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 SUMMARY

Feed intake, digestibility and nitrogen utilization
studies were carried out on energy supplemented
forages of nitrogen fertilized Guinea grass (Pani-
cum maximum, NFG), Guinea grass-Verano stylo
(Stylosanthes hamata) mixture (GVSM) and sole
and unfertilized Guinea grass (UFG), with fifteen
West African dwarf (WAD) does, using completely
randomized design. The concentrate supplement
used was prepared from equal ratio of cassava
(Manihot esculenta) peel and corn offal plus
1.50g/100g of table salt.  The intakes (g kg–1 LW0.75

d–1) of DM (65.24), CP (6.11), NDF (47.72) and OM
(60.66) from NFG were not significantly different
(p>0.05) from that of GVSM which had respec-
tive values of 69.65, 6.71, 47.19 and 65.20.  The
intake values from unfertilized grass were signifi-
cantly lower (p<0.05) having corresponding va-
lues of 50.43, 4.35, 37.04 and 46.84 g kg–1 LW0.75

d–1. The digestibilities of DM, CP and OM were not
significantly different (p<0.05) in all the three su-
pplemented forages, while digestibility of NDF
was significantly (p<0.05) higher in UFG than

NFG but not GVSM (p>0.05). The urinary excretion
of nitrogen was lower (p<0.05) in GVSM (0.82 g
d–1) than NFG (1.17 g d–1), thus significantly higher
nitrogen balance (2.48 versus 1.85 g kg–1 LW0.75

d–1) and retention (51.20 versus 40.48 percent)
in GVSM than NFG. Unfertilized grass exhibited
improved N-utilization pattern over its characte-
ristics negative N-balance and retention by giving
positive values in this study. Results have gene-
rally indicated that similar intake of forage is made
possible from N-fertilized Guinea grass and
Guinea grass-Verano stylo mixture when fed
with energy concentrate supplement. The diges-
tibilities of the forages of NFG and GVSM as well
as that of unfertilized grass are also similar under
this feeding practice. More so, while the charac-
teristics negative N-balance and retention of
unfertilized grass can be corrected by feeding it
with energy concentrate supplement, the exce-
ssive secretion of nitrogen from the urine of
animals fed N-fertilized grass cannot be corrected
through this practice.

Arch. Zootec. 53: 13-23. 2004.
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RESUMEN

Empleando un diseño completamente al azar
con quince hembras de cabra enana West African
(WAD), se realizaron estudios de ingestión de
alimento, digestibilidad y utilización del nitrógeno
sobre forrajes de Guinea grass (Panicum maxi-
mum) fertilizado con N (NFG), mezcla (GVSM)
Guinea grass-Verano stylo (Stylosanthes
hamata) y Guinea grass sola y sin fertilizar
(UFG), con un suplemento energético. El suple-
mento energético fue elaborado con una propor-
ción igual de cáscaras de cassava (Manihot
esculenta) y residuos de maíz con 1,5 p 100 de
sal de mesa. Las ingestiones (g kg–1 PV0,75 d–1) de
MS (65,24), PB (6,11), FND (47,72) y MO (60,66)
para NFG no fueron significativamente diferen-
tes (p>0.05) de las de GVSM (69,65, 6,71, 47,19
y 65,20, respectivamente). La ingestión del pasto
no fertilizado fue significativamente inferior sien-
do los respectivos valores (p<0,05):  50,43, 4,35,
37,04 y 46,84 g kg–1 PV0,75 d–1. Las digestibilidades
de MS, PB y MO no fueron significativamente
diferentes (p<0,05) en ninguno de los tres forra-
jes suplementados, mientras que la digestibilidad
de FND fue significativamente (p<0,05) mayor en
UFG que en NFG pero no GVSM (p>0,05). La
excreción urinaria de nitrógeno fue menor
(p<0,05) en GVSM (0,82 g d–1) que en NFG (1,17
g d–1), originando en GVSM significativamente
mayores balance de nitrógeno (2,48 frente a 1,85
g kg–1 LW0,75 d–1) y retención (51,20 frente a 40,48
p.100) que en NFG. La hierba no fertilizada
mostró mejor aprovechamiento del nitrógeno
sobre su balance y retención de N negativos
generando valores positivos en este estudio.
Los resultados indican, en general, que una
ingestión similar de forraje puede observarse en
Guinea grass fertilizada con N y en su mezcla con
Verano stylo cuando se consume con un suple-
mento alimenticio energético. Las digestibilidades
de los forrajes de NFG y GVSM así como de UFG
son similares bajo esta práctica alimenticia. Aún
es más, mientras el negativo balance y retención
de N característicos del forraje no fertilizado
pueden ser corregidos suministrándolo con un

