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ABSTRACT 

Silage quality of Panicum maximum with varying levels of Delonix regia seeds for sustainable 

ruminant production was studied. Panicum maximum was ensiled with varying levels of milled 

Delonix regia seeds as T1: 100/0%; T2: 70/30% and T3: 60/40% respectively for ensiling 

duration of 9 months. The physical characteristics, volatile fatty acid fractions, proximate composition, 

fiber fractions, mineral profile, phytochemical properties and in vitro characteristics were examined. 

Results show that the colour of the silage varies from yellowish-green to brown colour. There was 

a significant (P<0.05) difference in the nutrients considered except ether extract (EE). Fiber 

fractions was significant differences (P<0.05) in all the fiber fractions. Similar (P>0.05) content 

of minerals was recorded except Zn. The value of Ca, P, K, Mg and Na ranged between 0.16 - 

0.17, 0.43 – 0.44, 0.43 - 044, 0.20 – 0.24 and 0.22 – 0.24% respectively. There was no 

significant difference (P>0.05) in the phytochemical properties of the silage. Significant 

(P<0.05) difference was observed among all the volatile fatty acid fractions considered. There 

was a significant (P<0.05) difference in the short chain fatty acids (SCFA) and metabolizable 

energy (ME) contents of the silage. Similar (P>0.05) value of SCFA and ME was recorded for 

T3 and T2, also similar for T2 and T1. Ensiling Panicum maximum at 60 % with Delonix regia 

seeds at 40% level (T3) improved the qualities of the silage. It is therefore recommended that 

40% Delonix regia seeds can be used for silage production for sustainable ruminant animal 

production in Niger Delta region Nigeria. 
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INTRODUCTION 

Ruminants plays crucial role in micro and 

macro-economic development of a nation. 

Their production has been peasantry and 

managed on the natural pasture in Nigeria 

(Lamidi, 2016). Ruminant production has 

been affected by the inadequate availability 

of a sustainable feed resources during the 

dry season in which they are left with 

lignified grasses, crop residues and 

industrial by-products. However, the plants 

become fibrous and lignified as they age and 

as they move towards dry season (Ojo et al., 

2016). The conventional feed that may be 

available during this period are expensive as 

a result of competition between man and 

monogastric animals like poultry, swine etc. 

Hence, animals are unable to meet their 

protein and energy needs with consequent 

marked weight loss and low productivity. 

44 

mailto:akeem.lamidi@uniport.edu.ng


 
Lamidi and Ojo 

Babayemi and Igbekoyi (2008) described 

silage production in the tropics as a 

sustainable means of supplementing feed for 

ruminants in the dry season. Hence, the 

forage surplus obtained when the weather is 

favorable is recommended for storage as 

silage in order to meet the animal 

requirements throughout the year (Bonelli et 

al., 2013). Fortunately, apart from the 

conventional forage crops, materials that can 

be ensiled include fodder crops and crop 

residues or by-products ('t Mannetje, 2000). 

 

Panicum maximum (Jacq) is a household 

forage grass in the tropics, its abundance in 

the rainy season has made it popular among 

the other grass, it has been researched in 

respect of silage production. However, low 

protein content of Guinea grass has been a 

challenge, there is need for protein sources 

for its fortification.  Forage seeds have been 

reported to be high in crude protein 

(Babayemi et al., 2004) and as such are 

suitable as protein concentrate and are 

nutritional promising for optimum 

performance ruminants (Babayemi and 

Bamikole, 2006). Delonix regia (Boj. Ex 

Hook) (Caesalpinidae) is a tree, which is 

about 12 m high with a slightly flat or 

curving crown. It is an ornamental 

leguminous plant, which produces tonnes of 

pods containing seed in the fruiting season 

(Keay, 1967). These seeds are left unutilized 

since they are neither consumed by any 

animal nor utilized for any other medical 

purposes. Its seeds contain 20.50 % crude 

protein, 4.18-4.23 % ether extract, 4.45-6.84 

% crude fibre and secondary compounds of 

condensed tannins and saponins at 90-95 mg 

100 g
−1

 and 10–15 %, respectively 

(Alemede et al., 2010; Kaga, 2011). The 

study investigates the silage quality of 

Panicum maximum ensiled with varying 

levels of Delonix regia seeds for sustainable 

ruminant animal production in Niger Delta 

region Nigeria. 

