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Abstract

 A study was done to evaluate banana peels, maize bran, cotton seed cake, Leucaena leaves and elephant grass for energy as feeds for goats, using in-vitro fermentation technique. The in-vitro media solution was prepared and fermentation bottles were prepared using 12 culture screw bottles, with a valve and connected to a teflon tube to allow fermentation of gas within the bottle to flow out and be measured. Rumen fluid (10ml) was used to inoculate substrate in all fermentation bottles, each containing 0.5 g of each sample including the blank under a continuous carbon dioxide flux. The bottles were incubated in the water bath at a temperature of 380C for 168 hours. The gas volumes were measured by displacement of water in a 100 ml measuring cylinder suspended in a water trough. The cumulative gas production was determined by subtracting gas from the blank and the results plotted against time of incubation.  The cumulative gas volume was associated with increase in bacterial activities in the rumen indicating the rate of degradation of the feeds. The result showed that maize bran, banana peels and elephant grass were primarily energy feeds in respect order of importance, while cotton seed cake and Leucaena leaves had the lowest levels and rate of gas production. 
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Introduction
Goats in Uganda are reared by tethering and sometimes are left to roam on their own especially in the dry seasons when crops have all been harvested (1). However, in the densely populated regions especially on the slopes of Mt Elgon in Eastern Uganda, where land is very scarce, goat farmers feed their animals mainly on banana leaves and potato vines in addition to grazing on hedges. It was doubtful if these feeds could meet the maintenance requirements of the goats for energy and digestible protein. It was against this background that the rational use of crop residues and agro-industrial by-products  were empirically validated and extensively documented as feed resource that could be used to improve the productivity of goats (2, 3). In Uganda Banana Peels (BP) crop residue, Cottonseed Cake (CSC) and Maize Bran (MB) are agro-industrial by-products that could supply readily fermentable carbohydrate and energy needed for increasing growth rate in goats. While the values of cotton seed cake and maize bran were known and commonly used, the nutritional value of banana peels for goats had received little attention.  A novel approach of using in vitro rumen fermentation technique (Menke et al., 1979) for evaluation of the nutritional quality of the feed resources that can be used as supplements for goat nutrition was undertaken. 
Materials and methods
The in vitro media solutions were prepared according to Goering and Van Soest (4). Fermentation bottles were prepared by using 12 (250ml) culture screw bottles. Holes of 1.2 cm in diameter were drilled through the caps of each bottle through which a valve cut from an old inner car tube was filled. This was connected to a teflon tube of about 6 cm to allow fermenta​tion gas within the bottle to flow out and be measured. The teflon tube was regulated by placing a clip which could be opened and closed as desired whenever the gas was measured. This arrangement was used in the absence of a gas syringe.

Oven dried samples (5g) (at 600C for 48 hrs) of maize brand, elephant grass, banana peels, cotton seed cake and Leucae​na leaves ground to pass through 2mm screen were used as substrates. Rumen fluid was obtained from a fistulated cow by using a vacuum pump which sucked both the fibres and rumen fluid at a rate of 2.0 cubic metres per hour into the jar full of carbon diox​ide. Fibres were collected in the rumen to obtain great quantity of fibre digesting micro-organisms which are normally attached to fibres.
The top layer of the rumen fluid was discarded and the bottom layer (with fibres) was blended in a Waring blender for 3 minutes. The rumen fluid was then sieved three times through cheese cloth into a beaker maintained under anaerobic condition affected by a continuous flush of carbon dioxide. 0.5 g of each feed sample was weighed and added into the fermenta​tion bottles in duplicate. Two bottles without the substrate were used as blank.  Forty mls of the in vitro solution was added into each fermentation bottles including the blank. Rumen fluid (10ml) was measured and used to inoculate substrate in all the fermentation bottles including the blank under continuous carbon dioxide flux. The bottles were sealed and incubated in the water bath at a temperature of 380C for 168 hours.
Gas volumes were recorded at interval of one hour in the first 10 hours and then at intervals of 4 hours up to 168 hours of incubation. The gas volumes were measured and recorded by displacement of water in a graduated 100 ml measuring cylinder suspended into a water trough. The cumulative gas production from fermentation was determined by subtracting gas from the blank. The results were plotted against time of incubation. This experiment was done three times.

Results 
Cummulative in-vitro gas production of elephant grass, banana peels, maize bran, cotton seed cake and Leucaena leaves were as shown in Fig.1. 
Fig.1.. Cummulative in-vitro gas production of elephant grass, , banana peels, maize bran, cotton seed cake and Leucaena leaves
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Discussion
In this study gas production was used as a measure of energy metabolized by rumen micro-organisms indicating the extent of utilization in the rumen (5). The cumulative gas volume was associated with increase in bacterial activities in the rumen indicating the rate of degradation of the feeds. Fig. 1 indicated that maize bran (MB), banana peels (BP) elephant grass were primarily energy feeds in respective order of importance. In this respect cotton seed cake and Leucaena leaves had the lowest levels and rate of gas production. The curvilinear trends observed in all the feeds were similar to curves that depict organic matter disappearance in nylon bag in the rumen (6). Typical curves had earlier been obtained with browse species (7) and straw (8). Theodorou et al. (9) indicated that gas volume was associated with increase in bacterial activities in fermentation cultures with a typical trend observed in maize bran and banana peels; however this was not clearly depicted with cotton seed cake and Leucaena leaves. The result clearly showed  that maize was readily fermented indicating increased activities of the sugar fermenting micro-organisms because of the readily available energy present and low fibre content of the ration. Low nitrogen content in banana peels was a critical constraint (10). However, this can be compensated for, by high digestible energy in banana peels believed to be a costly (11) and critical (3) nutrient in goat production.      
In conclusion, the in vitro fermentation technique in which gas production was measured has the advantage in that a large number of feed resources can be screened. Hence it could help in the development of feed supplements using locally available feed resources. In this study, low fibres, succulence and rapid degradation in the rumen were factors that promote intake of banana peels and hence both maize bran and banana peels could be suitable candidates in the feed inventory as supplements for the supply of energy for goat nutrition.
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