concentrado energético, la excesiva excreción
urinaria de N en los animales que consumen
forraje fertilizado con N no puede serlo mediante
esta práctica.

INTRODUCTION

The biological relationship between
ruminants and forages is a very
important one going by the essential
role the latter is playing in the nutrition
of the former. The recognition of this
fact has yielded well-researched
methods through which the productivity
and nutritional quality of forages could
be enhanced. Some of these methods
include the nitrogen fertilization of pure
grass stands as well as the incorpo-
ration of adapted herbaceous legumes
into grass pastures (Ezenwa and
Aken'Ova, 1998; Bamikole and
Ezenwa, 1999).  Assessment of the
Performance of goats raised on forages
produced by these methods (Bamikole
et al., 2001), indicated that better
response and reduced environmentally
related problem in terms of Nitrogen
excretion is obtainable with grass-
legume mixture rather than nitrogen
fertilized grass. It was observed that
high nitrogen content of N-fertilized
grass could not be efficiently utilized in
the rumen thus leading to high total
nitrogen excretion by the animals fed
such grass (Bamikole, et al., 2001).

A similar case of high losses of
nitrogen in the urine of animals fed N-
fertilized grass has been reported in
lambs (Zhang et al., 1995) and dairy
cows (Delagade et al., 1997). Such
occurrence has been attributed to
imbalance between degraded protein
and energy supply for optimal microbial
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capture of ammonia-N (Poppi and
McLennan, 1995; Zhang et al., 1995).
This submission suggests the possibility
of alleviating the imbalance through
the energy concentrate supplemen-
tation. The exploration of this possibility
becomes necessary, so as to make this
pasture management technique, which
has a unique advantage of directly
increasing nitrogen content and
productivity of grass, relevant in
livestock production.  Couple with this
is the increasing global awareness of
the need to protecting our environment
from excessive nitrogen injection due
to the effects of this on the nitrate
content of our water resources and
nitrogenous gas emission into the
atmosphere (t'Mannetje and Frame,
1994). This study was essentially
carried out to investigate the possibility
of correcting improper nitrogen
utilization in animals fed N-fertilized
grass through energy concentrate
supplementation and also to monitor
livestock responses in terms of intake
and digestibility with such supplemen-
tation on diets of grass-legume mixture
and unfertilized grass.

MATERIALS AND METHODS

The study was carried out at the
Goat unit of the Teaching and Research
farm of the University of Ibadan,
Ibadan (7o 201 N, 30 501 E; altitude
about 200 m above sea level). The
experimental goats (N= 15, average
weight of 5.43 Kg) used were of West
African dwarf breed, all females and
aged between 7-8 months old at the
time of purchase. They were bought
within the neighbourhood of the farm,

and were placed on prophylactic
treatments on arrival at the farm.  These
treatments include administration of
antibiotics and Vitamin B complex as
well as dipping and deworming against
parasites.

At the inception of this study, the
animals have stayed for over 120 days
on the farm as they were used in a
previous study that monitored weight
gain, digestibility and nitrogen utilization
of goats on forage diets without
concentrate supplementation.  The
animals were weighed to ascertain their
new weight and were randomly
allocated to metabolism crates and
experimental feeds. The metabolism
crates were constructed to make
separate collection of faeces and urine
possible, and the crates were arranged
on a concrete floor in a well-ventilated
house.

