browse forages
Table 4 presented the composition of micro minerals
estimated in the browse forages used in this experiment.
The iron content of the browse forages ranged between
1.618 mg/g DM in Poupartia sirrea to 16.24 mg/g DM in
Kigalia africana. Significant difference were observed
among browse forages for zinc with Pterocarpus erinceus
having the highest while Poupartia sirrea having the
lowest value of 1.064 mg/g DM. Among the browse
forages, manganese showed significant difference
(P<0.05) with Pterocarpus erinceus having the highest

Table 1: Chemical Composition of the Browse Forages of Semi-arid region of Nigeria (g kg-1 DM)
Browse Forages
DM
CP
Ash
OM
NDF
ADF
ADL
ADIash Cellu.
Hemi Cell
Khaya senegalensis
976.30a 139.60f 107.60i 868.70a 486.20f 211.60f 121.00e 412.30e
182.50b 274.60f
Kigalia Africana
946.30c 134.02g 179.60a 766.70g 688.10a 255.20a 97.00f
501.50d 187.20a 432.90a
Leptadenia lancifolia 958.30b 163.30c 176.00b 782.30ef 433.10g 243.90b 152.80a 498.90ef 131.20h 189.20c
Maerua angolensis
922.60d 174.30a 154.30c 767.60g 586.70c 228.90e 144.70b 513.30c
164.00d 357.80c
c
e
e
e
g
g
f
a
Olea hochstteteri
941.30
138.70
142.00
801.30
438.40
206.80
96.70
526.30
171.30c 231.60h
Poupartia sirrea
838.30e 132.20f 109.00i 742.60h 591.20b 230.30e 140.30c 482.30f
143.00f 360.90b
c
d
g
d
e
e
h
g
Prosopis Africana
934.00
150.20
117.30
816.60
559.10
227.60
86.40
488.70
142.40f 331.50e
Pterocarpus erinceus 953.60b 172.40b 111.00h 842.70b 482.10g 234.80c 129.90d 521.90b 134.90g 247.30g
Sterculia setigera
943.60c 151.10d 151.00d 792.70e 587.40c 229.10e 92.60g
468.10g 157.70e 358.30c
Tamarindus indica
943.70c 146.60e 121.00f 822.60c 565.90d 232.00d 87.80h
485.50e
172.10c 333.90d
SEM
2.43
1.25
1.62
2.64
2.96
1.33
1.59
1.36
2.27
1.97
a,b,c,d=mean values along the same column with different superscripts are significantly different (P<0.05); DM=Dry matter;
CP=Crude Protein; OM=Organic Matter; NDF=Neutral detergent fibre; ADF=Acid detergent fibre; Acid detergent lignin;
ADIash=Acid detergent insoluble ash; Cell.=Cellulose and Hemi cellulose; SEM=Standard error of means.

289
Table 2: Anti-nutritional factors of browse forages of semi arid
zone of Nigeria (mg g-1 DM)
Browse Forages
TCT PHE SAP OXA PHY
Khaya senegalensis
0.21e 0.48c 2.02e 7.20b 5.81b
Kigalia Africana
0.08h 0.37e 2.02e 5.02d 2.22f
Leptadenia lancifolia 0.15f 0.45d 2.16d 6.22c 4.51c
Maerua angolensis
0.41a 0.32f 2.78b 4.59e 2.82de
Olea hochstteteri
0.12g 0.24g 2.05e 8.14a 2.02f
Poupartia sirrea
0.14f 0.31f 1.08f 5.10d 3.97d
Prosopis Africana
0.15f 0.36e 1.48f 6.61c 4.59c
Pterocarpus erinceus 0.23d 0.61a 2.69c 4.84e 4.09c
Sterculia setigera
0.34b 0.48c 2.89a 7.90b 6.08a
Tamarindus indica
0.28c 0.57b 2.12d 5.94c 3.04d
SEM
0.02 0.02 0.08 0.23 0.20
a,b,c,d=mean values along the same column with different
superscripts are significantly different (P<0.05); TCT=Total
condenced tannin; PHE=Phenolics; SAP=Saponin; OXA=
Oxalate; PHY=Phytate; SEM=Standard error of means.
Table 3: Macro minerals concerntration of semi-arid browses of
Nigeria (g kg-1 DM)
Browse Forages
Ca
P
Mg Na
K
Khaya senegalensis 7.80def 265.70d 2.50e 1.10a
11.50h
Kigalia Africana
9.00bc 102.50i 1.70e 0.90ab 40.00d
Leptadenia lancifolia 10.60b 305.20c 4.00c 0.60e
16.80g
a
h
a
ab
Maerua angolensis
12.40 112.50 7.20 0.90
32.50e
Olea hochstteteri
12.50b 203.30g 5.80b 0.40f
16.00g
Poupartia sirrea
10.10b 256.70f 5.60b 1.20a 120.00a
Prosopis Africana
9.70bc 350.00b 4.50c 1.00ab 110.00b
Pterocarpus erinceus 8.30de 262.00e 5.00b 0.70abcd 12.00h
Sterculia setigera
7.80def 442.50a 4.50c 0.90ab 62.50c
Tamarindus indica
11.50a 260.90e 3.20cd 0.80abc 18.30f
SEM
0.06 1.94
0.05 .04
0.44
a,b,c,d=mean values along the same column with different
superscripts are significantly different (P<0.05); Ca=Calcium;
P=Phosphorus; Mg=Magnesium; Na=Sodium; K=Potassium;
SEM= Standard error of means.
Table 4: Trace minerals concentration of semi-arid browses of
Nigeria (mg g-1 DM)
Browse Forages
Fe
Zn
Co
Mn Se
Ni
Khaya senegalensis 2.973d 5.725a 0.005 0.512d 0.157 0.009
Kigalia Africana
16.24a 4.240ab 0.012 2.923b 0.062 0.023
Leptadenia lancifolia 3.897c 1.813d 0.005 0.342e 0.109 0.021
Maerua angolensis 2.311de 1.801d 0.006 0.845c 0.099 0.017
Olea hochstteteri
2.196de 1.406d 0.006 0.136f 0.165 0.021
Poupartia sirrea
1.618aef 1.064d 0.007 0.234f 0.149 0.085
Prosopis Africana
6.220b 3.998abc 0.007 0.765d 0.125 0.017
Pterocarpus erinceus 15.420a 6.528a 0.011 3.823a 0.012 0.024
Sterculia setigera
1.957def 1. 497d 0.005 0.354e 0.129 0.004
Tamarindus indica 5.974b 4.191ab 0.007 0.757d 0.108 0.023
SEM
0.55
0.26
0.0006 0.14 0.09 0.008
a,b,c,d=mean values along the same column with different
superscripts are significantly different (P<0.05); Fe=Iron;
Zn=Zinc; Co=Cobalt; Mn=Manganese; Se=Selinium; Ni=
Nickel; SEM=Standrd error of means.

