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Abstract

The nutritive quality of Pennisetum purpureum hybrid grass silage as influenced by
manure types and age at harvest were evaluated by their fermentative
characteristics and in vitro gas production. The study was a factorial arrangement in
a randomized complete block design which comprised four manure types (cattle,
poultry, swine, goat) and no manure (control) and two harvesting times (4 and 8
weeks after cutback (WAC)) with three replicates. Results showed that the mean pH
(4.70) of silage made from grass fertilized with cattle manure was significantly
(p<0.05) different from the value of 5.20 in silage of unfertilized grass at 4WAC.
Lactic acid contents of the silage ranged from 4.32 % to 6.99 %, with silage made
from swine manure fertilized grass being highest (p < 0.05). Crude protein (CP)
contents of the silage ranged from 6.30 % in silage made from unfertilized grass at
SWAC to 9.10 % in silage from grasses that were fertilized with goat and poultry
manures at 4WAC. Neutral detergent fibre (NDF) contents ranged from 54 % to 66 %
in silage made from grass that was harvested at SWAC having the highest (p < 0.05)
NDF contents. The highest in vitro gas production of 43.33 ml/200mg DM was
recorded in silage from grass that was harvested at 4 WAC and fertilized with cattle
manure. The silage with highest in vitro dry matter digestibility (56.67 %) was from
poultry manure fertilized grass harvested at 4WAC with lowest value (49.67 %) in
silage from unfertilized grass, harvested at SWAC. The study showed that the silage
of Pennisetum purpureum hybrid grass fertilized with swine manure and harvested
at 4 WAC have higher quality above other manure types as well as unfertilized grass
harvested at later stage.
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Deéscription of Problem

Majority of ruminants in the tropics, are
mainly fed with grasses. However, these
grasses grow rapidly during the wet
season, becoming fibrous, coarse and
low in nutrients as the season advances

towards the dry season (1). These
eventually leads to a reduction in nutrient
intake by animals and thereby hamper
their growth and productivity. The
constraints posed by dry season on
continual availability of pasture to
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livestock in thetropics, has been a matter
of concern in animal production. Silage
production in thetropics is a sustainable
means of supplementing feed for
ruminants in thedry season (2). Ensiling
is a potent general method for forage
preservation and also a form of
treatment to occasionally salvage the
underutilized pastures for better
acceptability and degradability (3).
Therehas been a renewed interest in the
use of Pennisetum purpureum grass for
ruminants feed in thetropics, sinceit has
been identified as a high yielding forage
species (4), and earlier reports had
suggested that hybrids of Pennisetum
are superior to their parents. (5) used P
purpureum as the female to produce an
F, hybrid with Pennisetum glaucum, a
late maturing millet which was supéerior
to the parents. This hybrid had been
found to combine the high yielding
characteristics and perennial habit of
elephant grass with the rapid early
growth and the superior nutritive value
of millet.

Researchers have shown that the
application of fertilizer is needed to
improve the fertility of the soil and
consequently, the productivity and
quality of the pasture grown on it (6, 7).
Although, application of inorganic
fertilizers boosts the performance and
productivity of forages, its persistent use
increase soil acidity and soil physical
degradation which could destroys soil
reaction and impedes the activities of
soil micro organisms thereby reducing
crop yi€ld (8). Also, their unavailability
and high cost borne by livestock
producers have also been a major
constraint. This has prompted theuse
of organic manures sincethey are cheap
and readily available (9). Manure

improves soil nutrients status thereby
providing plants with better nutrient
uptake that is eventually benéficial to
animals. Such a profitable use will help
in addressing the problem of manure
management and disposal (10).
Harvesting of forage species at theright
stage of growth with proper
management is among the strategies
towards improving the nutritive values
of forages (11).

The chemical and microbiological
characteristics of normal silage include
high lactic acid levels relative to the
levels of acetic and butyric acids, low
pH, low content of ammonia and volatile
nitrogen, and low numbers of spore
forming anaerobes (12). Fermentation
analysis reveals whether an excéllent,
average, or poor fermentation has
occurred.

The use of in vitro gas production in
evaluating foragedigestibility is a quick
and less expensive means of
determining the nutritive value of feads
for ruminants (13). Total gas production
can predict methane (CH,) and volatile
fatty acids (VFA) production (14). The
present study was designed to evaluate
thenutritivevalueof ensiled Pennisetum
hybrid grass as influenced by manure
and ageat harvest.

