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4.1 Introduction 


Tropical carbon-4 plants such as sorghum tend to accumulate large amounts of low 


quality dry matter. Thus, diets based on such grasses are limiting in readily 


degradable nutrients and must be supplemented with feeds rich in those limiting 


nutrients (Hove et al., 2001). Forage legumes can be utilized for such a purpose. A 


major problem in evaluating the intake of leguminous forages lies in the reasons for 


which an animal may refuse the food (Provenza, 1995). One such reason might be 


low palatability, which may be defined as the low pleasing or satisfying aspect of a 


feed. Phenolics, alkaloids, tannins and aromatic compounds are some of the 


chemical compounds known to reduce palatability and intake, irrespective of the 


nutritional value of the feed (Ngwa et al., 2003).  


  


Grazing, herbivores select their diets from a range of plant species and plant parts 


that differ in their physical and chemical attributes (Dove, 1996), finally consuming a 


diet higher in nutrients than the average available in their environment (Illius & 


Gordon, 1994; Parsons et al., 1994). Feed selection may depend on palatability, and 


this depends on both plant and animal factors. Plant factors that influence palatability 


include physical structure and chemical composition of the plant, including the 


concentration of anti-nutrients or toxins (Provenza & Cincotta, 1994). Animal factors 


include the senses, species or breeds, individual variations, previous experience and 


physiological conditions (Marten, 1978). It has been proposed that animal 


preferences originate from the interrelationship between a feed’s taste and its post-


ingestive feedback, which is determined by an animal’s physiological state and a 


food’s chemical characteristics. The senses (i.e. sight, touch, smell and taste), 


stimulated in the presence of feed, allow animals to anticipate the post-ingestive 


effect of the feed (Provenza, 1995).  


  


Legumes are high in nitrogen contents and hence have the potential to increase 


productivity of goats feeding on low quality roughages. However, a number of these 


legumes have high levels of polyphenolic compounds, especially tannins (Reed, 


1995). The effects of such compounds on palatability of tropical legumes have not 


been extensively studied. Elsewhere, tannins have been found to reduce palatability 


of leaves of Acacia species when fed to goats (Mokoboki, 2007; Ngwa et al., 2003; 
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Kaito et al., 1997). Relationships between tannin contents and relative palatability 


indices are useful in predicting the feeding value of such legumes. The objectives of 


this study were, therefore, as follows: 


1. To determine relative palatability indices of Pedi goats offered forage sorghum 


hay (Sorghum sudanense), cowpea (Vigna ungiculata), lablab (Lablab 


purpureus) and mucuna (Mucuna pruriens) hays grown in Limpopo province 


2.  To determine associations between nutrient composition, intake and 


palatability indices of goats offered forage sorghum hay, cowpea, lablab, and 


mucuna hays grown in Limpopo province. 


 


4.2 Materials and methods 


4.2.1 Study site 


This experiment was carried out at the University of Limpopo Experimental Farm in 


June, 2009. The ambient temperatures in winter (May to July) ranged between 5 and 


28 oC. Mean annual rainfall ranged between 446.8 and 468.44 mm. The vegetation 


varied from a dense, short bushveld to a rather tree savanna of mostly Acacia 


species. The herbaceous layer is dominated by grasses such as Digitaria eriantha, 


Schmidtia pappophoroides and various Aristida and Eragrostis species (Low & 


Rebelo, 1996). 


 


4.2.2 Feeds 


Forage sorghum, cowpea, lablab and mucuna were grown in the summer of 2009 in 


large plots of 50 x 50 m under irrigation at the University of Limpopo Experimental 


Farm. The legumes were harvested at the flowering stage while forage sorghum was 


cut at early grain filling stage. The forages were harvested using a mower, and dried 


under the shade to minimise nutrient losses. After drying, the forages were chopped 


into 13 mm lengths, packed and then stored until feeding time. 
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4.2.3 Animals, housing and feeding 


Four male Pedi goats aged five months and weighing 18 + 2 kg were used. The 


goats were housed in a roofed and half-walled shed. Four feeds, (forage sorghum, 


cowpea, lablab and mucuna) were used as treatments. The experimental design was 


a completely randomized design, with feeds as treatments and individual animals as 


replicates. Each animal was provided with a feeding trough having four separate 


compartments to accommodate test feeds. The order of placement of feeds in the 


troughs was randomized every day to avoid habit reflex. The experiment was 


conducted for a total of 17 days, consisting of a 10-day period of adaptation to 


confinement feeding and diets followed by seven days of data collection. The goats 


were fed ad libitum, allowing a 15 % refusal of each diet as suggested by Kaitho et 


al. (1996). Water and a mineral mixture (Table 4.01) were provided ad libitum. Daily 


samples of feed offered to the animals were pooled over the collection period and 


dried for chemical analysis. The feeds offered and feed refusals were weighed and 


recorded for each animal on a daily basis. 


 


Table 4.01 Nutritional composition of the mineral block offered to the experimental 


animals 


Nutrient  Quantity 


Calcium  48.0 g/kg max 


Phosphorus  10.0 g/kg max 


Sulphur  6.0 mg/kg 


Magnesium  10 mg/kg 


Manganese  100 mg/kg 


Copper  25 mg/kg 


Cobalt  0.30 mg/kg 


Iron  208 mg/kg 


Sodium  2.5 mg/kg 


Zinc  100 mg/kg 


Selenium  0.5 mg/kg 


Vitamin A  12750 I.E/kg 


Source: Kanhym feed company, South Africa 
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4.2.4 Measurements and calculations  


A modification of the methods described by Ben Salem et al. (1994) and Kaitho et al. 


(1997) was adapted for the calculations. The intake of forage sorghum hay was used 


as the basis of comparing the intake and palatability of the other feeds. All 


calculations were done on dry matter basis. The following parameters were adopted: 


 


TI = Average daily intake of forage sorghum.  


Ti = Average daily intake of other feeds where i = 1, 2 and 3 representing 


        cowpea, lablab and mucuna. 


A1 = Quantity of forage sorghum hay offered. 


Ai = Quantity offered of other feeds (cowpea, lablab and mucuna) 


 


Relative palatability indices (Pi) which describe palatability of individual feeds in 


relation to forage sorghum were calculated as described by Ben Salem et al. (1994) 


and Kaitho et al. (1997). The calculations were as follows: 


PI = (TI/AI)/ (TI/AI) for forage sorghum.  


Pi = (Ti/Ai)/(TI/AI) where i = feeds1, 2 and 3 


 


In this way Pi was calculated for each feed on daily basis for the period of data 


collection.  


 


4.2.5 Chemical analysis 


Dry matter, organic matter, nitrogen, neutral detergent fibre, acid detergent fibre, 


condensed tannins, hydrolysable tannins and total polyphenolic contents of the feeds 


were determined as described in Chapter 3, Section 3.2.2.  


 


4.2.6 Statistical analysis 


Data on chemical composition and tannins contents were subjected to analysis of 


variance (SAS, 2008). Treatment means were compared using a least significant 







47 
 


difference (LSD) test at the 5 % level of probability. General linear model procedures 


(GLM) of SAS (2008) were used to compare effects of feed type on feed intake and 


palatability indices of goats. Linear regression analysis was used to establish 


associations between chemical characteristics, palatability indices and intake.  


 
 


4.3 Results 


Results of the nutrient composition of cowpea, lablab, mucuna and forage sorghum 


hays were as described in Chapter 3, Section 3.3 and Table 3.01. The effects of 


forage species on intake and palatability indices of goats are presented in Table 


4.02. Pedi goats ate similar (P>0.05) amounts of sorghum and cowpea hays. 


However, they ate larger (P<0.05) amounts of mucuna than lablab, sorghum and 


cowpea hays. Similarly, Pedi goats ate more (P<0.05) of lablab than sorghum and 


cowpea hays. Pedi goats had similar (P>0.05) palatability indices for mucuna and 


lablab hays. However, palatability indices for mucuna and lablab hays were higher 


(P<0.05) than those for cowpea hay. Goats had similar (P>0.05) palatability indices 


for lablab and sorghum hays.   


 


Table 4.02 Dry matter intake, palatability index and preference ranking forage 


hays by castrated Pedi goats 


   Treatment   SE 


Variable Cowpea Lablab Mucuna  Sorghum  


Intake (g/goat/day) 47.2c 278.3b 398.4a 58.9c 51.69 


Palatability indices 0.7c 3.0 ab 3.6a 1.0bc 1.65 


Preference ranking 4 2 1 3 - 


a b c d:  Means with different superscripts in the same row are significantly different 


 (P<0.05) 


SE: Standard error 


 
Series of linear regression equations that predict dry matter intake and palatability 


indices of goats from nutrient composition and dry matter intake of the three legumes 


and sorghum hay fed to Pedi goats are given in Table 4.03. Palatability indices were 
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positively and significantly (P<0.05) predicted from dry matter intakes of goats (r2 = 


0.98). However, there were poor and non-significant (P>0.05) relationships between 


nutrient contents of the forages and their intake and palatability indices by goats.  


 
 
Table 4.03 Prediction of dry matter intake (DMI) and palatability indices (Pi) of 


Pedi goats offered cowpea, lablab, mucuna and forage sorghum hays 


from intake, crude protein (CP), neutral detergent fibre (NDF), acid 


detergent fibre (ADF), condensed tannins (CT), hydrolysable tannins 


(HT) and total polyphenol (TP) contents 


Factor  Y-variable Formulae r2 
P 


DM (%) DMI Y = -5908.55240 +66.14566 0.36 0.398 


OM (%) DMI Y = -1553.48664 +20.03995 0.15 0.610 


CP (%) DMI Y = 110.62316 +4.69389 0.013 0.888 


NDF (%) DMI Y =  398.09952 + -4.96686 0.20 0.548 


ADF (%) DMI Y = 614.85667 + -10.22333 0.21 0.539 


CT*  DMI Y = 89.55260 + 776.40725  0.63 0.209 


HT (mg/g) DMI Y = -29.97147 + 1.53503  0.66 0.187 


TP (mg/g) DMI Y = 121.60061 +163.48458 0.26 0.488 


DMI (g/goat/day) Pi Y = 0.44902 + 0.00831 0.98 0.009 


DM (%) Pi Y = -51.52009 +0.58076 0.40 0.369 


OM (%) Pi Y = -13.11807 +0.17406 0.16 0.595 


CP (%) Pi Y = 1.61875 + 0.02517  0.01 0.928 


NDF(%) Pi Y = 3.69585 + -0.3978  0.19 0.568 


ADF (%) Pi Y = 5.65111 + -0.08722 0.22 0.531 


CT*  Pi Y = 1.27041 + 5.80932 0.51 0.284 


HT (mg/g) Pi Y = 0.29837 + 0.01197  0.58 0.237 


TP (mg/g) Pi Y = 1.33260 + 1.63795 0.37 0.389 


r2  : regression co-efficient 


P  :  Probability   


*   : CT as percentage DM luecocyanidin equivalent 
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4.4 Discussion 


Legumes had higher protein contents and lower fibre contents than sorghum. 


However the preference rankings for the evaluated forages produced the following 


order: mucuna > lablab > sorghum > cowpea. The high intake and palatability indices 


of mucuna and lablab by goats suggest that these legumes can be utilised as protein 


supplements to goats feeding on low quality roughages.  


  


Legumes, mucuna in particular, had markedly higher polyphenolic compounds. 


Polyphenolic compounds, especially tannins, tend to reduce intake, digestibility and 


palatability of a feed (Makkar, 1993). However, in the present study, mucuna had the 


highest amounts of both condensed tannins and hydrolysable tannins but it was 


consumed in larger amounts than the other forages. Numez-Hernandez et al. (1989) 


reported similar results where Juniperus monosperma, a diet high in phenolic/tannin 


compounds, fed to Angora goats resulted in a higher dry matter intake than an alfalfa 


diet low in phenolic/tannin compounds. It has been suggested that, depending on the 


chemical structure and concentration, condensed tannins can also have beneficial 


effects on the nutrition and health of ruminants (Min et al., 2003). Rumen 


degradation escape, urea recycling and microbial efficiency are mechanisms by 


which tannins in forage legumes may increase the efficiency of protein utilization by 


ruminants (Reed et al., 1990).  


 


Palatability indices were positively and significantly predicted from dry matter intakes 


of goats. Other workers (Ikhimioya, 2008; Ravhuhali, 2010) reported similar results 


where relative palatability indices were positively and significantly correlated with 


daily intake. This is in line with the assertions made by Marten (1970) and Arnold 


(1970) that palatability influences voluntary intake.  


 


There were poor relationships between nutrient composition and intake and 


palatability indices for goats. Forages high in protein, for example cowpea, gave 


lower palatability indices and intake values. These findings are similar to those of 


Kaitho et al. (1997) and Ravhuhali (2010) who observed poor relationships between 


palatability indices of goats and chemical constituents of forages. However, Alonso-


Díaz et al. (2008) reported negative correlations between dry matter intakes by goats 
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of Lysiloma latisiliquum, Acacia pennatula, Piscidia piscipula and Brosimun 


alicastrum and condensed tannins and total tannins. Phenolics, alkaloids, tannins 


and aromatic compounds alter palatability and intake, irrespective of the nutritional 


value of the feed (Ngwa et al., 2003). Ikhimioya (2008) also reported poor 


relationships between relative palatability indices in goats and fibre contents of 


leaves of Afzelia africana, Bambusa vulgaris, Chromolaena odorata, Mangifera 


indica and Newbouldia laevis. This is consistent with the results of Hadjigeorgiou et 


al. (2003) who reported, for sheep and goats, poor relationships between forage 


preference rankings with their fibre characteristics.  


 


 


4.5 Conclusion 


The results of this study suggest that cowpea, lablab and mucuna legumes are a 


valuable source of protein for Pedi goats. Lablab and mucuna legumes had higher 


intake and palatability indices, suggesting that these legumes can be utilized as 


protein supplements to goats feeding on low quality roughages. There were poor 


relationships between nutrient composition and intake and palatability, hence 


nutrient content is an unreliable predictor of intake and palatability. Some forages 


high in condensed tannins, for example mucuna, gave higher intake and palatability 


indices. This may indicate that condensed tannins can also have beneficial effects 


on the nutrition of ruminants. Further studies are required to determine how these 


beneficial effects came about.  
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5.1 Introduction 


A major problem facing livestock producers in tropical areas is poor nutrition for their 


animals during the dry or winter seasons when available feeds are of low feeding 


values. Such feeds are mainly low quality forages and they are very limiting in 


protein contents (Mupangwa et al., 2002). Ruminant animals can digest the 


celluloses and hemicelluloses present in such feeds. However, digestibility of these 


carbohydrates is very low and less extensive because of the limiting nitrogen in 


these forages. Forage legumes with high nitrogen contents may be appropriate 


supplements for increasing intake and digestibility of these low quality roughages 


(Mupangwa, 2000). Such forage legumes include cowpeas, lablab and mucuna. 


These legumes are high in nitrogen contents and hence have the potential to 


increase productivity of goats feeding on low quality roughages in Limpopo Province. 


However, some of these legumes contain polyphenolic compounds which may 


reduce diet intake and digestibility (Reed, 1995). The effects of such compounds in 


tropical legumes on diet intake and digestibility have not been extensively studied. 


Thus, extensive evaluation of these forage legumes in terms of their effects on diet 


intake and digestibility is appropriate. The objectives of this study were, therefore, as 


follows: 


 


1. To determine nutrient and tannin contents in forage sorghum mixed with 


cowpea, lablab and mucuna hays at different proportions or levels. 


2. To determine diet intake, digestibility and weight gain of seven months old 


Pedi goats fed a basal diet of forage sorghum supplemented with different 


amounts of cowpea, lablab or mucuna hays.  


3.  To determine relationships between nutrient contents and feeding values of 


forage sorghum mixed with different amounts of cowpea, lablab or mucuna 


hays. 
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5.2 Materials and methods 


5.2.1 Study site 


This experiment was carried out at the University of Limpopo Experimental Farm 


between July and October 2009. The ambient temperatures in winter (May to July) 


ranged between 5 and 28 0C, and in summer (December to March) they ranged 


between 10 and 32 0C. Mean annual rainfall ranged between 446.8 and 468.44 mm. 


The dry season is between April and November and the rainy season is between 


December and March.  The vegetation varies from a dense, short bushveld to a 


rather tree savanna of mostly Acacia species. The herbaceous layer is dominated by 


grasses such as Digitaria eriantha, Schmidtia pappophoroides and various Aristida 


and Eragrostis species (Acocks, 1988; Low & Rebelo, 1996).  


 


5.2.2 Experimental design, treatments and procedures 


Forage sorghum, cowpea, lablab, and mucuna hays were grown in large plots of 50 


x 50 m. The forages were grown in the summer of 2008, under irrigation, between 


January and April. At harvesting, the legumes were at the flowering stage while 


forage sorghum was at early grain filling stage. The forages were harvested using a 


mower, and dried under the shade to minimise nutrient losses. After drying, the 


forages were chopped (12.7 mm length) to reduce selection by animals when 


feeding (Mentu et al., 2001). The dried and chopped forages were then thoroughly 


mixed according to the different ratios and packed into sacks as hay for winter-


feeding. Samples of the forages were ground to pass a 1 mm screen for nutrient 


analysis. Samples for tannin analysis were further ground to pass through a 0.2 mm 


screen. Ground samples were stored individually in airtight containers until analysis.  


  


This study was divided into a series of experiments due to lack of equipment to 


conduct the whole experiment in one session. The experimental design was a 


completely randomized design, with individual animals placed in digestibility crates 


as experimental units. A total of four experiments were conducted to determine the 


effect of supplementing forage sorghum with forage legumes on diet intake, 


digestibility and change in body weight of Pedi goats. Experiments 5.1 to 5.3 


involved cowpea, lablab and mucuna hays, respectively, while Experiment 5.4 


compared the levels of supplementation for optimum intake from each of the first 
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three experiments, as indicated in below. The dietary treatments for optimum intake 


were derived from the quadratic equations described in Section 5.2.4. The 


experimental treatments were as listed below: 


 


Experiment 5.1 Treatments: 


FS90C10: A mixture of 90 % forage sorghum and 10% cowpea 


FS80C20: A mixture of 80 % forage sorghum and 20% cowpea  


FS70C30: A mixture of 70 % forage sorghum and 30% cowpea   


FS60C40: A mixture of 60 % forage sorghum and 40% cowpea  


FS90C50: A mixture of 50 % forage sorghum and 50% cowpea 


 


Experiment 5.2 Treatments: 


 FS90L10: A mixture of 90 % forage sorghum and 10% lablab  


FS80L2 0: A mixture of 80 % forage sorghum and 20% lablab  


FS70L3 0: A mixture of 70 % forage sorghum and 30% lablab  


FS60L4 0: A mixture of 60 % forage sorghum and 40% lablab  


FS50L5 0: A mixture of 50 % forage sorghum and 50% lablab   


 


Experiment 5.3 Treatments: 


FS90M10: A mixture of 90 % forage sorghum and 10% mucuna  


FS80M20: A mixture of 80 % forage sorghum and 20% mucuna   


FS70M30: A mixture of 70 % forage sorghum and 30% mucuna  


FS60M40: A mixture of 60 % forage sorghum and 40% mucuna  


FS50M50: A mixture of 50 % forage sorghum and 50% mucuna  


 


Experiment 5.4 Treatments: 


FS61C39: A mixture of 61 % forage sorghum and 39 % cowpea  


FS68L32: A mixture of 68 % forage sorghum and 32 % lablab  


FS77M23: A mixture of 77 % forage sorghum and 23 % mucuna       
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Fifteen growing yearling male Pedi goats and, with mean live weights of 15 + 4 kg 


(Experiment 5.1), 18 + 2 kg (Experiment 5.2), and 17 + 3 kg (Experiment 5.3) were 


used. Nine goats with a mean live weight of 20 + 4 kg were used in Experiment 5.4. 


In each experiment, different goats were used. A total of 54 goats were used. During 


the adaptation or preliminary period, each goat was initially allowed 700 g of feed per 


day in individual troughs. This amount was adjusted accordingly so that a 10 % feed 


refusal was maintained to avoid selection. Feed and water were provided ad libitum. 


A mineral mixture (Table 4.01) was provided ad libitum.  


 


Table 5.01 Nutritional composition of the mineral block offered to the experimental 


animals 


Nutrient Quantity 


Calcium 48.0 g/kg max  
Phosphorus 10.0 g/kg max 
Sulphur   6.0 g/kg 
Magnesium 10   mg/kg 
Manganese 100  mg/kg 
Copper  25  mg/kg 
Cobalt 0.30 mg/kg 
Iron 208  mg/kg 
Sodium 2.5  mg/kg 
Zinc 100 mg/kg 
Selenium 0.5  mg/kg 
Vitamin A 12750 I. E/kg 


Source: Kanhym feed company, South Africa 


 


The amount of feed offered to each animal was weighed and recorded daily and feed 


refusals were weighed every morning to determine the dry matter amount consumed 


by difference. Faeces and urine were collected by means of a screen which 


separated the faeces from mixing with urine. About 200 ml of 0.1 HCL was added to 


each urine container, to prevent volatisation of ammonia. Each experiment was 


conducted for a total of 22 days, consisting of a 15-day adaptation period followed by 


7 days of feeding to determine diet intake, digestibility and live weight change of the 


goats. Feed and feed refusal samples were collected from each diet and stored for 


laboratory analysis. Similarly, faecal samples were collected daily, oven-dried, 


weighed and then stored in a cool and dry box for chemical analysis. At the end of 
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the collection period the composite faeces sampled on individual animal basis were 


thoroughly mixed and a sample taken for chemical analysis. From the food eaten 


and faecal matter secreted, apparent digestibility of the nutrients were calculated. 


The goats were weighed twice, on the 16th day when intake and digestibility 


measurements commenced and on the 22
nd


 day when data collection ended. The 


difference in weight was divided by seven days to estimate daily changes in body 


weight. Blood samples were taken from the jugular vein just before the morning 


feeding on the last day of the experiment. Immediately after sampling, blood was 


centrifuged and serum was collected and frozen at -20 0C until analyzed for blood 


urea and blood glucose using automated procedures on the I LAB 300 Plus 


Chemistry System supplied by Instrumentation Laboratory Company (Italy). 


 


5.2.3 Chemical analysis  


The procedures for the determination of organic matter, crude protein, NDF, ADF, 


hydrolysable tannins, total polyphenols and condensed tannins were as described in 


Chapter 3, Section 3.2.3.    


 


5.2.4 Statistical analysis  


All data on intake, in vivo digestibility and live weight change of goats were subjected 


to GLM procedures of SAS (2008) to detect treatment effects. Treatment means 


were compared using a least significant difference (LSD) test at the 5 % level of 


probability. Correlation analysis was used to establish associations between tannin 


contents, feeding values and dietary intake. The dose-related responses, where 


applicable, were modelled using the following quadratic equation (SAS, 2008): 


Y = a + b1 X + b2 X
2 


Where y = intake, digestibility, blood metabolite, nitrogen retention or live weight 


change; a = intercept; b = coefficients of the quadratic equation; X = level of 


supplementation and –b1/2b2=X value for optimum response. 


Where applicable, the relationship between optimal responses in feed intake, organic 


matter intake, crude protein intake, neutral detergent fibre intake, acid detergent fibre 
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intake, digestibility, blood metabolite, nitrogen balance or live weight change were 


modelled using a linear regression equation (SAS, 2008) of the form: 


Y = a + bx 


Where y = for example, optimal intake, organic matter intake, crude protein intake, 


neutral detergent fibre intake, acid detergent fibre intake, digestibility, blood 


metabolite, nitrogen balance or live weight change; a = intercept; b = coefficient of 


the linear equation and x = level of supplementation. 


 


5.3 Results  


5.3.1 Nutrient composition of dietary treatments used in each experiment 


Results of the nutrient composition of mixtures of cowpea, lablab, mucuna and 


forage sorghum hays at different mixture ratios are presented in Tables 5.02, 5.03, 


5.04 and 5.05. Treatments supplemented with higher levels of the different legume 


hays had higher (P<0.05) protein contents than those with lower legume inclusion. 