 

 

MATERIALS AND METHODS 

Location of the study 

The study was carried out at the Forage 

Science Unit, Department of Animal 

Science laboratory, Faculty of Agriculture, 

University of Port Harcourt, Rivers State, 

Nigeria. Port Harcourt is a coastal city 

located in the Niger Delta region of Nigeria 

within latitudes 6
o
 58’ – 7

o
 60’E and 

longitudes 4
o
 40’ – 4

o
55’N (Lamidi and 

Ogunkunle, 2016). 

 

Sources and preparation of experimental 

materials and treatments 

Panicum maximum was harvested at four (4) 

weeks regrowth from the Forage Utilization 

farm of Department of Animal Science, 

University of Port Harcourt, at 10 cm above 

ground level, wilted for 24 hours and 

chopped into 2 – 3 cm long pieces. Matured 

Delonix regia fruits was harvested from 

Delonix regia trees within the University of 

Port Harcourt community Port Harcourt. 

The collected pods were sun-cured for three 

days and dehulled to obtain the seeds. The 

seeds then sun dried for three days, milled 

and sieved into 2mm. The grass and the 

milled seeds were then mixed at different 

proportions as follows: 

T1. 100% of Panicum maximum: 0% of 

Delonix regia, 

T2. 70% of Panicum maximum: 30% of 

Delonix regia, 

T3. 60% of Panicum maximum: 40% of 

Delonix regia. 

 

Different Panicum and Delonix seeds were 

mix thoroughly and were ensiled in 

laboratory bottles (Bamma 960 ml) as silos. 

The silos were tightly tied and covered to 

avoid air penetration. Each treatment had 

three replicates and the ensiled materials 

were kept at room temperature of 28 to 32 
º
C for 9 months (270 days). 
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Physical and chemical quality evaluation 

of the silage  

Physical characteristics as well as 

temperature (
0
C) and pH of the silage were 

determined immediately the silos were 

opened. Physical characteristics of silage of 

Panicum maximum with varying level of 

Delonix regia seeds were carried out 

according to the procedures of Oduguwa et 

al. (2007), while pH and temperature were 

determined using Digital pH Meter. Sub-

samples of the ensiled forage materials were 

oven-dried, ground with a Thomas Willey 

Laboratory Mill-Model 4 to pass through 1 

mm sieve.  

 

Volatile fatty acids and Chemical analysis 

Volatile fatty acid was determined by 

Samuel et al. (1997) procedures. The 

proximate composition of the silage was 

determined according to AOAC (2000) 

while neutral detergent fibre (NDF) was 

determined according to Van Soest et al. 

(1991). Non-fibre carbohydrate was 

calculated as NFC = 100 – (CP + Ash + EE 

+ NDF) (Ojo et al., 2016).  

Mineral composition of the samples was 

carried out using the Atomic absorption 

spectrophotometer of AOAC (1990). 

 

Tannin and saponin contents were 

determined according to the methods 

described by Lamidi and Ogunkunle, 

(2015). Oxalate was according to Munro 

(2000) while phytate was determined as 

described by Prokopet and Unlenbruck 

(2002).  

