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Abstract

The study examined the effects of legume forage for improving the nutritional quality of gamba grass silage,
determine most compatible legume with gamba grass for ensilage and to establish the optimum inclusion rates for
silage making. Field grown gamba grass (GG) was incorporated with either cowpea (CW) or alysicarpus (AL)
legume forages at three graded levels; 0%, 20%, 40% and 60%. The mixtures were ensiled for 21 days incubation
period in the laboratory. Following the fermentation periods, colour and aroma was scored by three independent
scorers on a scale of 1 — 4 while pH value determined using a digital pH meter. Proximate and fiber analysis was
determined, digestible matter and reference feed value (RFV) were estimated. The result revealed that the
compounded silages were moderately acidic, pale yellow and sweet. Inclusion of legume regardless of the specie
increases CP, Ash, EE, NFE, ME, DMI, DCP, DDM, TDN and RFV contents with corresponding decline in CF,
NDF and ADF contents. Incorporation of CW at 60% had higher CP, EE, ME, TDN, DDM, DMI and RFV values
and thus recommended for large scale production. Mineral analysis and feeding trial were also recommended to
evaluate mineral composition and animal performance fed on such silages.
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Introduction

The recurrent malnutrition of ruminant animals
particularly in the semi-arid zones of Nigeria
originates from inadequate forage supply during
the long dry season (8 to 9 months) of the year to
meet the nutritional requirements of the animals.
This reflected on seasonal weight loss,
emaciation, poor reproductive performance, low
output and death under severe conditions. These
suggests the need for the production of high
yielding quality forages, such as gamba grass as
well as their conservation for future use is
essential to  improve  productivity and
sustainability of the animals. Conserved forages
harvested during the growing season can be fed to

animals particularly during the long dry season to
attests partially zero grazing system during the dry
season. This may, in fact, be the only way that
would ensure satisfying high demand of nutrients
for such livestock production system. The two
principal forage conservation methods are hay and
silage. Though, silage making is not a common
practice in the semi-arid regions, yet it is a viable
option  for  conserving  succulent feeds
(Muhammad et. al., 2008). Ensilage permits
conservation of quality forages during wet-humid
condition, which is practically impossible for hay
making, at best, secured feed against combustion,
rodent destructions and re-growth following
harvesting will provides additional feeds for in
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situ grazing and or haymaking (Kallah et. al.,
1997). Previous studies showed that tropical
grasses are not suitable silage materials due to
poor nutrient content while legumes was noted
with low level of water soluble carbohydrates
(WSC) and higher buffering capacity which
render their proteins susceptible to proteolysis
(Wilkins, 2001; Lattemae and Tamm, 2002).
Incorporation of legumes with grasses for ensilage
will reduce buffering capacity, prevent proteolysis
and improve nutritional quality of the resultant
silages (Baba et al., 2016), the deficiency of
protein in cereals and the absence of carbohydrate
in legumes are thus overcome (Muhammad et. al.,
2008). The aim of the experiment was to
determine the most suitable combination of gamba
grass with either alysicarpus or cowpea legume
forages for better silage production and to
establish ~ optimum  inclusion level  for
incorporation with gamba grass for ensilage.

Materials and Methods

Experimental Site: The study was conducted at
Teaching and Research Farm, Faculty of
Agriculture, Bayero University, Kano. Kano is
situated between latitude 11° 59'N and longitude
8° 36’E at an altitude of 460m above sea level.
The climate is characterized by a well-defined wet
season (May to September) and dry season
(October to April). The mean annual rainfall
varies from 600 to 1000 mm (KNARDA, 2001).

Silage preparation: Field grown gamba grass
(Andropogon gayanus Kunth.) was sampled at full
inflorescence; whole plants were harvested 10 cm
above the ground level while cowpea (Vigna
unguiculata L.) and alysicarpus (Alysicarpus
vaginalis L.) were sampled at flowering to early
pod stages with over 90% fresh leaves. The
harvested forages were separately chopped to 1 to
2 cm length and mixed as follows: 100% gamba
grass (GG), 80% GG + 20% cowpea (CW),
60%GG + 40%CW, 40%GG + 60%CW, 80%GG
+ 20% alysicarpus (AL), 60%GG + 40% AL and
40%GG + 60%AL and designated as GG,
GGCW20, GGCW40, GGCW60, GGAL20,
GGAL40 and GGALGO respectively. Each of the
treatment combination was compressed in
laboratory silos in three replicates. The lid of the
silos were greased and screwed back tightly to
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provide anaerobic condition suitable for
fermentation and kept at room temperature for 21
days. Thereafter, the silos were opened and the
content from the first 3cm were scooped to
safeguard possible contamination of the grease
used as air sealant. The contents were then scored
by three independent scorers for colour and aroma
on a subjective scale of 1 to 4 (Table 1)
(Muhammad et. al., 2008) and pH determined
using digital pH meter. Sample from each
replicates were collected, oven dried at 60°C for
48 hours and milled to pass 1mm sieve for later
chemical analysis.