Treatments supplemented with higher levels of lablab or mucuna hays had higher 


(P<0.05) hydrolysable tannins and total polyphenols than those with lower lablab or 


mucuna hay inclusions. However, treatments supplemented with higher levels of 


cowpea hay had lower (P>0.05) hydrolysable tannins and total polyphenols than 


those with higher cowpea hay inclusion. Similarly, all treatments supplemented with 


higher levels of the different legume hays had lower (P>0.05) contents of neutral 


detergent fibre, acid detergent fibre, and condensed tannins than those with lower 


levels of legume inclusion. The level of supplementation for optimum intake for 


mucuna (FS77M23) and lablab hay (FS68L32) treatments had higher (P<0.05) neutral 


detergent fibre, acid detergent fibre, and hydrolysable tannins than that of cowpea 


(FS61C39). Similarly, the level of supplementation for optimum intake for cowpea had 


higher (P<0.05) crude protein than those of lablab and mucuna, while the level of 


supplementation for optimum intake for lablab hay had higher (P<0.05) total 


polyphenols than those of cowpea and mucuna. 
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Table 5.02 Nutrient composition and tannin contents of mixtures of cowpea and 


sorghum hays at different mixture ratios 


   Treatment    SE 


Variable FS90C10 FS80C20 FS70C30  FS60C 40 FS50C 50  


Crude protein (%)  13.8e 14.6d 15.7c 16.5b 17.4a 0.38 


Neutral detergent fibre 


(%)  


 61.0a 58.5b 56.2c 53.3d 51.0e 0.42 


Acid detergent fibre 


(%)   


 49.9a 47. 7b 46.2c 44.2d 42.0e 0.32 


Condensed Tannins*    0.057a 0.054ab 0.051bc 0.047c 0.047c 0.000 


Hydrolysable tannins 


(mg/g) 


 108.1a 105.1b 102.1c 99.8d 92.3e 0.32 


Total polyphenols 


(mg/g)  


 0.17a 0.15ab 0.13bc 0.12d 0.11e 0.12 


a b c d:  Means with different superscripts in the same row are significantly different 


(P<0.05) 


SE: Standard error 


*:  Condensed tannins as percentage DM luecocyanidin equivalent 
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Table 5.03 Nutrient composition and tannin contents of mixtures of lablab and 


sorghum hays at different mixture ratios 


   Treatment    SE 


Variable FS90L10 FS80L20 FS70L30  FS60L40 FS50L50  


Crude protein (%)  13.5d 14.3c 14.5c 15.3b 16.0a 0.34 


Neutral detergent fibre 


(%)  


 61.1a 58.1b 55.0c 52.1d 49.2e 0.16 


Acid detergent fibre 


(%)   


 52.2 a 47.7ab 45.6bc 43.2bc 41.6c 2.56 


Condensed Tannins*    0.057a 0.056b 0.055b 0.053c 0.052d 0.000 


Hydrolysable tannins 


(mg/g) 


 111.5b 111.5b 111.6b 111.7b 112.3a 0.19 


Total polyphenols 


(mg/g)  


 0.27c 0.37bc 0.48ab 0.55a 0.62a 0.08 


abcd:  Means with different superscripts in the same row are significantly different 


(P<0.05) 


SE: Standard error 


*:  Condensed tannins as percentage DM luecocyanidin equivalent 
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Table 5.04 Nutrient composition and tannin contents of mixtures of mucuna and 


sorghum hays at different mixture ratios 


   Treatment    SE 


Variable FS90M10 FS80M 20 FS70M 30  FS60M40 FS50M50  


Crude protein (%)  13.4e 14.0 d 14.4c 15.1b 15.5a 0.17 


Neutral detergent fibre 


(%)  


 61.5a 56.7b 56.7b 54.6b 52.1b 2.55 


Acid detergent fibre 


(%)   


 50.2a 48.8b 47.6c 45.5d 44.1e 0.24 


Condensed Tannins*    0.057a 0.055ab 0.054bc 0.053c 0.51d 0.000 


Hydrolysable tannins 


(mg/g) 


 127.6e 143.7d 162.8c 180.5b 197.9a 3.59 


Total polyphenols 


(mg/g)  


 0.17b 0.19b 0.22ab 0.24a 0.25a 0.02 


abcd:  Means with different superscripts in the same row are significantly different 


(P<0.05) 


SE: Standard error 


*:  Condensed tannins as percentage DM luecocyanidin equivalent 
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Table 5.05 Nutrient composition and tannin contents of mixtures of cowpea, lablab 


and mucuna with sorghum for optimum intake 


  Treatment   SE 


Variable FS61C39 FS68L32 FS77M23   


Crude protein (%)  61.50a 14.74b 14.31c 0.17 


Neutral detergent fibre (%)   53.75c 54.47b 58.45a 0.13 


Acid detergent fibre (%)    44.20c 45.19b 48.33a 0.10 


Condensed Tannins*    0.05b 0.06ab 0.13a 0.03 


Hydrolysable tannins (mg/g)  99.3c 111.8b 150.1a 0.44 


Total polyphenols (mg/g)   0.14c 0.52a 0.23b 0.11 


abcd:  Means with different superscripts in the same row are significantly different 


(P<0.05) 


SE: Standard error 


*:  Condensed tannins as percentage DM luecocyanidin equivalent 


 


5.3.2 Effect of cowpea hay supplementation on dietary intake, diet 


digestibility, live weight changes, nitrogen balance and blood 


metabolite profiles in Pedi goats fed a basal diet of sorghum hay 


The results of the effect of cowpea hay supplementation on dietary intake, 


digestibility, live weight change, nitrogen balance and blood metabolic profiles of 


Pedi goats fed a basal diet of forage sorghum hay are presented in Table 5.06. Daily 


dry matter intakes were similar (P>0.05) across dietary treatments, ranging from 370 


to 511 g per goat per day. Similarly, goats consumed the same (P>0.05) amounts of 


organic matter and neutral detergent fibre contents. However, Pedi goats on diets 


supplemented with 20, 30, 40 and 50 % of cowpea hay had higher (P<0.05) crude 


protein and acid detergent fibre intakes than those supplemented with 10 %. Pedi 


goats on diets supplemented with 50 % cowpea hay had higher (P<0.05) dry matter, 


organic matter and crude protein intakes per metabolic weight relative to those on 
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other dietary treatments. Similarly, goats on diets supplemented with 10 and 20 % 


cowpea hay had higher (P<0.05) neutral detergent fibre and acid detergent fibre  


Table 5.06 Effect of different levels of cowpea hay supplementation on dietary 


intake, diet digestibility, live weight changes, nitrogen balance and blood metabolic 


profiles in Pedi goats fed a basal diet of forage sorghum hay  


   Treatment SE 


Variable FS90C10 FS80C20  FS70C30  FS60C40  FS50C50   


Intake (g/goat/day) 
 DM 370 511 469 476 500 50.59 
 OM 320 426 394 395 417 40.49 
 CP 53b 76a 74a 79.a 88a 7.53 
 NDF 370 345 285 291 292 36.09 
 ADF 194b 283a 245a 247a 242a 24.34 
Intake (g/kgW-0.75)      
 DM 80d 99b 80d 93c 101a 0.28 
 OM 70d 83b 68e 75c 85a 1.01 
 CP 12d 14bc 13cd 17ab 18a 1.02 
 NDF 81a 68b 48e 56d 59c 0.68 
 ADF 43d 55a 42e 48c 49b 0.30 
Digestibility (decimal)      
 DM 0.57 0.67 0.65 0.69 0.65 0.04 
 OM 0.59 0.66 0.59 0.65 0.68 0.07 
 CP 0.70b 0.76a 0.69b 0.80a 0.75a 0.03 
 NDF 0.65 0.69  0.59 0.66 0.62 0.07 
 ADF 0.43 0.52 0.40 0.50 0.53 0.01 
 
Nitrogen intake (g/day)     8.4b 12.1a 11.8a 12.7a 14.0a 1.20 
Nitrogen retention  5.9c 9.2ab 8.2b 10.1a 10.5a 1.01 
(g/day)       
 
Blood metabolites(mmol/L) 
 Blood glucose  2.5 3.3 3.1 3.4 3.4 0.37 
 Blood urea  7.3c 7.8 ab 6.6c 7.3ab 8.3a 0.53 
 
Live weight change (g/goat/day) 
 Initial (kg) 14.9 17.7 19.7 16.7 15.0 0.92 
 Final (kg) 15.6b 18.2ab 20.4a 17.4ab 16.03ab 1.42 
 Weight gain 140 100 140 140 212 308.1 
 (g/goat/day)       
        
Feed Conversion Ratio 2.57c 5.11a 3.35b 3.40b 2.36d 0.002 


abcd:  Means with different superscripts in the same row are significantly different 


 (P<0.05) 


SE: Standard error 
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intake per metabolic weight, respectively, than those on other dietary treatments. 


Goats supplemented with 30 % cowpea hay had lower (P>0.05) neutral detergent 


fibre and acid detergent fibre intakes per metabolic weight than those on other 


dietary treatments.  


  


Dry matter, organic matter, neutral detergent fibre and acid detergent fibre 


digestibility values were similar across the dietary treatments. However, goats on 


diets supplemented with 20, 40 and 50 % cowpea hay had higher (P<0.05) dietary 


crude protein digestibility values than those supplemented with 10 and 30 % cowpea 


hay. Pedi goats supplemented with 20, 30, 40 and 50 % of cowpea hay had higher 


(P<0.05) nitrogen intakes than those supplemented with 10 % cowpea hay. Similarly, 


goats supplemented with 20, 40 and 50 % cowpea hay retained higher (P<0.05) 


amounts of nitrogen than those supplemented with 10 and 30 % cowpea hay. Goats 


on 40 and 50 % cowpea hay supplementations retained higher (P<0.05) nitrogen 


contents than those on 10 and 30 % cowpea hay supplementations. Cowpea 


supplementation level did not (P>0.05) have effects on blood glucose concentration. 


However, blood urea concentrations were different (P<0.05) ranging from 7.28 to 


8.33 mmol/L of blood. Goats on diets supplemented with 20, 40 and 50 % of cowpea 


hay had higher (P<0.05) blood urea than those on 10 and 30 % cowpea hay 


treatments. Cowpea hay supplementation level did not (P>0.05) have effects on 


weight gain of goats. However, cowpea hay supplementation had effect (P<0.05) on 


final live weights. Goats supplemented with 30 and 10 % cowpea hay had the 


highest and lowest respective final weights. Goats on diets supplemented with 20, 40 


and 50 % of cowpea hay had similar (P>0.05) final weights. However, goats on a 50 


% cowpea hay supplementation level had a better (P<0.05) feed conversion ratio   


than those on 20, 30 and 40 % cowpea hay supplementation levels. Animals on a 10 


% cowpea hay supplementation level had a better (P<0.05) feed conversion ratio 


than those on 20, 30 and 40 % cowpea hay supplementation levels. Similarly, goats 


on 30 and 40 % cowpea hay supplementation levels had a better (P<0.05) feed 


conversion ratio than those on 20 % cowpea hay supplementation level.  


 


The results of the effect of level of cowpea hay supplementation on dietary intake, 


digestibility, live weight change, nitrogen balance and blood metabolites of Pedi 
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goats fed forage sorghum hay are presented in Figures 5.01 to 5.20 and Table 5.07. 


Dry matter, organic matter, crude protein and acid detergent fibre intakes were 


optimised at 39, 39, 54 and 33 % levels of cowpea hay supplementation, 


respectively (Figures 5.01, 5.02, 5.03, 4.05 and Table 5.02). Neutral detergent fibre 


intake (Figure 5.04), neutral detergent fibre intake per metabolic weight (Figure 


5.09), neutral detergent fibre digestibility (Figure 5.14) and feed conversion ratio 


(Figure 5.19), decreased linearly with increasing levels of cowpea hay 


supplementation. Dry matter (r2=0.317), organic matter (r2=0.210) and crude protein 


(r2=0.840) intakes per metabolic weight increased linearly with increasing levels of 


cowpea hay supplementation (Figures 5.06, 5.07 and 5.08, respectively). Similarly, 


dry matter (r2=0.389), organic matter (r2=0.418), crude protein (r2=0.239) and acid 


detergent fibre (r2=0.487) digestibilities increased linearly with increasing levels of 


cowpea hay supplementation (Figures 5.11, 5.12, 5.13 and 5.15, respectively). Live 


weight (r2=0.515), also, increased linearly with increasing levels of cowpea hay 


supplementation (Figure 5.20). Dry matter intake, nitrogen retention and blood 


glucose were optimised at 38.66, 56.25 and 33.00 % levels of cowpea hay 


supplementation, respectively (Figures 5.01, 5.16 and 5.17, respectively, and Table 


5.03).  


 


 


 


 


 


 


 


 







65 


 


 


Fig 5.01 Effect of cowpea hay level of supplementation on dry matter intake in 


Pedi goats fed forage sorghum hay 
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Fig 5.02 Effect of cowpea hay level of supplementation on organic matter intake 


in Pedi goats fed forage sorghum hay 
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Fig 5.03 Effect of cowpea hay level of supplementation on crude protein intake 


in Pedi goats fed forage sorghum hay 
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Fig 5.04 Relationship between cowpea hay level of supplementation and diet 


neutral detergent fibre (NDF) intake in Pedi goats fed forage sorghum 


hay 
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Fig 5.05 Effect of cowpea hay level of supplementation on acid detergent fibre 


(ADF) intake in Pedi goats fed forage sorghum hay 
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Fig 5.06 Relationship between cowpea hay level of supplementation and diet 


dry matter intake per metabolic weight in Pedi goats fed forage 


sorghum hay 
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Fig 5.07 Relationship between cowpea hay level of supplementation and diet 


organic matter intake per metabolic weight in Pedi goats fed forage 


sorghum hay 
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Fig 5.08 Relationship between cowpea hay level of supplementation and diet 


crude protein intake per metabolic weight in Pedi goats fed forage 


sorghum hay 
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Fig 5.09 Relationship between cowpea hay level of supplementation and diet 


neutral detergent fibre (NDF) intake per metabolic weight in Pedi goats 


fed forage sorghum hay 


Y=79.200+ -0.560x 


 r2= 0.492 
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Fig 5.10 Relationship between cowpea hay level of supplementation and diet 


acid detergent fibre (ADF) intake per metabolic weight in Pedi goats 


fed forage sorghum hay  


Y=45.900+ -0.050x 


 r2= 0.023 
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Fig 5.11 Relationship between cowpea hay level of supplementation and diet 


dry matter fibre digestibility in Pedi goats fed forage sorghum hay  
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Fig 5.12 Relationship between cowpea hay level of supplementation and diet 


organic matter fibre digestibility in Pedi goats fed forage sorghum hay  
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Fig 5.13 Relationship between cowpea hay level of supplementation and diet 


crude protein digestibility in Pedi goats fed forage sorghum hay 
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Fig 5.14 Relationship between cowpea hay level of supplementation and diet 


neutral detergent fibre (NDF) digestibility in Pedi goats fed forage 


sorghum hay  
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Fig 5.15 Relationship between cowpea hay level of supplementation and diet 


acid detergent fibre (ADF) digestibility in Pedi goats fed forage 


sorghum hay  
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Fig 5.16 Effect of cowpea hay level of supplementation on nitrogen retention in 


Pedi goats fed forage sorghum hay 
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Fig 5.17 Effect of cowpea hay level of supplementation on blood glucose in Pedi 


goats fed forage sorghum hay 
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Fig 5.18 Relationship between cowpea hay level of supplementation and blood 


urea in Pedi goats fed forage sorghum hay  


 


 


 


 


 


 


 


Y=6.170+0.035x
 


 r
2
= 0.4446 


Cowpea hay level of supplementation (%) 


 


B
lo


o
d


 u
re


a
 (


m
m


o
l/
L


) 


 







83 


 


 


Fig 5.19 Relationship between cowpea hay level of supplementation and feed 


conversion ratio in Pedi goats fed forage sorghum hay  
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Fig 5.20 Relationship between cowpea hay level of supplementation and live 


weight change in Pedi goats fed forage sorghum hay 


 


 


 


 


 


 


 


Y=91.200+-1.840x
 


 r
2
= 0.515 


 


Cowpea hay level of supplementation (%) 


L
iv


e
 w


e
ig


h
t 


g
a


in
 (


g
/d


a
y
) 







85 


 


Table 5.07 Cowpea hay level of supplementation for optimum dietary intake,   


nitrogen retention and blood glucose in Pedi goats 


Factor Formula Ratio for 


optimal 


level 


 Optimal 


Y- Level  


r2 P 


Intake (g/goat/day) 


DM Y=320.747+9.279x+ -0.120x2 38.66 500 0.307 0.111 


OM Y=274.000+7.416x + -0.096x2 38.63 417 0.568 0.432 


CP Y=41.600+1.630x+ -0.015x2 54.33 56 0.847 0.153 


ADF Y=150.200+6.943x+ -0.106x2 32.75 264 0.479 0.521 


      


N retention (mmol/L) 


 Y=4.300x+0.225x+ -0.002x2 56.25 11 0.599 0.200 


Blood glucose (mmol/L) 


 Y=2.020+0.066x+ -0.001x2 33.00 3 0.782 0.218 


r2 : regression co-efficient 


P  : Probability 


 


 


5.3.3 Effect of lablab hay supplementation on dietary intake, diet  


digestibility, live weight changes, nitrogen balance and blood 


metabolic profiles in Pedi goats fed a basal diet of forage sorghum 


hay 


The results of the effect of lablab hay supplementation on dietary intake, digestibility, 


live weight change, nitrogen balance and blood metabolic profile of Pedi goats fed a 


basal diet of forage sorghum hay are presented in Table 5.08.  
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Table 5.08 Effect of different levels of lablab hay supplementation on dietary 


intake, diet digestibility, live weight changes, nitrogen balance and 


blood metabolic profiles in Pedi goats fed a basal diet of forage 


sorghum hay  


   Treatment SE 


Variable FS90L10 FS80L20   FS70L30  FS60L40  FS50L50   


Intake (g/goat/day) 
 DM 517 552. 583 565 539 55.63 
 OM 324 465 494 489 434 75.71 
 CP 70 78 86 87 86 8.08 
 NDF 424 402 400 378 337 30.56 
 ADF 191 227 217 214 211 17.50 
Intake (g/kgW-0.75)      
 DM 92c 100bc 111ab 112a 104ab  5.38 
 OM 57d 84c 93b 97a 85c 0.93 
 CP 14c 14b 17a 17a 17a 0.75 
 NDF 76 72 67 75 65 7.57 
 ADF 33b 40a 41a 43a 41a 1.33 
Digestibility (decimal)      
 DM 0.66 0.67 0.68 0.69 0.70 0.02 
 OM 0.58 0.63 0.74 0.73 0.69 0.10 
 CP 0.72b 0.73b 0.77a 0.79a 0.78a 0.02 
 NDF 0.74 0.71 0.78 0.73 0.71 0.05 
 ADF 0.22 0.27 0.73 0.59 0.54 0.23 
 
Nitrogen intake (g/day)   11.3 12.5 13.8 13.8 13.9 1.29 
Nitrogen retention  8.1c    9.1 bc 10.6 ab 11.1 a 10.7a 0.83 
(g/ day)       
 
Blood metabolites (mmol/L) 
 Blood glucose  2.7 2.9 3.3 2.3 3.2 0.53 
 Blood urea  5.9 7.9 7.0 7.4 7.9 1.25 
 
Live weight change (g/goat/day) 
 Initial (kg) 19.7 20.4 17.9 18.3 18.6 1.92 
 Final (kg) 19.5 19.5 17.8 18 18 1.71 
 Weight gain/loss -40 -180 -20 -60 -120 318.1 
 (g/goat/day)       


 


abcd:  Means with different superscripts in the same row are significantly different 


 (P<0.05) 


SE: Standard error 
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Daily dry matter, organic matter, crude protein, neutral detergent fibre and acid 


detergent fibre intakes of the diets were similar (P>0.05) across dietary treatments. 


Pedi goats on diets supplemented with 30, 40 and 50 % lablab hay had higher 


(P<0.05) dry matter and crude protein intakes per metabolic weight relative to those 


on other dietary treatments. Similarly, goats on diets supplemented with 40 % lablab 


hay had higher (P<0.05) organic matter intake than those on other dietary 


treatments. Lablab hay supplementation level did not (P>0.05) affect neutral 


detergent fibre intake per metabolic weight. However, goats on diets supplemented 


with 20, 30, 40 and 50 % of lablab hay had similar (P>0.05) acid detergent fibre 


intakes per metabolic weight which were higher (P<0.05) than those on diets 


supplemented with 10 %. Pedi goats had similar (P>0.05) dry matter, organic matter, 


neutral detergent fibre and acid detergent fibre digestibility values across the 


treatments. Goats on diets supplemented with 30, 40 and 50 % of lablab hay had 


similar (P>0.05) crude protein digestibilities, which were higher (P<0.05) than those 


on diets supplemented with 10 and 20 % lablab hay.  


  


Daily nitrogen intakes were similar (P>0.05) across dietary levels ranging from 11.6 


to 13.93 g per goat day. However, goats supplemented with 30, 40 and 50 % lablab 


hay had similar (P>0.05) nitrogen retention values which were higher (P<0.05) than 


those supplemented with 10 and 20 %. Lablab hay supplementation level did not 


have effect (P>0.05) on blood glucose and blood urea. Similarly, lablab hay 


supplementation level did not have effect (P>0.05) on live weights of Pedi goats. All 


goats lost weight.  


  


 The results of the effect of level of lablab hay supplementation on dietary intake, 


digestibility, live weight change, nitrogen balance and blood metabolites of Pedi 


goats fed forage sorghum hay are presented in Figures 5.21 to 5.39 and Table 5.09. 


Dry matter (r2=0.532), organic matter (r2=0.974), crude protein (r2=0.989) and acid 


detergent fibre (r2=0.622)  intakes were optimized at 32.29, 34.04, 41.14 and 32.48 


% levels of lablab hay supplementation, respectively (Figures 5.21, 5.22, 5.23, 5.25 


and Table 5.09). Neutral detergent fibre intake (r2=0.904), neutral detergent fibre 


intake per metabolic weight (r2=0.384), neutral detergent fibre digestibility (r2=0.48), 


and live weight change (r2=0.009), all decreased linearly with increasing levels of 


lablab supplementation (Figures 5.24, 5.29, 5.34, 5.39 and Table 5.09). Dry matter 
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(0.937), organic matter (0.991) and acid detergent fibre (0.958) intakes per metabolic 


weight were optimized at 36.00, 36.00 and 38.29 % levels of lablab hay 


supplementation, respectively (Figures 5.26, 5.27 and 5.30 and Table 5.09). Crude 


protein intake per metabolic weight (r2=0.750) blood glucose (r2=0.025) and blood 


urea (r2=0.446) all increased linearly with increasing levels of lablab hay 


supplementation (Figures 5.28, 4.37 and 5.38). Dry matter (r2=1.0), organic matter 


(r2=0.553), crude protein (r2=0.835) and acid detergent fibre (r2=0.487) digestibilities 


increased linearly with increasing levels of lablab supplementation (Figures 5.31, 5. 