 

In vitro gas production procedures 

Rumen fluid was collected from three (3) 

West African dwarf goats by using suction 

tube prior to morning feeding. The method 

of collection was as described by Babayemi 

et al. (2006). The goats were previously fed 

with 40% concentrate (growers mash) and 

60% Pennisetum purpureum. The rumen 

liquor was collected into thermo flask that 

had been pre-warmed to a temperature of 39 
0
C. Incubation procedure was as reported by 

Menke and Steingass (1988). Two hundred 

(200) mg of the milled samples were 

weighed into calibrated transparent plastic 

syringes with fitted silicon tube. The rumen 

fluid was taken to the laboratory, sieved 

with four layers’ cheese cloth and added to 

the anaerobic buffer medium. Thirty (30) ml 

of the mixture was then added to each 

syringe in ratio 1:4 (v/v) respectively. The 

mixture was handled under continuous 

flushing with CO2 and immediately 

dispensed using 50 ml plastic calibrated 

syringes. The syringe was tapped and 

pushed upward by the piston in order to 

eliminate air completely in the inoculums. 

The silicon tube in the syringe was then 

tightened by a metal clip so as to prevent 

escape of gas. Incubation was carried out at 

39
0
C and the volume of gas production was 

measured at 3, 6, 9, 12, 15, 18, 21, and 24 

hours. 

 

Preparation of buffer 
A buffered mineral solution was prepared 

consisting of NaHCO3 + Na2HPO4 + KCl + 

NaCl + MgSO4. 7H2O + CaCl2. 2H2O 

(Makkar, 2003).  

 

Methane Determination 

The volume of methane gas produced from 

each sample was determined by dispensing 4 

ml of 40 % NaOH (40 g of NaOH in 100g of 

distilled water) to the sample at the end of 

24 hours of incubation. The tip of 5 ml 

syringe containing the 4ml NaOH was 

introduced into the incubated syringes 

through the silicon tube just above the metal 

clip. The clip was carefully unscrewed and 

the reagent introduced. The NaOH was 

added to absorb CO2 produced during the 
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process of fermentation and the remaining 

gas was recorded as methane according to 

Fievez et al. (2005). The syringe was then 

turned upside down for the reading of CH4 

level. 

 

Calculations 

Hemicellulose was calculated as NDF – 

ADF, Cellulose was calculated as ADF – 

ADL, Non-fibre carbohydrates was 

calculated as (100 ˗ (CP + EE + Ash + 

NDF). 

In vitro organic matter digestibility (OMD) 

was estimated as: 

OMD = 14.88 + 0.889 GV + 0.45 CP + 

0.651 ash (Menke and Steingass, 1988). 

Short-chain fatty acids (SCFA) was 

estimated as: 

SCFA = 0.0239 GV − 0.0601 (Getachew et 

al., 2000). 

Metabolizable energy (ME) was calculated 

as: 

ME = 2.20 + 0.136 GV + 0.057 CP + 

0.00029 CF (Menke and Steingass, 1988). 

The Fermentation Efficiency (FE) was 

calculated as: 

Fermentation Efficiency (FE) = Dry matter 

Digestibility (g/kg)/ Total Gas Volume 

(mL/g) 

 

Experimental design and data analysis 
The experimental design was a complete 

randomized design (CRD), in which the 

experimental treatments is the only source of 

variability. 

The model of analysis is as follows: 

Xij = µ + Ti + ∑ij 

Where Xij = value of observation; µ = 

population mean; Ti = treatment effect; ∑ij 

= error term 

All data obtained were subjected to the 

analysis of variance (ANOVA). Means were 

separated using Duncan’s Multiple Range 

Test SAS (1999) package.  

 

RESULTS  

Physical characteristics of silage of 

Panicum maximum with varying level of 

Delonix regia seeds 

Table 1 indicates the physical characteristics 

for silage of Panicum maximum ensiled with 

varying levels of Delonix regia seeds. The 

colour of the silage varies from yellowish-

green to brown colour. Pleasant odour was 

observed in T1 and T2, while T3 had 

relatively chocking odour. Firm texture was 

observed for all the treatments. The wetness 

reduces as the inclusion of Delonix regia 

seeds increases. There was no mould in all 

the experimental treatments. Higher 

temperature (31.5 
0
C) was recorded for the 

T3, followed by T2 and T1 with 31.0 
0
C and 

27.0 
0
C respectively, the pH followed the 

reversed trend T1 (3.7) > T2 (3.3) > T3 

(3.1).    
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Table 1. Physical characteristics of silage of Panicum maximum with varying level of Delonix 