Chemical and Statistical Analysis: The procedures
outlined by AOAC (1999) was used for proximate
analysis, fiber fractions was determined as
described by Van Soest et al., (1991), Organic
matter (OM) was calculated as difference between
dry matter (DM) and ash. Metabolizable energy
(ME) was estimated using the equation (%6ME =
36 * %CP + 81.8 * %EE + 355 * %NFE)
(Pauzenga, 1985), dry matter intake (DMI = 120 /
%NDF) and digestible dry matter [DDM= 88.9 -
(0.779 * % ADF)] according to (Jeranyama and
Garcia, 2004) and total digestible nutrients
[TDN= (-1.291 * ADF) + 101.35] and relative
feed value (RFV= % DDM * % DMI *0.775)
according to Kocer and Albayraks (2012). The
data collected were analyzed using the General
Linear Model of Statistical Analytical System
(SAS, 1999-2000) package. Differences between
means were considered significant at 0.05 level of
significance.

Results and Discussion

Silage characteristics: Colour, Aroma and pH of
the resultant silages were presented in Table 2.
The compounded silages were pale yellow, sweet
and moderately acidic (4.58 — 3.68). Inclusion of
cowpea with gamba grass had higher impact on
silage pH compared to alysicarpus forage (Table
2). Higher (3.68) and lower (4.41) pH values
were recorded from GGCW60 and GGCW20
treatments respectively.

Proximate =~ composition: ~ The  proximate
composition of the resultant silages were
presented in Table 3. There were no significant
(P>0.05) difference in DM concentration.
However, sole gamba treatment (GG) had the
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higher DM with corresponding lower values from
GGALG60 treatment. Ash contents varied (P<0.05)
significantly from 4.62 to 5.48%. Treatment
combination that had GGAL60 had higher ash
contents with corresponding lower value from GG
treatment. Other variations among other
treatments were comparable (P>0.05). The %CP
varied significantly (P<0.05) from 9.84 to
12.19%. Significant (P<0.05) higher CP was
recorded in GGCWG60 treatment. Sole gamba
treatment had the least CP value. Crude fiber (CF)
varied significantly (P<0.05) from 2210 -
30.14%. Sole gamba grass (GG) silage had
significantly higher CF, however, comparable
(P>0.05) to GGCW?20. The least CF was noted
from GGAL60. The percentage EE differed
significantly ranging 1.05 to 2. 17 with higher
values observed in GGCW®60 and the least in GG.
Other variation were statistically (P>0.05)
comparable. The variations in %NFE ranged from
52.95 to 60.65%. Significant higher NFE was
observed in GGAL40 while the least NFE was
recorded in GG treatment however, comparable
(P>0.05) to GGCW20, GGCW40, GGCW®60 and
GGAL20 treatments.

Fiber Fractions, Organic Matter and Energy
Concentrations of Gamba grass (name)-
Alysicarpus / Cowpea legume forages silage:
Neutral detergent fiber (NDF), Acid detergent
fiber (ADF), Organic matter (OM) and
Metabolizable energy (ME) (MJkg™) of gamba
grass silages fortified with graded level of cowpea
and alysicarpus legumes were presented in Table
4. Percent OM revealed significant variations
among the treatments evaluated, the disparities
were from 89.08 to 91.89%. Sole GG silage had
higher (P<0.05) OM content however, statistically
comparable (p>0.05) to GGAL20 and GGCW20.
The least OM content was recorded in GGALG0.
The treatments varied (P<0.05) in NDF
concentration. Sole GG treatment had higher NDF
contents and was comparable (p>0.05) to
GGAL20. Variations among other treatments
were comparable (p>0.05). Acid detergent fiber
varied from 45.75% to 53.21%. Statistically
(P<0.05) higher ADF value was noted from GG
and GGCW20 treatments with corresponding
lower values in GGAL60. The ME (Mlkg™)
ranges from 15.46 to 18.76. Mixture of GGCW60
had significant highest (p<0.05) ME value
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compared to other treatments. Variations among
other treatments were comparable (p>0.05).