Materials and methods

Experimental site

The study was carried out at the
Teaching and Research Farm and
Pasture and Range Management
laboratory, Federal University of
Agriculture, Abeokuta, Nigeria. Thesite
is situated in the derived savanna agro-
ecological zone of South Western
Nigeria (latitude: 7°N, longitude 3.5°E,
averageannual rainfall: 1037 mm) Mean
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monthly temperature ranges between
25.70°C in July and 30.20°C in February
(15).

Land preparation, manure collection,
analysis, application and planting of
grass

The land used for the experiment was
divided into three replicates with each
replicatesubdivided into plots of 3 x4 m
(12 m®). The land have been previously
cleared, ploughed and harrowed. After
land preparation and before planting,
soil samples were randomly collected
from the plots at the depth of 0-15 cm
using soil auger to determine the pre-
planting nutrient status of the soil.
Analysis of the soil from the site
indicated that it was sandy silt with pH of
7.03; organic carbon 1.29% and
available phosphorus 53.87mg/kg,
potassium 0.20cmol/kg, calcium
2.77cmol/kg, magnesium 2.72cmol/kg,
sodium 0.80cmol/kg and total nitrogen
0.11%. The four animal manure types
used for this study were analysed for N
content; swine (16.9 g/kg), cattle (15.6
g/kg), poultry (30.2 g/kg) and goat (15.3
g/kg) Manure was applied by
broadcasting to individual plots
according to treatment.

After the application of manures, the
plots were left for two weeks to rest
before planting of the grass at 1 x 1m
intervals. Eight weeks after planting, the
grasses were cut back to 10cm above
ground level to allow for uniform
regrowth.

Experimental design

The study was a 5x2 factorial
arrangement using randomized
completeblock design which comprised
four manuretypes (cattle poultry, swine,
goat) and no-manure (control) and two
harvesting times (4 and 8 weeks after

cutback). Theexperiment was replicated
threetimes.

Processing of Pennisetum purpureum
hybrid grass into silage

Pennisetum purpureum hybrid grasses
that werefertilized with different animal
manure types as well as unfertilized
grasses wereharvested at 4 and 8 weeks
after cutback (WAC) 15cm above
ground level. The harvested grass
samples were chopped into pieces of
2cm in length, wilted for 4 hours to
reduce their moisture contents before
ensiling. The forages were carefully
packed into laboratory (960 ml) bottle
silos after mixing thoroughly following
the method described by (16) and were
ensiled for a period of 6 weeks at an
ambient temperature of 26 ‘C. At the
expiration of theensiling, thebottlesilos
were opened, the fermentative
characteristics, chemical and in vitro
analyses of thesilages weredetermined.
Chemical analysis

Twenty five (25) g of silage was taken
and mixed in distilled water. The
supernatants from the mixtures was
decanted into separateplastic bottles and
sub-fractioned into two sets for
determination of ammonia and volatile
fatty acids (VFA) analyses using (17)
and (18) procedures, respectively. The
pH of the silage was measured with the
useof pH meter (Hanna instruments, pH
211, microprocessor) immediately after
theopening of thesilos. Also, samples of
300g were taken from each silo and
oven-dried to a constant weight at 65 °C.
The dried foliage samples were milled
through a 1mm sieveand the proximate,
phosphorus (P) and calcium (Ca)
composition of the silage were
determined according to the standard
methods of (19). Neutral detergent fibre
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content was determined according to
(20). In vitro gas production was
determined according to procedure of
(21).

Statistical analysis

Data collected were subjected to a two-
way Analysis of Variance and treatment
means were separated using Tukey at
5% level of significance(22).