regia seeds  

  Treatments  

Parameters  T1 T2 T3 

Colour Yellowish-green Greenish brown Light brown 

Odour Pleasant Pleasant Relatively chocking 

Texture Firm Firm Firm 

Appearance Leafy Leafy Relatively leafy 

Wetness Wet Relatively wet Very dry 

Mouldiness No mould No mould No mould 

Temperature (
0
C) 27.0 31.0 31.5 

pH 3.7 3.3 3.1 

T1. 100% of Panicum maximum: 0% of Delonix regia; T2. 70% of Panicum maximum: 30% of 

Delonix regia; T3. 60% of Panicum maximum: 40% of Delonix regia. 

 

Volatile fatty acid in silage of Panicum 

maximum ensiled with proportions of 

Delonix regia seeds 

Table 2 indicates volatile fatty acid in silage 

of Panicum maximum ensiled with 

proportions of Delonix regia seeds. There 

was a significant (P<0.05) difference in all 

the volatile acid fractions considered in the 

silage. Acetic acid was highest (P<0.05) in 

T3 (2.11 %) followed by T2 and T1 with 

2.23 % and 2.11 % respectively. Similar 

(P>0.05) content of propionic acid was 

recorded in T3 and T2, while T1 had least 

significant (P<0.05) content of propionic 

acid (0.67 %). Butyric acid varied form 0.30 

– 0.48 %. Lactic acid was highest (P<0.05) 

in T3 (4.53%), while T1 (4.39%) and T2 

(4.33%) had similar (P>0.05) content of 

lactic acid.  

 

Table 2. Volatile fatty acid in silage of Panicum maximum ensiled with proportions of Delonix 

regia seeds 

   Treatments   

Parameters T1 T2 T3 SEM LOS 

Acetic acid (%) 2.11
c
 2.23

b
 2.31

a
 0.03 * 

Propionic acid (%) 0.67
b
 0.97

a
 0.91

a
 0.46 * 

Butyric acid (%) 0.48
a
 0.40

b
 0.30

c
 0.03 * 

Lactic acid (%) 4.39
b
 4.33

b
 4.53

a
 0.32 * 

a, b, c
 means on the same row having different superscripts are significantly different (P< 0.05) T1. 

100% of Panicum maximum: 0% of Delonix regia; T2. 70% of Panicum maximum: 30% of 

Delonix regia; T3. 60% of Panicum maximum: 40% of Delonix regia. SEM: standard error of 

mean; LOS: level of significant; * Significant (P< 0.05) 

 

Proximate composition (%) of silage of 

Panicum maximum with varying levels of 

Delonix regia seeds 

Proximate composition for the silage of 

Panicum maximum with varying levels of 

Delonix regia seeds is depicted in Table 3. 

There was a significant (P<0.05) different in 
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all the parameters considered except Ether 

extract (EE). The dry matter range from 

88.34 – 89.63 %, highest (P<0.05) was 

recorded in T3 (89.63 %), follow by T2 and 

T1 with 89.05 % and 88.34 % respectively. 

The highest CP was recorded in T3 (9.57 %) 

followed by T2 (9.22 %) and T1 (8.89 %). 

Ether extract (EE) ranged from 2.38 – 2.56 

%DM. The CF was higher in T1 (31.27 

%DM) followed by T2 and T3 with 30.93 

and 28.84 %DM, ash was higher (P<0.05) in 

T3 (10.98 %DM) while NFE was higher in 

T2(35.02 %DM). 