value of 3.823 mg/ g DM while Olea hochstteteri had the
lowest concentration of 0.136 mg/g DM. The
concentration of cobalt, selenium and nickel were
generally low and showed no significant differences
among browse forages.
Crude Protein (CP) disappearance
The crude protein disappearance of the browse
forages is shown in Table 5. A close rate of disappearance
of CP from the incubation of leaves was observed in all
the browses. These values differed significantly (P<0.05)
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in the 0-96 h incubation periods. With a range of 40 to 65
% disappearance value at 0 hr the CP contents of these
leaves are considered highly degraded. Generally CP
disappearance at 96 h was high for all browse forages
with all values above 80%. The mean 96 h incubation
value for CP disappearance was calculated to be 86.11%.
The pattern in the differences between crude protein
disappearances from the browse leaves was similar for all
the incubation periods.
Crude Protein Degradation Characteristic (CP)
Significant differences (P<0.05) were observed in the
CP degradation characteristics in the browse forage leaves
except for the degradation rate constant as shown in Table
6. Crude protein in all the browse leaves investigated was
highly soluble. The solubility of CP was higher in Maerua
angolensis with a value of 62.39% and least soluble in
Olea hochstteteri with 46.79%. As a result of the high
solubility of CP in the browse leaves, reported values for
the insoluble but degradable fraction ‘b’ appeared to be
low. It ranged from 26.78% in Maerua angolensis to
37.34% in Olea hochstteteri. The potential degradation
‘a+b’ of CP in the browse leaves was generally high with
a range between 82.27 % in Khaya senegalensis and 91.42
% in leptadenia lancifolia. Estimate for the rate of
degradation of CP in the leaves per hour in this
experiment was lowest in leptadenia lancifolia (0.014/h)
and highest in Prosopis africana (0.078/ h). The results of
this study recorded effective degradability of CP at an
outflow rate of 0.12 to be higher 67.30 in Maerua
angolensis and lowest in Poupartia sirrea 57.60%.
DISCUSSION
The crude protein (CP) content of the browse forages
studied was generally higher in all the browse forages and
is above the 7% CP requirement for ruminants that should
provide ammonia required by rumen microorganism to
support optimum microbial growth. Norton (2003)
justifies the use of browse forages in small quantities in
order to supplement poor quality pastures and crop
residues. The high CP content of browse species is well
documented and is one of the main distinctive
characteristic of browse compared to most grasses. Norton
(1998) reported a range of CP contents from 12 to 30%
for tropical tree legumes, and Le Houerou (1980) gave a
mean of 12.5% in West African browse species with
about 17% for leguminous species. Generally, the CP
content in browse has been shown to be above the
minimum level required (7%) for microbial activities in
the rumen (Norton, 1998).
The values of fibre fraction in the present study fall
within the range reported by Njidda et al. (2008). NDF
and ADF contents in the browse forages studied were
generally higher compare to the values reported by Njidda
(2010) and this can limit feed intake (Meissner et al.,
1991). This species also had high lignin content. Lignin is
a component of the cell wall, and deposited as part of the
cell wall-thickening process (Boudet, 1998). Lignin is in
general higher in browse than in herbaceous plants. The
content varies according to species, age and the plant
parts. Positive correlations were reported between
contents of lignin and soluble or insoluble proantho-
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Table 5: Crude Protein Disappearance of semi-arid browses (% DM)
Browse forages
0
3
6
12
24
48
72
96
Khaya senegalensis
50.23d
47.99c
62.46c
69.77ab
72.49bcd
75.57bcd
83.23cd
84.81bcd
Kigalia Africana
49.99d
45.97d
60.75de
67.76abcd
71.34bcde
75.67bcd
83.50cd
85.07bc
b
a
d
abcd
bc
b
b
Leptadenia lancifolia
60.34
58.29
61.97
67.29
73.32
80.64
86.65
87.63a
Maerua angolensis
62.39a
60.29a
65.00b
69.36ab
80.72a
81.21a
87.89a
88.52a
Olea hochstteteri
46.79def
43.69f
56.09f
70.22a
75.41b
77.57bc
84.64c
86.37b
Poupartia sirrea
48.94de
45.23d
53.70g
68.30abc
74.73b
76.09bcd
82.14cd
84.03bcd
de
e
c
a
a
b
c
Prosopis Africana
48.01
46.00
62.64
70.03
78.56
79.02
84.28
85.81b
Pterocarpus erinceus
55.72c
52.66b
70.06a
69.77ab
79.81a
81.38a
86.31b
87.70a
Sterculia setigera
47.98def
45.92d
65.78b
65.18e
76.10b
78.55bc
83.91cd
85.70bc
d
c
f
f
b
bc
c
Tamarindus indica
49.89
47.88
57.43
60.84
74.62
77.21
84.10
85.47bc
SEM
1.31
1.97
0.86
1.17
2.09
0.78
1.11
1.05
a, b, c, means in the same column with different superscript differ significantly (P<0.05); SEM=Standard error means; NS=Not Significant
Table 6: Degradation characteristics and Effective degradability of CP of semi arid browse forages incubated in the rumen of bulls
Browse Forages
a
b
a+b
c
Lag T
ED
Khaya senegalensis
50.23d
32.04abc
82.27cde
0.060
0.80bc
60.00d
Kigalia Africana
49.99ef
33.44ab
83.43cd
0.048
1.10b
58.50de
b
abcd
a
a
Leptadenia lancifolia
60.34
31.08
91.42
0.024
2.70
64.10c
Maerua angolensis
62.39a
26.78e
89.17b
0.036
2.40a
67.10a
h
a
cd
b
Olea hochstteteri
46.79
37.34
84.13
0.065
1.40
57.80def
Poupartia sirrea
48.94ef
33.43ab
82.37cde
0.059
2.00a
57.60def
Prosopis Africana
48.01ef
35.79a
83.80cd
0.078
1.10b
60.50d
Pterocarpus erinceus
55.72c
30.42abcd
86.14c
0.062
1.00b
65.00b
Sterculia setigera
47.98g
35.71a
83.69cd
0.064
0.70bc
59.50d
Tamarindus indica
49.89e
35.74a
85.63c
0.040
1.50b
57.90def
SEM
0.56
0.80
0.56
0.031
0.85
0.88
a, b, c, means in the same column with different superscript differ significantly (P<0.05); SEM=Standard error means; NS=Not Significant.