Reésults and Discussion

Table 1 shows the effects of animal
manures and age at harvest on the pH
and fermentative quality of Pennisetum
hybrid grass silage. There was
significant difference in all the
fermentative parameters of the silage
considered as influenced by harvesting
time and manure types. Silage from
swine manure fertilized grass at thetwo
harvesting times, recorded significantly
higher (P<0.05) lactic acid contents than
in silageémade from grass fertilized with
other animal manures. Meanwhile,
buffering capacity of silage from
unfertilized grass was highest (P<0.05)
whiletheleast was in silage from swine
manure fertilized grass. The indicators
of fermentation process are content of
fermentation carboxyl acids and active
acidity (pH) (23). The pH values
recorded for most of the silages were
within the range of 4.50-5.50 reported
and classified as good silage by (24)
with silage made from unfertilized
grasses being highest. This fact suggests
that activities of undesirable
microorganism were slowed down by
low pH. Silages made from 8WAC had
lower pH than 4WAC. This agreed with
(25), who found that silage made from
foragethat had been subjected to wilting
was stableunder a lower pH value.

The content of desirable lactic acid in
this study falls within 23.7 g/kg to 58.9
g/kg dry matter for maizesilagehybrids.
Thehigh lactic acid concentration of the
silages is a clear indication of good
preservation, which invariably results in
thelowest loss of dry matter and energy
during storage (26). These contents fall
within the interval proposed by (27),
from 3 to 13% of lactic acid in thesilage
juice.

The acetic acid concentration of the
silagein this study was within therange
classified as normal for grass silage(0.5-
3.0 %DM) (26) and also falls in line
with 0.87-2.26 %DM for sugarcane
silage (26), which is within the range
classified as normal for grass silage: The
acétic acid concentration of thesilagein
this study is also within therangeof 3.4-
16.1 g/kg DM reported by (29) for
different maize silage hybrids. All the
silages in this study fulfilled condition of
acéetic acid content to classified as first
quality class (content of acetic acid < 20
g/kg of dry matter) (29). (26) reported
that high acetic acid concentration could
suppress dry matter intake of silage
when fed to ruminants.

The butyric acid concentration is an
important indicator of proteolytic
activity in the ensiled materials. The
least values as observed in this study was
in plant fertilized with swinemanureand
harvested at 4WAP (0.29%) while the
highest content was in silage with
unfertilized grass, harvested at SWAP
(0.51%). From a standpoint of negative
influence to animal health, silages with
high content of butyric acid are
undesirable. The butyric acid
concentrations in P. purpureum hybrid
silagein this study exceeded thelimit for
first quality class (2.5 gkg' of dry
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matter) (29) but can still betolerated by
animals without negativeeffects.

The buffer capacity (BC) of materials
destined for ensiling is one of the
characteristics that determine the
passage from an initial butyric
fermentation to the quick establishment
of lactic fermentation organisms, which
confer desirable characteristics to the
silage(30). Thelowest BC obtained was
in silagethat was from grasses that was
fertilized with swine manure and
harvested at SWAP (1855 mmol kg’
DM) whilethehighest content was from
unfertilized plant harvested at 4WAP

(2025 mmol kg DM). Low BC allowed
for a fast decline in pH in the ensiled
mass, inhibiting acetic and butyric
fermentation which is necessary for
good preservation (31). The values are
very similar to those observed for maize
plants (32).

Ammonia nitrogen (NH,-N) works as an
important indicator of proteolytic
activity during the fermentation process.
According to (33), the ammonia
concentrations must not be higher than
12 % of total nitrogen in well preserved
silages. The silages from this study as
influenced by ageat harvest and manure
application falls within therequirement

Table1: Effect of animal manures and agea t harvest on the pH and fermentative quality of

Pennisetum hybrid grass silage:

Harvesting Manure pH Buffering Capacity NH;-N  Lactic Acetic Propionic Butyric
time (mmol kg' DM) (%) acid (%)  acid (%)  acid (%) acid (%)
4WAC Cattle  4.70° 2016° 8.11° 5.57° 1.53° 0.50™ 0.40°
Swine  4.84° 1897¢ 7.43° 6.56° 0.81¢ 0.46° 0.29°
Goat  4.88° 1901¢ 7.99° 6.03" 1.04° 0.52" 0.40°
Poultry  5.00° 2002° 8.01° 5.88° 0.92¢ 0.64° 0.35®
Control ~ 5.20° 2025° 13.33*  4.32° 1.21° 0.56™ 0.39°
SEM 0.07 0.07 0.12 0.15 0.1 0.10 0.10
P-value <0.001 <0.001 <0.001  0.005 <0.001 <0.001 0.005
SWAC Cattle  4.50° 2011° 8.42° 5.71° 1.22° 0.82° 0.40"
Swine  4.82° 1855° 6.58° 6.99° 0.74¢ 0.59° 0.35%
Goat  4.84° 1912¢ 7.62° 6.41° 0.87° 0.65™ 0.45%
Poultry ~ 4.99" 1986° 7.22¢ 5.75¢ 0.82 0.71° 0.27¢
Control ~ 5.13° 2012° 12.01°  4.74 1.41° 0.82° 0.51°
SEM 0.14 0.16 0.14 0.18 0.11 0.08 0.03
P-value <0.001 <0.001 <0.001  <0.001 <0.001 <0.001 <0.001
Harvesting time x <0.001 <0.001 <0.001  <0.001 <0.001 <0.001 <0.001
manuretype

