
preferably wilted materials. Ensiling is the 
preservation of forage, crop residues and 
by-products based on lactic acid 
fermentation under anaerobic condition. 
The lactic acid bacteria ferment the plant 
sugars (water soluble carbohydrates) in the 
crop to lactic acid (Mannatje, 1999). 
Ensiling is done to preserve forage 
resources for the dry season in the tropics in 
order to ensure a continuous regular feed 
for livestock to sustain growth, for fattening 
or milk production. 
Vetiver grass is a perennial grass of tropical 
origin, it is commonly cultivated for the 
scented oil that can be distilled from its 
roots (NRC, 1993). Vetiver grass  plays an 
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Abstract
Four week old vetiver grass (Chrysopogon zizanioides L. Roberty) (VG) was harvested and 
ensiled with cassava peels (CPL) at different ratios viz: (A) 80VG:20%CPL, (B) 
70VG:30%CPL, (C) 60VG:40CPL, (D) 50VG:50CPL, (E) 100VG:0CPL. The various 
mixtures of VG and CPL were ensiled for 42 days after which the silage characteristics were 
determined. The silage from the different mixing ratios of VG and CPL were fed for 105 days. 
Silages with cassava peels had acceptable colour of olive green, pleasant alcoholic odour, 
and pH range of 4.23-4.50. While 100%VG ensiled without CPL had undesirable 
characteristics such as pungent odour, brownish colour, mouldy growth and pH of 
5.5.Treatments E (100% VG:0%CPL)was unfit for feeding due  to its undesirable 
characteristics, therefore  sixteen West African Dwarf (WAD) goats were randomly allotted 
to four dietary treatments in a completely randomised design. Weight gain, feed intake, 
digestibility and some blood parameters were determined. The feed intake (341.14 – 
358.21g/DM) was not significant among the treatments while the weight gain (23.93 – 
26.93g/d) and dry matter digestibility (63.91 – 66.81%) were significant across the 
treatments. Packed cell volume (31.0 – 33.0%), heamoglobin (10.3 – 12.7), total protein 
(8.40 – 9.04g/dl) and blood urea (12.08 – 12.32mg/dl) was significantly different among the 
treatments. It was concluded that feed intake, digestibility and body weight gain increased as 
level of cassava peels increased in the silage.
Keywords: Vetiver grass, Cassava peels, silage properties, intake and digestibility

Introduction
Forages, crop residues and by-products are 
usually consumed fresh by domestic 
animals. However, it is possible to conserve 
them for use during future periods of feed 
shortage. Conservation can be achieved by 
sun drying (hay) and by fermentation 
(silage). Hay making is difficult in the 
tropical region because at the time when the 
forage is of acceptable quality for 
conservation (early in the wet season), the 
weather is likely to be too unreliable for sun 
drying and artificial drying is expensive 
also facilities are not widely available 
(Mannetje, 1999). Fermentation by silage 
making can be done using fresh or 
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important role in erosion and sediment 
control, as well as being tolerant to extreme 
soil conditions (Troug and Baker, 1998). 
The use of Vetiver as a dual purpose forage 
by small holder farmers in the rain-fed 
upland areas of the Philippines was 
mentioned by Lapar and Ehui (2003). In 
addition, Vetiver grass was reported to be 
edible herbage of high quality for cattle and 
goats particularly in the growing stage (Liu 
and Cheng, 2002). Vetiver grass is 
considered to be a promising feed resource 
because of its high quality, fast growth rate 
and easy adaptation to the environment and 
ability to bear repetitive mowing without 
occupying farm land. Cassava peels has 
been regularly used by farmers to feed goats 
due to its availability all year round. It can 
serve as a good silage additive to increase 
the nutritional value, improve fermentation 
and enhance intake of vetiver grass. The 
objectives of this study was to determine 
the silage quality of vetiver grass using 
cassava peels as additive, dry matter intake, 
digestibility and some blood metabolites of 
WAD goats fed Vetiver grass ensiled with 
cassava peels.