32, 5.33 and 5.35). Nitrogen retention (r2=0.964) was optimized at 39.17 % level of 


lablab supplementation (Figure 5.36 and Table 5.09).   
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Fig 5.21 Effect of lablab hay level of supplementation on dry matter intake in 


Pedi goats fed forage sorghum hay 
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Fig 5.22 Effect of lablab hay level of supplementation on organic matter intake 


in Pedi goats fed forage sorghum hay 
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Fig 5.23 Effect of lablab hay level of supplementation on crude protein intake in 


Pedi goats fed forage sorghum hay 
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Fig 5.24 Relationship between lablab hay level of supplementation and diet 


neutral detergent fibre (NDF) intake in Pedi goats fed forage sorghum 


hay 
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Fig 5.25 Effect of lablab hay level of supplementation on acid detergent fibre 


(ADF) intake in Pedi goats fed forage sorghum hay 
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Fig 5.26 Effect of lablab hay level of supplementation on dry matter intake per 


metabolic weight in Pedi goats fed forage sorghum hay 
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Fig 5.27 Effect of lablab hay level of supplementation on organic matter intake 


per metabolic weight in Pedi goats fed forage sorghum hay  
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Fig 5.28 Relationship between lablab hay level of supplementation and diet 


crude protein intake in Pedi goats fed forage sorghum hay  
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Fig 5.29 Relationship between lablab hay level of supplementation and diet 


neutral detergent fibre (NDF) per metabolic weight in Pedi goats fed 


forage sorghum hay  
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Fig 5.30 Effect of lablab hay level of supplementation on acid detergent fibre 


(ADF) intake per metabolic weight in Pedi goats fed forage sorghum 


hay 
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Fig 5.31 Relationship between lablab hay level of supplementation and diet dry 


matter digestibility in Pedi goats fed forage sorghum hay  
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Fig 5.32 Relationship between lablab hay level of supplementation and diet 


organic matter digestibility in Pedi goats fed forage sorghum hay  
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Fig 5.33 Relationship between lablab hay level of supplementation and diet 


crude protein digestibility in Pedi goats fed forage sorghum hay   
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Fig 5.34 Relationship between lablab hay level of supplementation and diet 


neutral detergent fibre (NDF) digestibility in Pedi goats fed forage 


sorghum hay  


 


Y=0.746+0.000x
 


 r2= 0.48 


Lablab hay level of supplementation (%) 


 


N
e
u


tr
a
l 
d
e


te
rg


e
n


t 
fi
b


re
 d


ig
e


s
ti
b


ili
ty


 (
d
e


c
im


a
l)


 







103 


 


 


Fig 5.35 Relationship between lablab hay level of supplementation and diet acid 


detergent fibre (ADF) digestibility in Pedi goats fed forage sorghum hay  
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Fig 5.36 Effect of lablab hay level of supplementation on nitrogen retention in 


Pedi goats fed forage sorghum hay 


 


 


 


 


 


 


 


 


Y=5.860+0.235x+ -0.003x
2 


 r2= 0.964 


N
it
ro


g
e


n
 r


e
te


n
ti
o


n
 (


g
/g


o
a


t/
d


a
y
) 


 


Lablab hay level of supplementation (%) 


 







105 


 


 


Fig 5.37 Relationship between lablab hay level of supplementation and blood 


glucose in Pedi goats fed forage sorghum hay  
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Fig 5.38 Relationship between lablab hay level of supplementation and blood 


urea in Pedi goats fed forage sorghum hay 
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Fig 5.39 Relationship between lablab hay level of supplementation and live 


weight change in Pedi goats fed forage sorghum hay 
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Table 5.09 Lablab hay level of supplementation for optimum dietary intake and 


nitrogen retention in Pedi goats on a basal diet of forage sorghum hay 


Factor Formula Ratio for 


optimal 


level 


 Optimal  


Y- Level  


r2 P 


Intake (g/goat/day) 


DM Y=448.913+7.879x+ -0.122x2 32.29 576 0.532 0.010 


OM Y=155.000+20.697x+ -0.304x2 34.04 507 0.974 0.026 


CP Y= 56.600+1.481x+ -0.018x2 41.14 87 0.989 0.011 


ADF Y=168.400+3.313x+ -53.80x2 32.48 222 0.622 0.378 


Intake (g/kgW-0.75) 


DM Y=72.000+2.160x+ -0.030x2 36 111 0.937 0.63 


OM Y=21.000+4.247x+ -0.059x2 36 97 0.991 0.009 


ADF Y=25.400+0.919x+ -0.012x2 38.29 43 0.958 0.042 


 


N retention (mmol/L) 


 Y=5.860+0.235x+ -0.003x2 39.17 11 0.964 0.036 


r2 : regression co-efficient 


P  :  Probability 
 


 


5.3.4 Effect of mucuna hay supplementation on dietary intake, diet 


digestibility, live weight changes, nitrogen balance and blood 


metabolic profiles in Pedi goats fed a basal diet of forage sorghum 


hay 


The results of the effect of mucuna hay supplementation on dietary intake, 


digestibility, live weight change, nitrogen balance and blood metabolic profile of Pedi 


goats fed a basal diet of forage sorghum hay are presented in Table 5.10. Daily dry 


matter, organic matter neutral detergent fibre and acid detergent fibre intakes by 


goats were similar (P>0.05) across dietary treatments. However, goats 


supplemented with 50 % of mucuna hay had higher (P<0.05) crude protein intakes 


relative to those on other dietary treatments. 
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Table 5.10 Effect of different levels of mucuna hay supplementation on dietary 


intake, diet digestibility, live weight changes, nitrogen balance and 


blood metabolic profiles in Pedi goats fed forage sorghum hay 


   Treatment SE 


Variable FS90M10 FS80M20  FS70M30  FS60M40  FS50M50   


Intake (g/goat/day) 
 DM 468 460 447 492 550 41.11 
 OM 405 400 393 430 482 0.106 
 CP 63b 64b 65b 74b 85a 5.921 
 NDF 341 343 343 334 364 32.66 
 ADF 180 180 176 189 184 14.86 
Intake (g/kgW-0.75)      
 DM 79e 92c 85d 102a 95b 1.03 
 OM 68e 80c 75d 89a 84b 0.23 
 CP 11c 13b 13b 16a 15ab 0.98 
 NDF 58e 69b 66c 70a 64d 0.09 
 ADF 30d 36b 33c 40a 33c 1.02 
Digestibility (decimal)      
 DM 0.59 0.60 0.59 0.62 0.62 0.02 
 OM 0.64a 0.60bc 0.57c 0.65ab 0.69a 0.03 
 CP 0.68 0.68 0.67 0.68 0.71 0.02 
 NDF 0.67 0.63 0.48 0.65 0.67 0.11 
 ADF 0.17 0.12 0.32 0.24 0.33 0.16 
 
Nitrogen intake     10.1b 10.3b 10.4b 11.8b 13.6a 0.95 
(g/day) 
Nitrogen retention  6.0bc 7.0b 7.0b 8.0b 9.7a 0.70 
(g/day)       
 
Blood metabolites ((mmol/L) 
 Blood glucose  2.8c 3.7c 3.3c 4.0ab 4.5a 1.03 
 Blood urea  7.9bc 9.7a 8.6b 9.7a 9.8a 1.12 
 
Live weight change (g/goat/day) 
 Initial (kg) 20.5 16.8 17.8 16.1 19.0 1.09 
 Final (kg) 21.1a 17.5b 18.6ab 17.1b 19.9a 1.37 
 Weight gain 120 140 183 200 180 118.6 
 (g/goat/day)       
Feed Conversion Ratio 3.90a 3.29ab 2.44c 2.46c 3.06bc 0.39 


 


abcd:  Means with different superscripts in the same row are significantly different 


 (P<0.05) 


SE: Standard error 
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However, goats on 10, 20, 30 and 40 % mucuna hay had similar (P>0.05) crude 


protein intakes. Goats on diets supplemented with 40 % mucuna hay 


supplementation had higher (P<0.05) values of dry matter, organic matter, crude 


protein, neutral detergent fibre and acid detergent fibre intakes per metabolic weight 


than those on other dietary treatments. Similarly, goats on diets supplemented with 


50 % mucuna hay supplementation had higher (P<0.05) values of dry matter, 


organic matter, crude protein, neutral detergent fibre and acid detergent fibre intakes 


per metabolic weight than those supplemented with 10, 20 and 30 %. Goats on diets 


supplemented with 10 % mucuna hay supplementation had lower (P>0.05) dry 


matter, organic matter and neutral detergent fibre intakes per metabolic weight than 


those on other dietary treatments.  


 


Goats had similar (P>0.05) dry matter, crude protein, neutral detergent fibre and acid 


detergent fibre digestibilities across dietary treatments. Goats on diets supplemented 


with 10, 40 and 50 % of mucuna hay had higher (P<0.05) organic matter digestibility 


values than those on other dietary treatments. However, goats on diets 


supplemented with 20 and 30 % of mucuna hay had similar (P>0.05) digestibility 


values. Goats on diets supplemented with 50 % of mucuna hay had higher (P<0.05) 


nitrogen intake and nitrogen retention values than those supplemented with 10, 20, 


30 and 40 %. Goats on diets supplemented with 10, 20, 30 and 40 % of mucuna hay 


had similar (P>0.05) nitrogen intake and nitrogen retention values. Goats on diets 


supplemented with 40 and 50 % of mucuna hay had higher (P<0.05) blood glucose 


than those on 10, 20 and 30 %.  Similarly, goats supplemented with 20, 40 and 50 % 


of mucuna hay had higher (P<0.05) blood urea than those supplemented with 10 


and 30 %. Final weights were different (P<0.05) ranging from 17.7 to 21.2 kg per 


goat. Goats on diets supplemented with 10 and 50 % of mucuna hay had similar 


(P>0.05) final weights which were higher (P<0.05) than those on other dietary 


treatments. Goats on 30 and 40 % mucuna hay supplementation levels had better 


(P<0.05) feed conversion ratios than those on 10, 20, 50 % mucuna hay 


supplementation levels. Similarly, goats on 20 and 50 % mucuna hay 


supplementation levels had better (P<0.05) feed conversion ratios than those on a 


10% mucuna hay supplementation level.  
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The results of the effect of level of mucuna hay supplementation on dietary intake, 


digestibility, live weight change, nitrogen balance and blood metabolites of Pedi 


goats fed forage sorghum hay are presented in Figures 5.42 to 4.61 and Table 5.11. 


Dry matter, organic matter, crude protein, neutral detergent fibre and acid detergent 


fibre intakes (Figures 5.40, 5.41, 5.42, 4.43 and 5.44, respectively) as well as dry 


matter, organic matter, crude protein, neutral detergent fibre and acid detergent fibre 


digestibilities (Figures 5.50, 5.51, 5.52, 5.53, and 5.54, respectively) increased 


linearly with increasing levels of mucuna hay supplementation. Dry matter (r2=0.614), 


organic matter (r2=0.701), crude protein (r2=0.838), neutral detergent fibre (r2=0.756) 


and acid detergent fibre (r2=0.495) intakes per metabolic weight were optimized at 


50.27, 47.86, 59.75, 33.87 and 35.73 % level of mucuna hay supplementation, 


respectively (Figures 5.45, 5.46, 5.47, 5.48 and 5.49, respectively, and Table 5.11).  


  


Nitrogen retention (r2=0.901) and blood glucose (r2=0.809) increased linearly with 


increasing levels of mucuna supplementation (Figures 5.55 and 5.56, respectively). 


Feed conversion ratio, and live weight change of the goats were optimised at 41.5 


and 41.7 levels of mucuna supplementation (Figures 5.58 and 5.59, respectively, 


and Table 5.11).  
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Fig 5.40 Relationship between mucuna hay level of supplementation and diet 


dry matter intake in Pedi goats fed forage sorghum hay 
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Fig 5.41 Relationship between mucuna hay level of supplementation and diet 


organic matter intake in Pedi goats fed forage sorghum hay 
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Fig 5.42 Relationship between mucuna hay level of supplementation and diet 


crude protein intake in Pedi goats fed forage sorghum hay 
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Fig 5.43 Relationship between mucuna hay level of supplementation and diet 


neutral detergent fibre (NDF) intake in Pedi goats fed forage sorghum 


hay 
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Fig 5.44 Relationship between mucuna hay level of supplementation and diet 


acid detergent fibre (ADF) intake in Pedi goats fed forage sorghum hay 
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Fig 5.45 Effect of mucuna hay level of supplementation on dry matter intake per 


metabolic weight in Pedi goats fed forage sorghum hay 
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Fig 5.46 Effect of mucuna hay level of supplementation on organic matter intake 


per metabolic weight in Pedi goats fed forage sorghum hay 
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Fig 5.47 Effect of mucuna hay level of supplementation on crude protein intake 


per metabolic weight in Pedi goats fed forage sorghum hay 
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Fig 5.48 Effect of mucuna hay level of supplementation on neutral detergent 


fibre (NDF) intake per metabolic weight in Pedi goats fed forage 


sorghum hay 
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Fig 5.49 Effect of mucuna hay level of supplementation on acid detergent fibre 


(ADF) intake per metabolic weight in Pedi goats fed forage sorghum 


hay 
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Fig 5.50 Relationship between mucuna hay level of supplementation and diet 


dry matter digestibility in Pedi goats fed forage sorghum hay 
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Fig 5.51 Relationship between mucuna hay level of supplementation and diet 


organic matter digestibility in Pedi goats fed forage sorghum hay 
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Fig 5.52 Relationship between mucuna hay level of supplementation and 


diet crude protein digestibility in Pedi goats fed forage sorghum 


hay 
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Fig 5.53 Relationship between mucuna hay level of supplementation and diet 


neutral detergent fibre (NDF) digestibility in Pedi goats fed forage 


sorghum hay 
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Fig 5.54 Relationship between mucuna hay level of supplementation and diet 


acid detergent fibre (ADF) digestibility in Pedi goats fed forage 


sorghum hay 
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Fig 5.55 Relationship between mucuna hay level of supplementation and 


nitrogen retention in Pedi goats fed forage sorghum hay 
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Fig 5.56 Relationship between mucuna hay level of supplementation and blood 


glucose in Pedi goats fed forage sorghum hay 
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Fig 5.57 Effect of mucuna hay level of supplementation on blood urea in Pedi 


goats fed forage sorghum hay 
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Fig 5.58 Effect of mucuna hay level of supplementation on feed conversion ratio 


in Pedi goats fed forage sorghum hay 
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Fig 5.59 Effect of mucuna hay level of supplementation on live weight change in 


Pedi goats fed forage sorghum hay 
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Table 5.11 Mucuna hay level of supplementation for optimum dietary intake, live 


weight changes and feed conversion ratio in Pedi goats on a basal diet 


of forage sorghum hay 


Factor Formula Ratio for 


optimal level 


Optimal 


Y -Level 


r2 P 


Intake (g/kgW-0.75) 


DM Y=70.000+1.106x+ -0.011x2 50.27 99 0.614 0.386 


OM Y=59.400+1.053x+ -0.011x2 47.86 85 0.701 0.299 


CP Y=8.800+0.239x+ -0.002x2 59.75 16 0.838 0.162 


NDF Y=48.000+1.287x+ -0.019x2 33.87 70 0.756 0.244 


ADF Y=23.400+0.786x+ -0.011x2 35.73 37 0.495 0.505 


 


Live weight change (g/d) 


LWC Y=57.600+6.343x+-0.076x2 41.7 190 0.91 0.086 


      


FCR Y=5.423+-6.89x+3.44x2 41.5 2 0.938 0.062 


r2 : regression co-efficient 


P  :  Probability 


 


 


5.3.5 Effect of cowpea, lablab and mucuna for optimum intake on dietary 


intake, diet digestibility, live weight changes and nitrogen balance 


in Pedi goats fed a basal diet of forage sorghum hay  


 


The results of the effect of cowpea, lablab, and mucuna hay supplementation at 


optimum intake on dietary intake, digestibility, live weight change and nitrogen 


balance of Pedi goats fed a basal diet of forage sorghum hay are presented in Table 


5.12.  
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Table 5.12 Effect of cowpea, lablab and mucuna hay supplementation on dietary 


intake, diet digestibility, live weight changes and nitrogen balance in 


Pedi goats fed forage sorghum hay at optimum intake 


 Treatments  SE 


Variable Cowpea Lablab Mucuna  


Intake (g/goat/day) 
 DM 521 527 499 58.02 
 OM 424 434 422 41.53 
 CP 86 79 71 6.61 
 NDF 162a 149ab 134 c 7.0 
 ADF 134 142 129.41 11.90 
Intake (g/kgW-0.75)    
 DM 91a 73c 81b 0.88 
 OM 74a 60c 68b 0.27 
 CP 15 12 12 1.30 
 NDF 29a 21b 22b 1.04 
 ADF 24 19 21 1.33 
Digestibility (decimal) 
 DM 0.51 0.54 0.52 0.05 
 OM 0.47 0.52 0.50 0.05 
 CP 0.67 0.73 0.68 0.03 
 NDF 0.39 0.12 0.19 0.37 
 ADF 0.28 0.45 0.50 0.33 
     
Nitrogen intake  (g/day)   13.3 12.6 13.8 1.06 
Nitrogen retention  (g/day)   7.8 8.9 9.4 0.82 
 
Live weight change(g/goat/day) 
 Initial (kg) 19.2 24.4 20.1 1.67 
 Final (kg) 20b 25.4a 21.2ab 1.63 
 Weight gain(g/goat/day) 160 200 220 251.0 
      
Feed Conversion Ratio 3.26a 2.64b 2.27c 0.005 


abcd:  Means with different superscripts in the same row are significantly different 


 (P<0.05) 


SE: Standard error 


 


Daily dry matter, organic matter, crude protein and acid detergent fibre intakes of the 


diets were similar (P>0.05) across dietary treatments. However, goats on diets 


supplemented with cowpea and lablab hays had similar (P>0.05) neutral detergent 


fibre intakes which were higher (P<0.05) than those supplemented with mucuna hay. 


Diet supplementation with cowpea, lablab, and mucuna hays at optimum intake did 


not (P>0.05) affect crude protein and acid detergent fibre intakes per metabolic 
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weight. Pedi goats on diets supplemented with cowpea had higher (P<0.05) dry 


matter, organic matter and neutral detergent fibre intakes per metabolic weight 


compared to supplemented with lablab and mucuna hays. Similarly, goats on diets 


supplemented with mucuna had the same (P>0.05) dry matter, organic matter and 


neutral detergent fibre intakes per metabolic weight. Goats on diets supplemented 


with lablab had similar (P>0.05) dry matter and organic matter intakes per metabolic 


weight. Goats had similar (P>0.05) daily dry matter, organic matter, crude protein, 


neutral detergent fibre and acid detergent fibre digestibilities across dietary 


treatments.  


  


Supplementation with cowpea, lablab, and mucuna at optimum intake did not 


(P>0.05) affect nitrogen intake and nitrogen retention. Supplementation with cowpea, 


lablab and mucuna at optimum intake did not (P>0.05) affect weight gain. However, 


goats on diets supplemented with lablab had higher (P<0.05) final weights than 


those on diets supplemented with cowpea. Goats on diets supplemented with 


mucuna hay had similar (P>0.05) final weights to those on diets supplemented with 


lablab and cowpea hays.  


  


Goats supplemented with mucuna hay had a better (P<0.05) feed conversion ratio   


than those supplemented with lablab and cowpea hays. Similarly, goats 


supplemented with lablab hay had a better (P<0.05) feed conversion ratio   than 


those supplemented with cowpea hay.   


 


5.4 Discussion  


All the legume hays used in this study had higher protein contents than sorghum 


hay. The crude protein content increased with increasing cowpea, lablab and 


mucuna inclusions in all the mixtures. Thus, these legumes can be used as protein 


supplements where low quality roughage is used as a basal diet for goats (Adjorlolo 


et al., 2001). The neutral detergent fibre, acid detergent fibre as well as condensed 


tannin contents decreased with increasing legume inclusion in the mixtures. Higher 


acid detergent fibre contents may indicate that the hay has lower digestibility values 


(Buxton et al., 1996). However, hydrolysable tannins and total polyphenols increased 


with increasing lablab and mucuna hay inclusion. High levels of total polyphenols 
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were reported in lablab hay (Mokoboki, 2007). Similarly, Chikanga-Malunga et al. 


(2007) also observed high concentrations of total tannins in whole plants at 123 days 


after planting.  


  


Cowpea hay supplementation increased diet dry matter intake by goats. The level of 


supplementation for optimum intake was 38.66 % of the diet.  The optimum intake at 


this supplementation level was 500 g per goat per day. This high diet intake may be 


attributed to the high protein content in cowpea hay. It may, also, be attributed to 


increases in dry matter and organic matter digestibilities with increasing level of 


cowpea hay supplementation observed in the present study. These findings are 


similar to those of Anelea et al. (2010) who observed that supplementation with 


cowpea haulms increased dry matter and crude protein intakes by goats of diets 


based on Pennisetum purpureum hay. Similarly, Ravhuhali (2010) reported higher 


intake responses in goats fed a basal diet of buffalo grass hay supplemented with 


higher levels of cowpea hay. The author attributed this to the high protein content in 


cowpea hay.  


  


In the present study, cowpea supplementation improved nitrogen retention and feed 


conversion ratio.  Nitrogen retention was optimized at 56.25 % level of cowpea hay 


supplementation, while feed conversion ratio decreased linearly with increasing 


levels of cowpea hay supplementation, thus improving feed conversion ratio. 


Cowpea hay supplementation did not significantly increase live weight of the goats. 


However, live weight increased linearly with increasing levels of supplementation. 


This linear increase in live weight may be explained in terms of increases in diet 


intake and digestibility due to cowpea supplementation. Normally, animals on 


supplements with higher protein contents exhibit better intake, digestibility and live 


weight gain responses (Goodchild & McMeniman, 1994). Increases in intake, 


digestibility, nitrogen retention, feed conversion ratio and live weight of goats due to 


cowpea supplementation are within the ranges reported elsewhere in the literature 


(Ravhuhali, 2010; Koralagama et al., 2008; Savadogo et al., 2000; Faftine et al., 


1998; Coppock & Reed, 1992). However, intake and nitrogen retention were 


optimized at different cowpea supplementation levels. Nitrogen retention was 


optimized at higher supplementation levels than intake. Thus, it is recommended that 
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cowpea supplementation levels for optimal nitrogen retention be used when doing 


dose-response type of trials involving cowpea hay supplementation.  


  


Lablab hay supplementation increased diet dry matter intake by goats. The level of 


supplementation for optimum intake was 32.29 % of the diet.  The optimum intake at 


this supplementation level was 576 g per goat per day. Dry matter digestibility also 


increased with increasing levels of lablab supplementation. However, lablab 


supplementation had a negative effect on live weight gain. Goats lost weight at all 


supplementation levels. Similar results were observed by Nsahlai & Umunna (1996) 


who reported no effect on live weight gain by sheep fed a basal diet of oat hay 


supplemented with lablab hay. This adverse effect may be explained in terms of the 


high concentrations of total polyphenols in lablab hay. High concentrations of total 


polyphenols in a diet tend to reduce nutrient availability to the animals, thus 


adversely affecting its live weight gains (Tanner et al., 1990). Thus, the high levels of 


protein in lablab hay may not have mattered much because the proteins may not 


have been available to the animals (Kumar & Singh, 1984; D’Mello, 1992). Similarly, 


other dietary nutrients such as carbohydrates and vitamins may have been adversely 


affected by the total polyphenols in the digestive tract (Reed at al., 1990), thus 


negatively affecting nutrient availability and growth at tissue level. Other studies have 


shown that lablab supplements to low quality hay increased average daily gain of 


ruminant animals (Festus et al., 2008; Ndlovu & Sibanda, 1996; Makembe & Ndlovu, 


1996; Umunna et al., 1995a; Abule et al., 1995).  


  


Lablab hay supplementation improved nitrogen retention. Nitrogen retention was 


optimized at 39.17 %. Condensed tannins increase plant protein flow to the intestine 


and reduce net absorption of ammonia from the rumen. Tannin complexes with 


protein in an animal's gut and are believed to be responsible not only for growth 


depression, but also for low protein digestibility and increased faecal nitrogen 


concentrations. There is evidence to suggest that enzymatic proteins, as well as 


other endogenous proteins, comprise a considerable portion of excreted nitrogen 


when animals are fed tannin rich feeds (Fahey & Jung, 1989). However, some 


tannin-nutrient complexes may become digestible in the small intestines and hence 


increase nitrogen retention (McNabb., et al., 1993). It is possible that this might be 


what happened in the present study.  
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 Mucuna hay supplementation increased dry matter intake and dry matter 


digestibility. These results are similar to those of Mupangwa et al. (2002) who 


reported increasing dry matter and organic matter intakes with increasing levels of 


mucuna hay inclusion. Other studies have shown that mucuna hay is a good crude 


protein supplement for ruminants fed low quality forages such as maize stover and 


tropical grass hays (Nyambati & Sollenberger, 2003; Mupangwa et al., 2002; 


Maasdorp & Titterton, 1997). Mucuna hay supplementation improved live weight and 


feed conversion ratio.  Live weight change and feed conversion ratio were optimised 


at 42 % level of supplementation. Thus, it is recommended that supplementation 


levels for optimal live weight and feed conversion ratio be used when doing dose-


response type of trials involving mucuna hay supplementation.  


  


In the present study, mucuna hay, which contained high levels of tannins, improved 


dry matter intake, dry matter digestibility and live weight. The improvement in live 


weight may be explained in terms of increases in diet intake and digestibility due to 


mucuna supplementation. Usually, tannins tend to reduce dietary intake and 


digestibility (Reed, 1995). However, in the present study, diet intake and digestibility 


were improved. There is evidence that tannins in forages may increase the efficiency 


of protein utilization by ruminants (McNabb et al., 1993).  Tannins may complex 


protein at the pH of the rumen and protect protein from microbial enzymes. These 


complexes are unstable at low pH in the abomasum, thus the proteins become 


available for digestion in the small intestines upon appropriate change in pH 


(McArthur et al., 1992). Condensed tannins in Lotus  pendunculatus were associated 


with an increased flux of essential amino acids through the abomasum and 


increased net apparent absorption of threonine, valine, isoleucine, tyrosine, 


phenylalanine, histadine and lysine (Waghorn et al., 1987). Condensed tannins 


improved live weight gain, wool production and reproductive efficiency in sheep fed 


birdsfoot trefoil (Lotus corniculatus) (John & Lancashire, 1981). 


 


Levels of cowpea and mucuna hay supplementation significantly increased blood 


urea. This is similar to the results of Turner et al. (2005) who found an increase of 


urea levels in the blood of goats given Lespedeza cuneata or alfalfa (Medicago 


sativa) hays. The authors ascribed this to an increase in diet digestibility. Increased 
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serum urea would, thus, suggest increased absorbtion of amino acids (Silanikove et 


al., 1996a).  