*% Means in the same column with different superscripts are significantly (p<0.05) different.
SEM- Standard Error of Means; WAC: weeks after cutback

Effects of manure types and harvesting
times on the chemical composition of
silage produced from Pennisetum
hybrid grass was shown in Table 2. All
theparameters of thesilage for chemical
composition were all significantly
different (P < 0.05). Silage made from
goat and poultry manure fertilized
grasses recorded significant (P < 0.05)
higher CP content at 4WAC than the

other silages. Greater dry matter (DM)
content in the silages from Pennisetum
harvested at SWAC underscores the
importanceof maturity of grasses before
ensiling. Forages that are advanced in
age have less moisture compared with
young plants. As such, the level of DM
concentrates the water soluble
carbohydrates and improves the
effectiveness of the lactic acid bacteria
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and thequality of silage.

The crude protein content with a range
of 6.3 -9.1 % recorded for thesilages at
different harvesting ages and manure
types is well above the threshold of 60
g/kg required by rumen microbes to
build their body protein for effective
digestion of forages by ruminants (34).
This type of silage will be adequate in
providing high quality feed for livestock
production during the dry season. The
values recorded for ether extract and ash
contents of thesilages werehigh enough
to supply animals with their energy and
mineral requirements for maintenance
and other productivefunctions (35).
TheNDF contents of Pennisetum hybrid
ensiled at 4 and 8 weck after cutback in
this study were within 56.4-63.8 %
reported for wilted and unwilted
Panicum and Pennisetum silage (35).
Majority of the NDF values recorded in

this study were below the 65%
suggested as thelevel at which intake of
tropical feeds by ruminants would be
limited (36).

Ensiling at 4WAC resulted in an increase
in the mineral contents of the silages
produced above the one at 8WAC.
Generally, silages produced from
grasses that were fertilized had higher
Phosphorus (P) contents than
unfertilized grasses. This result shows
that the silage produced from
Pennisetum hybrid may have been
fortified by animal manures application.
Therangeof P in this study falls between
the normal requirements for growing
cattle (1.1-4.8g/kg) (37). The range of
values recorded for Ca in the present
study was above the critical level of 3
g/kg DM recommended for ruminants
needs in thewarm wet climates (38).

Table2: Effect of animal manures and age at harvest on the chemical composition of

Pennisetum hybrid silage.

Factors DM CP EE ASH NDF Ca P
Harvesting Manure
time (%) (g/kg)
4WAC Cattle 94.40° 8.17° 8.00° 13.00° 56.00° 6.90° 2.27°
Swine 85.40° 8.63" 9.00° 12.00¢ 60.00° 7.14° 237°
Goat 93.40° 9.10° 16.33° 13.00° 56.00° 6.60° 2.32%
Poultry 92.00° 9.10° 7.33¢ 14.33° 54.00° 7.06° 2.46"
Control 87.33¢ 8.17° 14.00° 13.67° 54.00° 7.10° 1.98¢
SEM 0.72 0.13 0.57 1.03 0.94 0.04 0.09
P-value <0.0001  <0.0001  <0.0001  <0.0001  <0.0001 <0.0001  <0.0001
SWAC Cattle 96.40° 7.93 6.00° 8.00° 66.00° 6.99° 237°
Swine 97.20° 7.47° 8.00° 8.00° 66.00° 6.84° 2.28¢
Goat 94.40¢ 7.47° 7.00° 9.00° 52.00° 6.46" 2.46"
Poultry 96.60° 7.23° 10.00° 9.00° 62.00° 6.67° 2.57°
Control 90.00° 6.30° 9.00° 7.00° 64.00° 6.78° 1.01°
SEM 0.92 0.22 0.64 1.99 1.18 0.42 0.80
P-value <0.0001  <0.0001  <0.0001  <0.0001  <0.0001 <0.0001  <0.0001
Harvesting timex manure  <0.0001 ~ <0.0001  <0.0001  <0.0001  <0.0001 <0.0001  <0.0001
type