Materials and Methods
Experimental site
The experiment was carried out at the sheep 
and goat unit of National Center for Genetic 
Research and Biotechnology (NAGRAB), 

0 l
Moor – Plantation, Ibadan, (Latitude 7 15  – 

0 l 0 l 0
7 30 N and Longitude 3 45  – 4 E). 
Silage making
Vetiver grass was harvested at 4-week of re-
growth from an existing experimental 
pasture plot of FCAH and PT, Moor – 

0 l
Plantation, Ibadan, Nigeria. (Latitude 7 15  

0 l 0 l 0
– 7 30 N and Longitude 3 45  – 4 E).
Fresh cassava peels were obtained at a 
nearby garri processing centre. The 
harvested grasses were chopped manually 
to about 3cm length for ease of compaction 

and consolidation of silage. Filling and 
compaction was done simultaneously to 
eliminate inherent air. The silage was 
prepared in 20kg polythene bags each. The 
bags were then sealed and compressed with 
piles of heavy sand bags and fermentation 
was done for 42 days. The treatments were 
as follows: (A) 80VG:20%CPL, (B) 
70VG:30%CPL, (C) 60VG:40CPL, (D) 
50VG:50CPL, (E) 100VG:0CPL.  . After 
42days, the silages were opened for 
determination of silage quality. The quality 
indices of colour, aroma, texture, pH and 
temperature were assessed according to 
Babayemi and Igbekoyi (2008). 
Experimental Animal and Management:
Sixteen WAD goats of weight ranging 
between 6 – 9 kg were used for this study in 
a completely randomized design with four 
goats per treatment. On arrival, animals 
were given prophylactic treatments 
consisting of oxytetracycline long acting 
antibiotic (1ml/10kg body weight of the 
animal). They were also drenched with 
albendazole to control endoparasites and 
treated for mange and other ectoparasites 

(R)
using Ivomec . They were later vaccinated 
against Pestes des petits ruminante (PPR) 
using a tissue culture Rinderpest Vaccine. 
The goats were kept in individual pens and 
were fed 5% of their body weight with the 
silage for 105 days. Daily feed offered and 
refusals were weighed to determine feed 
intake. Weight gain was determined 
weekly. At the last seven days of the 
experiment the goats were transferred to 
individual metabolic cages for the 
digestibility studies. About 10% of total 
daily faecal outputs collected from each 
animal were taken to the Laboratory; 

0samples were oven drying at 65 C for dry 
matter determination. At the end of the 
experiment blood samples were collected 
through jugular vein into specimen bottles 
with Ethylene Di-amine Tetra Acetic acid 
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(EDTA) for heamatological analysis. Blood 
samples for serum biochemical analysis 
were allowed to clot. The packed cell 
volume (PCV) and haemoglobin (Hb) were 
determined using micro haematocrit 
method and cyanmethaemoglobin method 
as described by Mitruka and Rawnsley 
(1977).  Total protein was determined by 
using the biurette method as described by 
Coles (1986). Urea was determined by 
urease method and creatine by Folinwu 
filtrate methods as described by Toro and 
Ackermann (1975).Proximate composition 
of the silages and faecal output was done 
according to the methods of AOAC (1990). 
Fibre fractions were determined as 
described by van Soest et al.(1991). 
Statistical Analysis
The experimental design was completely 
randomized design (CRD). Data obtained 
were subjected to analysis of variance 
(ANOVA) using the procedure of SAS 
(2002) .

Results and Discussion 
Table 1 shows the silage qualities of the 
vetiver grass ensiled with cassava peels. 
Differences were not observed in all the 
parameters measured. All the silages had 
olive green colour characterised by pleasant 

o
alchoholic odour, temperature of 20 C and 
firm in texture. pH ranged from 4.23-4.50, 
except for vetiver ensiled without cassava 
peels which exhibited poor silage quality 
such as pungent smell, brownish green 
colour, mouldy growth and pH of 5.5.  
Good silage usually preserves well the 
original colour of the pasture (Mannatje, 
1999). The olive green colour was close to 
the original colour of the grass, which was 
an indication of good quality silage that was 
well preserved (Oduguwa et al., 2001).The 
pH value (4.23-4.50) was within the range 
of (3.50-5.50) classified to be pH for good 
silage (Meneses et al., 2007). Generally, pH 