cyanidins (Rittner and Reed, 1992). Reed (1986) also
found a negative correlation between the content of NDF
and soluble phenolics, while the correlation with insoluble
proanthocyanidins was positive. The browse forages had
moderate to high content of fibre. This is a positive
attribute of the browse forages since the voluntary DM
intake and digestibility are dependent on the cell wall
constituents (fibre), especially the NDF and lignin (Bakshi
and Wadhwa, 2004).
Cellulose is closely associated with lignin thus the
observed relatively high lignin content in the examined
plant leaves may have resulted in the high cellulose levels
in this study. In other words, the concentration of
cellulose provides an insight as to the level to which the
forage has been lignified. The high level of lignin in the
studied leaves could be adduced to their maturation. This
is likely so because according to Wilson (1982)
environmental
factors,
particularly
temperature,
significantly influence the content and digestibility of cell
wall in forage through faster tissue maturation.
The cell wall content hemicellulose was observed to
be fairly high. With a mean value of 303.20 g kg-1 DM in
the investigated plants, they appeared quite high
compared to reported levels in the common browse
forages. These hemicelluloses levels in the plants may be
acceptable levels although rumen microbes are incapable
of adequately degrading this fibre component of plants.
Going by the observations of Roger et al. (1996) who
noted that sun drying affected the chemical composition
of tree legumes, the high hemicellulose content of the
leaves in this study may have probably been due to the
drying of samples of the plants before they were analyzed.
Tannins are phenolic plant secondary compounds and
are widely distributed through the plant kingdom,
especially legumes and browses which affect animal

performance in many countries (Min et al., 2003). The
level of CT is lower than the range of 60 to100 g Kg-1 DM
considered depressing feed intake and growth (Barry and
Duncan, 1984) but within the range 0.41 to 0.81 mg g-1
DM reported by Njidda et al. (2008) for semi arid browse
forages. Feeding tannin containing plant can decrease
ruminal protein degradation, promote microbial crude
protein (CP) synthesis (Cardozo et al., 2004), and prevent
excessive ruminal gas formation which can lead to bloat
(Wina et al., 2004). However, in ruminants, dietary
condensed tannins of 2 to 3% have been shown to have
beneficial effects because they reduce the protein
degradation in the rumen by the formation of a proteintannin complex (Barry, 1987) and increasing absorption
of amino acids in the small intestine (Barry and McNabb,
1999). On this basis, they have been proposed as feed
additives to improve digestive utilization of dietary
protein (Schwab, 1995). While moderate concentrations
of CT (2-4.5% DM) can exert beneficial effects on protein
metabolism in ruminants, high dietary CT concentrations
(>5.5% DM) can depress voluntary feed intake, digestive
efficiency and animal productivity. However, effects are
not the same for all CT as they depend upon its chemical
structure (Min et al., 2003). The values for phenolic
compounds in this study were lower compared to that
reported by Osuga et al. (2006). Phenolic compounds are
the largest single group of secondary plant compounds
(SPCs), and total phenolics in plants can reach up to 40%
of the dry matter (Reed 1986; Tanner et al., 1990). In
grasses, the major phenolic is lignin that is bound to all
plant cell walls, and is a significant limiting factor in their
digestion in the rumen (Minson, 1990). Lignin is also a
limiting factor in the digestion of legumes, but is bound
largely to the vascular tissue (Wilson 1993), with often
high concentrations of other free and bound phenolic
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compounds (phenolic acids, coumarins and flavonoids) in
floral, leaf and seed tissues (McLeod, 1974).
Oxalate content in this present study was low. It has
been reported that 20g/ kg oxalate can be lethal to chicken
(Acamovic et al., 2004). Oxalate has been shown to
deplete the calcium reserve, but these browse species were
found to contain reasonable amount of calcium,
magnesium and phosphorus. Ca and carbon are also
released from the hydrolysis of Ca Oxalate some of which
will be either absorbed or excreted by the ruminant
animals. With Ca absorption rate of ruminants put at 31%
(Haenlein, 1987) and P at 4% absorption (Iqbal et al.,
2005) reasonable amount of the Ca and P intakes will be
lost via faeces and urine to the soil. Such voided
minerals/nutrients are thereby recycled for further use to
support plants which are ploughed back into the soil.
When so much N is returned to the soil, this reduces the
use of inorganic N fertilizer and lends weight to the use of
organic manure in farming. However, given the time to
adapt, the microorganisms in the rumen can metabolise
moderate amounts of oxalate.
Saponins are group of compounds containing αglycone moiety linked to carbohydrates. Many plant
species consumed by livestock contain saponins.
Feedstuffs containing saponin have been shown to be
defaunating agents (Teferedegne, 2000) and capable of
reducing methane production (Hu et al., 2005). Cheeke
(1971) reported that saponins have effect on erythrocyte
haemolysis, reduction of blood and liver cholesterol,
depression of growth rate, bloat (ruminant), inhibition of
smooth muscle activity, enzyme inhibition and reduction
in nutrient absorption. Saponins have been reported to
alter cell wall permeability and therefore to produce some
toxic effects when ingested (Belmar et al., 1999). The
anti-nutritional effects of saponins have been mainly
studied using alfalfa saponins. Sharma and Chandra
(1969) observed that 4-7 weeks of ad libitum feeding of
albizia gave rise to toxic manifestation in sheep.
Symptoms include listlessness, anorexia, weight loss and
gastro-enteritis. The toxicity of saponins can be reduced
by repeatedly soaking the feed in water. The level
recorded in this present study may not pose any problem
the animals.
Phytic acid is a phosphoric acid derivative of myoinositol. It constitutes an important component of forage
plants with the ability to chelate essential minerals
including calcium, magnesium, iron, zinc and
molybdenum (Iqbal et al., 2005). The resulting chelates
resist breakdown in the digestive tract and become
unavailable thus inducing dietary deficiency of these
elements (NRC, 2001; Iqbal et al., 2005). Most of the
phosphorus in plants is organically bound to phytic acid
(Maga, 1982). In this regard, Deka and Sarkar (1990)
reported that 40-50% and 28% respectively of the total
phosphorus are present as phytate-phosphorus, which is
unavailable for utilization by animals. However, Iqbal et
al. (2005) noted that a phytic acid degrading enzyme
phytase appears to be present in the gastrointestinal tract.
This is possibly why phytic acid bound phosphorus can be
utilized to some extent by ruminants (McDonald et al.,
1988). The phytin levels reported in this study is lower
than 13.80 to 25.20 mg/g DM reported by Okoli et al.
(2003) for the southeastern browses in Nigeria. These levels
are unlikely to have any adverse effects on ruminants.