  


Goats responded positively to dry matter intake per metabolic weight, final live 


weight and feed conversion ratio with cowpea, lablab and mucuna hay 


supplementations in an experiment to compare the levels of supplementation for 


optimum intake. Diet dry matter intakes ranged between 73 g/kgW-0.75 for lablab to 


91 g/kgW-0.75 for cowpea. When optimal responses in final live weight were 


compared, goats on lablab hay supplementation responded best (25.4 kg) followed 


by those on mucuna (21.2 kg) and then cowpea (20 kg). In an earlier experiment on 


lablab hay supplementation, all goats across the treatments lost weight. This 


contradiction is not clear and requires further investigation. Goats on mucuna hay 


supplementation had better feed conversion ratio than those on cowpea and lablab 


hay supplementations. No experiments were found in the literature where these 


three legumes were compared. 


 


5.5 Conclusion  


All the legumes used in this study had higher protein contents than sorghum hay and 


have the potential to be utilised as protein supplements, where a low quality 


roughage is used as a basal diet for goats. The results of this study, however, 


suggest that cowpea and mucuna hay legumes were better sources of protein for 


Pedi goats. Mucuna hay had higher concentrations of both condensed tannins and 


hydrolysable tannins while lablab hay had the highest concentrations of total 


polyphenols. The high amounts of total polyphenols in lablab hay exerted negative 


effects on live weight gain although its’ supplementation increased diet dry matter 


intake by goats. Mucuna and cowpea hays improved dry matter intake, dry matter 


digestibility, final live weight and feed conversion ratios. However, goats on mucuna 


hay supplementation had better feed conversion ratio than those on cowpea and 


lablab hay supplementation when the legume supplementations were compared. It 


was also noted that diet intake, digestibility and final live weights of the goats were 


optimised at different levels of supplementations for all the legumes. This may 
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indicate that levels for optimum productivity will depend on the particular parameter 


in question. 
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CHAPTER SIX 


 


IN VITRO GAS PRODUCTION AND IN SACCO DEGRADATION OF 


FORAGE SORGHUM, COWPEA, LABLAB AND MUCUNA HAYS  
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6.1. In vitro gas production of pure cultures and mixtures of forage 


sorghum with cowpea, lablab and mucuna  


6.1.1 Introduction  


In tropical countries, roughages are poor in digestive nutrients either because 


nutrients such as nitrogen and non-structural carbohydrates are present at low 


concentrations or because they are poorly digestible due to the presence of various 


physical or chemical factors such as polyphenols (Reed et al., 1990). Due to its high 


correlation with in vivo digestibility, measurement of in vitro gas production has been 


widely used to assess the nutritional quality of feeds. Menke et al. (1997) reported a 


high correlation between in vitro gas production and in vivo apparent digestibility. 


Other workers (Chenost et al., 1997; Fernadez-Rivera, 1997; Macheboeuf et al., 


1997; Romnel et al., 1997) have also reported significant correlations between in 


vitro gas measurement and in vivo digestibility. However, other authors have 


indicated poor correlations between in vitro gas measurement and in vivo digestibility 


in ruminant animals (Khazaal et al., 1995; Mendoza-Nazar & Sandoval-Castro 2003). 


Thus, the information available is not extensive and does not include a lot of tropical 


legumes and grasses. Therefore, the objectives of this study were as follows: 


 


1.  To determine in vitro gas production of separate and mixtures of forage sorghum, 


cowpea, lablab and mucuna hays 


2.  To establish associations between gas production and animal responses in 


intake and digestibility 


 


6.1.2 Materials and methods  


The gas production method used was based on the Reading Pressure Technique 


(Mauricio et al., 1999). The study was done at the University of Stellenbosch, South 


Africa. 


 


6.1.2.1 Experimental design, treatments and procedures  


Two experiments were conducted. In the first experiment, four diets consisting of 


forage sorghum, cowpea, lablab and mucuna were used. The experimental design 


was a completely randomised design with four treatments, each having four 
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replications. The forages were grown in the summer of 2008, under irrigation, 


between January and April.  The diets had been used in a previous intake and 


palatability trial using five goats in a cafeteria type experiment (Chapter 4).  


In the second experiment, three legumes at different mixture ratios with sorghum 


were used. The experimental design was a completely randomised design with three 


treatments, each having three replications. The treatments were as follows: 


FS61C39: A mixture of 61 % forage sorghum and 39 % cowpea  


FS68L32: A mixture of 68 % forage sorghum and 32 % lablab  


FS77M23: A mixture of 77 % forage sorghum and 23 % mucuna 


The experimental treatments described above were optimum intakes derived from 


earlier series of in vivo experiments, conducted to determine the effect of 


supplementing forage sorghum with different ratios of cowpea, lablab and mucuna 


hays on intake and digestibility (Chapter 5, Section 4.2.2). Samples of the diets from 


intake and palatability, and intake and digestibility trials were used as substrates in 


the gas production tests.   


 


6.1.2.2 Preparation and incubation of samples 


Rumen fluid was collected from a ruminally cannulated Boer goat. The goat along 


with others grazed kikuyu grass. At night the goats were housed in a roofed and 


walled shed. Rumen fluid and digesta were collected from the goat and mixed in a 


pre-warmed CO2-filled thermos flask in the morning before the goats were let out to 


graze.  The rumen fluid was transferred to a domestic blender and homogenized for 


10 seconds, strained through two layers of cheese cloth into pre-warmed thermos 


flask. All laboratory handling of rumen fluid was done under continuous flushing with 


CO2 so as to maintain anaerobic conditions (Blümmel & Orskov, 1993). The 


temperature of the rumen fluid averaged 38 oC and the pH averaged 5.8. Samples of 


the dietary substrates were weighed into glass vials with known volumes. The vials 


had a nominal volume of 100 ml, but the exact volume of each vial was previously 


accurately determined. Blank vials were prepared exactly as the others, except that 


they did not contain any substrates, in order to correct for gas production from rumen 


fluid alone.  
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The incubation medium consisted of cysteine hydrochloride (C3H7NO2HCL), 


potassium hydroxide (KOH) pellets, sodium sulfide nonahydrate (Na3S9H2O) and 


distilled water and was kept in a water bath at 39.5 oC. The pH of the medium was 


about 7.8. The glass vials were flushed with CO2 while adding 40 ml of the medium 


and 2 ml of the reducing solution to each vial. A magnetic stirrer (0.2 ml) was also 


placed into each vial. The vials were lightly closed with rubber stoppers and placed 


in the incubator at 39 oC until the medium was reduced (i.e. clear). Vials were re-


opened and 10 ml of rumen fluid was added while flushing with CO2. The vials were 


then closed tightly with rubber stoppers, crimp sealed and connected via needles to 


a pressure logging system. The vials were placed on magnetic stirrer plates in an 


incubator at 39 oC, and were constantly stirred at low speed. The material was 


incubated for 72 hours and gas pressure was recorded automatically every five 


minutes using a pressure transducer system that was custom-designed and built by 


Eagle Technology (Pty) Ltd (Cape Town), based on the Reading Pressure 


Technique  (Mauricio et al., 1999). Gas pressure was released on regular intervals to 


prevent pressure build-up in the vials. 


 


Gas pressure data were converted to gas volume using the following linear 


regression equation developed the Department of Animal Science at the University 


of Stellenbosch: 


Y  =  [1000((0.0977 X) C )] / OM 


 


Where: Y = Gas volume (ml g OM) 


  X = Gas pressure (psi) 


  C = Vial head space (ml) 


  OM = Organic matter (mg) 


 


6.1.3 Statistical analysis 


The exponential equation P = a+b (l – e-ct) given by Ørskov & McDonald (1979) 


employed to describe in sacco ruminal degradabilities, was adopted for gas 


production studies (Blümmel et al., 2005; Nherera et al., 1999) where: P is gas 
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production at time t, a is the intercept of the gas production curve at time zero, b is 


the potential extent of gas production and c, the rate constant for the gas production 


b.  Data from the experiments were subjected to analysis of variance (SAS, 2008). 


Linear regression procedures were used to establish associations between gas 


production parameters and animal responses in intake and digestibility (SAS, 2008). 


 


6.1.4 Results 


The results of the effect of cultures of sorghum, cowpea, lablab and mucuna on in 


vitro gas production are presented in Table 6.01. The legume species produced 


more (P<0.05) gas than sorghum hay after 12 hours of incubation. Within the legume 


hays, cowpea and lablab hays had higher (P<0.05) gas production than mucuna hay 


after 12 hours of incubation. Sorghum hay had higher (P<0.05) gas production than 


the legume species after 24, 48 and 72 hours of incubation. Lablab hay had higher 


(P<0.05) gas production than both cowpea and mucuna hays after 24, 48 and 72 


hours of incubation. 


 


Table 6.01 In vitro gas production (ml/g DM) at different times of incubation of pure 


cultures from sorghum, cowpea, lablab and mucuna hays  


  Treatment S.E 


In vitro gas production at : Sorghum Cowpea Lablab Mucuna  


      


12 hr 43.78c 60.60a 61.89a 48.78b 1.258 


24 hr 61.39a 41.83b 43.55b 34.12c 1.307 


48 hr 63.34a 28.58c 32.31b 26.63c 1.409 


72 hr 37.59a 14.88c 17.85b 16.03c 0.837 


abcd:  Means with different superscripts in the same row are significantly different 


 (P<0.05) 


SE: Standard error 


 


The results of the effect of mixtures of cowpea, lablab and mucuna hays with 


sorghum hay on in vitro gas production (ml/g DM) are presented in Table 6.02. There 
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were no differences in gas production (P>0.05) across dietary mixtures after 12, 24, 


48 and 72 hours of incubation.  


Table 6.02 In vitro gas production (ml/g DM) at different times of incubation of 


mixtures from cowpea, lablab and mucuna hays with sorghum hay 


  Treatment  S.E 


In vitro gas production at : Cowpea Lablab Mucuna  


     


12 hr 38.98 40.62 37.45 4.063 


24 hr 47.30 47.24 42.66 7.353 


48 hr 48.46 45.79 44.79 8.279 


72 hr 28.59 27.46 26.89 5.730 


abcd:  Means with different superscripts in the same row are significantly different 


 (P<0.05) 


SE: Standard error 


 


Series of linear regression equations that predict dry matter intake by Pedi goats on 


separate sorghum, cowpea, lablab and mucuna hays from their gas production are 


given in Table 6.03. Sorghum hay dry matter intake by goats was positively and 


significantly (P<0.05) predicted from gas production after 12 (r2 = 0.99), 24 (r2 = 


0.97) and 48 (r2 = 0.93) hours of incubation. Sorghum hay dry matter intake by goats 


was moderately predicted from gas production after 72 (r2 = 0.79) hours of 


incubation but non-significant (P>0.05). However, there were poor and non-


significant (P>0.05) relationships between gas production values of the legumes at 


all incubation times and their intakes by goats. 
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Table 6.03 Prediction of dry matter intake (DMI) (g/goat/day) in Pedi goats offered 


forage sorghum, cowpea, lablab and mucuna hays in a ‘cafeteria’ type 


from in vitro gas production (ml/g DM) after 12, 24, 48 and 72 hours of 


incubation 


 


Factor Y-variable Formulae r2 P 


     
Sorghum     
Gas 12 hr DMI Y = -163.97731 + 5.17658 0.9895 0.0053 
Gas 24 hr DMI Y = -162.30193 + 3.61327 0.9681 0.0161 
Gas 48 hr DMI Y = -177.36364 + 2..62941 0.9298 0.0357 
Gas 72 hr DMI Y = -183.52836 + 2.21041 0.7888 0.1119 
      
Cowpea     
Gas 12 hr DMI Y = 51.50935 + -0.37725 0.1882 0.5662 
Gas 24 hr DMI Y = -162.30193 + 3.61327 0.5571 0.2536 
Gas 48 hr DMI Y = 73.85632 + 0.64939 0.1475 0.6160 
Gas 72 hr DMI Y = 81.57598 + 0.27823 0.1286 0.6415 
      
Lablab     
Gas 12 hr DMI Y = 942.54754 + -12.95000 0.1959 0.5574 
Gas 24 hr DMI Y = 351.39756 + -2.87842 0.0664 0.74.23 
Gas 48 hr DMI Y = 250.69323 + -0.70806 0.0305 0.82.53 
Gas 72 hr DMI Y = 260.51367 + 0.12334 0.0035 0.9406 
      
Mucuna     
Gas 12 hr DMI Y = 401.93814 + 0.01276 0.0000 0.9974 
Gas 24 hr DMI Y = 410.17727 + -0.21132 0.0088 0.9063 
Gas 48 hr DMI Y = 404.32676 + -0.13579 0.0228 0.8491 
Gas 72 hr DMI Y = 401.17888 + -0.09333 0.0350 0.8129 


 


The results of the series of linear regression equations that predict dry matter intake 


of sorghum hay supplemented with 39 % cowpea, 32 % lablab or 23 % mucuna hays 


from their in vitro gas production are given in Table 6.04. Dry matter intake by Pedi 


goats of sorghum hay mixed with cowpea at 39 % hay was positively and 


significantly (P<0.05) predicted from gas production of the mixtures after 24 hours (r2 


= 1.0) of incubation. Dry matter intake was also positively predicted from gas 


production from the same mixture after 12 hours (r2 = 0.95) of incubation. However, 


dry matter intake was poorly predicted from gas production after 48 (r2 = 0.45) and 


72 (r2 = 0.13) hours of incubation of mixtures of sorghum and cowpea hays. Dry 


matter intake of sorghum hay by Pedi goats supplemented with lablab hay at 32 % 
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moderately predicted from gas production after 12 (r2 = 0.50), 24 (r2 = 0.53), 48 (r2 = 


0.67) and 72 (r2 = 0.60) hours of incubation. Dry matter intake of sorghum hay 


supplemented with mucuna at 23 % was positively predicted from gas production at 


12 hours (r2 = 0.90), 24 hours (r2 = 0.80), 48 hours (r2 = 0.72) and 72 hours (r2 = 


0.84) hours of incubation.  


 


Table 6.04 Prediction of dry matter intake (DMI) (g/goat/day) in Pedi goats offered 


forage sorghum hay supplemented with 39 % cowpea, 32 % lablab or 


23 % mucuna hays from in vitro gas production (ml/g DM) after 12, 24, 


48 and 72 hours of incubation 


Factor Y-variable Formulae r2 P 


     
Cowpea     
Gas 12 hr DMI Y = 550.85286 + -0.65306 0.9486 0.1456 
Gas 24 hr DMI Y = 561.21639 + -0.66845 1.0000 0.0020 
Gas 48 hr DMI Y = 548.04759 + -0.33948 0.4545 0.5290 
Gas 72 hr DMI Y = 531.94908 + -0.11703 0.1263 0.7587 
      
Lablab     
Gas 12 hr DMI Y = 705.95688 + -4.36767 0.5011 0.4993 
Gas 24 hr DMI Y = 425.50045 + 1.38699 0.5303 0.4803 
Gas 48 hr DMI Y = 314.28596 + 2.59302 0.6663 0.3920 
Gas 72 hr DMI Y = -101.51779 + 7.52930 0.6000 0.4359 
      
Mucuna     
Gas 12 hr DMI Y = -204.16699 + 18.20571 0.9009 0.2038 
Gas 24 hr DMI Y = 15.80348 + 9.50958 0.7983 0.2965 
Gas 48 hr DMI Y = 114.26384 + 5.42299 0.7183 0.3562 
Gas 72 hr DMI Y = 17.11131+ 5.76141 0.8372 0.2644 


 


The results of the series of linear regression equations that predict dry matter 


digestibilities of sorghum hay supplemented with 39 % cowpea, 32 % lablab or 23 % 


mucuna hays from their in vitro gas production after different times of incubation are 


given in Table 6.05. Dry matter digestibility of sorghum hay mixed with 39 % of 


cowpea hay was positively predicted from gas production after 48 (r2 = 0.95), but 


moderately predicted after 24 and 72 hours of incubation. The relationship between 


digestibility of the mixture and gas production after 12 hours of incubation was poor. 
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Table 6.05 Prediction of dry matter digestibility in Pedi goats offered forage 


sorghum supplemented with 39 % cowpea, 32 % lablab and 23 % 


mucuna hays from in vitro gas production after 12, 24, 48 and 72 hours 


of incubation 


Factor Y-variable Formulae r2 P 


     
Cowpea     
Gas 12 hr DMD Y = 68.56391 + -0.39742 0.4524 0.5303 
Gas 24 hr DMD Y = 79.48772 + -0.48439 0.6763 0.3853 
Gas 48 hr DMD Y = 84.54950 + -0.43236 0.9495 0.1442 
Gas 72 hr DMD Y = 71.49149 + -0.23199 0.6928 0.3740 
      
Lablab     
Gas 12 hr DMD Y = 67.02416 +  -0.21617 0.6570 0.3983 
Gas 24 hr DMD Y = 42.40866 +  0.18747 0.5735 0.5431 
Gas 48 hr DMD Y = 83.52522 +  -0.39329 0.7810 0.3101 
Gas 72 hr DMD Y = 130.46824 +  -0.92451 0.9179 0.1850 
      
Mucuna     
Gas 12 hr DMD Y = 13.42826 + 1.01654 0.9728 0.1055 
Gas 24 hr DMD Y = 23.63732 + 0.57182 0.9996 0.0128 
Gas 48 hr DMD Y = 28.36719 + 0.34289 0.9946 0.0468 
Gas 72 hr DMD Y = 24.46152 + 0.33752 0.9950 0.0449 


 


Similarly, dry matter digestibility of sorghum hay mixed with 32 % of lablab hay was 


positively predicted from gas production after 72 (r2 = 0.92) hours of incubation. The 


relationships between digestibilities of the mixture of sorghum hay with 32 % of 


lablab hay and gas production after 12, 24 and 48 hours of incubation were poor. Dry 


matter digestibilities of sorghum hay mixed with mucuna hay at 23 % were positively 


and significantly (P<0.05) predicted from gas production after 24 (r2 = 1.0), 48 (r2 = 


0.99) and 72 (r2 = 1.0) hours of incubation. Dry matter digestibility was also positively 


predicted from gas production by the same mixture after 12 hours (r2 = 0.97) of 


incubation. 
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6.1.5 Discussion 


The results of the effect of in vitro gas production in pure cultures of sorghum, 


cowpea, lablab and mucuna hays indicate that legume species produced more gas 


initially which declined with time. Cone & van Gelder (1999) also showed that protein 


fermentation influenced gas production mainly in the initial hours of incubation. The 


authors indicated that this was because the major part of protein was part of the 


soluble fraction. This is also in accordance with Getachew et al. (2004) who reported 


strong negative correlations between crude protein content and potential gas 


production after 24 and 48 hours of incubation. The gas production in sorghum hay 


increased with time, peaked at 48 hours then declined, but stayed at higher levels 


than the legumes. Fermented gas production is influenced by both feed composition 


with the majority being released from carbohydrates, less from protein and by the 


type of fermentation, for example, more gas is released per unit of substrate 


degraded from fibre than starch (Beuvink & Spoelstra, 1992). Gas production from 


mixtures for optimum intake of sorghum and cowpea, lablab or mucuna hays were 


not different at 12, 24, 48 and 72 hours of incubation. The probable reason may have 


been that supplementation with good quality forage legumes enhanced microbial 


activity and hence increased organic matter and fibre degradation for all the mixtures 


(Hess et al., 2008). Cone and van Gelder (1999) reported a proportional decrease in 


cumulative gas production upon increasing fraction of casein in the 


casein/carbohydrate mixtures. The author showed that after 72 hours of incubation, 


each percentage protein in the mixtures caused a reduction of gas production.  


  


Sorghum hay dry matter intake by goats was strongly predicted from gas production 


after 12, 24 and 48 hours of incubation. Sandoval-Castro et al. (2005) reported 


similar results where grass intake was positively predicted from in vitro gas 


production. The relationships between gas production values of the legumes after 


12, 24, 48 and 72, hours of incubation and their intakes by goats were poor. Gas 


production after 12 and 24 hours of incubation strongly predicted dry matter intake 


when sorghum hay was mixed with 39 % of cowpea. Gas production after 12 hours 


of incubation also strongly predicted dry matter intake when sorghum hay was mixed 


with 23 % of mucuna. This interaction in gas production in the early hours of 


incubation was also observed by Blümmel et al. (2005) and Sampath et al. (1995) 
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where gas production volumes measured were positively correlated with dry matter 


intake. This indicates the availability of readily fermentable material as a ready 


energy source which stimulates the activity of the rumen microorganisms which in 


turn accelerate the digestion of roughages.  


  


In vitro gas production after 12, 24, 48 and 72 hours of incubation strongly predicted 


digestibility when sorghum hay was mixed with 23 % of mucuna. Gas production 


after 48 and 72 hours of incubation also strongly predicted digestibility when 


sorghum hay was mixed with 39 % of cowpea and 23 % of mucuna, respectively. 


However, other authors have indicated poor correlations between in vitro gas 


production and in vivo digestibility in ruminant animals (Khazaal et al., 1995; 


Mendoza-Nazar & Sandoval-Castro 2003).  


 


6.1.6 Conclusion 


In vitro gas production has the potential to be an important tool for assessing 


fermentation trends and estimating in vivo dry matter intake and digestibility of pure 


cultures, as well as mixtures of sorghum with cowpea, lablab and mucuna hays. The 


strength of the relationship between in vivo dry matter intake and digestibility of 


sorghum hay mixed with the legumes and in vitro gas production depended on the 


type of legume species in the mixtures and period of incubation. Generally, cowpea 


and mucuna hay supplementations at lower periods of incubation were more 


accurate in predicting in vivo dry matter intake.  In vitro gas production was more 


accurate in predicting in vivo digestibility when mucuna hay was used as compared 


to the other legumes.  
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6.2. In sacco degradation of mixtures of forage sorghum with cowpea, 


lablab or mucuna  


 


6.2.1 Introduction 


An active microbial population in the rumen is essential for the digestion of fibrous 


feedstuffs. Low crude protein in the diet leads to a drop in the number of microbes in 


the rumen, resulting in a slow rate of digestion. Addition of legumes to poor quality 


grasses provides additional crude protein and often increases voluntary dry matter 


intake because of a higher digestibility and faster rate of ruminal digesta clearance 


(Abule et al., 1995; Mupangwa et al., 2002). The nylon bag technique has been used 


for many years to provide estimates of both the rate and extent of disappearance of 


feed constituents (Mehrez & Ørskov, 1977; Hovell et al., 1986; Ng’ambi and 


Campling, 1995). This technique provides a useful means to estimate rates of 


disappearance and potential degradability of feedstuffs and feed constituents. 


Among others, Chenost et al. (1970) found a significant correlation (r = 0.82) 


between 12-hour dry matter losses from the nylon bags and voluntary intake. 


Similarly, Hovell et al. (1986) and Ng’ambi & Campling (1995) found good 


correlations between 48-hour degradation and intake in and digestibility ruminant 


animals. Results of a nylon bag technique, also, showed good correlations between 


48-hour degradation and in vivo crude protein and organic matter digestibilities 


(Seven & Cerci, 2006). Mucuna, lablab and cowpea hays are potential legume 


supplements for ruminants in Limpopo province. However, the effects of polyphenols 


in these legumes on diet intake and digestibility are not clear. Thus, the information 


on these legumes is not extensive and conclusive. The objectives of this study were: 


 


1.  To determine in sacco degradation of mixtures of forage sorghum with 


cowpea, lablab or mucuna when incubated in goats. 


2. To determine the relationships between degradation and dry matter intake 


and in vivo digestibility in goats of mixtures of forage sorghum with cowpea, 


lablab or mucuna hay 
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6.2.2  Materials and methods 


6.2.2.1 Animal, housing and feeding 


The study was done at the University of Stellenbosch, South Africa. One Boer goat 


fitted with a permanent rumen cannula (40 mm internal diameter) was used.  The 


goat was kept in a pen. It was on kikuyu grass hay supplemented with a mineral 


block (See Chapter 5, Section 5.2.2).  


  


6.2.2.2 Experimental hays 


The treatments were as follows: 


FS61C39: A mixture of 61 % forage sorghum and 39 % cowpea  


FS68L32: A mixture of 68 % forage sorghum and 32 % lablab  


FS77M23: A mixture of 77 % forage sorghum and 23 % mucuna 


 


The experimental treatments described above were the mixture levels for optimum 


intakes derived from earlier series of in vivo experiments, conducted to determine 


the effect of supplementing forage sorghum with different ratios of cowpea, lablab 


and mucuna hays on intake, digestibility and live weight of goats (See Chapter 4, 


Section 4.2.2).  