*% Means in the same column with different superscripts are significantly (p<0.05) different.
SEM- Standard Error of Means. WAC: weeks after cutback; DM: Dry matter; CP: Crudeprotein; EE: Ether
extract; NDF: Neutral detergent fibre; Ca: Calcium; P: Phosphorus
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Table 3 shows the effects of animal
manures and age at harvest on the in
vitro gas production of Pennisetum
hybrid silage. There was significantly
(P<0.05) higher in vitro digestibility in
silage made from grasses that were
harvested 4WAC over theoneharvested
at SWAC with cattle fertilized grasses
having a significant (P<0.05) higer
digestibility above other manure types
and control. Thein vitro gas production
techniqueis a useful tool in determining
the nutritional value of forages because
the volume of gas produced by forage
species reflects the end products of the
fermentation of its substrate to volatile
fatty acids (VFA), microbial biomass
and neutralization of the VFA, thereby

Table3: Effect of animal manures and age at harvest on the

Pennisetum hybrid silage

demonstrating the nutritional value of
such forages (39). From this study, it
reveals that Pennisetum hybrid silage
that were fertilized and harvested at 4
weeks after cutback, produced higher
gas than those of unfertilized,
suggesting that they were of higher
nutritional value than unfertilized
grasses and it connotes high digestibility
of the forages. Higher gas production at
4 over 8 wecks of harvest was in
agreement with thereports of (40) which
stated that maturity affects gas
production and it decreases with
advancement in age of theplant. This is
because age at harvest is an important
factor affecting nutritive value of
forages.

in vitro gas production of

Harvesting Manure 3hr 6hr Ohr 12hr 24hr 36hr 48hr
time
4 WAC Cattle 3.67° 6.67" 9.67° 13.67° 24.33° 33.33° 43.33°
Swine 2.67° 4.67° 7.67° 11.00° 21.33° 33.33° 4133
Goat 3.17° 5.67° 8.67° 12.00° 23.00° 32.67° 39.67°
Poultry 433° 7.00° 10.00° 10.00° 20.33¢ 31.67° 39.00°
Control 0.83¢ 1.00¢ 1.33¢ 2.00¢ 10.67¢ 23.00° 30.67¢
SEM 0.55 0.64 0.84 1.07 1.78 2.59 3.08
P-value <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001
8 WAC Cattle 2.00° 2.67° 3.67° 4.67°¢ 11.00°¢ 17.00¢  23.33°
Swine 5.67° 5.67° 6.67° 8.33° 16.00° 22.67° 27.67°
Goat 6.67° 8.00° 9.33° 11.67° 21.00° 27.33° 34.33°
Poultry 0.67° 2.00° 4.00° 5.33°¢ 12.00¢ 2067  26.67°
Control 2.10° 2.52¢ 3.38° 491° 10.01°¢ 16.77° 23.00°
SEM 0.37 0.89 0.59 0.89 1.19 2.38 3.05
P-value <0.001  <0.001  <0.001  <0.001  <0.001  <0.001  <0.001
Harvesting timex manuretype ~ <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

*% Means in the same column with different superscripts aresignificantly (p<0.05) different.
SEM- Standard Error of Means; WAC: weeks after cutback

Effects of animal manures and age at
harvest on the in vitro dry matter
digestibility of Pennisetum hybrid silage
is shown on Figure 1. Silage that was
made from poultry manure fertilized
grass and harvested at 4WAC recorded
highest dry matter digestibility above
others. The in vitro dry matter
digestibility (IVDMD) of silages made

from fertilized grasses recorded higher
digestibility than the unfertilized ones.
Nutrient levels of grasses have been
noted to have a positive effect on
IVDMD (41). As the plants ages, the
quality of the IVDMD of the silage
decreases. (42) reported similar
depressed IVDMD of the grass species
harvested at relatively advanced ages,
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and this reduction in digestibility has

been associated with increased levels of

lignin deposition in the cell wall with
increasing maturity (43).