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The Ca content of browse was adequate, all the
browse forages had higher Ca than the recommended
requirements (g/kg-1 DM diet) for growing cattle (2.610.8), pregnant cows (2.1-3.5) and lactating cows (2.95.3), (Shamat et al., 2009). Reuter and Robinson (1997)
suggested Ca requirement for maintenance of growing and
lactating sheep to be 1.2-2.6 g/kg. Forage Ca
concentrations in the range of 2-6 g/kg, with higher
requirements for lactation have been variously
recommended for cattle and sheep (Khan et al., 2006).
However, Sykes and Field (1972) suggest that levels of
2.5 g/kg are adequate in most circumstances. The majority
of browses examined had lower P level than established
tropical pasture (2.7 g/kg DM) (Minson, 1990). The
browse forages had higher levels of P compared to values
obtained from other parts of the world. Aganga and
Mesho (2008) reported lower values of P for browse
forages of Botswana and Shamat et al. (2009) for browses
of Sudan. The variation in the content of observed P could
be due to the available soil P and soil pH, browse growth
stage and proportions of leaf and stem fractions harvested
for mineral analyses and sampling season. Browse and
forage plants had higher concentrations of P than the
normal requirements of P (g/kg DM diet) of growing
cattle (1.1-4.8), pregnant heifers and cows (0.9-2.0) and
lactating cows (2.0-30), suggesting nutritional adequacy
for livestock. Njidda et al. (2010) and Norton (1994)
reported that browses are generally high in phosphorus.
All the browse samples analyzed had sufficient Mg level
in agreement with the report of Khan et al. (2007). Based
on Minson (1990) recommendation (2.0 g/kg DM), Mg in
the diets of ruminants the browse plants examined had
higher levels of Mg. Shamat et al. (2009) reported that
Mg in tropical forage was not considered to be limiting,
although Jumba et al. (1996) reported exceptionally low
Mg concentrations in Kenya. Na level is adequate
compared to normal levels (0.36 to 0.37% DM) reported
by Shamat et al. (2009) for other browse forages of other
regions. The level reported in this study is below the Na
requirements (0.8-1.2% DM) for cattle. There seem to be
a general agreement that Na is deficient in most tropical
grasses, in agreement with Areghoere (2002) that many
tropical regions have reported low forage sodium
concentrations. Sodium deficiency can be corrected by
providing common salt ad libitum which can also satisfy
the requirement for chloride (McDowell, 1985). The need
for Na is particularly pronounced in hot weather to
compensate for losses due to respiration and perspiration.
Potassium is reported to be extremely mobile in plants and
is translocated from the oldest to the fastest growing
tissues (Gomide et al., 1969). Losses of potassium as the
plant mature was attributed to translocation of potassium
to the root system and then to the soil (Blue and Tergas,
1969). However, it has been suggested that high
producing ruminants may require K level above 10 g/kg,
under stress particularly heat stress (Khan et al., 2005).
Similar K concentrations observed in this study have been
reported by Ogebe et al. (1995) in Nigeria.
The plant species had high concentrations of Fe that
were comparable to high levels of Fe (100- 700 mg/ kg
DM) for tropical grasses and legumes (McDowell, 1992).
These species had higher levels of Fe than tabulated
requirements of Fe for dairy and beef cattle (50 mg/kg
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DM) (Khan et al., 2009). Although its availability could
vary due to the fact that Fe is absorbed according to the
need, and thus its absorption would depend on dietary
factors, age of the animal and body Fe status. Forage Zn
concentration was also found above the requirements of
ruminants during winter as earlier reported by Reuter and
Robinson (1997). It has been suggested that 30 mg/ kg Zn
is a critical dietary level, although it has been
recommended that concentrations of 12-20 mg/kg are
adequate for growing ruminants (Anon., 1980). Almost
similar results were reported by Tiffany et al. (2001) in
North Florida. Cobalt is a serious mineral limitation to
livestock because even when grazing is abundant
deficiency will lead to chronic starvation or wasting
which is often indistinguishable from energy and protein
mal-nutrition (McDowell et al., 1984). The concentration
of Co observed in this study was comparable to that in
most tropical grasses (<0.01 to 1.26 mg kg-1 DM) as
reported by Minson (1990). The browse forages had
higher levels of Co than the dietary recommended levels
for cattle (0.06-0.7 mg kg-1 DM), (ARC, 1980), sheep and
goats (0.11 mg kg-1 DM) (ARC. 1980). The browses had
moderate levels of Mn that were comparable to the
contents of Mn of pastures and established legumes (14148 mg/kg DM) (Minson, 1990). High forage
concentration of Mn in dry season was detected and
attributed to low rates of Mn translocation and
accumulation of Mn in order tissue (Khan et al., 2009).
All plant species had higher levels of Mn than the normal
dietary requirements of 20-40 mg kg-1 DM (NRC, 2001),
although, its supply could be lowered by its low
absorbability efficiency, from forage. However Mn
concentrations may interfere with the metabolism of other
minerals and has been observed to result in low
reproductive rates of cattle (McDowell et al., 1984).
Selenium is a very important trace mineral. The result of
selenium in the studied browse ranged from 0.012 to
0.410 mg g-1 DM. Reproductive problems, retained
placenta, white muscle disease and an inadequate immune
system (leading to mastitis and metritis) may result when
selenium is deficient in livestock rations. Selenium levels
of 100 to over 9000 mg Kg-1 can be found in selenium
accumulator plants (Johnson and Larson, 1999).
Consumption of these plants leads to rapid death. Chronic
toxicity can occur at 5 mg kg-1 (Brooks, 1998). The result
of nickel concentration ranged from 0.006 to 0.042 mg g-1
DM with a low overall mean of 0.025 mg g-1 for the
browses. Nickel concentration ranged widely from 0.08 to
0.35 mg kg-1 DM with a low overall mean of 0.18 mg kg-1
DM. The concentration is not influence by dietary nickel
intake in animals. The values recorded for Ni were above
toxic levels suggested for typical plants (Tokalioglu and
Kartal, 2005).
Crude protein in the browse leaves was found to be
highly soluble. A mean value of 78.29% of the potential
degradability value of the plants during 48hr incubation
buttresses this fact. The generally observed low
differences between 48hrs and 96hrs disappearance values
in all the investigated leaves indicates that most of the
crude protein in these leaves had been degraded at earlier
incubation times. According to Apori et al. (2000) high
protein degradability is an indication that the amino acids
in these plants may not be relevant to the ruminant, as
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most of the protein would have been converted to
microbial proteins in the rumen.
Establishing optimum feeding systems involves
reliable rumen degradability estimates for protein in their
feeds to adequately assess their protein nutrition (Repetto
et al 2003). Accordingly protein nutrition evaluation as
suggested by the reports of ARC (I984) and NRC (1985)
requires knowledge of the ability of feedstuffs to provide
both microbial proteins and undegraded intake proteins.