is one of the quickest and simplest way of 
evaluating silage quality. Silage that has 
been properly fermented will have a much 
lower pH. Kung and Shaver (2002) in their 
interpretation of silage analysis stated that 
pH values for good quality grass and 
legume silage, in the tropics should range 
from 4.3 to 4.7. Temperature is another 
essential factor that affects silage quality 

oand colour, temperature above 30 C will 
result in dark silage due to caramelization 
of sugars in the forage (McDonald et al., 
1995). All the silages with cassava peel 
were firm in texture which was also an 
indication of good silage (Kung and Shaver, 
2002).
Chemical composition of the silages is 
presented in Table 2.  Crude protein 
decreased with increasing level of cassava 
peels. This is due to the lower Crude Protein 
content of cassava peels compared with 
Vetiver grass. Increasing proportion of 
cassava peels reduced the fibre contents of 
the silage. The crude protein value (8.48-
8.97%) obtained was higher than the 
normal range of (7.7%) which is the critical 
value recommended for small ruminants 
(NRC, 1981) and lower than the minimum 
p r o t e i n  r e q u i r e m e n t  o f  1 0 - 1 2 %  
recommended by ARC (1985) for 
ruminants.
Feed intake of the silages by WAD goat is 
presented in table 3. Feed intake varied 
from (341.14g/day) on Silage A 
(80VG:20%CPL) to (358.2g/day) on Silage 
D (50VG:50CPL). Increasing the level of 
cassava peels in the silage mixture 
increased the intake which is an indication 
of the positive effect of cassava peels on 
intake, The feed intake (g/d) of goats in this 
experiment were higher than the range 
reported by Nguyen et al. (2004) when Teen 
goats were fed with vetiver hay 
supplemented with some tree foliages 
Intake was also higher than the values 
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reported by Fasae et al. (2012), when WAD 
goats were fed cassava residues. The 
differences in intake might be attributed to 
diets constituent and the breed of goat used.  
Body weight gain was directly proportional 
to feed intake and digestibility, goats on 
Silage D having the highest (26.34g/d) 
while the lowest was observed for goats on 
Silage A (23.93g/d). Weight gain observed 
in this study was lower than values reported 
by Fasae et al. (2012) for goats fed cassava 
residues. The DM Digestibility ranged from 
63.91% in Silage A to 66.81% in Silage D. 
Dry matter digestibility increased with 
increased inclusion level of cassava peels. 
The range (63.91 – 66.79%) obtained in this 
study for DM digestibility were lower than 
77.68% and 84.24% reported by Nguyen et 
al, (2004) and Aderinola et al. (2008) 
respectively in goats fed  fresh vetiver 
grass.  However there was no significant 

difference (P > 0.05) observed in the feed 
conversion ratio among the treatments 
indicating that the silages were equally 
utilized by the animals. The range (76.71 – 
77.81%) obtained for Crude protein 
digestibility in this study were lower than 
83.54% obtained by Aderinola et al. (2008) 
and higher than the range (62.04 -66.91%) 
obtained by Nguyen et al. (2004) when 
Teen goats was fed with vetiver grass 
supplemented with tree foliages (Sesbania 
grandiflora, Leuceana leucocephala and 
Trichantera gigantea). Apparent nutrient 
digestibility of WAD goats fed the 
experimental silages were not significantly 
(P > 0.05) different among the treatments. 
The variation obtained in the values could 
be attributed to different breeds of goat 
used, geographical location and different 
dietary supplements. Packed cell volume 
(PCV) (31 -33%), were significantly 

Table 1: Silage characteristics of Vetiver grass ensiled with cassava peels 

Parameters 100%VG:0%
CPL 

80%VG:
20%CPL 

70%VG:
30%CPL 

60%VG:
40%CPL 

50%VG:
50%CPL 

Colour Brownish 
green 

Olive 
green 

Olive 
green 

Olive 
green 

Olive 
green 

Odour Pungent smell Pleasant/
alcoholic 

Pleasant/
alcoholic 

Pleasant/
alcoholic 

Pleasant/
alcoholic 

Texture Mouldy/slimm
y 

Firm Firm Firm Firm 

Temperature(oC) 30.0 20.0 20.0 20.0 20.0 
Ph 5.50 4.50 4.43 4.39 4.23 

 

Table 2: Chemical composition (g/100g DM) of Vetiver grass (VG) ensiled with cassava peels  

 