The experimental diets used were
forages of N-fertilized Guinea grass
(NFG), Guinea grass-Verano stylo
mixture (GVSM), and unfertilized grass
(UFG), with 120 g of energy con-
centrate supplementation each. The
forages were obtained from sown
pastures established in a 40 x 45 m plot
near the goat unit, with each forage
treatment grown on a separate adjoining
blocks of 40 x 15 m each.  Nitrogen
application to NFG was at the rate of
200-kg N/ha using Calcium Ammonium
Nitrate fertilizer. The legume, stylo,
planted along with Guinea grass in
GVSM was Stylosanthes hamata, Cv
Verano. Details of the establishment
and management carried out have been
reported in the previous work (Bami-
kole, et al., 2001). Also the cutting
strategy adopted which facilitated daily
supply of six weeks old forage
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throughout the study has been reported
(Bamikole et al., 1998). The cutting
strategy produced four phases of
cutting in the growing season and the
forages used were yields of the fourth
phase. The concentrate used was a
mixture of cassava peels and maize
offal in equal ratio. Maize offal was
purchased from a near by Bodija
market while cassava peels were
collected from a garri processing
industry within the neighbourhood of
the farm. Both maize offal and cassava
peels were subjected to further drying,
after which the peels were crushed to
achieve uniform mixing with the maize
offal. Experimental diets were fed
twice daily, at 0800 and 1600h in equal
proportion such that each animal
received daily feed amounting to 50 g
DM/kg live weight.  Measurements of
feed consumed, total faecal and urinary
output were done for 7 days and were
preceded by 7days of adaptation period.
About 10 percent samples of daily
voided faeces and urine were pooled
over the 7-day period and frozen.
Volatilization loss of nitrogen from the
urine was forestalled through the
introduction of 20-ml of 10 percent
sulphuric acid.

Laboratory analysis of oven dried
(at 60°C) samples  of feed and faeces
for their components of CP (N x 6.25),
Mg, Na, K and OM as well as nitrogen
in urine was done according to the
official methods of AOAC (1990).
Neutral detergent fibre was analysed
according to the procedure of Van
Soest et al. (1991). Statistical analysis
of data was done by the analysis of
variance in accordance with the
procedure of SAS (SAS, 1988).  Where
means have shown significant differen-

ces, they were compared using the
Duncan Multiple Range Test at 5
percent level of probability.

RESULTS

CHEMICAL COMPOSITION OF THE FORAGES
AND CONCENTRATE

The chemical composition of the
forages and concentrate fed to the
experimental animals is presented in
table I. Verano stylo (VS) had the
highest content of CP and lowest
content of NDF. Effect of fertilizer
treatment on N-fertilized Guinea grass
(NFG), reflected in its higher CP
content than those of unfertilized grass
(UFG) and Guinea grass in the grass-
Verano stylo mixture (GGVSM). The
values of NDF were similar in all the
grass forages and the concentrate diet.
Similar values were also obtained for
all the forages and the concentrate in
their OM component. Magnesium
concentration was highest in GGVSM
and similar in all other forages.
Potassium was lowest in VS compared
with the grass forages, which indicated
similar values. While the concentrate
was lowest in Mg component, it had
highest content of Na than the forages.
Among the forages, VS had highest
content of Na, followed by GGVSM
and similar values in UFG and NFG.

FEED INTAKE AND DIGESTIBILITY OF
SUPPLEMENTED FORAGE DIETS

Feed intake and digestibility of the
experimental animals on the concen-
trate supplemented forage diets are
presented in table II. The DM, OM
and CP intakes were highest on diet
GVSM, which had respective values
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that were not significantly different
(p>0.05) from that of NFG, while values
in both GVSM and NFG diets were
significantly higher (p<0.05) than that
of UFG. The intake of NDF was highest
in NFG and had a value that was
similar (p>0.05) to that of GVSM, with
the intake in UFG being significantly
lower (p<0.05) than those of NFG and
GVSM.

