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ABSTRACT 
The purpose of this study was to evaluate the feed value of Leucaena leucocephala (Lam) De 

Wit, as a renewable protein supplement for low-quality forages.  Eight trials were conducted at 

the University of Pretoria experimental farm in Hatfield and the Agricultural Research Council 

experimental farm in Roodeplaat. The overall results showed that Leucaena leucocephala is a 

suitable protein supplement for low-quality forages. 

 

The chemical composition showed that Leucaena leucocephala forage has adequate potential 

nutrients. The rate of nitrogen degradation in the shoot was much slower and to a lesser extent 

than in mature pods with seeds, while the dry matter in the shoot degraded faster and to a greater 

extent than in the pods. In comparison with other forages (Lucerne, Eragrostis and Veld grass),  

Leucaena forage experienced a time lag of 6 hours before nitrogen could start degrading unlike 

the other three forages which did not have time lags. However, the dry matter in Leucaena forage 

did not experience any time lag, which gave Leucaena forage the best performance among the 

 xiii



four forages. Lucerne on the other hand, had more readily available RDP, while Leucaena had 

more UDP.  

 

The effect of supplementing low-quality forages with varying levels of Leucaena forage was that 

the combinations between Leucaena and Veld grass gave better performance than the 

combinations between Leucaena and Eragrostis grass. Crude protein is the limiting factor in the 

performance of low-quality forages.  Therefore, the supplementation of low-quality forage with 

Leucaena resulted in higher feed intake, digestibility and passage. The addition of Browse PlusTM 

increased the daily feed intake, the production of rumen ammonia and volatile fatty acids 

significantly.  However, it did not have a significant effect on the rumen environment and the 

proportions of volatile fatty acids.  

 

The incubation and colour detector methods for the detection of Synergistes jonesii bacteria in 

the rumens of sheep were found to be simple, reliable and fast. It was confirmed that Synergistes 

jonesii bacteria can persist for more than four months in the rumens of sheep through autumn and 

winter drought without Leucaena forage in the diet. It was also shown that seasons have an 

influence on the level of mimosine in Leucaena forage. Hence, it was recommended that the 

forage has to be utilised fresh in summer when the level of mimosine is lower to minimise the 

risk of toxicity. 
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GENERAL INTRODUCTION 

 

The availability and quality of nutrients in ruminant diets are two of the major factors that limit 

animal production in the tropics, besides water accessibility and tropical animal diseases 

(D’Mello & Devendra, 1995). The quality of tropical pastures varies with environmental factors 

such as the annual rainfalls, which are low, short and erratic, coupled with high ambient 

temperatures. These conditions favour herbaceous species which germinate and grow rapidly at 

the on-set of rains. They mature early and die back a month or two after the end of rains.   

Subsequently feed quality declines rapidly with the maturity of herbaceous plants to an extent 

that for 5 to 8 months every year, both quality and quantity of feed fall below the maintenance 

level, which may lead to the loss of production and live weight.  Therefore, to sustain animal 

production in the tropics, pastures require supplementation with nitrogenous feedstuff that can 

provide the necessary input for rapid microbial growth and fermentation of poor quality pastures. 

Protein has been identified as the limiting factor to production from low-quality forages (Church, 

1991; McDonald et al., 1993), and therefore, needs to be supplemented.   

 

Protein supplementary feeding is the addition of some feed that is rich in protein to low-quality 

forage to improve the digestibility of low-quality forages for higher animal performance. 

Supplementation is mostly needed in southern Africa during the dry winter months and drought 

years. When pastures are still green protein supplementation may not be necessary, but if drought 

persists for more than five months, vitamin A and calcium should be provided to prevent animals 

from extreme emaciation. Supplementation may also be required for high yielding animals such 

as dairy cows and very young animals. 
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Traditionally, the level of protein in feedstuffs is described in percentage crude protein to rank 

the quality of ruminant feeds. However, not all protein is the same, as it may be available to 

ruminants in any of three forms; as non-protein nitrogen (NPN); rumen-degradable protein 

(RDP); and undegraded dietary protein (UDP). The RDP and UDP are known as ‘true proteins’ 

and both are present in feedstuffs in varying proportions (Graham, 2001). The RDP and NPN are 

degraded by micro-organisms in the rumen, whereas UDP passes through the rumen to the 

abomasum where it is digested and absorbed in the small intestines. Supplementation of NPN is 

most suitable in drought when there is still plenty of standing hay on the veld. It stimulates the 

rapid growth of rumen microbes, which promotes more efficient degradation of low-quality 

forages and higher feed intake (Graham, 2001). 