in vitro DMD
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Figure 1: Effect of animal manures and age at harvest on the in vitro dry matter digestibility of

Pennisetum hybrid silage

Conclusion and application

From this study, silage made from
Pennisetum purpureum hybrid grass
fertilized with swine manure and
harvested at 4WAC recorded higher
nutritive quality. For higher quality
silage which can serve as supplements
for grazing ruminants during the dry
season, grasses should befertilized with
swine manure and harvested at 4 weeks
after cutback.

References

1. Ojo, V.O.A., A.O. Jolaosho, J.A.
Olanite, D.T. Olorunnisola, S.A.
Adeoye, O. O. Adeusi, R.Y.
Aderinboye, T.O. Muraina and
T.A. Amole (2015). Effects of
legume species and tillage on the
nutritive quality of silage
produced from improved natural
pasture. In: J.M. Moorby & E.C.
Jewkes (Eds.). Grassland and
Forage Management. Twelfth

237

Research Conference Proceedings
of British Grassland Society, held
in Aberystwyth University,
Penglais Campus, Aberystwyth,
Ceredigion, SY23 3DE, Wales,
UK., 7" - 9" September, 2015. Pp
101-102.

2. Babayemi, O.J. and Igbekoyi, A.J.
(2008). Ensiling pasturegrass with
pod of browseplant is potential to
solving dry season feed for
ruminants in rural settlements of
Nigeria. In FEric Tielkes (ed).
Competition for resources in a
changing world: New drive for
rural development. Conference of
the International Research on
Fodd Security, Natural Resource
Management and Rural
Development, Tropentag, 7th-9"
October 2008.

3. Babayemi, O. J. (2009). Silage
quality, dry matter intake and
digestibility by West African



Ojo et al

dwarf sheep of Guinea grass
(Panicum maximum cv Ntchisi)
harvested at 4 and 12 week
regrowths. African Journal of
Biotechnology 8 (16): 3983-3988.

4. Braun, A. R., Smaling, E. M. A,

Muchugu, E. 1., Shepherd, K. D.
and Corbett, J. D. (1997).
Maintenance and improvement of
soil productivity in the highlands
of Ethiopia, Kenya, Madagascar
and Uganda. AHI Technical
Report Series No 6, African
Highlands Initiative, Nairobi,
Kenya.

5. Burton, G.W. (1944). Hybrids

between Napier grass and cattail
millet. J. Hered. 35:226 232.

6. Studdy, C. D., Morris, R. M., and

Ridge, 1. (1995). The effects of
separated cow slurry liquor on soil
and herbage nitrogen in Phalaris
arundinacea and Lolium perenne.

Grass and Forage Science 50,
106-111.

7. Olanite, J. A., Arigbede, O. M.,

Jolaosho, A. O. and Onifade, O. S.
(2004). Preliminary studies on the
comparative effects of a branded
organo-mineral fertilizer and N-P-
K on the dry matter yield and
quality of two Panicum species in
Abeokuta, Southwest, Nigeria.
Proceedings, 29th Annual
Conference of Nigerian Society
for Animal Production. March 21-
25,2004, Pp306-309.

8. Ojeniyi, S. O., Awodun, M. A. and

Odedina, S. A. (2007). Effects of
animal manure amended spent
grain and cocoa husk on nutrient
status, growth and yield of tomato.
Middle-East J. scientific research
2(1):33-36.

9. Carvalho, Cab-de, Menses, JB-de-ox-
de Coser, A. C., de-Carvalho,
C.A.B. and de-Menzes, JB-de-ox.
(2000). Effect of fertilizer and
cutting frequency on yield and
nutritive value of Elephant grass.
Ciencia Agrotecnologia, 24, 233-
241.

10. Ojo, V. O. A., Dele, P. A., Olanite, J.
A.,Adeoye, S. A., Ajayi, S. O. and
Idowu, O. M. O. (2013). Influence
of manuretypeon theproductivity
of Pennisetum purpureum under
different planting method and age.
Journal of Organic Agriculture
and Environment 1 (1):71-77.