  


6.2.2.3 Preparation and incubation of samples 


The bags used, were made from a nylon material with aperture dimensions of 40 to 


50 microns. Each sample was ground in a laboratory hammer mill fitted with a 


screen having 1 mm apertures. Before incubation the neck of the bag was tightly tied 


with a monofilament nylon line, then tied by a separate loop to a 3 g stainless steel 


weight. Bags were numbered with an indelible waterproof marker. The first 


replication of samples of the hay mixtures used in the experiment were incubated in 


dacron bags in the rumen of the goat for periods of 12, 24, 48, and 72 hours. Thus, 


twelve bags were incubated at one time (4 bags of each treatment). After 72 hours 


the bags were replaced by another set of twelve bags until three replications were 


obtained. The empty bags were washed, dried at 100 oC for 48 h and then weighed 


(Wo). Approximately 8 g of air-dry sample was placed in each bag. The bags 


containing the samples were dried at 100 oC to a constant weight (W1). Each 
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assembly of weighted bags were placed in the ventral sac of the rumen of the goat. 


At intervals bags were removed from the goat, cut free from the steel weights, 


cleaned and washed under a gently falling stream of cold tap water until the effluent 


was clear. The bags and contents were dried to constant weight at 100 oC and, after 


removal of the nylon ties, weighed (W2). The DM loss from each bag was calculated 


as follows:  


 


DM loss (g/100 g) = (W1 – Wo) – (W2 – Wo) x 100    


                                          (W1 - Wo) 


 


6.2.3 Statistical analysis 


The exponential equation P = a+b (l – e-ct) given by Ørskov & McDonald (1979) was 


used by iteration through computer analysis to obtain the fitted values. In the 


equation ‘P’ is the DM loss at incubation time ‘t’ and ‘a’, ‘b’ and ‘c’ are constants. The 


intercept ‘a’ is equal to the immediately soluble or material small enough to 


immediately come out of the bag, ‘b’ is the insoluble but potentially degradable 


material and ‘c’ is the rate constant of the DM loss. Thus, (a+b) is the asymptote, the 


potentially degradable material of the feed. The equation is constructed so that (a+b) 


values do not exceed 100. All data on degradation were subjected to analysis of 


variance (SAS, 2008). 


 


6.2.4  Results 


The dry matter losses of hay mixtures from nylon bags, the fitted values, the 


potential dry matter losses (a+b) and the constants ‘a’, ‘b’, and ‘c’ are given in Table 


6.06. The equation P = a+b (l – e-ct) fitted the data well. Significant differences (P < 


0.05) in ‘a’ values in the exponential equation P = a+b (l – e -ct) were observed 


between the treatments. The ‘a’ values in cowpea and lablab hays were higher (P < 


0.05) than those of mucuna hay. There were no differences (P > 0.05) between 


treatments in the ‘b’, ‘a+b and ‘c’ values in the exponential equation P = a+b (l – e -


ct).  
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Table 6.06 Effect of cowpea, lablab and mucuna hay supplementation at optimum 


intake on the parameters  ‘a’, ‘b’, ‘a+b’ and ‘c’ in the exponential 


equation P= a+b (l – e-ct)  


Parameters  Treatment S.E 


 FS61C39 FS68L32 FS77M23  


 
a 35.53a 37.27a 31.84b 1.021 
b 59.96 46.12 63.16 28.438 
a+b 95.49 83.39 95.00 29.144 
c 0.012263 0.011242 0.011014 0.0025000 


abcd:  Means with different superscripts in the same row are significantly different 


 (P<0.05) 


SE: Standard error 


 


The results of dry matter losses of mixtures of cowpea, lablab and mucuna hays with 


sorghum hay from nylon bags at different times of incubation are presented in Table 


6.07. Significant differences (P < 0.05) in dry matter losses among roughages were 


observed after 12 hours of incubation. Thus, higher dry matter degradation values 


were observed where cowpea (FS61C39) and (FS68L32) where used than where 


mucuna (FS77M23) was used. No differences (P > 0.05) between treatments were 


observed after 24, 48 and 72 hours of incubation. 


 


Table 6.07 Effect of cowpea, lablab and mucuna hay supplementation at optimum 


intake on dry matter degradation % at 12, 24, 48 and 72 hours   


  Treatment S.E 


 FS61C39 FS68L32 FS77M23  


 


Degradation after 12 hr (g/100 g) 49a 48a 43b 1.855 


Degradation after 24 hr (g/100 g) 60 58 53 3.283 


Degradation after 48 hr (g/100 g) 87 64 71 26.002 


Degradation after 72 hr (g/100 g) 98 76 84 40.610 


abcd:  Means with different superscripts in the same row are significantly different 


 (P<0.05) 


SE: Standard error 
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The results of the series of linear regression equations that predict dry matter intake 


of sorghum hay supplemented with 39 % cowpea, 32 % lablab or 23 % mucuna hays 


from in sacco degradation are given in Table 6.08. Dry matter intake of sorghum hay 


mixed with cowpea hay at 39 % was poorly predicted from in sacco degradation after 


12 (r2 = 0.25), 24 (r2 = 0.20), 48 (r2 = 0.11) and 72 (r2 = 0.08) hours of incubation. Dry 


matter intake of sorghum hay supplemented with lablab hay at 32 % was positively 


and strongly predicted from in sacco degradation after 12 (r2 = 0.90), 24 (r2 = 0.94), 


48 (r2 = 0.97) and 72 (r2 = 0.97) hours of incubation. Dry matter intake of sorghum 


hay mixed with mucuna hay at 23 % was positively and moderately predicted from in 


sacco degradation after 12 (r2 = 0.68) hours and 24 (r2 = 0.55) hours, but poorly 


predicted after 48 (r2 = 0.40) and 72 (r2 = 0.20) hours of incubation. 


 


Table 6.08 Prediction of dry matter intake (g/goat/day) in Pedi goats offered forage 


sorghum supplemented with 39 % cowpea, 32 % lablab and 23 % 


mucuna from in sacco degradation after 12, 24, 48 and 72 hours of 


incubation 


Factor Y-variable Formulae r2 P 


      
Cowpea      
DM 12 hr DMI Y = 535.02508 + -0.27924 0.2494 0.6671 
DM 24 hr DMI Y = 534.73932 + -0.22191 0.2003 0.7046 
DM 48 hr DMI Y = 533.40742 + -0.15390 0.1192 0.7756 
DM 72 hr DMI Y = 533.51055 + -0.13229 0.0796 0.8180 
      
Lablab      
DM 12 hr DMI Y = 667.17332 + -2.88378 0.9049 0.1996 
DM 24 hr DMI Y = 668.67702 + -0.22191 0.9409 0.1564 
DM 48 hr DMI Y = 681.48943 + -2.09825 0.9660 0.1180 
DM 72 hr DMI Y = 702.22980 + -2.06292 0.9743 0.1025 
      
Mucuna      
DM 12 hr DMI Y = 927.23593 + -0.27924 0.6847 0.3796 
DM 24 hr DMI Y = 881.15168 + -7.19642 0.5527 0.4664 
DM 48 hr DMI Y = 860.42563 + -5.19962 0.4029 0.5622 
DM 72 hr DMI Y = 838.03381 + -4.16371 0.2027 0.6992 


 


The results of the series of linear regression equations that predict dry matter 


digestibilities of sorghum hay supplemented with 39 % cowpea, 32 % lablab or 23 % 


mucuna hays from their in sacco degradation after different times of incubation are 
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given in Table 6.09. Dry matter digestibility of sorghum hay mixed with 39 % of 


cowpea hay was positively and generally moderately predicted from in sacco 


degradation after 12 (r2 = 0.81), 24 (r2 = 0.77) and 48 (r2 = 0.67) hours of incubation. 


However, the relationship between digestibility of the mixture and in sacco 


degradation after 72 (r2 = 0.08) hours of incubation was poor. Dry matter digestibility 


of sorghum hay supplemented with lablab hay at 32 % was moderately predicted 


from in sacco degradation after 12 hours (r2 = 0.64) of incubation. However, dry 


matter digestibility was poorly predicted from in sacco degradation after 24 (r2 = 


0.57), 48 (r2 = 0.51), and 72 (r2 = 0.49) hours of incubation. Dry matter digestibility of 


sorghum hay mixed with mucuna hay at 23 % was positively and strongly predicted 


from in sacco degradation after 12 (r2 = 0.99), 24 (r2 = 0.94) and 48 (r2 = 0.85) hours 


of incubation. 


 


Table 6.09 Prediction of dry matter digestibility in Pedi goats offered forage 


sorghum supplemented with 39 % cowpea, 32 % lablab and 23 % 


mucuna hays from in sacco degradation after 12, 24, 48 and 72 hours 


of incubation 


Factor Y-variable Formulae r2 P 


      
Cowpea      
DM 12 hr DMD Y = 72.31067 + -0.44528 0.8159 0.2823 
DM 24 hr DMD Y = 73.61027 + -0.38294 0.7681 0.3199 
DM 48 hr DMD Y = 75.62719 + -0.15390 0.6681 0.3909 
DM 72 hr DMD Y = 533.51055 + -0.32108 0.0796 0.8180 
      
Lablab      
DM 12 hr DMD Y = 41.69252 +  0.23950 0.6397 0.4098 
DM 24 hr DMD Y = 42.40866 +  0.18747 0.5735 0.5431 
DM 48 hr DMD Y = 42.20863 +  0.15110 0.5135 0.4915 
DM 72 hr DMD Y = 41.07063 +  0.14437 0.4891 0.5069 
      
Mucuna      
DM 12 hr DMD Y = 80.33433 + -0.64030 0.9879 0.0702 
DM 24 hr DMD Y = 79.48113 + -0.50439 0.9404 0.1570 
DM 48 hr DMD Y = 80.91421 + -0.40590 0.8503 0.2529 
DM 72 hr DMD Y = 85.46083 + -0.40224 0.6696 0.3898 
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6.2.5 Discussion 


The ‘a’ values in the mixtures of sorghum hay with cowpea or lablab hays were 


higher than those of mixtures of sorghum with mucuna hay. The ‘a’ values in the 


exponential equation P = a+b (l – e-ct) by Ørskov et al. (1980) describes the material 


small enough or soluble enough to come out of the nylon bag. This material is 


assumed to be available for utilisation by the animal. There were no differences in 


the ‘b’, values in the exponential equation P = a+b (l – e-ct). Lack of differences in the 


insoluble but potentially degradable fraction ‘b’ was also observed in the work of 


Bonsi et al. (1995) and Nsahlai et al. (1998). Dry matter losses from nylon bags of 


mixtures of cowpea and lablab were higher than those of mucuna hay after 12 hours 


of incubation. The probable reason for the differences was the higher nitrogen 


concentrations in cowpea and lablab hays.   


  


Dry matter intake of sorghum hay mixed with lablab hay at 32 % was positively and 


strongly predicted from in sacco degradation after 12 (r2 = 0.90), 24 (r2 = 0.94), 48 (r2 


= 0.97) and 72 (r2 = 0.97) hours of incubation. Sandoval-Castro et al. (2005) reported 


similar results where dry matter intake of five tree fodders by cattle was strongly 


predicted from degradation after 12, 24, 48 and 72 hours of incubation. Relationships 


between dry matter intake of sorghum hay mixed with cowpea hay at 39 % and in 


sacco degradation were poor at all incubation periods. However, dry matter intake of 


sorghum hay mixed with 32 % of mucuna hay was moderately predicted by in sacco 


degradation values after 12 and 24 hours of incubation. Similarly, Chenost et al. 


(1970) found a significant correlation (r2 = 0.82) between 12-hour dry matter losses 


from the nylon bags and voluntary intake. The results of the present study on dry 


matter intake indicate that there are inconsistencies in relationships depending on 


the legume species and period of incubation. Thus, the relationship between in vivo 


dry matter digestibility of sorghum hay mixed with lablab hay at 32 % was very good, 


while those involving mucuna and cowpea hays were, respectively, moderate and  


poor.      


  


The relationships between in vivo dry matter digestibility of sorghum hay mixed with 


cowpea, lablab or mucuna hays and their in sacco degradation were variable, 


depending on the legume species and time of incubation in the rumen. In vivo dry 
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matter digestibility of sorghum hay mixed with mucuna hay at 23 % was positively 


and strongly predicted from in sacco degradation after 12 (r2 = 0.99), 24 (r2 = 0.94) 


and 48 (r2 = 0.85) hours of incubation. However, the relationship between in vivo dry 


matter digestibility and in sacco degradation after 72 hours (r2 = 0.67) was moderate. 


Relationship between in vivo dry matter digestibility of sorghum hay mixed with 


lablab hay at 32 % and in sacco degradation were generally poor at all incubation 


periods. However, in vivo dry matter digestibility of sorghum hay mixed with 39 % of 


cowpea hay was moderately predicted by in sacco degradation values after 12, 24 


and 48 hours of incubation. The nylon bag technique has been used for many years 


to provide estimates of both the rate and extent of disappearance of feed 


constituents (Mehrez & Ørskov, 1977; Hovell et al., 1986; Ng’ambi & Campling, 


1995). Chenost et al. (1970) found a significant correlation (r2 = 0.82) between 12-


hour dry matter losses from the nylon bags and in vivo dry matter digestibility. Data 


on 48-hour incubation time has also been successfully used for predicting 


digestibility (Aerts et al., 1977; Wanapat et al., 1986). Similarly, Hovell et al. (1986), 


and Ng’ambi & Campling (1995) found good correlations between 48-hour 


degradation and in vivo dry matter digestibility in ruminant animals. However, results 


of the present study indicate that there is variability in relationships depending on the 


type of legume species and period of incubation. Thus, the relationship between in 


vivo dry matter digestibility of sorghum hay mixed with mucuna hay at 23 % was very 


good, while that involving lablab hay was poor. The present study also indicates that 


in sacco degradation of the forage mixtures after 72 hours of incubation could not 


accurately predict in vivo dry matter digestibility of the forages.   


  


   


6.2.6  Conclusion 


The legume component in the mixtures affected the dry matter losses of mixtures of 


cowpea and lablab. Prediction of dry matter intake from in sacco degradation was 


most accurate from sorghum hay supplemented with lablab hay at 32 %. The 


strength of the relationship between in vivo dry matter digestibility of sorghum hay 


mixed with the legumes and in sacco degradation depended on the type of legume 


species and period of incubation. Generally, lower periods of incubation were more 


accurate in predicting in vivo dry matter digestibility. The nylon bag technique is 
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worth further study with the aim of confirming my results and developing accurate 


prediction equations for use with low quality roughages and legume species in goats. 
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7.1 Conclusion  


Cowpea, lablab and mucuna hays had higher protein contents than forage sorghum 


hay. The legumes have the potential of being utilised as protein supplements for 


goats on low quality roughages. Mucuna hay had higher concentrations of both 


condensed tannins and hydrolysable tannins than cowpea, lablab and sorghum 


hays, while lablab hay had the highest  concentrations of total polyphenols. These 


tannins had both negative and positive effects on diet intake, digestibility and 


palatability depending on the legume species.  


 


The results of the palatability study suggested that cowpea, lablab and mucuna 


legumes are a valuable source of protein for Pedi goats. The legumes had high 


intake and palatability indices, suggesting that they can be utilised as protein 


supplements to goats feeding on low quality roughages. There were poor 


relationships between nutrient composition and intake and palatability indices, hence 


nutrient content is an unreliable predictor of intake and palatability. Some forages 


high in condensed tannins, for example mucuna, gave higher intake and palatability 


indices.  


 


Generally, legume supplementation improved diet intake, digestibility, feed 


conversion ratio and live weight of goats, except for lablab hay supplementation. 


However, it was also noted that diet intake, digestibility and final live weights of the 


goats were optimised at different levels of forage supplementation. This may indicate 


that supplementation levels for optimum productivity will depend on the particular 


parameter in question. This has a lot of implications on diet formulations  


 


In vitro gas production has the potential of being used for predicting in vivo feed 


intake and digestibility of legumes. However, the strengths of the relationships 


depended on the type of legume species in the mixtures and period of incubation. 


This may imply that such relationships are species-specific and may not be 


applicable to all other forage legume species.  


 


The strengths of the relationships between in sacco degradation and in vivo intake 


and digestibility of the forages by goats also depended on the forage species and 
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period of incubation. Generally, lower periods of incubation were more accurate in 


predicting voluntary forage intake and digestibility by goats. Thus, in sacco 


degradation technique can be used to assess in vivo intake and digestibility of 


legume forages 


 


7.2 Recommendations  


The results of the study on effects of different levels of mixtures of sorghum and 


selected legumes on intake, digestibility and live weight indicated that final live 


weights of the goats either improved or declined depending on the legume species. 


There is need to do more studies on these negative and positive effects of 


polyphenols in legumes such as cowpea, lablab and mucuna.  


 


In the palatability study, some forages high in condensed tannins, for example 


mucuna, gave higher intake and palatability indices. This may indicate that 


condensed tannins can also have beneficial effects on the nutrition of ruminants. The 


reasons for this are not clear and, hence, there is need to do more studies on the 


subject in order to determine how these beneficial effects come about.  
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1.1 Background  


Goats play a unique role in supporting some of the poor people in Africa and can 


play a powerful role in lifting them out of poverty towards prosperity. Goats are 


economically, nutritionally and culturally important in rural areas of South Africa. 


However, goats in these rural areas have low productivity values. These animals 


depend on low roughages during the dry season (Shackleton, 1993).  These 


roughages are of low feeding value, low in protein and high in fibre content (Kaito, 


1997). The low feeding values of roughages during the dry season leads to poor 


growth in young goats, loss of body weight and consequently to sub-optimal 


productive and reproductive performances (Leng, 1990). High rates of reproduction 


and low post-natal mortality are most important requirements for goat development 


and production. Undernourished animals are also susceptible to diseases and 


parasites and in extreme cases may die. It, also, takes long for such animals to 


attain market weight (Shackleton, 1993).   


 


An active microbial population in the rumen is essential to digest fibrous feedstuffs. 


Low crude protein in the diet leads to a drop in the number of microbes in the rumen, 


resulting in a slow rate of digestion. Conditions associated with insufficient ruminal 


nitrogen content can lead to low feeding values and hence low productivity 


(McDonald et al., 1990). Thus, animal production can seriously be restricted (Leng, 


1990). Supplying the limiting nitrogen will increase microbial growth and hence diet 


digestibility. Thus, increased goat productivity could be achieved through 


supplementing such low quality roughages with forage legumes adapted to local 


conditions. Mucuna, lablab and cowpeas are potential legumes for utilization by 


goats in Limpopo province. The legumes are drought resistant and they have a high 


production potential in the drought prone Limpopo Province. Cowpea is a summer 


grown, drought and heat tolerant legume crop. Lablab and mucuna are also grown in 


Limpopo Province. However, not much research has been done on these forages. 


Some of these legume species contain high amounts of tannins. These tannins may 


have negative effects on diet intake, digestibility and palatability (Waghorn, 2008). It 


is, therefore, important to evaluate the feeding values of these forages. 
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1.2 Motivation of the study  


Information on the utilization of lablab, mucuna and cowpeas to improve productivity 


of goats fed forage sorghum will be generated. This information will be helpful to 


goat farmers in improving productivity of the goats. Thus, results of this study have 


the potential to improve the nutritional, social and economic status of the rural people 


of Limpopo province.  


 


1.3 Aim and objectives 


The aim of this study was to optimize forage sorghum utilization by Pedi goats 


through supplementation with lablab, mucuna and cowpea hays.  


 


The objectives of this study were as follows: 


 


1. To determine nutrient composition and tannin contents of forage sorghum, 


cowpea, lablab, and mucuna hays grown in Limpopo province. 


2. To determine intake and relative palatability indices of Pedi goats offered 


forage sorghum, cowpea, lablab and mucuna hays grown in Limpopo 


province. 


3. To determine diet intake, digestibility and growth of Pedi goats fed a basal diet 


of forage sorghum hay supplemented with lablab, mucuna and cowpea hays 


at different mixture ratios. 


4. To determine in vitro gas production in sorghum hay mixed with different 


levels of lablab, mucuna and cowpea hays. 


5. To determine degradability of forage sorghum hay mixed with different levels 


of lablab, mucuna and cowpea hays in goats using the nylon bag technique. 


6. To determine correlations between nutrient contents, digestibility, palatability 


and feeding values of forage sorghum hay mixed with different levels of 


lablab, mucuna and cowpea hays. 
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ABSTRACT  


A series of experiments were carried out to evaluate the feeding values of forage 


sorghum (Sorghum sudanense), cowpea (Vigna ungiculata), lablab (Lablab 


purpureus) and mucuna (Mucuna pruriens) hays for Pedi goat production in Limpopo 


Province, South Africa. The first study determined nutrient composition and tannin 


contents of the forages. The experimental design was a completely randomised 


design with four treatments: forage sorghum, cowpea, lablab and mucuna hays. All 


the legume species had higher (P<0.05) protein contents than sorghum hay, ranging 


from 18 to 22 %. Within the legume species, cowpea hay had a higher (P<0.05) 


protein content than lablab and mucuna hays. Similarly, lablab hay had a higher 


(P<0.05) protein content than mucuna hay. Mucuna hay had a higher (P<0.05) 


concentration of both condensed tannins and hydrolysable tannins than cowpea, 


lablab and sorghum hays, while lablab hay had the highest (P<0.05) concentration of 


total polyphenols.  


  


The second study determined relative palatability indices of Pedi goats offered 


forage sorghum, cowpea, lablab and mucuna hays. Four male Pedi goats aged five 


months and weighing an average of 18 + 2 kg were used. The experimental design 


was a completely randomized design, with feeds (forage sorghum, cowpea, lablab 


and mucuna) as treatments and individual animals as replicates. Lablab and mucuna 


legumes had higher (P<0.05) intake and palatability indices than sorghum and 


cowpea hays. Palatability indices were positively and significantly (P<0.05) predicted 


from dry matter intakes of goats (r2 = 0.98). However, there were poor and non-


significant (P>0.05) relationships between nutrient contents of the forages and their 


intake and palatability indices by goats.  


  


The third study determined diet intake, digestibility and live weight gain of seven 


months old Pedi goats fed a basal diet of forage sorghum supplemented with 


different amounts of cowpea, lablab or mucuna hays. The experimental design was a 


completely randomized design, with individual animals placed in digestibility crates 


as experimental units. This study was divided into a series of experiments due to 


lack of equipment to conduct the whole experiment in one session. A total of four 
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experiments were conducted. Fifteen growing male Pedi goats were used in each 


experiment, with mean live weights of 15 + 4 kg, 18 + 2 kg, 17 + 3 kg and 20 + 4 kg 


for experiments 5.1, 5.2, 5.3 and 5.4, respectively. In each experiment, different 


goats were used. Experiments 5.1 to 5.3 involved cowpea, lablab and mucuna hays, 


respectively, while Experiment 5.4 compared the levels of supplementation for 


optimum intake from each of the first three experiments. Dry matter intakes of 


cowpea and lablab hay were optimised at 39 and 32 %, respectively, while that of 


mucuna hay increased with increasing levels of mucuna hay supplementation. Dry 


matter digestibilities of cowpea, lablab and mucuna hays increased with increasing 


levels of the respective forage supplementations. Cowpea and mucuna hay 


supplementations improved (P<0.05) final live weights and feed conversion ratios, 


while goats on lablab hay supplementation lost weight. At optimum intake, goats 


supplemented with mucuna hay had a better (P<0.05) feed conversion ratio than 


those supplemented with lablab and cowpea hays.  


  


The fourth study determined in vitro gas production of pure and mixtures of forage 


sorghum with cowpea, lablab and mucuna hays. Two experiments were conducted. 