Ruminal ammonia, an important factor in microbial
protein synthesis, has the tendency to be lacking in the
rumen with low dietary crude protein (Mackie and White,
1990). Russell et al. (1983) reported the presence of both
rumen degradable and undegradable intake protein to be
beneficial in ruminant feeding. Why the degradable
portion is needed to supply rumen microbes with protein
for their growth the undegradable intake protein is used
for tissue synthesis by the animal.
The high value observed for the immediately soluble
crude protein fraction ‘a’ in the leaves used in this
experiment indicated a solubility of this nutrient in the
.leaves. Although the crude protein content in the leaves
was relatively high, however, the high crude protein
soluble fraction values may have resulted from the
problem of microbial contamination in situ (MicheletDoman and Ould-Bah, 1992). According to Vanzant et al.
(1996) the problem of microbial contamination, could
emanate from the influence of the number of' bags
simultaneously rinsed within a bucket or from
contamination by the ruminal fluid within the buckets.
Besides, milled feed particle size has been shown to affect
soluble crude protein fraction (Freer and Dove, 1984;
Mass et al. 2001; Gonzalez and Andres, 2003).
Nevertheless, Wallace and Gotta (1988) are of the view
that in high soluble protein fractions may stimulate
proteolysis bacteria in the rumen. Consequent upon the
observed high crude protein 'a' fractions in the leaves, the
value obtained for the slowly degradable fraction ‘b’ was
low. The degradation rate of crude protein in, the leaves
of this study were generally low compared with the values
reported for selected multipurpose trees and shrub leaves
in wet season but however relatively similar to their dry
season levels (Larbi et al 1998). According, to Preston
and Leng (1987) the extent to which protein escapes from
the rumen is partly a function of its rate of degradation in
the rumen. Limitation in the rate of crude protein
degradation is to some extent related to dietary forage
quality. Ganev et al. (1979) and Zhao et al. (1993) have
shown the ratio of forage to concentrate to influence in
situ protein degradation. Vanzant et al (1996)
demonstrated this influence to be due to forage type and
quality. Low ruminal ammonia levels have been
associated with depressed bacteria growth hence limits
potential for in situ protein degradation (NRC, 1985).
Dixon (1999) and Olsen et al. (1999) are of the opinion
that feeding greater concentrations of rumen degradable
protein may increase their digestion of fibre and organic
matter in situ. Potentially degradable 'a+b' crude protein
portion was generally high in all the browse leaves tested.
This could have been due to the low insoluble but
degradable fraction, which suggests high effective
degradability of these leaves. Potential degradability
values in the leaves reported in this study were comparable
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to those reported for tropical grass and legume forages
(Mgheni et al., 1996) as well as wet and dry season values
of some multipurpose fodder trees and shrubs of West
Africa (Larbi et al, 1996). However compared to values
found in feed legume seeds (Gonzalez and Andres, 2003)
they were lower. Of notable interest in this study were the
very high but statistically insignificant values for lag time
in the crude protein degradation pattern for the leaves
investigated. Newman et al. (2002), believe long lag times
influence the degree to which the slowly degraded
fraction 'b' is broken down in the rumen as well as the
extend of nitrogen deficiency or sufficiency. Nocek and
Grant (1987) associated long lag times with factors such
as oven drying and microbial contamination of the
forages. Brown et al. (1991) have showed that with low
supply of nitrogen to the rumen and long lag phase for
crude protein degradation, high concentrations of
insoluble but degradable crude protein, will mostly pass to
the lower digestive tract before being degraded. Thus, this
is unavailable for microbial growth and forage digestion
in the rumen. A possible explanation for this may have
been the high fibre content in the leaves. The effective
degradability of crude protein in the tree shrub leaves
studied at an outflow rate of 0.12% was quite high and
mostly above 60%. This presupposes that these leaves
could serve as a high-protein value source for ruminants.
High effective degradability crude protein values can arise
from high value of soluble fraction and rate of passage of
feed through the rumen (Gonzalez and Andres, 2003;
Dolezal and Trinacty, 2003). The site of digestion has an
influence on the effective degradability of crude protein,
Jančík et al. (2010) observed a close but negative
relationship between effective degradability of crude
protein and that digested in the intestines. From this they
inferred that the reduction in effective degradability of
crude protein always enhances the protein value of feed
consequent upon an increase in the crude protein digested
in the intestine. Effective crude protein degradability
values, reported for the leaves in these experiments at a
similar outflow rate, were higher than the majority of
values reported by Mgheni et al. (1996) for tropical
grasses and legumes. As well, the mean effective
degradability of the leaves studied was higher than the
average of 64% reported in. grasses and Lucerne
(Kowalski et al., 1995).
Conclusion
The browse species evaluated in the current study had
high CP content which would make them good protein
supplements to poor quality roughages, especially during
the dry season in the semi arid region of Nigeria. The antinutritive factors were generally low for all the browses.
The browse forages studied had a greater CP degradation.
Therefore, forages with high CP content provide more
dietary protein to the small intestine.
REFERENCES
Acamovic T, CS Steward and TW Pennycott, (eds), 2004.
Poisonous plants and related toxins. Oxford
University Press, 608pp.

Inter J Agri Biosci, 2013, 2(5): 286-296.
Aganga AA and EO Mesho, 2008. Mineral contents of
browse plants in Kweneng District in Botswana. Agri
J, 3: 93-98.
Agricultural Research council (ARC), 1980. The nutrient
requirement of ruminal livestock. Technical Review.
Commonwealth Agricultural Bureaux.
Alaku SO and SM Moruppa, 1988. Organ weight losses in
goat during the long dry season in the sahel region of
west Africa. J Arid Agri, 1: 23-35.
Anonymous, 1980. The Nutrient Requirements of
Ruminant Livestock. 4th edition CAB International,
Wallingford.
AOAC, 2002. Official Methods of Analysis of Official
Analytical Chemists (W. Horwtz ed) 17th Edition,
Association of Analytical Chemists, Washington DC.
Apori SO, RJ Long, FB Castro and ER Ørskov, 2000.
Chemical composition and nutritive value of leaves
and stems of tropical weed Chromolaena odorata.
Grass and Forage Sci, 55: 77-81.
ARC, 1984. The Nutrient Requirement of Ruminant
Livestock. Supplement No. 1, Agricultural Research
Council, Commonwealth Bureau, Farnham Royal,
UK.
Aregheore EM, 2002. Chemical evaluation and
digestibility of cocoa (Theobroma cacao) by-products
fed to goats. Trop Anim Health Prod, 34: 339-348.
Babayemi OJ, D Demeyer and V Fieves, 2004.
Nutritional value of qualitative assessment of
secondary compound in seeds of eight tropical
browse, shrub and pulse legumes. Communication in
Applied Biological Science. Ghent University, 69/1:
103-110.