 

Table 3. Proximate composition (%) of silage of Panicum maximum with varying level of 

Delonix regia seeds 

  Treatments    

Parameters T1 T2 T3 SEM LOS 

Dry matter 88.34
c
 89.05

b
 89.63

a
 0.19 * 

Crude protein 8.89
c
 9.22

b
 9.57

a
 0.10 * 

Ether extract 2.38 2.47 2.56 0.81 NS 

Crude fibre 31.27
a
 30.93

b
 28.84

c
 0.38 * 

Ash 10.78
c
 10.92

b
 10.98

a
 0.03 * 

NFE 35.02
b
 36.13

a
 34.59

c
 0.23 * 

a, b, c Means on the same row having different superscripts are significantly different (P< 0.05) 

T1. 100% of Panicum maximum: 0% of Delonix regia; T2. 70% of Panicum maximum: 30% of 

Delonix regia; T3. 60% of Panicum maximum: 40% of Delonix regia. SEM: standard error of 

mean; LOS: level of significant; NS: not significant; * Significant (P< 0.05). Non-fibre 

carbohydrates was calculated as (100 ˗ (CP + EE + Ash + NDF).   

 

Fibre fractions (%) of Panicum maximum 

with varying level of Delonix regia seeds 

Table 4 shows the fibre fractions of the 

silage of ensiled Panicum maximum with 

varying level of Delonix regia seeds. There 

was a significant different (P<0.05) in all the 

fiber fractions of the silage. The NDF, ADF 

and ADL value was higher in T1 with 68.76, 

52.09 and 18.79 %DM respectively while 

T3 had highest value of hemicellulose 

(17.13 %DM) and cellulose (33.79 %DM), 

there was no significant different in the 

value of non-fiber carbohydrates in T1 and 

T3, the T2 had highest significant (P<0.05) 

value (9.83 %DM) of NFC. 

 

Table 4. Fibre fractions (%) of Panicum maximum with varying level of Delonix regia seeds 

  Treatments    

Parameters T1 T2 T3 SEM LOS 

Neutral detergent fiber (NDF) 68.76
a
 67.09

c
 67.87

b
 0.25 * 

Acid detergent fiber (ADF) 52.09
a
 50.57

b
 50.74

b
 0.25 * 

Acid detergent lignin (ADL) 18.79
a
 16.49

c
 16.95

b
 0.35 * 

Hemicellulose 16.67
b
 16.51

b
 17.13

a
 0.10 * 

Cellulose 33.30
b
 34.08

a
 33.79

a
 0.12 * 

Non-fibre carbohydrates 9.19
b
 9.83

a
 9.02

b
 0.13 * 

a, b, c
 Means on the same row having different superscripts are significantly different (P< 0.05)   

T1. 100% of Panicum maximum: 0% of Delonix regia; T2. 70% of Panicum maximum: 30% of 

Delonix regia; T3. 60% of Panicum maximum: 40% of Delonix regia. SEM: standard error of 

mean; LOS: level of significant; NS: not significant; * Significant (P< 0.05)   
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Mineral profile in silage of Panicum 

maximum ensiled with varying proportion 

of Delonix regia seeds 

The mineral profile in silage of Panicum 

maximum ensiled with varying proportion of 

Delonix regia seeds shown in Table 5. There 

was a similarity (P<0.05) in the content of 

minerals recorded for the silage except Zn. 

The value of Ca, P, K, Mg and Na ranged 

between 0.16 - 0.17 %, 0.43 – 0.44 %, 0.43 -

.044 %, 0.20 – 0.24 % and 0.22 – 0.24 % 

respectively.  The highest (P<0.05) content 

of Zn was recorded in T3 (24.20 %) 

followed by T2 (23.10 %) and T1 had the 

least content of Zn (22.50 %). 

 

Table 5. Mineral profile in silage of Panicum maximum ensiled with varying proportion of 

Delonix regia seeds 

  Treatments    

Parameters T1 T2 T3 SEM LOS 

Calcium (%) 0.16 0.17 0.17 0.01 NS 

Phosphorus (%) 0.43 0.43 0.44 0.01 NS 

Potassium (%) 0.43 0.43 0.44 0.01 NS 

Magnesium (%) 0.20 0.24 0.26 0.01 NS 

Sodium (%) 0.22 0.22 0.24 0.01 NS 

Zinc (mg/kg) 22.50
c
 23.10

b
 24.20

a
 0.25 * 

a, b, c
 Means on the same row having different superscripts are significantly different (P< 0.05)    