In the first experiment (Experiment 6.1) the experimental design was a completely 


randomised design with four treatments (forage sorghum, cowpea, lablab and 


mucuna). The legume species of cowpea, lablab and mucuna hays produced more 


(P<0.05) gas than sorghum hay after 12 hours of incubation. Sorghum hay produced 


more (P<0.05) gas than cowpea, lablab and sorghum hays after 24, 48 and 72 hours 


of incubation. Sorghum hay dry matter intake by goats in the palatability trial was 


positively and significantly (P<0.05) predicted from gas production after 12 (r2 = 


0.99), 24 (r2 = 0.97) and 48 (r2 = 0.93) hours of incubation. Cowpea hay, lablab hay 


and mucuna hay dry matter intakes by goats were poorly predicted from gas 


production after 12, 24, 48 and 72 hours of incubation. In the second experiment 


(Experiment 6.2), the experimental design was a completely randomised design with 


three treatments (mixtures at optimum intake): 1. FS61C39: A mixture of 61 % forage 


sorghum and 39 % cowpea, 2. FS68L32: A mixture of 68 % forage sorghum and 32 % 


lablab, 3. FS77M23: A mixture of 77 % forage sorghum and 23 % mucuna.  There 


were no differences in gas production (P>0.05) across dietary mixtures after 12, 24, 


48 and 72 hours of incubation. Dry matter intake by Pedi goats of sorghum hay 
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mixed with cowpea at 39 % hay was positively and significantly (P<0.05) predicted 


from gas production of the mixtures after 24 hours (r2 = 1.0) of incubation. Dry matter 


intake from gas production from the same mixture was poorly predicted from gas 


production after 48 (r2 = 0.45) and 72 (r2 = 0.13) hours of incubation. Dry matter 


intake of sorghum hay by Pedi goats supplemented with lablab hay at 32 % was 


moderately predicted from gas production after 48 (r2 = 0.67) and 72 (r2 = 0.60) 


hours, but poorly predicted after 12 (r2 = 0.50), 24 (r2 = 0.53) hours of incubation. Dry 


matter intake of sorghum hay by Pedi goats supplemented with 23 % mucuna hay 


was positively predicted from gas production after 12 (r2 = 0.90) hours, but 


moderately predicted after 24 (r2 = 0.80), 48 (r2 = 0.72) and 72 (r2 = 0.83) hours of 


incubation. Dry matter digestibility of sorghum hay mixed with 23 % mucuna hay was 


positively and significantly (P<0.05) predicted from gas production after 24 (r2 = 1.0), 


48 (r2 = 0.99) and 72 (r2 = 1.0) hours of incubation. Dry matter digestibility of 


sorghum hay mixed with 39 % cowpea hay was positively predicted from gas 


production after 48 (r2 = 0.95), moderately predicted after 24 and 72, and poorly 


predicted after 12 hours of incubation. Dry matter digestibility of sorghum hay mixed 


with 32 % lablab hay was positively predicted from gas production after 72 (r2 = 0.92) 


hours of incubation. The relationships between digestibility of the mixtures and gas 


production after 12, 24 and 48 hours of incubation were poor. 


The fifth study determined in sacco degradation of mixtures at optimum intake of 


forage sorghum mixed with cowpea, lablab or mucuna when incubated in goats. The 


‘a’ values and dry matter losses in cowpea and lablab hays were higher (P < 0.05) 


than those of mucuna hay. Dry matter intake of sorghum hay mixed with lablab hay 


at 32 % was positively and strongly predicted from in sacco degradation after 12 (r2 = 


0.90), 24 (r2 = 0.94), 48 (r2 = 0.96) and 72 (r2 = 0.97) hours of incubation. Dry matter 


intake of sorghum hay mixed with 39 % cowpea hay was poorly predicted from in 


sacco degradation after 12 (r2 = 0.25), 24 (r2 = 0.20), 48 (r2 = 0.11) and 72 (r2 = 0.08) 


hours of incubation. Dry matter intake of sorghum hay mixed with 23 % mucuna hay 


was positively and moderately predicted from in sacco degradation after 12 (r2 = 


0.68) hours and 24 (r2 = 0.55) hours, but poorly predicted after 48 (r2 = 0.40) and 72 


(r2 = 0.20) hours of incubation. 
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It was concluded that cowpea, lablab and mucuna hays had higher protein contents 


and palatability indices than forage sorghum and therefore, have the potential of 


being utilised as protein supplements for goats on low quality roughages. Legume 


supplementation, in general, improved diet intake, digestibility, feed conversion ratio 


and live weight of goats, except for lablab hay supplementation. It was also noted 


that diet intake, digestibility and final live weights of the goats were optimised at 


different levels of forage supplementation. This may indicate that supplementation 


levels for optimum productivity will depend on the particular parameter in question. In 


vitro gas production and in sacco degradation techniques have the potential of  


predicting intake, digestibility and palatability indices of goats fed sorghum hay 


supplemented with cowpea, lablab or mucuna hays.  
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3.1 Introduction 


Carbon-4 grasses accumulate large amounts of low quality dry matter (Akin, 1989). 


Low sorghum stover crude protein values of 6.4 and 3.3 % were reported by 


Mosimanyana & Kiflewahid (1987) and Savadogo et al. (2000), respectively. 


However, higher values have been reported elsewhere (Kanani et al., 2006). 


Legume species such as mucuna (Mucuna pruriens), lablab (Lablab purpureus) and 


cowpeas (Vigna ungiculata) have high nitrogen contents and low fibre contents. 


Crude protein values of 17.9, 16.8 and 19.1 % for lablab, mucuna and cowpeas, 


respectively, have been reported (Murphy et al., 1999; Mupangwa et al., 2002; Hess 


et al., 2008). They have, therefore, the potential to improve productivity of goats fed 


low quality roughages. However, a number of these forages contain tannins which 


may reduce their feeding values when fed to ruminant animals (Reed, 1995). 


Tannins may, also, interfere with the concept of high protein and low fibre contents 


as indicators of high feeding values (Woodward & Reed, 1989). Data on tannins 


would be very helpful in establishing relationships between forage tannin contents 


and their feeding values when fed to goats. The objective of this study was, 


therefore, to determine nutrient composition and tannin contents of forage sorghum, 


cowpea, lablab and mucuna hays grown in Limpopo province.  


 
3.2 Materials and methods 


3.2.1 Experimental design, treatments and procedures  


The experiment on effects of forage species on nutrient and tannin contents was 


done at the University of Limpopo in 2009. Forage sorghum, cowpea, lablab and 


mucuna hays were grown in summer of 2009 at the University of Limpopo 


Experimental Farm. The forages were harvested using a mower, and dried under the 


shade to minimize nutrient losses (Minson, 1990). After drying, the forages were 


passed through a hammer mill (12.7 mm sieve). Samples for nutrient analysis were 


ground to pass a 1 mm sieve. Samples for tannin analysis were further ground to 


pass through a 0.2 mm sieve. Ground samples were stored individually in airtight 


containers until nutrient analysis. Duplicate samples of each treatment were 


analysed and the average was taken as the final result.    
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The experimental design was a completely randomised design with four treatments, 


each having four replications. The treatments were as follows:  


Sorghum : Forage sorghum hay 


Lablab : Lablab hay 


Cowpea : Cowpea hay 


Mucuna : Mucuna hay 


 
Chemical contents analysed were organic matter, crude protein, acid detergent fibre, 


neutral detergent fibre, condensed tannins, hydrolysable tannins and total phenolics.   


 
3.2.2 Chemical analysis 


Dry matter determination (AOAC, 2000) 


Dry matter of feeds was determined according to AOAC (2000). Thoroughly cleaned 


crucibles were placed in an oven at 105 oC for 30 minutes and then transferred to a 


desiccator and cooled to room temperature (25 oC). The crucibles were then 


weighed. Samples were weighed and placed into crucibles and placed in the oven 


for overnight at 105 oC.  The crucibles and contents were weighed as soon as 


possible to prevent moisture absorption. Dry matter was calculated as follows: 


 
DM (%) = Weight of the sample before drying/Weight of the sample after drying x  


     100 


 


Determination of ash and organic matter (AOAC, 2000) 


Air-dried plant samples (2 g) were weighed and placed in pre-weighed clean-labelled 


crucibles. The sample plus the beaker were placed in the muffle furnace at 550 oC 


overnight. The beaker plus the sample were transferred to a desiccator and cooled 


at room temperature. The beaker and content were weighed as soon as possible to 


prevent moisture absorption. Ash determination was as follows:  


 
Ash weight = (Weight of beaker + ash) – (Weight of beaker) 


Ash (%, DM basis) = (Ash weight/Dry sample weight) x 100 
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Organic matter (OM) was calculated as: 


OM (%) = 100 - Ash %    


 


Determination of nitrogen content (AOAC, 2000) 


Nitrogen contents of the feed samples were determined using the Kjeldahl procedure 


(AOAC, 2000). Nitrogen content was determined by weighing 1.5 g of the feed 


samples into an 800 ml Kjeldahl flask and  25 ml concentrated sulphuric acid , 10 g 


of catalyst mixture (5 % CuSO4 + 94.8 % K2SO4 + 0.2 % Se) and glass beads were 


added and digested for 30 minutes. The acid digestion converts the nitrogenous 


compounds in the sample to ammonium sulphate. After digestion, 50 ml of boric acid 


containing a few drops of indicator was added to a 250 ml Erlenmeyer flask and 


placed such that the tip of delivery tube from the condenser of the distillation unit just 


dips into the solution. To break down the ammonium sulphate formed during 


digestion and to free ammonia, 100 ml of 40 % NaOH was added into the  Kjeldahl 


flask and the contents of the flask were mixed gently with a slow rotary motion. The 


ammonia was estimated by titration with standard hydrochloric acid. The formula for 


nitrogen content was as follows: 


N (%) = (ml acid titrated – ml blank titrated) X (Acid N X 0.014 X 100)/weight of 


  sample in grams. 


 
Determination of neutral detergent fibre content (Van Soest, 1983) 


Neutral detergent fire (NDF) was determined by weighing accurately 1.0 g of the 


sample into a digestion tube, and 100 ml neutral detergent solution was added and 


heated to boil. The neutral detergent solution consisted of 30 g sodium lauryl 


sulphate, 18.61g ethylenediaminetetracetic acid (disodium salt), 4.56 g Hydrogen 


orthophosphate, 6.81 g Sodium borax decahydrate and 10 ml 2 – ethoxy ethanol. 


Heat was reduced as boiling commenced to prevent foaming. From the onset of 


boiling, the mixture was refluxed for 60 minutes. Sintered glass crucibles (porosity 


number 1) were weighed and placed on a filtering apparatus (Buchner flask). 


Contents of digestion tubes were transferred to the crucibles and filtered with a low 


vacuum initially, and then with a gradual increase of the vacuum. Samples were 


rinsed into the crucibles with a minimum of hot water. The vacuum was then shut off, 
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residues broken up and washed with hot water followed by two washes with acetone. 


The crucibles were dried at 105 oC overnight and weighed. Recovered cell wall 


residues were reported as neutral detergent fibre.  The formula used for neutral 


detergent fibre determination was as follows: 


 


NDF (%) = [(Weight of crucible + residue) – weight of crucible/Weight of  


       sample] x100 


NDF (%, on a DM basis) = [NDF % on as fed basis/DM % of sample] x100 


 
Determination of acid detergent fibre (Van Soest, 1983) 


Acid detergent fibre (ADF) was determined by accurately weighing 1.0 g of the 


sample into a digestion tube; 100 ml of acid detergent solution was added and 


heated to boil. The acid detergent solution consisted 1N Sulphuric Acid (49.04 g 


H2SO4 1 litre) and 20 g CTAB (cetyl trimethl ammonium bromide) in one litre of N of 


H2SO4. From onset to boiling, the mixture was refluxed for 60 minutes. The light 


solutions were filtered through sintered glass crucibles (porosity number 1). 


Residues were broken up carefully and washed with hot water, rinsing sides of 


crucibles. The crucibles were then washed again twice with acetone and finally with 


hexane. The residue was filtered and dried in an oven at 105 oC overnight. The 


residues were then cooled in a desiccator and weighed. The formula for acid 


detergent fibre determination was as follows: 


ADF (%) = [(Weight of crucible + residue) – weight of crucible/Weight of  


       sample] x100 


ADF (%, on a DM basis) = [ADF % on as fed basis/DM %] x100 


 
Determination of total polyphenols (Waterman & Mole, 1994; Hagerman 


and Butler, 1991) 


Air-dried and finely ground plant material was placed in a conical flasks of 


approximately 25 ml capacity. To each flask 20 ml of methanol was added and 


vortexed every ten minutes for 2 hours. Separation was achieved by sedimentation. 


After removing the supernatants, another 20 ml of methanol was added to the 
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residue and vortexed every five minutes for 20 minutes. After repeating the 


separation and vortexing the supernatants were collected and stored in the fridge at -


10 oC until ready for analysis.  


 
Different standard concentrations (0, 0.2, 0.4, 0.6, 0.8 ml) were prepared from a 


stock solution of gallic acid (1 mg in 10 ml) by diluting with sodium carbonate. 


Approximately 10 ml of distilled water, 0.5 ml of the extract or standard was added to 


the volumetric flasks. After allowing to react for 1-8 minutes, 7.5 ml of sodium 


carbonate was also added and the flasks were filled with distilled water. Finally, after 


mixing and allowing to react for 2 hours from the time of adding folin reagent, the 


absorbance was read at 760 nm. 


 


Determination of extracted condensed tannins (Porter et al., 1986) 


A sample of 0.2 ml of tannin diluted with 0.3 ml of 70 % acetone was pipetted into a 


100 x 12 glass test tube and 3.0 ml of Butanol-HCl reagent and 0.1 of ferric reagent 


were added. The tubes were vortexed and then the mouths of the tubes were 


covered with glass marbles placed in a heating block adjusted to 97 to 100 oC for 60 


minutes. The tubes were swirled gently every two minutes. The tubes were then 


cooled and absorbance was recorded at 550 nm against a suitable blank (unheated 


mixture). The formula for calculating percentage of condensed tannins as 


leucocyanidin equivalent was = (absorbance 550 nm x 78.26 dilution factor)/(% DM).  


 
 
Determination of extracted hydrolysable tannins (Waterman and Mole, 
1994) 


Serial standard concentrations (0.05, 0.10, 0.15, 0.2, 0.25, 0.30 ml) were prepared 


from a stock solution of gallic acid (1mg in 10 ml) by diluting with sodium carbonate.   


Approximately 0.5 ml of the methanolic extract, 1 ml of folin reagent and 5 ml of 


concentrated sodium bicarbonate were added into a 10 ml volumetric flask and 


diluted with 2 ml distilled water. After mixing and allowing to react for 20 minutes 


from the time of adding folin reagent, the absorbance was read at 735 nm.  
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3.2.3 Statistical analysis 


All data on nitrogen, neutral detergent fibre, acid detergent fibre, total polyphenols, 


extracted condensed tannins and extracted hydrolysable tannins were subjected to 


analysis of variance (SAS, 2008). Treatment means were compared using a least 


significant difference (LSD) test at the 5 % level of probability.  


 
3.3 Results 


Results of the nutrient composition of cowpea, lablab, mucuna and forage sorghum 


hays are presented in Table 3.01. All the legume species had higher (P<0.05) 


protein contents than sorghum hay. Among the legume species, cowpea hay had 


higher (P<0.05) protein content than lablab and mucuna hays. Similarly, lablab hay 


had higher (P<0.05) protein content than mucuna hay. Sorghum hay had higher 


(P<0.05) NDF and ADF values than the legume species. Among the legume species, 


mucuna hay had higher (P<0.05) NDF and ADF values than lablab hay, while those 


of cowpea and lablab hays were similar (P>0.05). Compared to other hays, mucuna 


hay had higher (P<0.05) concentrations of both condensed tannins and hydrolysable 


tannins. Lablab hay had the highest (P<0.05) concentrations of total polyphenols 


followed by mucuna, sorghum and cowpea hays.  
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Table 3.01 Nutrient composition of forage hays  


   Treatment   SE 


Variable Cowpea Lablab Mucuna  Sorghum  


Dry matter (%) 90 93 94 94 2.10 


Organic matter (%) 83c 87b 90a 90a 1.50 


Crude protein (%)  22a 19b 18c 13d 0.000 


Neutral detergent fibre (%)  38bc 34c 40b 64a 1.82 


Acid detergent fibre (%)   32bc 31c 36b 52a 2.35 


Condensed Tannins*   0.03d 0.05c 0.40a 0.06b 0.000 


Hydrolysable tannins 


(mg/g) 


81.3d 113.3b 284.3a 111.1c 1.30 


Total polyphenols (mg/g)  0.05d 1.24a 0.35b 0.17c 0.000 


abcd:  Means with different superscripts in the same row are significantly different 


(P<0.05) 


SE: Standard error 


*:  Condensed tannins as percentage DM luecocyanidin equivalent 


 


3.4 Discussion 


Forage sorghum hay contained higher NDF and ADF values than the legume 


species. Black et al. (1980) observed similar results in sorghum. The authors 


observed high values of NDF and ADF of 69 and 36 %, respectively at bloom stage 


of development. Carbon-4 grass leaves develop a lignified midrib to provide 


mechanical support, which contributes to the high fibre concentration in grass leaf 


blades. In stems, structural changes occur as it matures resulting in a thick cuticle 


and lignified epidermis, and a solid ring of thick-walled, lignified vascular, 


sclerenchyma and parenchyma cells in the ring (Wilson 1993). Carbon-4 grasses, 


such as sorghum, have fewer mesophyll cells and a high proportion of lignified 
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vascular tissues than carbon-3 plants. Since mesophyll cells are comparatively 


unlignified and highly digestible, their proportion influences quality of the grass (Akin, 


1989).  


 
Legume hays had higher CP contents than sorghum hay. Forage sorghum with a 


value of 13 % had the least crude protein content. Bressani (1985) and Nielsen et al. 


(1997) observed high crude protein contents of cowpea, ranging from 22 to 30 % in 


the leaves and grain. Crude protein values of lablab were similar to those reported 


by Mosimanyana & Kiflewahid (1987), Abule et al. (1995) and Murphy (1998). 


However, Murphy et al. (1999) reported higher lablab CP values ranging from 21.4  


to 30.3 %. In contrast, Makembe & Ndlovu (1996) reported a lower whole plant 


lablab CP value of 12.2 %. In the present study, mucuna had a crude protein value 


of 18 %. Lower mucuna CP values of 16.8 and 16 % have been reported by 


Mupangwa et al. (2002) and Chikanga-Malunga et al. (2009), respectively. Higher 


crude protein values for mucuna have been reported. For example, Adjorlolo et al. 


(2001) reported a crude protein level of 20 %. The high CP values in the legumes 


used in the present study may indicate that these forages can be used as protein 


supplements for goats feeding on low quality roughages.  


 
Mucuna hay had the highest concentrations of both condensed tannins and 


hydrolysable tannins. This is similar to the findings of Chikanga-Malunga et al. 


(2009), who reported high concentrations of total tannins in whole plants at 123 days 


after planting. Lablab hay had the highest concentrations of total polyphenols.  


Mokoboki (2007) also reported high values of total polyphenols and extracted 


condensed tannins in lablab hay. Cowpea hay had the least contents of condensed 


tannins, hydrolysable tannins and total polyphenols. Tannins act as chemical 


defence mechanisms in plants against pathogens, herbivores and hostile 


environmental conditions; thus, they can exert detrimental effects in multitude of 


ways (Clausen et al., 1990). Tannins depress food intake, complex with dietary 


proteins and other dietary components, resulting in a drain on the nitrogen supply to 


the animal (Fahey & Jung, 1989). Tannins are strongly astringent and the 


astringency is the major cause of reduced intake (Reed, 1995).  Tannins may also 
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bind to proteins in the mouth, reducing the palatability of the feed and hence 


potentially decreasing intake. When tannins complex with proteins in the animal’s 


gut, they are believed to be responsible not only for growth depression but also for 


low protein digestibility and increased faecal nitrogen concentrations (Barry & 


Duncan, 1984; Fahey & Jung, 1989). However, tannins in forage legumes may also 


have positive effects on feeding values (Mueller-Harvey & McAllan, 1992; Reed et 


al., 1990). The neutral pH of the rumen facilitates the formation of tannin-protein 


complexes (Hagerman & Butler, 1991). These effects can be beneficial to ruminants 


as inhibition of protein degradation protects protein from microbial enzymes. The 


neutral pH may also reduce the occurrence of bloat and thus, potentially, increasing 


the availability of protein for digestion in the lower gut upon appropriate change in pH 


(McArthur et al., 1992).   


 
3.5 Conclusion 


Cowpea, lablab and mucuna hays had high protein contents. This means that the 


legumes have the potential of being utilised as protein supplements for goats on low 


quality roughages. Mucuna hay had higher concentrations of both condensed 


tannins and hydrolysable tannins than cowpea, lablab and sorghum hays, while 


lablab hay had the highest concentrations of total polyphenols. These tannins may 


have both negative and positive effects on diet intake, digestibility and palatability. 


There is, therefore, need to evaluate these legumes when used as protein 


supplements for Pedi goats on a basal diet of sorghum hay. 
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2.1 Introduction 


The productivity of goats in the subtropics is limited by acute shortages of good 


quality feed, especially during the dry season (Hove et al., 2001). Feeds available 


during this period are usually of very poor quality, low in protein and high in fibre, 


which results in low voluntary intake and digestibility (Tolera et al., 2000). High 


voluntary feed intake and hence high rates of animal live weight gain are difficult to 


achieve by ruminants grazing forages high in fibre contents. Thus, diets based on 


such grasses are limiting in a number of nutrients and must be supplemented with 


forages rich in those limiting nutrients (Mupangwa et al., 2002). Protein is the most 


limiting nutrient in such forages. 


 


Legumes can supply the limiting nitrogen in the form of amino acids and peptides. 


Abule et al. (1995) reported increased total dry matter intake in calves fed straw 


supplemented with either cowpea or lablab hay. Umunna et al. (1995a) reported 


almost double average daily gain in sheep fed lablab to supplement a basal diet of 


oat hay. Similar results were obtained on sheep fed lablab to supplement Zimbabwe 


scrubland herbage (Ndlovu and Sibanda, 1996). Mupangwa et al. (2002) concluded 


that inclusion of mucuna in low quality grass hay diets increased protein availability 


to sheep by increasing the supply of both rumen degradable and undegradable 


protein. 


 


2.2 Fibre digestion in goats 


The ruminant’s digestive tract is fit to a particular ecological niche and ruminants 


range in specialization from concentrate selectors through intermediate feeders to 


species adapted to grazing. Concentrate selectors (for example, black rhinocerous ) 


have relatively large parotid and small rumens with higher rates of passage, larger 


distal fermentation chambers, and larger spiral colons in comparison to grazing 


ruminants (Hofmann, 1998). The parotid glands of concentrate selectors are 


sometimes specialized to secrete compounds that make it possible to consume 


higher concentrations of plant secondary compounds. For example, browse with high 


levels of tannins may be readily consumed by a concentrate selector but avoided by 


a grazing ruminant (for example, cattle). The concentrate selector has a relatively 


larger emphasis on hindgut fermentation and decreased emphasis on ruminal 
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fermentation compared with a grazing ruminant. The grazing ruminants are 


specialized for a diet of digestible cellulose and are not well suited to consuming 


large amounts of relatively indigestible fibre, plant materials with concentrated 


secondary compounds, or diets very low in fibre. Cattle (Bos taurus and Bos indicus) 


and sheep (Ovis avies) have anatomical characteristics that identify them as grazing 


ruminants while goats (Capra hircus hircus) have characteristics that identify them as 


intermediate between concentrate and grazing ruminants (Hofmann, 1998). 


Efficiency of digestion is elevated with foregut fermentation in grazing ruminants, but 


the daily intake of digestible nutrients may be reduced on poor quality feeds because 


of the relatively slow rate of passage from the rumen even if the diet is otherwise 


nutritionally balanced. In other words, the grazing ruminant efficiently utilizes 


cellulosic material by fermentation in the rumen but this does not necessarily result in 


a high intake of nutrients (Van Soest, 1994). 


 


Goats as ruminants require adequate dietary fibre for normal rumen function. Rumen 


function is associated with rumination to maintain adequate salivation and optimal 


pH for cellulolytic microorganisms that typically yield acetate, butyrate and 


propionate in the rumen liquor. Dietary fibre through microbial degradation and 


synthesis supplies energy to support maintenance, growth, lactation and 


reproduction. Goats differ in feeding behavior, level of intake, diet selection, taste 


discrimination and rate of eating from sheep and cattle (Reid et al., 1990). Because 


of these differences the knowledge obtained from other ruminant species may not be 


extrapolated to goats. 


 


Chemically, dietary fibre can be determined as crude fibre, neutral detergent fibre 


(NDF), acid detergent fibre (ADF), and acid detergent lignin (ADL). Particle size 


reduction via mastication and rumination is an essential part of forage digestion in 


goats. Chewing during eating and rumination reduces particle size, increases 


surface area available for digestive rumen microbes and enzymes, and increases 


digesta passage. Salivation during chewing influences dilution rate and buffering of 


rumen fluid. When the intake of fibre increases, eating, rumination and total chewing 


time increases (Santini et al., 1991). 
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It is generally agreed that a high-fibre diet that results in longer rumination time may 


limit the voluntary feed intake. As observed in other ruminant species, an increase in 


dietary fibre content reduces dry matter intake in goats. Dry matter intake decreased 


linearly with increasing dietary NDF in Boer goats and crosses (Luginbuhl et al., 


2000). Because fibrous components ferment and pass from the reticulo-rumen more 


slowly than other dietary components, they have greater filling effect over time 


(Allen, 1996). Particle size, chewing frequency and effectiveness, particle fragility, 


indigestible ADF and characteristics of reticular contractions affect physical fill (Allen, 


1996). Feeding of a high-fibre diet results in slower growing rates as compared to the 


feeding of high concentrate diets. Batina and Dhofari goats fed 12.5, 18.3 and 24.7 


% ADF diets (23.6, 33.0 and 43.4 % NDF) grew at 45 and 45, 83 and 51, and 98 and 


55 g/day, respectively (Mahgoub et al., 2005). It is generally recognized that 


increasing the fibre intake depresses digestibility of other dietary components. Lower 


fibre intake shifts the microbial population toward an increase in lactate production in 


the rumen, depresses ruminal pH, and reduces cellulolytic activity (Minson, 1990). 