Bakshi MPS and M Wadhwa, 2004. Evaluation of forest
leaves of semi-hilly arid region as livestock feed.
Asian-Australasian. J Anim Sci, 95: 93- 104.
Balde AT, JH Vandersall, RA Erdman, JB Reeves and BP
Glenn, 1993. Effect of stage of maturity of alfalfa and
orchard grass on in situ dry matter and crude protein
degradability and amino acid composition. Anim
Feed Sci Technol, 44: 29-43.
Barry TN and WC McNabb, 1999. The implications of
condensed tannins on the nutritive value of temperate
forages fed to ruminants. British Journal Nutrition 81:
263-272.
Barry HJ, 1987. Secondary compounds of forages. In:
Nutrition of herbivores. Hacker, JB and Ternouth JH
(eds) AP Sydney pp: 91-120.
Barry TN and SJ Duncan, 1984. The role of condensed
tannins in the nutritional value of Lotus pedunculatus
for sheep. 1. Voluntary intake. J Assoc Official
Analytical Chem, 65: 496-497.
Blue WG and LE Tergas, 1969. Dry season deterioration
of forage quality in the wet-dry tropics. Soil and Crop
Sci Soc Fla Proc, 29: 224.
Belmar R, Nava-Montero R, Sandoval-Castro C, Menab
JM, 1999. Jackbean (canuvalia ensiforms L. DC) in
poultry diets: Anti-nutritional factors and detoxification studies. A Review. Poult Sci J, 55: 37-59.
Boudet G, 1977. Contribution au contrôle continu des
pâturages tropicaux en Afrique occidentale. Revue
d'Élevage et de Médecine Vétérinaire des Pays
Tropicaux, 30: 387-406.

294
Brooks RR, 1998. Plants those hyperaccumulate heavy
metals. Cab International: New York, 295-380
Brown W, Flae ZQ and Pitman WD, 1991. In vitro fibre
digestion: association effects in tropical grass legume
mixtures. Trop grasslands, 25: 297-304
Buxton DR and SL Fales, 1994. Plant environment and
quality. Pages 155-199 in Forage Quality, Evaluation,
and Utilization. GC Fahey, M Collins, DR Mertens,
and LE Moser, eds. ASA, CSSA, SSA, Madison, WI.
Cardozo PW, Calsamiglia S, Ferret A and Kamel C, 2004.
Effects of natural plant extracts on ruminal protein
degradation and fermentation profiles in continuous
culture. JAnim Sci, 82: 2336-3230.
Cheeke PR, 1971. Nutritional and Physiological
implication Saponins: A Review. Can J Anim Sci,
51: 621-623.
Coblentz WK, Fritz JO, Fick WH, Cochran RC and Shirley
JE, 1998. In situ dry matter, nitrogen and fiber
degradation of alfalfa, red clover, and eastern
gamagrass at four maturities. J Dairy Sci, 81: 150-161.
Deka RK and Sarkar CR, 1990. Nutrient composition and
anti-nutritional factors of Dolichos lablab L. seeds.
Food Chem, 38: 239-246.
Dixon RM, 1999. Effects of addition of urea to a low
nitrogen diet on rumen digestion of a range of
roughages. Aust J Agri Res, 50: 1091-1097.
Dolezal P and J Trinacty, 2003. Effect of chemical
preservation
with
anhydrous
ammonia
on
composition and degradability of crude protein in
alfalfa hay. Czech J Anim Sci, 48: 12-18.
Freer M and H Dove, 1984. Rumen degradation of protein
in sunflower, rapeseed meal and lupin seed placed in
nylon bags. Anim Feed sci Technol, 11: 87-101.
Ganev G, ER Ørskov and R Smart, 1979. The effect of
roughages or concentrate feeding and rumen retention
time on total degradation of protein in the rumen. J
Agri Sci, (Cambridge) 93: 651-656.
Gomez KA and AA Gomez, 1984. Statistical Procedures
for Agricultural Research. (2nd ed.). John Wiley and
Sons, New York, USA. 680pp.
Gomide JA, Noller CH, Mott GO, Conrad JH and Hill
DL, 1969. Mineral composition of six tropical grasses
as influenced by plant age and nitrogen fertilization,
Agronomy J, 61: 120-123.
Gonazlez J and S Andres, 2003. Rumen degradability of
some feed legume seeds. Anim Res, 52: 17-25.
Haenlein GFW, 1987. Mineral and vitamin requirements
and deficiencies. 4th International conference on goat
of the International Goat Association (IGA) Brasila,
Brazile, March, 8-13, 1987, pp: 1249-1266.
Hu W, Wu Y, Liu J, Guo Y, Ye W, 2005. Tea saponins
affect in vitro fermentation and methanogenesis in
faunated and defaunated rumen fluid. J Zhejiang Univ
Sci, B6, 787-792.
Iqbal MU, Q Bilal, G Muhammad and MS Sajid, 2005.
Absorption, Availabilty, Metabolism and Excretion
of Phosphorus in ruminants. A Review. Inter J Agri
Biol, 7: 689-693.
Janicki FJ and CC Stallings, 1988. Degradation of crude
protein in forages determined by in vitro and in situ
procedures. J Dairy Sci, 71: 2440-2448.

Inter J Agri Biosci, 2013, 2(5): 286-296.
Jančík F, Koukolova V and Homolka P, 2010. Ruminal
degradability of dry matter and neutral detergent fibre
of grass. Czech J Anim Sci, 55: 359-371.
Johnson JF and G Larson, 1999. Grassland plants of
South Dakota and the northern Great Plains. South
Dakota State University. Brookings, South Dakota.
Jumba IO, NF Suttle and SO Wandiga, 1996. Mineral
composition of tropical forages in the Youssef FG
and Braithwaite RAI (1987): The mineral profile of
some tropical grasses in Trinidad, Trop Agr, 64: 112128.
Khan ZI, M Ashraf, A Hussain and LR McDowell, 2005.
Seasonal variation of trace elements in a semi-arid
veld pasture. Comm. Soil Science Plant analysis, 37:
1471-1484.
Khan ZI, A Hussain, M Ashraf and LR McDowell, 2006.
Mineral Status of Soil and
Forages in South
Western Punjab, Pakistan. Asian-Australian J Anim
Sci, 19: 1139-1147.
Khan ZI, A Hussain, M Ashraf, MY Ashraf, LR
McDowell and B Huchzermeyer, 2007. Copper
nutrition of goats grazing native and improved
pasture with seasonal variation in a semiarid region of
Pakistan. Small Rum Res, 67: 138-148.