Digestible matter, Dry matter intake and
Reference feed value of Gamba grass-Legume
silage: Shown in Table 5 were Total digestible
nutrient (TDN), Digestible dry matter (DDM),
Dry matter intake (DMI) and Reference feed
value (RFV). The results indicated that the TDN
varied  significantly  (p<0.05) among the
treatments evaluated. Significantly (p<0.05)
higher TDN were recorded in GGCW60 treatment
and corresponding lower value from GG and
GGAL20 treatments. There was no statistical
variation in DDM contents however, higher and
lower values were observed from GGCW40 and
GG treatments respectively. The Dry matter
intake varied from 53.24% to 47.45% with
GGCW®60 treatment being significantly higher
(DMI) but comparable (p>0.05) to GGCW40
treatment. The least DMI values were recorded in
GG and GGALZ20. The resultant silage differed
statistically (p<0.05) for Reference feed value
(RFV). The variation ranged from 84.63% in
GGCWG60 treatment to 69.06% GG treatment.
Variations among other treatments were
comparable (p>0.05).

Yield and rate of dry matter (DM) accumulation
of forage per unit area, rate of DM accumulation
at ensiling and the quality of the resultant silages
were among the determining factors of forage
suitability for ensilage. The silage quality is
judged by its physical characteristics and its
nutritional contents (Penn State Extension, 2014).
The favourable colour, aroma and moderate
acidity of the resultant silages are indices for good
quality silages. A mixture of grasses and legumes
resulted in silages with moderate pH, fine texture,
good aroma and higher quality compared to sole
Gamba silage. This finding is consistent with
report of Ridwan et al., (2015) and Abdulrahaman
et. al., (2018). The essence of legumes
incorporation for ensilage is to supply N-protein
for microbial protein synthesis, reduce protein
degradation in the rumen and enhance amino acid
absorption in the intestinal tract (Ridwan et al.
2015). According to Steurm et al., (2007), mixture
of grasses and legumes in ruminant feed is very
effective for a highly nutritive diet. Increased
legume level regardless of the specie improved
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CP, Ash, EE, NFE, ME, TDN, DDM, DMI and
RFV values with corresponding decline in CF,
NDF and ADF. These could be attributed to
higher nutrients and palatability of legumes
compared to grasses. The results revealed that
gamba grass silage fortified with cowpea legume
had higher EE, CP, ME, TDN, DDM, DMI and
RFV compared to alysicarpus treatments which
could be due to inherent differences between in
nutrients in the forages. This finding agreed with
the report of Muhammad et al., (2008), Ahmad et
al, (2012), Ahmad (2018), Baba et. al., (2016),
Copani et. al., (2016) and Abdurrahaman et. al,
(2018) who reported higher nutritive value,
palatability and digestibility of mixed grass-
legume silages compared to sole grass silages.
Fibre is the slowly digestible or indigestible feed
component, typically the structural portions of the
plant that give it support.

Crude fibre is a gross estimate of the energy
content of feed. The higher the CF, the lower the
digestible energy, (Marchen, 2011). Higher NDF
negatively influence voluntary feed intake, as it is
negatively correlated to DMI which may affect
TDN and RFV (Horrocks and Vallentine, 1999).
The decline in NDF observed could be due to
hydrolysis of hemicelluloses to monosaccharide
that provides additional sugars for lactic acid
production during ensiling. This decline observed
were in agreement with the report of Muhammad
et. al., (2009), Ahmad et. al., (2012), Ridwan et.
al., (2015), Baba et. al., (2016), Copani et. al.,
(2016), Ahmad (2018), and Abdulrahaman et. al.,
(2018). However, the NDF noted in the present
study meets the minimum requirement for normal
physiological function of the rumen. The CP value
recorded for all the treatments evaluated was
above 7% minimum requirement desirable for
good rumen fermentation (Rego, et. al., 2010) and
meets gestation and lactation requirements of
matured goat (Yami, 2008).  Metabolizable
energy is the energy for maintenance and
production. The percentage ME differed
significantly from 15.46 — 18.76. Higher ME%
was recorded from GGCWA60 treatment, variations
among other treatments were comparable
(p>0.05). The metabolizable energy of the
resultant silages were above the daily maintenance
requirement of 50_kg pregnant goat (Yami, 2008),