Digestibilities of DM, OM and CP
were found similar (p>0.05) among the
three supplemented forage diets.  The
digestibility of NDF was found best in
UFG, with value that was significantly
different (p<0.05) from that of NFG,
but not GVSM (p>0.05).  The estimated
energy concentration, showed that both
the digestible and metabolisable energy
were similar among the three supple-
mented forage diets.

NITROGEN UTILIZATION
Nitrogen intake patterned the DM

intake as it was significantly lowest
(p<0.05) in UFG and values were simi-
lar (p>0.05) in NFG and GVSM diets
(table III). Excretion of nitrogen in
the faeces was found to be highest for
animals on NFG followed by those on
GVSM and lowest for those on UFG.
The differences noticed were significant
(p<0.05) only between NFG and UFG.
Nitrogen excretion in the urine was
significantly highest (p<0.05) for
animals on NFG diet, while that of
GVSM and UFG were not significantly
different (p>0.05) from each other.
Urinary N-excretion in NFG was about
42.7 and 53.9 percent higher than those
of GVSM and UFG respectively.
Nitrogen balance values were positive
and varied significantly (p<0.05) among
the forage diets. It was highest in
GVSM, followed by NFG and least in
UFG. Nitrogen retention (percent)
which was estimated from N-balance
and N-intake data had GVSM as the

Table I. Chemical composition (g kg-1 DM) of the forages and concentrate fed to the
experimental animals. (Composición química (g kg-1 MS) de los forrajes y concentrado suministrados
a los animales experimentales).

Composition Forages*
NFG GGVSM VS UFG Concentrate**

Nitrogen 16.0 12.1 19.5 11.5 15.4
Crude protein 99.8 75.3 121.8 71.9 96.3
Neutral detergent fibre 728.0 692.4 484.9 705.4 751.3
Organic matter 893.0 896.5 947.5 905.5 943.0
Magnesium 4.4 5.5 4.0 4.5 3.0
Potassium 22.0 21.0 8.1 20.0 11.0
Sodium 0.2 0.3 0.5 0.2 2.6

*NFG: Nitrogen fertilized grass; GGVSM: Guinea grass in the grass-Verano stylo mixture; VS: Verano
stylo; UFG: unfertilized Guinea grass.
**Made up of ingredient composition of maize offal (49.25 percent), cassava peels (49.25 percent) and
common salt (1.50 percent).
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most outstanding as it had value that
was significantly higher (p<0.05) than
that retained in NFG diet, but similar
with that of UFG diet.

DISCUSSION

The chemical components of the

forages used for this study, which were
yields from the fourth phase of cutting
were similar with values reported for
forages of other three phases (Bami-
kole, 1999). The cutting regime adopted
produced the merit of sustaining good
level of nutrient in the forages from
one cutting phase to the other. The
inherent quality of Verano stylo was

Table II. Nutrient intake and digestibility by WAD goats fed N-fertilized Guinea grass (NFG),
Guinea grass-Verano stylo mixture (GVSM) and unfertilized Guinea grass (UFG) supplemented
with mixture of cassava peel and maize offal. (Ingestión de nutrientes y digestibilidad en cabras
enanas West African alimentadas con Guinea grass (NFG), mezcla de Guinea grass y Verano stylo
(GVSM) y Guinea grass no fertilizada (UFG) suplementadas con una mezcla de cáscara de cassava
y residuos de maíz).

Forages
Variable NFG GVSM UFG SE

Daily intake
DMgd-1 312.50a 315.36a 231.45b 24.41
DM p.100 BW 3.87ab 4.22a 3.18b 0.31
DM gd-1kg-1LW0.75 65.24a 69.65a 50.43b 5.76
CPgd-1 29.25a 30.38a 19.98b 2.06
CP gd-1kg-1LW0.75 6.11a 6.71a 4.35b 0.48
NDF gd-1 228.57a 213.69a 170.05b 17.30
NDF gd-1kg-1LW0.75 47.72a 47.19a 37.04b 4.08
OMgd-1 290.55a 295.19a 215.03b 22.22
OMgd-1 kg-1 LW 0.75 60.66a 65.20a 46.84b 5.24