Khan ZI, Ashraf M, Ahmad K, Ahmad N, Danish M and
Valeem EE, 2009. Evaluation of mineral composition
of forages for grazing ruminants in Pakistan. Pak J
Botany, 41: 2465-2476.
Kowalski ZM, Pisulewski PM, Peyraud JL and Kaminski
J, 1995. The effect of outflow temperature on rumen
protein degradability and intestinal digestibility of
rumen undegraded protein of dehydrated grass and
Lucerne. Annal Zootech, 44 (Suppl): 88-94.
Larbi A, JW Smith, IO Kurdi, IO Adekunle, AM Raji and
DO Ladipo, 1998. Chemical composition, rumen
degradation, and gas production characteristics of
some multipurpose fodder trees and shrubs during
wet and dry seasons in the humid tropics. Anim Feed
Sci Technol, 72: 81-96.
Larbi A, JW Smith, IO Kurdi, IO Adekune, AM Raji and
DO Ladipo, 1996. Feed value of multipurpose fodder
trees and shrubs in West Africa: edible forage
production and nutritive value of Milletia thonningli
and Albizia lebbeck. Agroforestry System, 33: 41-50
Le Houerou HN, 1980. Chemical composition and
nutritive value of browse in West Africa. In: Le
Houerou, H.N. (ed.), Browse in Africa. ILCA, Addis
Ababa, Ethiopia, pp: 261-290.
Mackie RI and BA White, 1990. Recent advances in rumen
microbial ecology and metabolism: potential impact on
nutrient output. J Dairy Sci, 73: 2971-2885.
Maga JA, 1982. Phytate, its chemistry, occurrence, food
interaction, nutritional significance and methods of
analysis. J Agri Food chem., 30: 1-5.
Makkar HPS, 2000. Quantification of tannins in tree
foliage-a laboratory manual; a joint FAO/IAEA
working document, Vienna, Austria.
Mass AR, Deaville ER and Givens DI, 2001. The nutrient
value for ruminants of lupin seeds from determinate
and dwarf determinate plants. Anim Feed sci
Technol, 94: 187-198.

295
McDonald P, Edwards RA, Green Halgh, 1988. Animal
Nutrition, Longman Scientific and Technical, Essex,
England, pp: 543.
McDowell LR, 1985. In: Nutrition of Grazing Ruminants in
Warm Climates. Academic Press New York, pp: 443.
McDowell LR, 1992. Minerals in Animal and Human
Nutrition. Academic Press, San Diego, California.
McDowell LR, JH Conrad and GL Ellis, 1984. Mineral
deficiencies and imbalances and their diagnosis. In:
F.C.M. Gilchrist and RJ Mackie (eds), Herbivore
nutrition in the subtropics and tropics. The Science
Press.
McLeod MN, 1974. Plant tannins: Their Role in Forage
Quality. Nut. Abstr. Rev, 11: 803-815.
Meissner HH, MD Viljoen and WA Van Nierkeki, 1991.
Intake and digestibility by sheep of Anthephora,
Panicum, Rhode and Smuts finger grass pastures:
Proceeding of the IVth International Rangeland
Congress, September1991. Montipellier, France, pp:
648-649.
Mgheni DM, T Hvelplund and MR Weisbjerg, 1996.
Rumen degradability of dry matter and protein in
tropical grass and legume forages and their protein
values expressed in the AAT-PBV protein evaluation
system. In: Ndikumana, J and de Leeuw, P (eds).
Sustainable Feed Productions and Utilization for
smallholder enterprises in sub-Sahara Africa.
Proceedings of the second Africa feed resources
network (AFNET). Harare, Zimbabwe, 6-10
December, 1993. pp: 77-84.
Michalet-Dorman B and MY Ould-Bah, 1992. In vitro
and in sacco methods for the estimation of dietary
nitrogen degradability in the rumen: a review. Anim
Feed Sci Technol, 40: 57-86.
Min BR and Hart SP, 2003. Tannins for suppression of
internal parasites. J Anim Sci, 81 (E Suppl 2), E102E109.
Minson DJ, 1990. Forage I ruminant nutrition. Academic
Press Inc, London, UK, 483.
Nelson WF and LD Satter, 1990. Effect of stage of
maturity and method of preservation of alfalfa
on
production by lactating dairy cows. J Dairy Sci 73:
1800-1811.
Newman YC, LE Sollenberger, WE Kunle and DB Bates,
2002. Crude protein fractionation and degradation
parameters of Limprograss herbages. Agronomy J,
94: 1381-1382.
Njidda A A, I Ikhimioya and I Aliyu, 2008. Nutritive
evaluation of some browsable trees and shrubs leaves
from semi-arid region of Nigeria. J Arid Agri, 18: 2127.
Njidda AA, 2010. Chemical composition, fibre fraction
and anti-nutritional substances of semi-arid browse
forages of north-eastern Nigeria. Niger J Basic Appl
Sci, 18: 181-188.
Njidda AA, 2011. “Evaluation of the potential nutritive
value of browse forages of semi arid region of
Nigeria’’, PhD Thesis, Ambrose Alli University,
Nigeria.
Nocek JE and LA Grant, 1987. Characteristics of in situ
nitrogen and fibre digestion and bacterial
contamination of hay crop forages preserved at

Inter J Agri Biosci, 2013, 2(5): 286-296.
different dry matter percentages. J Anim Sci, 64: 552564.
Norton BW, 2003. The Nutritive value of tree legumes.
http://www.fao.org/ag/AGPC/doc/Publicat/Gutt-shel/
x5556e0j.htm.pp.1-10
Norton BW, 1998. The nutritive value of tree legumes. In:
Gutteridge, RC, Shelton, HM (Eds.), Forage trees
legumes in Tropical Agriculture. Tropical Grassland
Society of Australia Inc, St Lucia Queensland.
Norton BW, 1994. Tree legumes as dietary supplements
for ruminants pp. 192-201. In: Gutteridge RC and h.
M Shelton.
Forage tree legumes in tropical
Agriculture (AB International).
NRC, 2001. Nutrient requirements of dairy cattle, 7th
revised ed. Washington, DC.
NRC, 1985. Ruminant nitrogen usage. National research
council. National academy of science press,
Washington DC, USA.
Ogebe PO and Ayoade JA, McDowell LR, Martin FG and
Wilkinson NS, 1995. Mineral concentrations of
forages and soils in Benue State, Nigeria. I.
Macrominerals and forage in vitro organic matter
digestibility and crude protein concentrations. Comm
Soil Sci Plant analysis, 26: 1989-2007.
Okoli IC, CS Ebere, MC Uchegbu, CA Udah and II
Ibeawuchi, 2003. A survey of the diversity of plants
utilized for small ruminant feeding in south-eastern
Nigeria. Agriculture, Ecosystems and Environment
96: 147-154.