months  pregnancy  (Moran, 2005) and
maintenance requirement of 800 kg cow (Herdt,
2018). Dry matter intake is the amount of feed an
animal consumed per day on dry matter basis. It is
a factor that must be estimated before an animal's
diet can be properly calculated; the DMI needed
to meet the energy requirements is determined by
the physiological stage and depends on the energy
density of the diet. For a specific diet offered ad-
libitum, current DMI is equivalent to the amount
that meets the daily energy requirements or that
completely fills the alimentary tract whichever is
reached first (Martinez-Marin et. al.,2012).
Nevertheless, DMI of growing goats can be
reached when the ME content of the diet is about
12.55 MJ/kg DM. The RFV is a predictor of
forage intake and energy value (Lithourgidis et.
al., 2006). With the exception of sole GG,
GGCW20 and GGAL20 treatments, other
treatments satisfied 75% minimum RFV value as
a yardstick for its acceptance (Kocer and
Albayrak, 2012).

Conclusion

The use of legume forages for conserving grasses
as silage had significant effects on the nutritional
quality of the resultant silages. Mixing gamba
grass and legume forages at 40:60 ratios had
higher nutritional value and digestibility. Cowpea
forage is more compatible with gamba grass and
60% inclusion is recommended for large scale
production. Further research focusing feeding trial
and mineral analysis were also recommended to
validate voluntary intake, animal performance and
mineral composition of such silages.
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Table 1: Description of colour and aroma rating used as indices of silage quality

Rating Colour Aroma
1 Dark or deep brown Putrid or rancid
2 Light brown Pleasant
3 Pale yellow Sweet
4 Yellowish green Very sweet

Muhammad et al, (2018)

Table 2. Physical characteristics and pH of mixed gamba-legume silages

Treatment Colour Aroma pH

GG 3 3 4.38
GGCW20 3 3 441
GGCW40 3 3 3.84
GGCW60 3 3 3.68
GGAL20 3 3 4.04
GGAL40 3 3 4.29
GGALG60 3 3 431

GG = gamba grass, GGCW = gamba grass + cowpea, GGAL = gamba grass + alysicarpus,
20, 40 and 60 = legume inclusion levels

Table 3: Proximate composition (%) of gamba grass silages with cowpea or alysicarpus

legume

Treatment DM ASH CP CF EE NFE

GG 96.54 4.65° 9.84° 30.12 1.05° 52.95°
GGCW20 96.12 5.10% 10.10° 30.14° 1.71% 53.31°
GGCW40 95.41 4.75° 11.94% 27.99° 2.01% 54.34°
GGCW60 95.33 4.62° 12.19% 25.05° 2.17° 55.972%¢
GGAL20 96.12 4.84° 10.00° 28.10° 1.53° 55.53%
GGAL40 95.96 5.17%° 10.21°¢ 22.25¢ 1.72% 60.65°%
GGALS60 94.56 5.48° 11.15° 22.10° 1.89% 59.38%

SEM 2.00 0.50 1.00 2.00 0.50 5.00

Means with different letter superscripts within the same column differ significantly (P<0.05).
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Table 4: Effects of legume on organic matter (%), fiber fractions (%) and metabolizable
energy (MJkg™) gamba grass silages

Treatment oM NDF ADF ME
GG 91.89° 63.40° 53.21° 15.46°
GGCW20 91.02% 59.85 53.21° 15.59"
GGCWA40 90.66" 59.72° 51.67% 15.61°
GGCW60 90,71 50 80° 1045 18.76°
GGAL20 91.28° 62.50° 50.20° 15.56°
GGAL40 90.79° 59.19° 46.60% 15.58"
GGAL60 80.08° 58.50° 45.78° 15.52°
SEM 1.00 2.00 3.00 2.50

Means with different superscripts within the same column differ significantly (P<0.05).

Table 5: Digestible matter, dry matter intake and reference feed value (%) of mixed gamba
grass - alysicarpus or cowpea forages

Treatment TDN DMI DDM RFV
GG 32.66% 1.89 47.45° 69.60¢
GGCW?20 36.54°¢ 1.92 49.80° 74.09%
GGCW 40 41.19° 2.03 52.64% 82.64%
GGCW 60 42.25% 2.05 53.24 84.63%
GBAL20 32.66% 2.00 47.45° 73.73™
GBAL40 34.64° 2.00 48.65"° 75.76°
GBALS60 37.51° 2.02 50.38° 78.74"¢
SEM 2.00 0.15 2.00 5.50

Means with different letter superscripts within the same column differ significantly (P<0.05)
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