11. Valdes, E. V., Young, L. G,
McMillan, I. and Winch, J. E.
(1998). Analyses of hay, haylage
and corn silage samples by near
infrared reflectance spectroscopy.
Canadian Journal of Animal
Science, 65:753-760.

12. Langston, C. W., Wiseman, H. G.,
Gordon, C. H., Jacobson, W. C.,
Medin, C. G. and More, L A.
(1962). Chemical and
bacteriological change in grass
silage during the early stages of
fermentation. Chemical changes.
Journal of Dairy Science, 45 : 396.

13. Babayemi, O.J., Demeyer, D. and
Fievez, V. (2004). In vitro rumen
fermentation of tropical browse
seeds in relation to their content of
secondary metabolites. J. Anim.
Feed Sci., 13, Suppl. 1:31-34.

14. Fievez, V., Babayemi, O. J and
Demeyer, D. (2005). Estimation of
direct and indirect gas production
in syringes: A tool to estimateshort
chain fatty acid production
requiring minimal laboratory
facilities. Animal Feed Science

238



Ojo et al

and Technology, 123-124: 197-
210.

15. Google Earth (2011)
http//www.google.earth

16. Yokota, H., Ohshima, M., Huang, K.
J. and Okajima, T. (1995). Lactic
acid production in Napier grass
(Pennisetum purpureum Schum.)
silage. Grassland Science 41:207-
211

17. AOAC (Association of Official
Analytical Chemists) (1990).
Official methods of Analysis. 15th
edn. Arlington, VA.

18. Samuel M, Sagathewan S, Thomas J
and Mathen G. (1997). An HPLC
method for estimation of volatile
fatty acids of ruminal fluid. Indian
Journal of Animal Sciences 69:
805-807.

19. AOAC (Association of Official
Analytical Chemists) (2000).
Official Methods of Analysis. 16"
edn. Association of Official
Analytical Chemists, Arlington,
VA, USA.

20. Van Soest, P. J., Robertson, J. B. and
Lewis, B. A. (1991). Methods for
dietary fibre, neutral detergent
fibre and non-starch
polysaccharides in relation to
animal nutrition. Journal of Dairy
Science, 74 (10): 3583-3597.
http://jds.fass.org/cgi/reprint/74/1
0/3583.pdf

21. Menke, K. H. and Steingass, H.
(1988). Estimation of the
energetic feed value from
chemical analysis and in vitro gas
production using rumen fluid.
Animal Research and
Development 28:7-55.

22. SAS (1999). Statistical analysis
systems user's guide Statistics,

version 8.0. SAS Institute Inc.,
Cary, NC, USA.

23. Biro D., Galik B., Jura¢ek M., Simko
M., MichalkovalJ., Gyongyova E.,
TasSka M. (2008). Fermentation
process characteristics of different
maize silage hybrids. Journal of
Central European Agriculture, 3
(463-468).

24. Meneses, M. D., Megias, J., Madrid,
A., Martinez-Teruel, F.,
Hernandez, J. and Oliva, J. (2007).
Evaluation of the phytosanitary,
fermentaive and nutritive
characteristics of the silage made
from crude artichoke (Cynara
scolymus L.) by- product feeding
for ruminants. Small Ruminant
Research.70:292-296.

25. Woolford, M. K. (1984). Thesilage
fermentation. New York: Marcel
Dekker, 350p.

26. Kung, L. and Shaver, R. (2002).
Interpretation and use of silage
fermentation analyses reports.
Dept. of Animal and Food
Science, University of Delaware
Newark, DE 19717.

27. Catchpoole, V. R. and Henzel E. F.
(1971). Silage and silage-making
from tropical herbage species.
HerbageAbstracts, .41:213-221.

28. Kung, L. Jr. and Stanley, R. W.
(1982). Effect of Stageof Maturity
on the Nutritive Value of Whole-
Plant Sugarcane Preserved as
Silage. Journal of Animal Science,
54:689-696.

29. Biro D., Galik B., Jura¢ek M., Simko
M. (2007). Nutritive value and
digestibility characteristics of
different maize silage hybrids,
Acta fytotech. et zootech., 10: 17-
19.

239



30

31.

32

33

34

35.

36.