 


2.3 Chemical composition of forages 


Sorghum, a C4 species, is widely grown in Limpopo province where rainfall is erratic 


and drought is common. Carbon-4 plants are photosynthetically more efficient than 


carbon-3 plants. Net photosynthetic rates are higher in sorghum and they increase 


with temperature, probably reaching an optimum at 35-40 oC (Downes, 1970).  


Tropical C4 plants such as sorghum tend to accumulate large amounts of low quality 


dry matter. These plants have fewer mesophyll cells between vascular bundles than 


carbon-3 plants and, since mesophyll cells are comparatively unlignified and highly 


digestible, their proportion influences its forage quality (Akin & Chesson, 1989). 


Carbon-4 grasses, especially the warm season grasses that are highly productive in 


a hot environment, are at a disadvantage in terms of nitrogen contents when 


compared with legumes (Mupangwa et al., 2002).  


 


Forage quality can be defined as the extent to which a forage has the potential to 


produce a desired animal response. Forage quality, therefore, also influences intake 


and digestibility. Maturity stage at harvest is the most important factor determining 


forage quality of a given species. Maturity at harvest also influences forage 
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consumption by animals. As plants mature, NDF concentration increases and intake 


decreases (Tables 2.01 and 2.02).  Also, the rate at which fibre is digested slows as 


plants mature (Akin, 1989; Kaitho, 1997). Legumes generally produce higher protein 


and digestibility values than grasses (Tables 2.03 and 2.04). 


 


 


Table 2.01 Chemical constituents of sorghum at six stages of maturity (units are in 


g/kg DM except dry matter as g/kg feed)  


                        Stage of maturity  


Component Early 


bloom 


Bloom Milk Late milk 


to dough 


 Dough Hard 


dough 


DM  232 246 253 286  296 308 


CP 84 80 73 70  58 59 


ADF 357 357 361 333  340 341 


NDF 684 694 653 643  641 639 


Adapted from Black et al. (1980) 


 


 


Table 2.02 Effects of maturity at harvest on the chemical composition (g/kg; dry 


matter basis) and digestibility (g/kg DM) of whole plant and botanical 


fractions of Mucuna pruriens  


  Days after planting  


Variable 77 110 123 


DM 180 260 423 


CP 149 159 160 


NDF 388 446 485 


ADF 289 326 364 


In vitro DMD  518 549 490 


Adapted from Chikanga-Malunga et al. (2009) 
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Table 2.03 Chemical composition of sorghum stover and cowpea haulms 


 


  Treatment  


Variable sorghum stover cowpea haulm 


DM (%) 93.1 92.7 


OM (% DM) 92.3 91.1 


CP (% DM) 3.3 10.0 


IVOMD (%) 49.7 67.5 


DM: dry matter; OM: organic matter; CP: Crude protein; IVOMD: in vitro organic 


matter digestibility (%)  (Adapted from Savadogo et al., 2000) 


 


Table 2.04 Nutrient composition and in vitro digestibility of sorghum stover and 


fodder legumes 


   Variable   


Feed OM CP CF DMD  DOM   


      


Lablab 90.8 16.4 27.7 59.9 57.1 


Cowpea stover 89.1 15.7 21.1 74.1 70.1 


Sorghum stover 91.6 6.4 32.5 54.9 9.8 


OM: organic matter; CP (%): Crude protein (%); CF: crude fibre (%); DMD: dry 


matter digestibility (%); DOM: digestible OM (%). (Adapted from Mosimanyana and 


Kiflewahid, 1987) 


 


Although forage legumes generally have a high content of nitrogen, they also contain 


phenolics that limit diet digestibility, thus, depressing intake and diet utilization by 


animals (Norton & Poppi, 1995). The most important non-lignin phenolic compounds 


are tannins (Reed, 1995). Tannin contents of mucuna are presented in Table 2.05. 
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Table 2.05 Effects of concentration (g/kg dry matter) of some secondary 


compounds in whole plant, leaves, stems and pods of Mucuna pruriens 


averaged over three cutting stages (77, 110 and 123 days after 


planting)  


 


   Plant Component  


Variable Whole plant Leaves Stems Pods 


     


Total phenolics 60.1 19.3 21.5 92.8 


Extracted tannins 37.5 40.7 6.6 19.3 


Bound tannins 18.7 14.2 9.3 12.8 


Total tannins 59.4 54.9 15.8 31.8 


Adapted from Chikanga-Malunga et al. (2009) 


 


2.4 Intake and digestibility of grasses and legumes 


Grasses and legumes comprise the bulk of grazed forage and there is a broad 


division between tropical C4 grass species and legumes. Legumes are typically more 


digestible than grasses because they contain less fibre. Grass leaves develop a 


lignified midrib to provide mechanical support, which contributes to the high fibre 


concentration of grass leaf blades. Feeding trial comparisons between these groups 


at dry matter digestibility have shown higher intake for legumes than grasses and for 


leaf than stem material (Minson, 1990). A significant influence of plant structure on 


these intake differences has been implicated. Fragmentation of leaves during eating 


is constrained by the epidermal and vascular structures (Minson & Wilson, 1994). In 


grasses, the principal breakage plane is parallel to the venation giving long, narrow 


particles. Small particles are digested at faster rates than large particles because 


they have more surface area exposed per volume of tissue. In tropical grasses, the 


veins with their associated sclerenchyma strands, especially in an enlarged midrib 


when present, provide the leaf with tensile strength (Vincent, 1991). Ruminants 


spend more time regurgitating and chewing grasses than legumes and more time 


chewing mature than immature forage. Legume particles in the rumen are often 


cuboidal, whereas grass particles are elongated and slender (Buxton & Casler, 
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1993). Filamentous grass particles are usually slower to pass from the rumen than 


the cuboidal fragments of legumes. In leguminous leaves, adjoining epidermal cells 


have a plain wall profile, and in cross-section no girder structures are evident, even 


within the midrib. Additionally, rumen bacteria such as Lachnospira have pectic 


enzymes (White et al., 1993) which for legumes degrade the pectic containing 


unlignified middle lamella linking mesophyll cells together. Thus, epidermals are 


readily disrupted or shed during chewing or after minimal digestion (Howaarth et al., 


1982), exposing isolated veins. Because the fibre concentration of grass leaf blades 


is twice that of legume leaves, grass leaf blades are often less digestible than those 


of legumes (Wilson, 1993). 


 


The main volume of tissue in consumed forage, viz. mesophyll in leaves, pith 


parenchyma (grasses and legumes) and cambial, phloem fibre, chlorenchyma and 


epidermal cortex tissues (legumes only) in stems, is generally thin-walled or non 


lignified and with minimal chewing and/or digestion will fragment into particles which 


should bypass the small particle and directly enter the fines fraction (Wilson & 


Kennedy, 1996).  


 


Fragmentation of stems requires more energy and time than for leaves. Young grass 


stem is often more digestible than leaf and almost would show a high intake. Stem 


contrasts with leaf in that large structural changes occur as it matures, resulting in a 


thick cuticle and lignified epidermis, and a solid ring of thick-walled, lignified vascular, 


sclerenchyma and parenchyma cells in the ring. Legume stems as they mature show 


a similar progression from weakly lignified discrete vascular bundles to a highly 


lignified, and increasingly wide, complete vascular ring located between pith and 


cortex. Additional strengthening in legumes is provided nearer the stem periphery by 


discrete bundles of phloem fibres, mostly unlignified (Wilson 1993), and in some 


species, e.g. lucerne, by bundles of thick primary-walled, unlignified collenchymas 


cells at corners of the stem.  Collenchyma and most of the phloem fibres are readily 


digested in rumen fluid (Akin & Chesson, 1989).  


 


A growing awareness has developed that plant anatomy at the cellular level also 


influences fibre digestibility and that cell types differ in digestibility (Akin & Burdick 
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1975). Sclerenchyma, vascular tissue, and sometimes stem parenchyma and stem 


epidermis are digested very slowly and contain a substantial indigestible component. 


These tissues are the most highly lignified (Wilson, 1993; Akin, 1989; Akin and 


Chesson, 1989).   


Several grass cell types become lignified during maturation, whereas in legumes, 


xylem and tracheary cells are the only major tissues lignified (Wilson 1993). Lignified 


secondary walls of grass cells are digestible when microbes have access to these 


walls. Lignified primary walls and middle lamella, however, are not digestible. In 


contrast, lignified secondary walls of xylem and tracheary cells in legumes are not 


digestible (Wilson & Mertens, 1995). Lignification in these legume cells is much 


higher than those in grasses, which might be the reason secondary walls in legumes 


cannot be digested. Lignin concentration is closely related to the proportion of 


indigestible dry matter in forages (Buxton et al., 1996). Legumes, generally, have a 


more rapid digestion rate of potentially digestible NDF than grasses, but grasses 


have a larger portion of NDF that is potentially digestible. Smith et al. (1972) reported 


that potentially digestible NDF in several legumes digested at an average rate of 


0.12 h 1 compared with 0.10 h 1 for grasses. They also found that grasses 


contained 686 g of potentially digestible NDF per kilogram of NDF compared with 


512 g for legumes. 


 


2.5 Supplementing high fibre forages with forage legumes  


Major nutrients required by ruminant animals include protein, vitamins and minerals 


(Tables 2.06 and 2.07). Energy is also required, but is not a chemical entity. Energy 


may be supplied by several different nutrient constituents, including starch, sugar, 


fibre, lipids, and protein. Crude protein in feeds serves two functions in ruminant 


animals; to supply N for the rumen microorganisms, and to supply amino acids to the 


small intestine for absorption and use by the host ruminant animal. Amino acid 


supply comes from two sources, feed protein escaping microbial degradation and 


microbial protein (McDonald et al., 1990). The rate of digestion of plant cell wall by 


the rumen microbes is depressed if the supply of nutrients, particularly nitrogen in 


the form of ammonia, amino acids and peptides, arising from ingested plant material 


or from endogenous recycling into the rumen, is suboptimal for microbial 


requirements. 
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Table 2.06 Nutrient requirements for goats’ maintenance only (includes 


stable feeding conditions and minimal activity) 


Live 


weight 


(kg) 


DMI 


(kg/goat/


day) 


TDN 


(g/goat/


day) 


ME 


(MJ/goat/d


ay) 


CP 


(g/goat/


day) 


DP 


(g/goat


/day) 


Ca 


(g/goat


/day) 


P  


(g/goat


/day) 


10 0.28 159 0.57 22 15 1 0.7 


20 0.48 267 0.96 38 26 1 0.7 


30 0.65 362 1.30 51 35 2 1.4 


40 0.81 448 1.61 63 43 2 1.4 


50 0.95 530 1.91 75 51 3 2.1 


60 1.09 608 2.19 86 59 3 2.1 


70 1.23 682 2.45 96 66 4 2.8 


80 1.36 754 2.71 106 73 4 2.8 


90 1.48 824 2.96 116 80 4 2.8 


100 1.60 891 3.21 126 86 5 3.5 


DMI: Dry matter intake; TDN: Total digestible nutrients; ME: metabolisable energy;  


CP: Crude protein; DP: Digestible protein; Ca: Calcium; P: Phosphorus. (Adapted 


from NRC, 1981) 


 


For forage diets, the rate of microbial fermentation is depressed if ammonia 


concentration in the rumen drops below 50 mg of nitrogen per litre. A similar 


depression of microbial activity occurs if microbial access to the cell wall 


carbohydrates is impeded by structural or chemical factors (Akin. 1989). 


 


The ammonia in rumen liquor is the key intermediate in the microbial degradation 


and synthesis of protein. Ruminally fermentable N substances are largely converted 


to ammonia that, in turn, is used by the microorganisms. If the ruminal NH3 


concentration becomes excessive, then NH3 may be absorbed into the blood and 


converted to urea by the liver. This urea may be excreted as a loss or recycled back 


into the rumen as non-protein nitrogen (NPN). Until the minimum requirement for N 


is met in the rumen to satisfy microbial needs, ruminal fibre digestion is depressed, 


undigested residues accumulate in the rumen, and intake is depressed. For this 


reason, when dietary CP is below about 8% of the diet, CP content has a strong 
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relationship with intake. However, when that requirement has been met there is little 


or no relationship with intake (Moore & Hatfield 1994). 


 


Table 2.07 Nutrient requirements for goats’ maintenance plus low activity (25 


% increment, intensive management and tropical range) 


Live 


weight 


(kg) 


DMI 


(intake) 


(kg/goat/


day) 


TDN 


(g/goat/


day) 


ME 


(MJ/goat/d


ay) 


CP 


(g/goat/


day) 


DP 


(g/goat


/day) 


Ca 


(g/goat


/day) 


P  


(g/goat/


day) 


10 0.36 199 0.71 27 19 1 0. 


20 0.60 334 1.20 46 32 2 1. 


30 0.81 452 1.62 62 43 2 1. 


40 1.01 650 2.02 77 54 3 2. 


DMI: Dry matter intake; TDN: Total digestible nutrients; ME: metabolisable energy;  


CP: Crude protein; DP: Digestible protein; Ca: Calcium; P: Phosphorus. (Adapted 


from NRC, 1981) 


 


In the presence of adequate rumen N concentrations, microbes will ferment fibre to 


obtain energy for growth and synthesis of new cells. The by-products of such 


fermentation include the volatile fatty acids (acetate, propionate and butyrate) which 


are the main energy nutrients absorbed in the rumen. Degradation of plant materials 


by microbes varies from tissue to tissue, decreasing in the order: mesophyll and 


phloem > epidermis and parenchyma sheath > sclerenchyma and lignified vascular 


tissue (Akin, 1989). Tropical grasses have few mesophyll cells between vascular 


bundles (as a consequence of adaptation to a C-4 photosynthesis pathway) and 


have a high proportion of lignified vascular tissue. Both factors combine to lower the 


degradability of these grasses. As plant cells mature, their cell walls thicken and 


deposition of hemicellulose and lignin increases, further reducing degradability. 


Many tropical forages and crop stovers are severely deficient in crude protein. Thus, 


such diets, based on tropical grasses, should be supplemented with forages, for 


example legumes, high in readily degradable tissues and proteins (Leng, 1984; 


Mupangwa, 2000).  
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A major problem in evaluating the intake of leguminous feeds lies in the reasons for 


which an animal may refuse the food. One such reason might be low palatability.  


 


2.6 Palatability 


Palatability may be defined as the pleasing or satisfying aspects of a feed (Provenza, 


1995). Palatability is a complex phenomenon determined by animal, plant and 


environmental variables. Thus, low palatability may be defined as the low pleasing or 


satisfying aspects of a feed 


 


Plant factors that influence palatability are chemical composition including the 


concentration of anti-nutrients or toxins, form of the forage and succulence or 


maturation (Provenza & Cincotta, 1994). Goats and sheep are known for feeding on 


a wide spectrum of feeds and are said to select those that meet their nutritional 


needs and avoid those that can cause toxicosis (Provenza 1995). For example, 


Gliricidia sepium, considered as ‘poisonous’ to sheep and goats, was found as the 


least preferred by goats when eight indigenous browse species were compared 


(Larbi et al., 1993). Phenolics, alkaloids, tannins and aromatic compounds are some 


of the chemical compounds known to lower palatability and intake, irrespective of the 


nutritional value of the feed (Ngwa et al., 2003). Foliage dry matter intakes of 


Lysiloma latisiliquum, Acacia pennatula, Piscidia piscipula and Brosimun alicastrum 


were negatively correlated with condensed tannins and total tannins (Alonso-Díaz et 


al., 2008). Kaitho et al. (1997) and Ravhuhali (2010) observed poor relationships 


between forages of high crude protein contents and palatability indices and intake 


values. Tannins in plants may cause a reduction in intake due to a pre-ingestive 


effect of astringency (Ben Salem et al., 2005) or a post-ingestive effect (Turner et al., 


2005; Rogosic et al., 2006).  


 


Diet preference as affected by preparation, for example, chopping can enhance 


palatability. A reduction in particle size of forages, generally, causes an increase in 


intake (Gherardi & Black, 1991). Diet preference as affected by chopping enhanced 


the palatability by goats of maize, sorghum and clover hay (Abdel-Moneim & Abd-


Alla, 1999). Nitis (1986) observed an improvement in acceptance of Gliricidia sepium 
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after prolonged wilting or drying, while Palmer & Schlink (1992) reported a significant 


difference between voluntary intake of fresh and wilted Calliandra calothyrsus. 


Ikhimioya (2008) reported a negative correlation between relative palatability indices 


and lignification of forages. Thus, as plants mature their lignin content increases, 


thus reducing their palatability values. Such forages have low relative palatability 


indices, high neutral detergent fibre and acid detergent fibre concentrations and low 


intake.  Also, the rate at which fibre is digested becomes lower as plants mature. 


Relative palatability indices in goats were negatively correlated with fibre content of 


leaves of Afzelia africana, Bambusa vulgaris, Chromolaena odorata, Mangifera 


indica and Newbouldia laevis (Ikhimioya, 2008).   


 


Animal factors that influence palatability include species or breeds, the senses, 


individual variation, previous experience and physiological condition (Marten, 1978). 


Goats differ in feeding behaviour, level of diet selection, taste discrimination, and 


rate of eating from sheep and cattle (Reid et al., 1990). The palatability of a forage is 


determined by its ability to provide stimuli to the oropharyngeal senses of the animal, 


for example taste, odour and texture. It has been proposed that animal preferences 


originate from the interrelationship between a feed’s taste and its post-ingestive 


feedback, which is determined by an animal’s physiological state and a food’s 


chemical characteristics. The senses (that is sight, touch, smell and taste), 


stimulated in the presence of feed, allow animals to anticipate the post-ingestive 


effect of the feed (Provenza, 1995). This hedonistic perception is related to pleasant 


or unpleasant feelings evoked by the feed (Grovum, 1988). Flavour is considered to 


be the most important food cue (Garcia, 1989) and according to Personius et al. 


(1987), herbivores are able to detect some toxic compounds by smell before eating 


or immediately after the first bite. This behaviour can be influenced by anti-nutritional 


compounds that often induce unpleasant taste or smell and inhibit digestive 


processes (Freeland & Janzen, 1974). Nevertheless, if similar palatable feeds are 


used, the post-ingestive factors become dominant. Kyriazakis & Oldham (1993) 


reported that sheep fed with a choice of two feeds, varying in protein content, could 


select a diet that met their protein requirements. The results of Pilla et al. (1993) 


showed that sheep fed free-choice with unlimited amount of commercial concentrate, 


hay and oats grain, were capable of selecting a diet constant in crude protein and 
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crude fibre, despite high variability in the ingested feeds. Görgülü et al. (1996) 


reported that lambs offered a choice among an option of feeds (ground barley, 


cottonseed meal, wheat bran and alfalfa straw) successfully regulated their nutrient 


intakes and attained better growth performance. Hadjigeorgiou et al. (2003) reported 


for sheep and goats positive correlations between voluntary intake of the forages’ 


(Graminaeae forages varying in chemical composition) preference rankings and in 


vitro OM digestibility of the individual forages. However, forage preference rankings 


were negatively related to the fibre characteristics of the feeds. 


 


2.7 Tannins 


Tannins include any naturally occurring plant polyphenolic compound of molecular 


weight 500 to 3000 with a large number of free hydroxylic groups that form strong 


hydrogen bonds with proteins and carbohydrates (Waghorn et al., 1994a). They are 


distinguished from other polyphenolic compounds by their ability to precipitate 


proteins (Silanikove et al., 2001). The anti-nutritive effects of tannins are associated 


with their ability to combine with dietary proteins, polymers such as cellulose, 


hemicelluloses and pectin, and minerals, thus retarding their digestion. Tannins have 


been classified into two groups, the proanthocyanidins (PA) or commonly referred to 


as condensed tannins (CT) and the polyesters of gallic and hexahydroxydiphenic 


acids or hydrolysable tannins (gallotannins and ellagitannins, respectively). 


Condensed and hydrolysable tannins may occur in the same plant (Haslam, 1981). 


Tannins act as a chemical defense mechanism in plants against pathogens, 


herbivores and hostile environmental conditions; thus, they can exert detrimental 


effects in multitude of ways (Clausen et al., 1990). Some argue that toxicity is the 


basis for plant defence (Bryant et al., 1992), while others contend that deterrence 


(i.e., rejection based on taste only) is often independent of toxic effect (Silanikove et 


al., 2006a). There is also evidence that decreased feed intake results from aversive 


post-ingestive feedback, which is caused by low nutritional value of feeds leading to 


nutrient deficits (Silanikove et al., 2001). In many experiments it has been shown that 


the ability of tannins to form strong complexes with proteins causes negative effects 


on appetite and nutrient utilization, particularly of proteins, in herbivores (Robbins et 


al., 1987; Silanikove et al., 1996b).  
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2.7.1 Detrimental effects of tannins on digestion and metabolism 


Tannins may reduce intake of forage legumes by decreasing palatability or 


negatively affecting digestion (Reed, 1995). Tannins, because of their protein-


binding properties, are known to be strongly astringent. They alter palatability and 


intake, irrespective of the nutritional value of the feed (Ngwa et al., 2003). This 


astringency appears to be the major cause of reduced food intake in mammalian 


herbivores (Fahey & Jung, 1989). Rate of gain for growing animals reflects total 


intake and availability of nutrients in the diet. Low growth rates because of low total 


intake were observed in sheep eating fruits of Acacia sieberiana, Acacia cyanophylla 


and Acacia nilotica which contained high levels of tannins (Tanner et al., 1990).  


 


When tannins complex with proteins in an animal's gut, they are believed to be 


responsible not only for growth depression but also for low protein digestibility and 


increased faecal nitrogen concentrations. Thus, once they have been consumed, 


their adverse effects, once again, seem to be related to their binding of dietary 


protein. There is evidence to suggest that enzymatic proteins, as well as other 


endogenous proteins, comprise a considerable portion of excreted nitrogen when 


animals are fed tannins (Fahey & Jung, 1989).  When endogenous proteins are lost 


in this manner, the animal may incur a deficiency in one or more essential amino 


acids.  Condensed tannins are known to inhibit several digestive enzymes, including 


proteases, pectinases, amylases, cellulases and lipases. Enzyme inhibition is 


believed to be caused mainly by non-specific binding of tannins with the enzyme 


protein, but may also occur when tannins bind with the substrate (Fahey and Jung, 


1989). There are many factors which may influence the extent of digestive enzyme 


inhibition by tannins. Included among them are: amounts of protein in the diet, 


relative amounts of various enzymes in the diet and the order in which they are 


encountered, formation of tannin-protein complexes prior to and following ingestion, 


and how various enzymes are affected by pH, type of tannin, and species and age of 


the animal (McArthur et al., 1992). Tannins may reduce cell wall digestibility by 


binding bacterial enzymes and, or, forming indigestible complexes with cell wall 


carbohydrates (Reed et al., 1990). Digestibility of organic matter and fibre fractions 


were lowest for sheep fed Acacia cyanophylla, the supplement with the highest 


content of condensed tannins and soluble phenolics.  
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Scalbert (1991) identified three mechanisms of tannin toxicity in microorganisms: 


enzyme inhibition and substrate deprivation, action on membranes, and metal ion 


deprivation. Enzyme inhibition and substrate deprivation are characteristic of 


tannin/protein interactions. Tannins may also complex with carbohydrates 


substrates, especially cellulose. Condensed tannins from sainfoin inhibited the cell-


associated protease activity of Streptococcus bovis and Butyrivibrio fibrosolvens but 


not in Prevotella ruminicola or Ruminobacter amylophilis (Jones et al., 1994). The 


distinction between inhibition of cellulolytic enzymes and the formation of complexes 


with cellulose may be difficult. Tannins induce changes in morphology of several 


species of ruminal bacteria. Electron microscopy indicated that condensed tannins 


from sainfoin were bound to cell coat polymers in Streptococcus bovis and 


Butyrivibrio fibrosolvens, Prevotella ruminicola and Ruminobacter amylophilis but 


abnormal cell growth and division were observed only in Streptococcus bovis and 


Butyrivibrio fibrosolvens (Jones et al., 1994). 


