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ABSTRACT

Dry season in Nigeria and in the tropics at large practically offers insufficient forage and low quality crop
residues. The situation is stressful being characterized by standing hay, fibrous feeds and drastic drop in live
weight of the ruminants. Agro-industrial by-products (AIBs) including palm kernel cake (PKC), brewers dried
grains (BDG) and wheat offal are abundant and also available in all seasons but with little attention for
ruminant feed as potential source of vital nutrients. It is within these background and framework that the
present study was executed on in vitro gas production characteristics and parameters of the AIBs and Guinea
grass mixtures. Diets were formulated that contained 33.25% each of the AIBs while other ingredients were
similar as 33.25% PKC (diet A), 33.25%BDG (diet B), 33.25%Wheat offal (diet C) and one third combination
each of PKC, BDG and WO as diet D. Using in vitro gas production technique, grass and diets were incubated
together as treatments 1 (70% Grass + 30% diet A), 2 (70% Grass + 30% diet B), 3 (70% Grass + 30% diet
C), 4 (70% Grass + 30% diet D), 5 (0% Grass + 100% diet A), 6 ((0% Grass + 100% diet B), 7 (0% Grass
+ 100% diet C), 8 (0% Grass + 100% diet D) and 9 (100% Grass + 0% diet) for 3, 6, 9, 12, 15, 18, 21 and
24 h. Proximate compositions of the AIBs-based diets (AIBsBD) and grass were analysed. Crude protein for
AIBsBC ranged from 7.4-22.3% while combination of the concentrate promoted high in vitro total gas
production with a generally low CH4 emission, thereby suggesting PKC as a potential AIB for ruminants.
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Introduction

Industrial by-products (IBPs) are relatively available in the dry season for ruminants when compared with
pastures. It then suggests that IBPs are strategic feedstuffs to supplement feed for livestock at off season. In
the pasts, these feedstuffs were observed to be wastes and environmental pollutants. In the recent times, the
AIBs become expensive as they form bulk of ruminant diets. The rate at which the cost increases from time
to time calls for thorough nutritional evaluation as a measure for their relevance in the economy of livestock
production. In vitro gas production technique is effective for the prediction of the nutritive value of feeds
(Babayemi et al., 2004; Fievez et al, 2005; Babayemi and Bamikole, 2006). The objective of the study was
to assess the nutritional quality using in vitro gas production technique of palm kernel cake (PKC), wheat offal
(WO) and brewer dried grain (BDG) based-diets as grass supplements for ruminants.

Materials and methods

Collection of industrial by-products and Guinea grass

Three commonly industrial by-products (AIBs) comprising palm kernel cake, wheat offal and brewer dried
grain, used for ruminant management by peasant and commercial farms were obtained from ten feed mills in
conurbation of Ibadan. Collection of each AIB was thoroughly mixed together. These AIBs were used as the
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principal diets in the formulation of concentrates containing 33.25%PKC (concentrate A), 33.25%BDG
(concentrate B), 33.25%Wheat offal (concentrate C) and 1/3 combination each of PKC, BDG and WO as
concentrate D.  Guinea grass (Panicum maximum) was harvested at 6 weeks regrowth from the Teaching and
Research Farm of the University of Ibadan, Nigeria. 

In vitro gas production 

Grass and diet were incubated together as treatments 1 (70% Grass + 30% diet A), 2 (70% Grass + 30%
diet B), 3 (70% Grass + 30% diet C), 4 (70% Grass + 30% diet D), 5 (0% Grass + 100% diet A), 6 ((0%
Grass + 100% diet B), 7 (0% Grass + 100% diet C), 8 (0% Grass + 100% diet D) and 9 (100% Grass + 0%
diet). Each treatment was replicated three times. In vitro fermentation was as described by Menke and
Steingass (1988). Rumen liquor was collected using stomach tube as reported (Babayemi and Bamikole, 2006).
Strained rumen liquor using four layer cheese cloth was mixed with buffer (g/liter) of 9.8 NaHCO3 + 2.77
Na2HPO4 + 0.57 KCl + 0.47 NaCl + 2.16 MgSO4.7H2O + 0.16 CaCl2.2H2O) at ratio 1:2 (v/v) under a
continuous stream of CO2. Substrate weighing 200 mg was introduced into 100 ml capacity syringe followed
by application of 30 ml inoculum. Blanks were also produced. Incubation was carried out at 39 ± 1 °C and
gas production was red at 3, 6, 9, 12, 15, 18, 21 and 24 h. Methane production was measured at 24 h post
incubation as reported (Fievez et al., 2005).

Proximate composition                 

Crude protein, ether extract, crude fibre and ash were determined according to AOAC (1990)

Results and discussion

Proximate composition (Table 1) of the formulated ration varied in dry matter, crude protein, ether extract
and organic matter. Guinea grass inclusion with the AIBs decreased the total protein and increased crude fibre
content. The range (7.4 – 22.3%) of crude protein in the diet formulations was high and seemed capable of
meeting the requirements for ruminants (Minson, 1990). Wide variations occurred in the in vitro gas production
of the AIBs and also in the combination with grass forage. Grass/concentrate mixture spurred higher gas
production than either concentrate or grass alone, which in practical term is economical feed for ruminants.
Highest gas production was observed for grass/concentrate mixture of PKC-based rations. Due to the high CP
content and encouraging gas production in PKC, the by-product may be recommended for diets inclusion as
it is available and relatively cheap to procure. The least gas production in the sole gas incubation further
defines that feeding grass alone to ruminants without protein and energy supplements might be unproductive.
Bamikole and Babayemi (2004) reported that Guinea grass supplemented with energy concentrate was better
utilized by goats. In vitro gas production is an essential tool as high gas production may predict enhanced
metabolizable energy, organic matter digestibility and short chain fatty acids in ruminant nutrition (Babayemi
and Bamikole, 2006). Methane production (Figure 2) was same for all the incubated materials, suggesting the
possibility of the presence of substances that can suppress methanogenesis in the AIBs-based concentrates.

Conclusion

Results showed that AIBs are high in crude protein and the combination with a low protein Guinea grass
resulted to high gas production and low methane emissions, suggesting potential diets for ruminants.

Table 1: Proximate composition (g/100 g DM) of incubated palm kernel, brewer dried grain and wheat offal-based concentrates and
Guinea grass

Composition
----------------------------------------------------------------------------------------------------------------------------------------------

Incubated diets* Dry matter Crude protein Crude fibre Ether extract Ash
1 57.1 17.8 27.0 17.0 13.0
2 64.7 21.3 26.0 18.0 15.0
3 55.8 19.6 28.0 18.0 15.0
4 60.1 21.3 27.3 20.0 16.0
5 38.6 22.3 23.9 6.6 8.9
6 40.9 20.3 21.5 6.9 12.5
7 38.2 21.9 24.6 6.9 9.5
8 39.5 19.6 22.9 7.5 9.8
9 30.7 7.4 31.7 2.2 7.12
*1= (70%Grass + 30%Concentrate A), 2= (70%Grass + 30%Concentrate B), 3= (70%Grass + 30%Concentrate C), 4= (70%Grass +
30%Concentrate D), 5= (0%Grass + 100%Concentrate A), 6= ((0%Grass + 100%Concentrate B), 7= (0%Grass + 100%Concentrate C),
8= (0%Grass + 100%Concentrate D) and 9= (100%Grass + 0%Concentrate).
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Fig. 1: Gas porduction of PKC, BDG and wheat offal-based concentrate incubated with levels of guinea grass.

Fig. 2: Methane porduction of PKC, BDG and wheat offal-based concentrate incubated with grass.
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