Digestibility coefficient (p.100)
Dry matter (DMD) 73.87 75.02 76.86 2.49
Crude protein (CPD) 65.43 68.22 67.34 3.59
NDF (NDFD) 77.65b 82.51ab 85.38a 3.06
Organic matter (OMD) 76.41 78.38 80.24 2.25
1DOMD 69.57 71.88 71.82 ND

Digestibility concentrations
Digestible energy (MJ kg-1 DM)2 13.22 13.66 13.65 ND
Metabolisable energy (MJ kg-1

DM)3 10.44 10.78 10.77 ND

abcmeans on the same row with the same letter are not significantly different (p>0.05).
1DOMD p.100= OMD p.100 (100 – ash p.100)/100 (MAFF 1984).
2DE= 0.19 x Digestible organic matter in the dry matter (DOMD) p.100.
3ME= 0.15 DOMD p.100 (MAFF 1984).
ND= Not determined.
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apparent in its OM content, which
compared with that of the concentrate
and also its higher CP and lower NDF
than those of the concentrate and N-
fertilized Guinea grass. Potassium
concentration of the grass forages was
generally high and even higher than
that of the concentrate, because the
grass forages were generally young (42
days old). Forages harvested at an early
stage of maturity have been indicated to
be richer in K (McDowell, 1992).

The results of feed intake, digesti-
bility and energy concentration in this
study indicated an improvement over
the previous study (Bamikole et al.,
2001) that involved forages which had
the same treatments as those in the
current study but which were fed
without concentrate supplementation.
A similar improvement in performance

was reported in lambs when diets of
sole Guinea grass with coconut or
fishmeal in a trial were fed with
molasses in another trial (Hammond
and Wildeus, 1991). The disparity
observed with respect to treatment
NFG and GVSM previously (Bamikole
et al., 2001) in their DM and nutrient
intakes have cancelled out. The similar
values of DM intakes were as a result
of the two forage diets being favoured
by adequate N availability, coupled
with additional contribution of N and
carbohydrate from the concentrate
supplement to improve palatability and
feed intake. The DM intake response
from animals on supplemented forages
in this study was only about two units
higher than that of the previous trial
(Bamikole et al., 2001). Supplemen-
tation is expected to cause a greater

Table III. Nitrogen utilization of WAD goats fed N-fertilized Guinea grass (NFG), Guinea
grass-Verano stylo mixture (GVSM) and unfertilized Guinea grass (UFG) supplemented with
mixture of cassava peels and maize offal. (Utilización del N por las cabras enanas West African
alimentadas con Guinea grass (NFG), mezcla de Guinea grass y Verano stylo (GVSM) y Guinea grass
no fertilizada (UFG) suplementadas con una mezcla de cáscara de cassava y residuos de maíz).

Forages
Variable NFG GVSM UFG SE

Nitrogen intake
g d-1 4.68a 4.86a 3.20b 0.33
g d-1 kg-1 LW0.75 0.98a 1.06a 0.66b 0.07

Nitrogen excretion (g d-1)
Faecal 1.66a 1.56ab 1.05b 0.25
Urinary 1.17a 0.82b 0.76b 0.10
Total 2.83a 2.38ab 1.82b 0.34

Nitrogen Balance (g d-1) 1.85b 2.48a 1.38c 0.09
N-Balance (gd-1Kg-1LW0.75) 0.39b 0.54a 0.31c 0.02
N retention (percent) 40.48b 51.20a 43.52ab 3.79

abcmeans on the same row with the same letter are not significantly different (p>0.05).
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intake responses with lower rather than
higher quality forages (Delcurto et al.,
1990; Hannah et al., 1991). This was
not so probably because the concentrate
used was more of energy supplement
than protein supplement as evident in
the low level of CP intake of the animals
on this diet.  The observation was in
corroboration with that of Chase and
Hibberd (1987) who reported depre-
ssed forage intake in cattle fed native
grass hay when corn supplement was
used as a substitute for soybean.