 


Hydrolysable tannins are known to be toxic to ruminants (Shi, 1988). The acute 


disease of cattle and sheep is associated with the consumption of oak species 


(Quesrcus spp) and several tropical tree legumes, for example, Terminalia oblongata 


and Clidema hirta (Murdiata et al., 1990). Microbial tannases that hydrolyse galloyl 


esters are present in the rumen. The gallic acid released is further metabolized by 


microbes to pyrogallol and other low-molecular-weight phenols that are absorbed 


from the rumen (Murdiata et al., 1992). The major lesions associated with 


hydrolysable tannin poisoning are hemorrhagic gastroenteritis, necrosis of the liver, 


and kidney damage with proximal tubular necrosis (Filippich et al., 1991). Acute 


intoxication from excessive consumption of oaks and other tree species that contain 


around 20 % hydrolysable tannins results in high mortality and morbidity in cattle and 


sheep (Murdiati et al., 1992).  


 


The toxicity of condensed tannins is difficult to separate from their profound effect on 


the digestion of protein and carbohydrates. The consumption of tropical tree legumes 


such as species of Acacia are associated with increased mortality of ruminants 


(Ritter and Reed, 1992). These species may contain high levels of condensed 


tannins and low levels of protein. Condensed tannins that are not absorbed may 


affect the mucosa of the digestive tract, which could decrease absorption of other 
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nutrients. Condensed tannins decrease the absorption of essential amino acids 


when present at high concentrations. The amino acids most susceptible are 


methionine and lysine. Decreased methionine availability could increase the toxicity 


of other plant compounds such as cyanogenic glycosides, because methionine is 


involved in the detoxification of cyanide via methylation to thiocyanate (Van Hoven 


1984; Ritter & Reed, 1992). 


 


Several physiological mechanisms for reducing the activity of plant secondary 


compounds are available and include formation of less reactive complexes, 


modification of the environment to inhibit reactions, and degradation. One effective 


strategy for dealing with the digestion inhibiting properties of condensed tannins is 


the secretion of salivary glycoproteins (Robbins et al., 1987). These proteins 


complex with tannins in the mouth of the herbivore and then pass through the 


animal's gut intact, thereby effectively neutralizing some of the tannins' adverse 


effects (Austin et al., 1989). Environmental factors, such as pH, temperature, and 


solution polarity are known to affect chemical reactivity. pH is important in governing 


the formation of tannin-protein complexes.  Binding is particularly high at the 


isoelectric pH of the protein, and is much less strong at high pH, where the phenolic 


groups of the tannins are ionized (McArthur et al., 1992).  However, acidity may also 


play an important role in breaking down some tannins in the gut (Mueller-Harvey & 


McAllan, 1992).  Carbon-carbon linkages of 4->6 apparently are more vulnerable to 


acid cleavage than 4->8 linkages. Therefore, tannins having 4->8 links may be 


potentially more toxic to animals because they will release more phenolic monomers 


which can be absorbed and will ultimately have to be detoxified (Mueller-Harvey & 


McAllan 1992).  


 


2.7.2 Beneficial effects of tannins 


Rumen escape, urea recycling and microbial efficiency are mechanisms by which 


tannins in forage legumes may increase the efficiency of protein utilization by 


ruminants. Tannins may complex protein at the pH of the rumen and protect protein 


from microbial enzymes. These complexes are unstable at low pH in the 


abomasums, thus the proteins become available for digestion in the small intestines 


upon appropriate change in pH (McArthur et al., 1992). Condensed tannins in Lotus  
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pendunculatus are associated with an increased flux of essential amino acids 


through the abomasum and increased net apparent absorption of threonine, valine, 


isoleucine, tyrosine, phenylalanine, histadine and lysine (Waghorn et al., 1987). 


McNabb et al. (1993) observed increased net absorption of methionine and 


increased utilization of cystine in sheep fed Lotus  pendunculatus in comparison with 


sheep fed Lotus pendunculatus in which the tannins had been “deactivated” by the 


addition of polyethylene glycol.  


 


Tannins may increase the efficiency of urea recycled to the rumen. Tannins lower 


the rate of protein degradation and deamination in the rumen and therefore lower 


ruminal NH3 (Woodward, 1988). Plasma urea nitrogen, ruminal NH3 and urinary N 


loss were lower when sheep and goats were fed legumes that contained tannins 


(Woodward, 1988). Tannins may increase the glycoprotein content and excretion of 


saliva, which could lead to more N recycled to the rumen (Robbins et al., 1987). 


Sheep fed pure diets of Lotus  pendunculatus had lower plasma urea concentrations, 


a more rapid plasma urea turnover rate, and a higher irreversible loss than sheep 


receiving Lotus pendunculatus that was treated with polyethylene glycol to 


“deactivate” the tannins (Waghorn et al., 1994b). 


 


It was hypothesized by Beever & Siddons (1985) and Reed et al. (1990) that tannins 


increased microbial yield. Barry & Manley (1984) observed increases in non-


ammonia nitrogen (NAN) flows to the duodenum greater than N intake for forage 


legumes that contain tannins. Because N is not created in the rumen, part of the 


increased flow of NAN must be from endogenous sources that have been 


incorporated into the microbial fraction. Nitrogen flows at the duodenum that are 


greater than N intake are common for diets low in N (< 1%), but for forage legumes 


with greater that 2% N, flows at the duodenum are normally lower than N intake 


(Mason, 1975), except in the case of forage legumes that contain condensed tannins 


(Barry & Manley, 1984).   


 


2.8 Methods of evaluating feeding value 


The main constraint to the utilisation of roughages by ruminants is voluntary feed 


intake (Hovell et al., 1986; Minson, 1990), so prediction of feed intake, particularly of 
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fibrous roughage, is one of the important aspects of ruminant nutrition (Ørskov & 


Ryle, 1990). Feed evaluation is a description of feeds in terms that allow for a 


prediction of the performance of the animals offered the feeds (Seven & Cerci, 


2006). The most common definition of a feed states that it is a product that contains 


nutrients and possibly other components that are not nutrients. The nutritive value of 


a feedstuff is dependent on the intake and on the amount of nutrients absorbed from 


the ingested feedstuff during its passage through the gastro intestinal tract (Madsen 


et al., 1997). Most of the feed evaluation methods therefore tend to reproduce what 


happens at the gastro-intestinal tract when the feed is eaten by the animal. Because 


forage quality is highly variable, their quality must be assessed before their diets are 


formulated. Roughages, in warm climates, are poor in digestive nutrients either 


because nutrients such as nitrogen and non structural carbohydrates are present at 


low concentrations or because they are poorly digestible, due to the presence of 


various physical or chemical factors such as lignin and polyphenols. The aim of feed 


evaluation is giving guidance about the best feeding methods and, how the feeds 


should best be combined or supplemented with high protein feeds. There are mainly 


three types of methods for the evaluation of feeding value, which are the chemical, 


biological and enzymatic. 


 


2.8.1 Chemical methods 


Chemical methods give information on the main composition present in the feeds. As 


no animal-feed interactions are considered, effects such as palatability, the impact of 


diet composition on digestibility or the extent to which anti-nutritive factors influence 


feed intake, cannot be determined. Chemical analysis provides absolute values and 


therefore differs from all other methods that simply rank feeds. This information has 


been used to predict the nutritive value and it is for this purpose that most of the 


chemical methods are still used in animal nutrition. Some of the parameters have the 


impact or the reflex on digestion, which justifies their utilization to predict the nutritive 


value. Among those are nitrogen (crude protein) and cell wall constituents.  


 
 
The crude protein (CP) content is often a good predictor of organic matter 


digestibility (OMD) since it diminishes as the plant grows and also varies inversely 


with the indigestible cell wall fraction. Organic matter digestibility predictions are only 
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accurate if they are carried out on individual plant species, production cycles or 


seasons, and soil types (Aufrère & Guérin, 1996)  


 


Van Soest fractionation makes it possible to measure the total cell wall content 


(neutral detergent fibre, NDF), ligno-cellulose content (acid detergent lignin, ADL) of 


forages. In particular acid detergent fibre (ADF) determination allows the evaluation 


of practically all the cellulose and lignin. To predict the digestibility of forages, total 


cell wall content or NDF is a less accurate predictor of OMD than ADF. Van Soest 


(1996) presented experimental data from large number of samples, which seriously 


question the reliability of regression equations using single fibre measurements 


(NDF, ADF) to predict forage digestibility. Fonsera et al. (1998) also found a strong 


negative correlation between OMD than NDF. Lignin content is the variable most 


closely linked to in vivo digestibility. It is necessary to establish separate relations, at 


least for grasses and legumes. For the same lignin content, legumes have less 


indigestible cell wall material and higher digestibility than grasses (Smith et al., 


1972).  


However this analytical procedure is still imperfect because in legumes the neutral 


detergent solution used to determine NDF solubilises pectic substances present in 


stems at levels between 11 and 22 % (Hatfield, 1992). Besides cell wall content NDF 


and ADF can be overestimated if a larger proportion of nitrogen remains bound to 


the cell walls, which is the case in temperate zone for legumes and young grass 


leaves (Van Soest & Robertson, 1980). The presence of varying quantities of tannins 


can also lead to an overestimation in of the lingo-cellulose content (Makkar et al., 


1995).  


 


Preparations of ADF are over digested, dissolving indigestible components, lignin 


and some hemicelluloses, respectively. Neutral detergent, on the other hand, 


dissolves mainly nutritionally available substances, and isolates the incompletely 


available fraction. NDF gives good estimates of digestibility in animal species with 


minimal gut fermentation, but becomes inefficient where extensive fermentative 


digestion of fibre occurs. Fibre digestibility may not be related to fibre content. This is 


due to the differing environmental factors promoting lignification as opposed to cell 
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wall content (Van Soest, 1996). The use of fibre, particularly of ADF, to predict 


digestibility is therefore a gross misuse and a prevision of scientific understanding.  


 


Gosselink et al. (2004) found out that chemical components were less accurate in 


predicting OMD than alternative in situ and in vitro techniques. Andrighetto et al. 


(1992) also reported that Weende crude nutrients had poor capacity to predict in vivo 


digestibility. Other studies (Aufrere and Michalet-Doreau, 1990 and Steg et al., 1990) 


also showed that in vitro digestibility determinations using enzyme or rumen fluid 


were consistently superior to chemical characteristics in predicting in vivo 


digestibility.  


 


2.8.2 Biological methods 


The biological methods were created to represent and simulate a part or a series of 


parts of the digestive tract and digestion process in animals. Among the biological 


methods is the digestibility with in vivo trials, the in vitro two stage digestibility 


technique (Tilley & Terry, 1963), the in vitro gas production (Menke & Steingass, 


1988) and the in situ or nylon or dacron bag technique (Meherez & Ørskov, 1977; 


Ørskov & McDonald, 1979).  


 


The in vivo method 


The model which gives the value utilized for defining the nutritive value of a feed is 


the in vivo digestibility, which represents the entire process occurring in the gastro-


intestinal tract. The basic value obtained with in vivo trials is the result of the 


integration of two main processes: digestion and absorption; the other systems 


consider degradation (in situ), fermentation (gas test) and digestion (two stage 


technique). The in vivo digestibility of roughages depends on their specific 


characteristics, and also on the conditions in which they are used. Forages poor in 


fermentable nitrogen and certain minerals such as phosphorus, magnesium, sulphur 


and copper forages have to be supplemented so that the rumen can function 


correctly and these forages reach their potential digestibility.  
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Conventional in vivo digestibility and voluntary intake of forages are consistently 


used to enable one to make an accurate and reliable assessment of forage feeding 


value in the majority of situations. The determination of intake and digestibility of 


feedstuffs in vivo is time-consuming, laborious, expensive, requires large quantities 


of feed and is unsuitable for large-scale feed evaluation (Coelho et al., 1988; Carro 


et al., 1994). In addition, in vivo experiments impair animal welfare and are not suited 


for routine analysis. However, the in vivo feed evaluation provides the most accurate 


ranking of feedstuffs in terms of their feeding value.  


 


The in vitro two stage technique (Tilley and Terry, 1963) 


The two-stage methodology of Tilley & Terry (1963), which provides an in vitro 


estimate of in vivo digestibility, can be considered one of the great advances in 


ruminant feedstuff evaluation. The original Tilley & Terry methodology comprised two 


stages, broadly representing the rumen and lower digestive tract, respectively. Using 


146 samples of grass, clover and lucerne of known in vivo digestibility (Y), the 


regression equation Y = 0·99 X – 1·01 (S.E. ± 2·31) was calculated, where X = in 


vitro dry-matter digestibility (Tilley and Terry, 1963). The in vitro technique of Tilley 


and Terry (1963) is often used as the reference technique for other techniques to 


evaluate OM digestion, such as the pepsin-cellulase technique (De Boever et al., 


1988; Givens et al., 1989; Givens et al., 1990 and Aufrère & Michalet-Doreau, 1988), 


the in situ bag technique and the gas production technique (Cone et al., 1999 and 


Khazaal et al., 1993a).  The in vitro method have the advantage not only of being 


less expensive and less time-consuming, but also allow one to maintain 


experimental conditions more precisely than do in vivo trials. The other advantages 


of this technique are that it uses simple apparatus, many samples can be examined 


at one time, the results are highly reproducible and the analysis provides an estimate 


of in vitro digestibility from which in vivo digestibility can be predicted. Although the 


method of Tilley & Terry (1963) has been extensively validated with in vivo values 


(Van Soest, 1994), the method appears to have disadvantages. The method is an 


end-point measurement thus unless lengthy and labour-intensive time-course 


studies are made, the technique does not provide information on the kinetics of 


forage digestion. Thus substrates with similar end-point degradabilities but differing 


kinetic profiles will not be differentiated using this technique (Mould, 2003). This is of 







26 


 


fundamental importance, as feeds with a higher rate of degradation will generally be 


consumed in greater quantities, due to their shorter rumen retention times. 


 


In vitro methods (Tilley & Terry, 1963; Brown et al., 2002) usually predict in vivo 


digestibility with a lower error than any chemical method. Compared to other 


techniques, the Tilley and Terry (1963) technique had low prediction errors when a 


total of 110 forages were used to determine the in vivo digestibility of organic matter 


in sheep (Gosselink et al., 2004). Iantcheva et al. (1999) reported significant 


correlations between in vivo OMD and all in vitro procedures for 22 samples of grass 


and 20 samples of alfalfa hay for different laboratory evaluation procedures. 


 


In vitro gas method  


In vitro cumulative gas production techniques were developed to predict fermentation 


of ruminant feedstuffs. A feedstuff is incubated with buffered rumen fluid and gas 


produced is measured as an indirect indicator of fermentation kinetics. 


The close association between rumen fermentation and gas production has long 


been recognized (Tappeiner, 1884 as cited by Marston, 1948), but the history of the 


rumen fermentative gas measuring technique started in the early 1940s (Quin, 


1943). Much of the earlier work on gas measurement (Mcbee, 1953; Trei et al., 


1970; Beuvink & Spoelstra, 1992; Beuvink et al., 1992) centred on investigations of 


rumen microbial activities using nonmetric measurements.  


Wilkins (1974) developed an automated pressure transducer method for measuring 


gas production by microorganisms. The system consisted of a pressure transducer 


and a pressure equalizer valve attached to the metal cap of a test tube containing 


inoculum and culture medium, and gas pressure was recorded on a strip-chart 


recorder. In this study, cultures shaken at 200 oscillations per minute showed a 


marked increase in rate of gas release over stationary cultures. Measurement of in 


vitro gas production has been widely used to assess the nutritional quality of feeds, 


due to its high correlation with in vivo digestibility. Menke et al. (1979) reported a 


high correlation between gas production in vitro and in vivo apparent digestibility. 


Other workers (Chenost et al., 1997; Fernadez-Rivera, 1997; Macheboeuf et al., 
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1997; Romnel et al., 1997) have also reported significant correlation between in vitro 


gas measurement and in vivo digestibility.  


 


The main end products of the metabolism of carbohydrates by rumen micro-


organisms are acetic acid, propionic and butyric acids, carbon dioxide and methane 


(CO2 and CH4). Fermentation gas production is markedly influenced by both feed 


composition, with the majority being released from carbohydrates, less from protein 


and essentially none from lipids, and by the type of fermentation, e.g. more gas is 


released per unit of substrate degraded from fibre than starch (Wolin, 1960). The 


predominant acid is acetic, and roughage diets high in cellulose give rise to acid 


mixtures particularly high in acetic acid. As the proportion of concentrates in the diet 


is increased, the proportion of acetic acid falls and that of propionic rises (McDonald, 


1979). Many workers reported more propionate and thus lower acetate to propionate 


ratio in the ruminal fluid of cows fed a high grain diet (Ørskov & Ryle, 1990). If 


fermentation of feeds leads to a higher proportion of acetate, there will be a 


concomitant increase in gas production compared with a feed with a higher 


proportion of propionate.  


 


Gas measurement was employed for evaluation of the interaction between basal and 


supplementary diets by incubating both basal diet and supplementary diet separately 


as well as in combination and monitoring gas production at different hours of 


incubation using the pressure transducer system (Sampath et al., 1995). These 


workers, by incubating the basal diet and the supplement, observed a positive 


interaction in gas production in the early hours of incubation, which according to the 


authors can be an approach to study the synergetic effects of supplementation. 


When low-quality forages are incubated alone, microbial fermentation activity is often 


limited by the shortage of fermentable nitrogenous compounds, which results in low 


ammonia concentration and impaired nutrient degradation. Under such conditions, 


supplementation with good-quality forage legumes enhances microbial activity, and 


increases OM and fibre degradation (Hess et al., 2008). This indicates the availability 


of readily fermentable material as a ready energy source which stimulates the 
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activity of the rumen microorganisms which in turn accelerate the digestion of 


roughages 


 


Cone & Van Gelder (1999) showed that protein fermentation influenced gas 


production mainly in the initial hours of incubation, because the major part of protein 


is part of the soluble fraction. In a study to investigate the fermentability of poor 


quality natural pasture (veld) hay mixed with different amounts of Napier hay or 


groundnut hay, groundnut hay was more rapidly fermented than Napier hay while 


veld hay was the least fermentable substrate (Wood & Manyuchi, 1997). Blümmel et 


al. (2005) concluded that forages with high voluntary dry matter intake (DMI) have 


high gas volumes at early incubation times (i.e., 2–8 h) and high substrate true 


degradabilities at 24 h of incubation, but low gas production at later times of 


incubation. Getachew et al. (2004) reported a negative correlation between the CP 


content of feeds and in vitro gas production at 24 and 48 h incubation. 


 


The gas method has been used to assess the actions of anti-nutritive factors on 


rumen fermentation of Mediterranean browses (Khazaal et al., 1994) and African 


browses (Siaw et al., 1993; Nsahlai et al., 1994; Bonsi et al., 1995). Concentration of 


phenolics was related negatively but more significantly to gas production than to dry 


matter degradation in nylon bag (Khazaal et al., 1993b). Longland et al. (1995) 


reported a significant inverse relationship between gas accumulation at different time 


of incubation and tannin contents of feed samples. In a study which compared the 


gas production and nylon bag techniques for assessing the effect of phenolic related 


anti-nutritive factors on degradability of feed, gas measurement was found to be 


more efficient than nylon bag (Khazaal et al., 1994). 


 


The nylon bag technique 


The nylon bag technique, also reefed to as in situ, in sacco, artificial, or dacron-bag 


technique, is not new (Quin et al., 1938; McAnally, 1942). However, it was Mehrez & 


Ørskov (1977) who first standardised the technique and Ørskov & McDonald (1979) 


and later McDonald (1979) who provided the interpretative mathematical models that 


allowed rumen protein degradation dynamics to be assessed. The nylon bag 


technique (Ørskov & McDonald, 1979) is the standard technique in many feed 
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evaluation systems (Madsen, 1985; Tamminga et al., 1994) to determine rate and 


extent of feed degradation in the rumen. This technique makes it possible to study 


rumen digestion at different periods of time, thereby describing the relationship 


between time and extent of degradation, of all chemical components in a feed: a 


measure not easily made by other techniques. Among others, Chenost et al. (1970) 


found a significant correlation (r = 0.82) between 12-hour dry matter losses from the 


nylon bags and voluntary intake. Similarly, Ng’ambi & Campling (1995) found good 


correlations between 48-hour degradation and intake in ruminant animals. Data on 


48-hour incubation time has successfully been used for predicting digestibility (Aerts 


et al., 1977; Wanapat et al., 1986).  


 


The digestibility of feeds is generally related to separate chemical components or 


fractions of the feed. The loss of potentially digestible material depends on animal 


species, physical form of the feed, and the ability of the feed supply of elements 


required by the rumen microflora for maximum digestion. Data obtained by the nylon 


bag technique were related with voluntary intake (Hovell et al., 1986), organic matter 


digestibility (Fonsera et al., 1998). Results of nylon bag technique showed good 


correlations between crude protein levels and organic matter digestibility (Seven & 


Cerci, 2006). It is generally recognized that feed characteristics are dominant when 


low quality roughages are offered. Oats hay DM degraded 2.3 times faster than oats 


straw when both were supplemented with lablab (Umunna et al., 1995b).  


 


For an assessment of the impact of the rumen environment on degradation there is 


currently no adequate substitute (Ørskov, 2000) although the technique requires a 


relatively large number of rumen fistulated animals. The in situ technique has the 


advantage of giving a very rapid estimate of the rate, and extent, of the degradation 


of the feedstuff, but the poor reproducibility between laboratories causes problems, 


as different laboratories find different degradabilities even if the feeds are in the 


same order. The poor reproducibility obtained questions the values measured in 


nylon bags for protein degradation as absolute values and highlights the need for 


further standardization between laboratories. The standard procedure recommended 


by Madsen & Hvelplund (1994) stresses that the nylon bag material used should 


have pores of approximately 35 µm and that a standard washing procedure of the 
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bags after incubation in the rumen is of utmost importance. Other problems with the 


nylon bag are loss of very small particles and microbial contamination. For some 


feeds, a substantial part of the non-water-soluble particles may leave the nylon bag 


through the pores and are thus estimated as being degraded. This loss can be 


substantial, especially in compounded feedstuffs and high-starch feedstuffs, 


including whole-crop cereals. Microbial contamination of the residues left in the bags 


after rumen incubation can be substantial, especially for roughages low in protein 


(Lindberg, 1981). 


 


 


2.9 Conclusion  


The productivity of goats in the subtropics is limited by acute shortages of good 


quality feed, especially during the dry season (Hove et al., 2001). The natural 


grasses and stovers available during this time of year are usually of very poor 


quality, low in protein and high in fibre, which results in low voluntary intake and poor 


digestibility (Tolera et al., 2000). The low feeding values of roughages during the dry 


season leads to poor growth in young goats, loss of body weight and consequently 


to sub-optimal productive and reproductive performances (Leng, 1990). Goats as 


ruminants require adequate dietary fibre for normal rumen function. As observed in 


other ruminant species, an increase in dietary fibre content reduces dry matter intake 


in goats. Because fibrous components ferment and pass from the reticulo-rumen 


more slowly than other dietary components, they have greater filling effect over time 


(Allen, 1996). Diets based on fibrous grasses are limiting in readily degradable 


nutrients and must be supplemented with forages rich in protein, vitamins, and 


minerals. Legumes are typically more digestible than grasses because they contain 


less fibre. Grass leaves develop a lignified midrib to provide mechanical support, 


which contributes to the high fibre concentration of grass leaf blades. The rate of 


digestion of plant cell wall by the rumen microbes is depressed if the supply of 


nutrients, particularly nitrogen in the form of ammonia, amino acids and peptides, 


arising from ingested plant material or from endogenous recycling into the rumen, is 


suboptimal for microbial requirements. Increased goat productivity could be achieved 


through supplementing such low quality roughages with forage legumes adapted to 


local conditions. Mucuna, lablab and cowpeas are potential legumes for utilization by 
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goats in Limpopo province. Thus, extensive evaluation of these forage legumes in 


terms of their effects on diet intake and digestibility is appropriate 


 


Although forage legumes generally have a high content of nitrogen, they also contain 


phenolics that limit palatability and diet digestibility, thus, depressing intake and diet 


utilization by animals. (Norton & Poppi, 1995). The most important non-lignin 


phenolic compounds are tannins (Reed, 1995). Tannins, because of their protein-


binding properties, are known to be strongly astringent. Tannins complex with protein 


in an animal's gut, and they are responsible not only for growth depression, but also 


for low protein digestibility. However, tannins in forage legumes may increase the 


efficiency of protein utilization by ruminants through rumen escape, urea recycling 


and microbial efficiency. The effects of such compounds in tropical legumes on diet 


intake and digestibility have not been extensively studied. Therefore, extensive and 


conclusive evaluation of different tannin contents and other polyphenols of forage 


sorghum, cowpea, lablab and mucuna should be studied. The objective of this study 


were, therefore, a complete to evaluation of forage sorghum, cowpea, lablab and 


mucuna as forages, and response of Pedi goats when fed the forages as individual 


forage crops or as mixtures. The other objectives were the determination of in vitro 


gas production in goats and degradability of forage sorghum hay mixed with different 


levels of lablab, mucuna and cowpea hays in goats using the nylon bag technique. 