Parameters 100%VG: 
0%CPL 

80%VG: 
20%CPL 

70%VG: 
30%CPL 

60%VG: 
40%CPL 

50%VG: 
50%CPL 

±SEM 

Crude fibre 24 43 24.33 23.87 22.65 22.61 3.54 

Crude protein 8.98 8.97 8.72 8.52 8.48 0.51 

Ether extract 9.23 9.32 9.37 9.42 9.39 0.23 
Ash 9.69 9.73 9.77 9.82 10.05 0.32 
NDF 48.87 48.68 45.73 43.75 40.81 7.89 
ADF 27.87 27.69 25.75 22.75 21.45 6.24 
ADL 7.81 7.69 7.52 7.34 7.24 0.45 
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different across the treatments, but were  
within the normal range (29.9 -33.6%) 
reported for goats by Mitruka and 
Rawnsely (1977), which implies that the 
animals were not anaemic.  The 
heamoglobin values obtained fell within 
normal values recorded for healthy goats 
(Benjamin, 1981 and Fajemisin et al., 
2008) an indication that the silages seemed 
to be capable of supporting high oxygen 
capacity in the animals. The mean ranged 
value (8.40-9.04g/dl) for total protein 
obtained in this study was higher than the 
normal ranged values (5.90 – 7.80g/dl) 
reported by Mitruka and Rawnsely (1977). 
Total protein suggested good quality 
protein of the test diets, the higher the value 
of the total protein, the better the quality of 
the test feed stuff (Eggum, 1980). The 
values obtained for total protein in this 
experiment were higher than the range 
(6.12-7.20) reported by Fasae et al. (2012) 
for goats fed various cassava residues and 

grass mixtures. Values obtained for serum 
urea-nitrogen (12.08 -12.32mg/dl) were 
within the normal range, but above the 
range (2.91-3.82) reported by (5.56 and 
4.24mm/l) reported by Moloney et al. 
(1994) when grass silage supplemented 
with barley was fed, increase in blood urea 
value is an indication of poor protein 
quality. Urea values obtained in this study 
were within the normal range suggesting 
better urea nitrogen utilization. Woodman 
and Evan (1974) stated that a high value of 
urea-N indicates an inability of the animal 
to utilize nitrogen made available by 
digestion. Urea nitrogen accurately reflects 
the intake of effective rumen degradable 
protein.

Conclusion
The present study showed that ensiling 
vetiver grass with cassava peels improved 
the silage quality, enhanced intake and 

Table 3:  Dry matter intake, live weight gain, nutrient digestibility and blood parameters of 
WAD goats fed vetiver grass ensiled with cassava peels. 

Parameters A B C D SEM 
Goat performance      
Feed intake(g/day) 341.14 349.10 355.05 358.12 22.25 

Weight gain(g/day) 23.93b 24.40ab 25.01a 26.34a 0.90 

Feed conversion ratio 14.46a 14.30a 14.19b 13.79c 2.21 

Digestibility (%)      
Dry matter 63.91c 65.42b 66.79a 66.81a 2.88 
Crude protein 77.81a 77.68a 76.71b 76.98a 1.10 
Crude fiber 82.97a 83.33a 80.42b 77.23a 2.91 
Ether extract 76.71b 77.68a 77.73a 77.92a 1.02 
Ash 61.20b 63.27a 63.59a 63.62a 2.39 
Haematological parameters      
Packed cell volume (%) 31.0b 

 
33.0a 33.0a 32.0ab 1.00 

Haemoglobin 11.0ab 12.7a 10.3b 11.2a 2.40 
Blood urea (mg/dl) 12.32 12.16 12.08 12.30 0.24 
Total protein (g/dl) 9.04a 8.50b 8.40bc 8.41bc 0.64 

SEM = standard error of means 
a,b,c means with the same superscripts on the same row are not significantly different (p > 0.05) 
(A) 80VG:20%CPL, (B) 70VG:30%CPL, (C) 60VG:40CPL, (D) 50VG:50CPL,  
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digestibility of vetiver grass. It did not have 
detrimental effects on the physiological 
status of the animals as reflected in the 
blood parameters measured. However 
vetiver silage without cassava peel 
exhibited poor silage characteristics and 
was rejected by the animals
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