Olsen KC, RC Cochran, TJ Joes, ES Vanzant, EC
Titgemeyer and DE Johnson, 1999. Effects of
ruminal administration of supplemental degradable
intake protein and starch on utilization of low-quality
warm season grass hay by beef steers. J Anim Sci, 77:
1016-1025.
Ørskov ER and I McDonald, 1979. The estimation of
protein degradability in the rumen from incubation
measurements weighted according to rates of
passage. J Agric Sci, 92: 499-503.
Osuga IM, SA Abdulrazak, T Ichinohe and T Fujihara,
2006. Rumen degradation and in vitro gas production
parameters in some browse forages, grasses and
maize stover from Kenya. J Food Agri Envir, 4: 6064.
Polshettiwar SA, RO Ganjiwale, SJ Wadher, PG Yeole,
2007. Spectrophotometric estimation of total tannins
in some ayurvedic eye drops. Indian J Pharmacol Sci,
69: 574-576.
Preston TR and RA Leng, 1987. Matching ruminant
production system with available resources in the
tropics and sub-tropics. Penambul Books, Armidale,
New South Wales, Australia. 245pp.
Reed JD, 1986. Relationships among soluble phenolics,
insoluble proanthocyanidins and fiber in East African
browse species. J Range Managem, 39: 5-7.
Repetto JL, J Gonzalez, C Gajarvile, MR Alvir and CA
Rodriguez, 2003. Relationship between ruminal
degradability and chemical composition of
dehydrated Lucerne. Anim Res, 52: 27-36.
Reuter DJ and JB Robinson, 1997. Plant Analysis. An
Interpretation Manual. 2nd ed. CSIRO Publishing:
Melbourne.

296
Rittner U and Reed JD, 1992. Phenolics and in vitro
degradability of protein and fiber in West African
browse. J Sci Food Agri, 58: 21-28.
Roger CM, KR Pond, JC Burns and DS Fisher, 1996.
Condensed tannins in Calliandra calothysus and their
effects on feeding value. In: Proceedings of a
Workshorp on Forest, Farm and Community Tree
Research Reports (Special Issue). 23-27 January
1996. Winrock International, Morrilton, Arkansas,
USA, pp: 222-233.
Russell JB, Sniffen CJ and Van Soest PJ, 1983. Effect of
carbohydrate limitation on degradation and utilization
of casein by mixed rumen bacteria. J Dairy Sci, 66:
763-767.
Schwab CG, 1995. Protected proteins and amino acids for
ruminants. In: Wallace, RJ,
Chesson, A. (Eds),
Biotechnology in Animal Feeds and Animal Feeding.
VCH Press, Weinhein, Germany, pp: 115-141.
Sharma DDS, Chandra and Negi SS, 1969. The nutritive
value and toxicity of OHI (Albizia stipulate Bovin)
tree leaves. J Res Ludlhiana, 6: 388-393.
Shamat AM, IA Babiker, AMS Mukhtar and FA Ahmed,
2009. Seasonal and regional variations in mineral
content of some important plants species selected by
camels (Camelus dromedaries) in arid and semi-arid
lands (ASAL) of Sudan. J Appl Sci Res, 5: 16761684.
Shem MN, Ørskov ER, and Kimambo AE, 1995.
Prediction of voluntary dry-matter intake, digestible
dry matter intake and growth rate of cattle from the
degradation characteristics of tropical foods. Anim
Sci, 60: 65-74.
Statistical Analysis System Institute Inc. 1988.
SASSTAT programme, Cary, NC: SAS Institute Inc,
1988.
Sykes AR and AC Field, 1972. Effect of dietary
deficiencies of energy, protein and calcium on the
pregnant ewe. III. Some observations on the use of
biochemical parameters in controlling under-nutrition
during pregnancy and on the efficiency of energy,
utilization of nergy and protein for the foetal growth.
J Agri Sci, (Cambridge) 78: 127-133.
Tanner JC, JD Reed and E Owen, 1990. The nutritive
value of fruits (pods with seeds) from four Acacia
Specie compared with nong (Guizolia abyssinica)

Inter J Agri Biosci, 2013, 2(5): 286-296.
meal as supplements to maize stover for Ethiopian
high land sheep. Anim Prod, 51: 127-133.
Teferedegne B, 2000. New perspectives on the use of
tropical plants to improve ruminant nutrition.
Proceeding of Nutrition Society, 59: 209-214.
Tiffany ME, McDowell LR, O'Connor GA, Nguyen H,
Martin FG, Wilkinson NS and Katzowitz NA, 2001.
Effects of residual and reapplied biosolids on forage
and soil concentrations over a grazing season in north
Florida. II. Microminerals. Communication in Soil
Science and Plant Analysis, 32: 2211-2226.
Tokalioglu S and S Kartal, 2005. Determination of Cu,
Pb, Cd, Ni, Cr, Co, Mn, Fe and Zn in algae and
vegetable samples using wet and dry ashing
procedure. Trace Element and Electro, 22: 169-173.
Van Soest PJ, Robertson JB and Lewis BA, 1991.
Methods for dietary neutral detergent fibre and non
starch polysaccharides in relation to animal nutrition.
J Dairy Sci, 74: 3583-3597.
Vanzant ES, RC Cochran, EC Titgemeyer, SD Stafford,
KC Olsen, DE Johnson and GS Jeans, 1996. In vivo
and in situ measurements of forage protein degradation
in beef cattle. J Anim Sci, 74: 2773-2784
Wallace RJ and MA Gotta, 1988. Metabolism of nitrogen
containing compounds. In: Hobson, PN (ed). The
Rumen microbial ecosystem. Elsevier science
publishing. New York, USA. pp: 217-250
Wina E, S Muetzel, EM Hoffmann and K Becker, 2004.
Effects of saponin-containing methanol extract of
Sapindus rarak on ruminal flora and fermentation
characteristics in vivo. Reproduction, Nutrition and
Development 44: S41.
Wilson T, 1982. Husbandary, nutrition and productivity of
goats and sheep in tropical Africa. Proceedings of a
Seminar held at the International livestock Centre for
Africa, Addis Ababa, Ethiopia, pp: 61-67.
Wilson JR, 1993. Organization of forage plant tissues. In:
Forage Cell Wall Structure and Digestibility (Jung,
HG, Buxton, DR, Hatfield, RD and Ralph, J, eds.),
pp: 1-32. American Society of Agronomy, Madison,
WI.
Zhao JY, M Shimojo and I Goto, 1993. The effect of
feeding level and roughages concentrate ratio on the
measurement of protein degradability of 2 tropical
forages in the rumen of goats, using nylon bag
technique. Anim Feed Sci Technol, 41: 261-269.