T1. 100% of Panicum maximum: 0% of Delonix regia; T2. 70% of Panicum maximum: 30% of 

Delonix regia; T3. 60% of Panicum maximum: 40% of Delonix regia. SEM: standard error of 

mean; LOS: level of significant; NS: not significant; * Significant (P< 0.05)   

 

Phytochemical properties in silage of 

Panicum maximum ensiled with varying 

level of Delonix regia seeds 

Table 6 indicated the phytochemical 

properties in silage of Panicum maximum 

ensiled with varying level of Delonix regia 

seeds. There was no significant value 

(P>0.05) in the phytochemical properties of 

the silage. The value obtained for tannin 

varied from 0.13 – 0.15 %, while saponins 

ranged from 0.31 – 0.33%, phytate and 

oxalate contents of the silage ranged from 

0.25 – 0.28% and 0.15 – 0.18% respectively. 

 

Table 6. Phytochemical properties in silage of Panicum maximum ensiled with varying level of 

Delonix regia seeds 

   Treatments   

Parameters T1 T2 T3 SEM LOS 

Tannin (%) 0.13 0.13 0.15 0.01 NS 

Saponins (%) 0.33 0.31 0.33 0.01 NS 

Phytate (%) 0.28 0.25 0.28 0.01 NS 

Oxalate (%) 0.17 0.15 0.18 0.01 NS 

a, b, c Means on the same row having similar superscripts are not significantly different (P< 

0.05) T1. 100% of Panicum maximum: 0% of Delonix regia; T2. 70% of Panicum maximum: 
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30% of Delonix regia; T3. 60% of Panicum maximum: 40% of Delonix regia. SEM: standard 

error of mean; LOS: level of significant; NS: not significant; * Significant (P< 0.05)   

 

 

In vitro characteristics in silage of 

Panicum maximum ensiled with different 

proportions of Delonix regia seeds 

Post in vitro characteristics in silage of 

Panicum maximum ensiled with different 

proportions of Delonix regia seeds after 24 

hours of incubation was depicted in Table 7. 

There was no significant (P>0.05) difference 

in the methane (CH4) production, organic 

matter digestibility (OMD) and fermentation 

efficiency. The value of CH4 produced 

ranged from 7.33 – 16.00ml, OMD and 

fermentation efficiency were varied from 

16.33 – 24.37 % and 0.58 – 1.20 

respectively. There was a significant 

(P<0.05) different in the short chain fatty 

acids (SCFA) and metabolizable energy 

(ME). Similar (P>0.05) value of SCFA and 

ME was recorded for T3 and T2, also 

similar for T2 and T1.  

 

Table 7. In vitro characteristics in silage of Panicum maximum ensiled with different proportions 

of Delonix regia seeds 

  Treatments    

Parameters T1 T2 T3 SEM LOS 

 Methane (ml) 7.33 9.33 16.00 1.86 NS 

Organic matter digestibility (%) 16.33 24.37 19.45 2.42 NS 

Fermentation efficiency 1.03 1.20 0.58 0.16 NS 

Short chain fatty acids (mol) 0.35
b
 0.45

ab
 0.77

a
 0.13 * 

Metabolizable energy (MJ/Kg DM) 5.07
b
 5.64

ab
 7.46

a
 0.48 * 

a, b
  Means on the same row having different superscripts are significantly different (P< 0.05) 

T1. 100% of Panicum maximum: 0% of Delonix regia; T2. 70% of Panicum maximum: 30% of 

Delonix regia; T3. 60% of Panicum maximum: 40% of Delonix regia. SEM: standard error of 

mean; LOS: level of significant; NS: not significant; * Significant (P< 0.05) 

 

DISCUSSION 

The colour of silage (Panicum maximum 

with Delonix regia seeds) was close to the 

original colour of the grass, which was an 

indication of good quality silage that was 

well preserved according to Oduguwa et al. 