37

Ojo et al

. Pinho, E.Z.; Costa, C.; Arrigoni,

M.D.B.; Silveira, A.C.; Padovani,
C.R. and Pinho, S.Z. (2004).
Fermentation and nutritive value
of silage and hay made from the
aerial part of cassava (Manihot
esculenta Crantz). Sci Agric, 61:
364-370.

Bjorge, M., (1996). Ensiling
Process. Agric. Food and Rural
Development. In
www.agric.gov.ab.ca/crops/forag

€/silage2 .html.

. Creste, C.R. (2000). Potencial para

ensilagem, composi¢do
bromatologica e qualidade da
silagem de milho com diferentes
proporc¢des de espigas. Botucatu:
UNESP/FMVZ, 27p.
(Dissertacao - Mestrado).

. Silveira, A.C. (1975). Técnica para

producdo de silage: In: Simpdsio
Sobre Man€jo De Pastagens, 2,
Piracicaba, 1975. Anais.
Piracicaba: FEALQ, p.156-186.

. Van Soest, P. J. (1994). Nutritional

Ecology of the Ruminant. 2nd ed.
Comstock Publishing
Associates/Cornell University
Press, Ithaca, NY, USA. 476pp.
Ande, U. Y., Jolaosho, A. O.,
Arigbede, O.M., Olanite, J.A.,
OnifadeO.S. (2011). Effects of air
drying and plant types on quality
of grass/ legume silage. In:
Animal Feed: Types, Nutrition
and Safety. (Sarah R. Borgearo,
ed). pp. 207-218. Nova Science
Publishers, Inc. New York, USA.
Eastridge, M. L. (2006). Major
Advances in Applied Dairy Cattle
Nutrition. Journal of Dairy
Science 89 (4): 1311-1323.

. Begum, S. M. M., Rahman, M.

J.,Abedin, Mian, Islam, M. R and
M. Uddin, (2001). Effects of
nitrogen supplied from manure
and fertilizer on the growth, yield
and nutrient uptakeof rice. Jounal
of Biological Science 18:708-710.

38. McDowdll, L.R., Conrad, J.H. and
Humbry, F.G. (1993). Minerals for
grazing ruminants in tropical
regions. Bulletin: The US Agency
for Literature Development and
Caribbean Basin Adversary Group
(CBAG)USA.

39. Blummeél, M. and Berker, K. (1997).
The degradability characteristics
of 54 roughages and neutral
detergent fibreas described by gas
production and their relationship
to voluntary feed intake. Br J.
Nutr.77:757-768.

40. Kamalak, A., Canbolat, O., Gurbuz,
Y., Erol, A. and Ozay, O. (2005).
Effect of maturity stage on
chemical composition, in vitro and
in situ dry matter degradation of
tumbleweed hay (Gundelia
tournefortii L.) Small Ruminant
Research 58:149—156.

41. Kitaba, A. and Tamir, B. (2007).
Effect of harvesting stage and
nutrient levels on nutritive values
of natural pasture in central
highlands of Ethiopia.
Agricultural Tropica et
Subtropica, 40: 7-11.

42. Zinash S., Seyoum B., Lulseged G.
and Tadesse T. (1995). Effect of
harvesting stage on yield and
quality of natural pasture in the
central high lands of Ethiopia. In:
Proceedings of 3™ national
conference of the Ethiopian
society of animal production. 27-
29, April 1995.pp.316-322. Addis

240



Ojo et al

Ababa, Ethiopia. C.A. (1995). Animal Nutrition.
43. McDonald, P., Edwards, R.A., Fifth Edition. Pearson Education
Greenhalgh, J.F.D. and Morgan, Limited. Edinburgh Gate, Harlow,

Essex, Great Britain.

241



	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
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254
	Page 255
	Page 256
	Page 257
	Page 258
	Page 259
	Page 260
	Page 261
	Page 262
	Page 263
	Page 264
	Page 265
	Page 266
	Page 267
	Page 268
	Page 269
	Page 270
	Page 271
	Page 272
	Page 273
	Page 274
	Page 275
	Page 276
	Page 277
	Page 278
	Page 279
	Page 280
	Page 281
	Page 282
	Page 283
	Page 284
	Page 285
	Page 286
	Page 287
	Page 288
	Page 289