In the aspect of digestibility, diet
UFG compared with those of NFG and
GVSM despite its relative lower intake.
The high digestive efficiency associated
with reduced intake may be attributed
to longer retention time in the rumen,
which allows a longer time of feed
exposure to digestive enzymes and the
action of rumen microbes.  The high
digestibility values recorded for NFG
and GVSM could be explained from
adequate levels of nutrient to satisfying
ruminal microbial needs, especially for
N, specific amino acids and or carbon
chains (Peterson et al., 1994). The
good digestibility results of all the diets
reflected in their respective estimated
metabolisable energy values and these
values were equivalent to 536.7, 554.2
and 583.8 kcal kg-1 LW0.75 respectively
for NFG, GVSM and UFG, which were
comparable with reports from previous
study (Akinsoyinu, 1974).

A general improvement in nitrogen
utilization by experimental animals was
apparent. The negative N-balance
recorded in respect of UFG in the
previous study (Bamikole et al., 2001)
has been corrected with concentrate
supplementation in this study. The N-
retention values of UFG (43.52 percent)

was lower than 61.39 percent reported
elsewhere (Njwe and Kona, 1996).
This is attributable to the quality
differential of the concentrate supple-
ment used as Njwe and Kona (1996)
fed a higher protein concentrate than
what was used in the present study.
The best N-utilization parameter
recorded for GVSM as indicated by
low excretion of faecal and urinary
nitrogen, couple with highest N-
retention (51.20 percent) value was a
furtherance of the unique feeding quality
of Verano stylo. The N-retention value
of 40.48 percent for nitrogen fertilized
grass was higher than that reported by
Zhang et al. (1995) who fed corn
starch supplemented annual rye grass
of 6-week old to lambs.

The utilization of nitrogen in NFG
forage was not as good as that of
GVSM and UFG due to high loss of
nitrogen through the urine of the animals
fed this diet. Concentrate supplementa-
tion seemed not to correct the anomaly
of high nitrogen excretion from the
urine, which is peculiar to the feeding
of N-fertilized grass. It appeared the
problem was more of the rate at which
N-fertilized grass was degraded in the
rumen than the suspected imbalance
between protein and energy supply.
Although, kinetics of digestion was not
monitored in this study, but there are
ample evidences in literature to show
that N fertilizer application to grass
leads to an increase in the rate of
herbage digestibility (George and Hall,
1983; Pouli et al., 1991). Rapid
deamination in the rumen faster than
what micro-organism can trap for the
synthesis of amino acids leads to high
excretion of urea from absorbed
ammonia (McDoland et al., 1987). In
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addition the high rate of hydrolysis of
protein in NFG to amino acids and
ammonia could have reduced the
proportion of available peptides in the
rumen for effective bacterial protein
synthesis. Peptides have been indicated
to be more effectively incorporated
into bacteria protein than amino acids
which are mostly fermented to volatile
fatty acids (VFAs) (Wright, 1967; Cotta
and Hespell, 1986). Moreso, the
mechanism for the transportation of free
amino acids for cell protein synthesis
have been demonstrated to be absent in
many rumen bacteria (Westlake et al.,
1987; Westlake and Mackie, 1990).

CONCLUSION

With concentrate supplementation,

the intakes of DM, OM, CP and NDF
by goats on forage diets of Nitrogen
fertilized Guinea grass and Guinea
grass-Verano stylo mixture are simi-
lar, with lower intake from unfertilized
grass. The digestibility of dry matter
and nutrients however are not different
in all the three forages except for NDF
digestibility, which is highest in
unfertilized grass. Nitrogen utilization
is best in grass-Verano stylo mixture,
while the negative nitrogen-balance
that characterized the feeding of sole
and unfertilized grass could be
corrected with the use of concentrate
supplement. The excessive secretion
of nitrogen through the urine, which is
peculiar to animals fed nitrogen-
fertilized grass, could however not be
corrected through concentrate supple-
mentation.
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