(2007). The yellowish green colouration in 

sole Panicum silage was in accordance with 

the report of Kung and Shaver (2002) that 

when a green plant material that is ensiled 

produces yellow colour. The brownish 

colour recorded for 60% of Panicum 

maximum: 40% of Delonix regia silage (T3) 

in this study was due to the colour of 

Delonix regia seeds contrary to the general 

believe that brownish colour of silage might 

be due to deterioration of the silage.  

 

The odour was pleasant and texture of the 

silage in this study was firm, which was 

expected to be the best texture of good 

silage as reported (Kung and Shaver, 2002). 

The 40% inclusion of Delonix regia seeds 

for T3 might be responsible for the 

appearance, dryness and the temperature of 

the silage because Delonix regia seeds 

milled was in dried form with low moisture 

content. The temperature range (31.0 – 

31.50
o
C) observed in all Delonix regia seeds 

milled treated silages (T2 and T3) was 

above the range (25 – 27.50ºC) catalogued 

by Babayemi (2009) for silage from Guinea 

grass. Excessive heat production had been 

reported to results in mallard or browning 
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reaction which can reduce digestibility of 

protein and fibre components (Bolsen et al 

1996). Under this reaction, the useful protein 

form complexes with carbohydrate and 

thereby making them less digestible 

(Akinbode et al., 2017). 

 

The pH of the silage decreases as the level 

of inclusion of Delonix regia seeds 

increases. The range of pH value (3.1 – 3.7) 

recorded for the Panicum maximum with 

Delonix regia seeds in this study shows that 

the silage is very good; though the value is 

lower than the report of Akinbode et al. 

(2017) (3.81- 4.90) when sugarcane top was 

ensiled with broiler litter. However, pH may 

be influenced by the moisture content and 

the buffering capacity of the original 

materials. Silage that has been properly 

fermented will have a much lower pH (be 

more acidic) than the original forage. This is 

an indication that ensiling Delonix regia 

seeds will aid the lower pH which will in 

improve the quality of the silage by 

producing more acid which aid the 

preservation of the silage i.e. discourage 

mould or activities of fungi. The seeds 

included was responsible for the high level 

of acidity which resulted in a drop in pH 

values in the ensiled samples. Meeske and 

Basson (1998) found similar results when 

lactic acid bacteria inoculants were added to 

Eragrostis curvula. Reduction in pH is as a 

result of increased breakdown of 

carbohydrate in the process of fermentation 

that characterizes the process of ensilage 

which helps to make sugar available to 

produce more lactic acid (Akintokun, et al., 

2007) 

 

Volatile fatty acid is a reflection of energy 

availability in a feedstuff. Propionic and 

butyric acid concentrations of all silages 

produced were within the normal range (less 

than 0.1% for propionic acid and 0.5 – 1.0% 

for butyric acid) reported for grass silage 

(Kung and Shaver, 2002). 

 

The lactic acid concentration recorded for all 

silages was close to 6% which indicated 

completion of desirable fermentation in 

these silages as stated by Kung and Shaver 

(2002). The finding of this study in respect 

of inclusion of Delonix regia seeds at 

different varying level supported the 

assertion of Assefa and Ledin (2001) that 

addition of additives into silage will also 

make available sufficient fermentable 

carbohydrate for lactic acid bacteria and 

simultaneously the protein content of the 

silage will be increased. 

 

The CP values obtained in this study showed 

an increasing trend as the Delonix regia 

seeds increased in P. maximum grass in the 

silage mixtures, this finding was in line with 

the reports of Babayemi and Igbekoyi 

(2008) who reported a similar trend where 

CP increased in silage with the increase in 

the inclusion of Albizia saman (Jacq.) Merr. 

pods in ensiled guinea grass mixture, Ojo et 

al. (2017) also reported an increase in the 

CP of Pennisetum purpureum with 

processed Enterolobium cyclocarpum seeds. 

The CP contents of the silage were above 

the critical limit (7% CP) which forage 

intake by ruminants and rumen microbial 

activity could be negatively affected (Van 

Soest, 1994 and Norton, 2003). MacDonald 

et al. (1995) suggested a threshold of about 

7 to 8% CP to guarantee sufficient 

utilization of feed. Therefore, the silage 

would provide the adequate nitrogen 

requirement for the rumen microorganisms 

to maximally digest the main components of 

dietary fibre leading to the production of 

volatile fatty acids (Lamidi and Ogunkunle, 

2016) which in turn facilitate microbial 

protein synthesis (Lamidi and Aina, 2013). 
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The NFE is an indicator of carbohydrate 

content of feedstuff or ingredient that is 

soluble or easily digested and available for 

animal. It implies that the soluble 

carbohydrate could support the production 

of volatile fatty acids in the rumen during 

fermentation (Blummel et al., 1997). 

 

The range of 600-650 g/kg (60.0 – 65.0%) 

suggested as the critical limit above which 

efficiency of utilization of tropical forages 

by ruminants would be impaired (Muia, 

2000). The NDF (67.09 – 68.76%) values 

recorded in this study fell within the range 

of 25 -71 % reported for some valuable 

multipurpose trees that are fed to sheep and 

goat in Nigeria (Larb et al., 1993). The NDF 

content reported in this study was higher 

than the NDF range of 58.67 - 68.33 % 

reported by Okukenu et al. (2015) for 

Panicum maximum ensiled with Centrosema 

molle. The higher NDF value obtained in 

this study is an indication that it will be a 

useful feeding stuff as good energy source in 

ruminant animal production as NDF is 

preferred measure for ruminant feeds and 

dietary balancing programs (Van Soest, et 

al., 1991). 

 

The Ca contents in the silage was lower than 

the recommended range (0.20-0.26g/100g) 

for maintenance of growing and lactating 

sheep (Reuter and Robinson, 1997) while P 

content was within the recommended range 

(0.15-0.48g/100g) required by ruminants 

(McDowell, 1992; 1997). The Mg content of 

the silage was in line with the recommended 

range (0.20 - 0.26g/100g) for ruminant 

animals (McDowell, 1992; 1997).  The Na 

content of the was within the recommended 

range of 0.1-0.4 g/100g as minimum Na for 

ruminants (Littledike and Goff, 1987). 

 

Feedstuff containing saponin has been 

shown to be defaunating agent (Fajemisin, 

2015) and capable of reducing methane 

production (Babayemi et al., 2004). The 

tannin level in silage is below 6.00 % toxic 

level for small ruminants and it could be an 

added advantage as a natural additive in the 

diet of ruminants, since forage or feeds 

containing tannin have potential of forming 

complexes with protein as bypass protein in 

the rumen (Barry et al., 1999) by 

diminishing rumen protein digestibility, thus 

improving on the availability of protein to 

ruminants at the lower gut.  

 

Methane production has been reported to be 

an energy loss to ruminants and also 

contributes to global warming (Babayemi 

and Bamikole, 2006). Although gas 

production is a nutritionally wasteful 

product (Mauricio et al., 1999) but it 

provides useful basis from which 

metabolizable energy, organic matter 

digestibility and short chain fatty acid may 

be predicted. In this study the higher 

preponderance of short chain fatty acid in 

the T3 probably shows an increased 

proportion of acetic and butyric acid but 

may mean a decrease in propionic acid 

production (Babayemi et al., 2006). The 

propionic acid in T3 was high which 

contradicts this assertion. However, the 

metabolizable energy values in the silage 

especially T2 and T3 suggests a potential to 

make energy available to the ruminants. 

 

CONCLUSION AND 

RECOMMENDATION 

Ensiling Delonix regia seed with Panicum 

maximum improved the quality of the silage 

(T2 and T3), though Delonix regia seeds at 

40% level with Panicum maximum at 60% 

(T3) improved the quality of the silage 

better. It is therefore recommended that 40% 

Delonix regia seeds can be ensiled with 60% 

Panicum maximum for silage production for 

sustainable ruminant animal production in 

Niger Delta region Nigeria. 
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