 

Most conventional protein supplements (e.g. cottonseed cake, groundnut cake, copra cake and 

sunflower cake) are not readily available locally in most developing countries, because of low 

production of these crops in the tropics. Their importation is prohibitive in cost and unrealistic in 

comparison with the producer prices of meat and milk in the same countries. Therefore, there is a 

need for the evaluation of other possible protein supplements, which are more readily available, 

renewable and affordable to the small-scale farmer.  

 

There are several types of renewable sources of protein supplements, such as the leguminous 

multi-purpose trees (MPTs), industrial wastes and animal wastes, which are already in use in 

some tropical countries.  However, industrial and animal wastes are not very practical with the 

small-scale farmers because the handling and processing of wastes require sophisticated 

expensive procedure to eliminate pathogens and toxins, whereas MPTs are more accessible 

because they can be grown on the small holdings and be utilised through-out the year. 
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Some of the MPTs that are in use among many others include Leucaena, Gliricidia, Calliandra, 

Sesbania, Acacia, Prosopis and Albizia. The most important roles of MPTs are fodder 

production, soil reclamation, timber, wood fuel, shade, cover crop, pulp, gum, live fences, poles, 

posts, and human food production. However, some of the MPTs are best known as fodder trees 

and are mostly utilised as supplementary feeds for grasses and farm by-products (Chadhokar, 

1982).  Of this species Leucaena is the most important.  

 

Leucaena is a native of Central America and has been naturalised pan-tropically. Members of the 

genera are vigorous, drought tolerant, highly palatable, high yielding, rich in protein and grow in 

a wide range of soils (Jones, 1979). However, these attributes are limited by the occurrence of 

anti-nutritive factors in the fodder, such as tannins and mimosine. Tannins can precipitate protein 

including digestive enzymes and salivary muco-protein, and may reduce feed intake and 

digestibility at high levels (> 5% DM) because of reduced microbial action (Lowry, 1989). 

Mimosine (β-[N- (3, 4-hydroxy-4-oxopyridyl)]-α-aminopropionic acid), is a toxic non-protein 

amino acid that is anti-mitotic and a depilatory agent. It occurs in all parts of Leucaena plant in 

varying proportions (Jones, 1979; Hegarty et al., 1964b; Hammond et al., 1989 a, b).  

 

The purpose of this study was therefore to evaluate the feed value of Leucaena leucocephala 

forage as a renewable protein supplement for low-quality forages in the Highveld of South 

Africa. 
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CHAPTER 1 

1.0 LITERATURE REVIEW 

 

1.1 The role of tree legumes in agriculture 

Much work has been done in this area to establish the role of tree legumes in agriculture 

throughout the world (Skerman, 1977; NAS, 1979; Jones, 1979; Atta-Krah et al. 1985; 

Brewbaker, 1986; Evans & Rotar, 1987). Hence, the most important roles of leguminous trees 

are soil conservation and the production of timber, wood fuel, shade, cover crop, pulp, gum, live 

fences and building poles and posts. 

 

1.1.1 The use of tree legumes as fodder 

Tree legumes are commonly used as supplementary fodder to grasses and other forages and farm 

by products. Young stems, leaves, flowers and pods are palatable to both livestock and wildlife 

(Chadhokar, 1982).   Some tree legumes are more palatable than others, and some have been 

reported to have anti-nutritive factors such as saponins, tannins and alkaloids which are toxic to 

some animal species (Skerman, 1977).  Feeding of tree legumes can be done by letting animals 

graze on young trees and regrowths; by cutting branches and feeding them to animals in 

enclosures or by processing feed meals and cakes from leaves, pods and seeds.  In Africa both 

domestic animals and wildlife make use of Acacia and Albizia leaves, flowers and pods which 

fall under huge trees.  However, harvesting of leaves, flowers or pods is not feasible because of 

communal land ownership in many countries (FAO, 1975; NAS, 1979).  
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It was reported that an unusual phenological response in the Sahel region where Acacia albida 

trees retain their green leaves during the dry season unlike any other deciduous trees, but shed all 

their leaves at the beginning of the wet season (NAS, 1979). This phenomenon has a number of 

economic benefits in the Sahel region.  The first benefit is that, high quality forage is made 

available throughout the dry season when other deciduous trees have shed all their leaves to 

conserve energy for regrowth in the wet season. The second is that, at the end of the dry season 

when feed is often desperately scarce, the protein-rich Albizia pods are maturing and dropping 

down in large numbers to provide the much needed feed.  The third is that, the dense foliage 

provides cool shades for livestock that forage underneath the trees.  The fourth is that, the leaf-

drop and animal manure greatly enrich the soil on which the trees grow. 

 

Acacia angustissima is another leguminous tropical multipurpose tree which has a high potential 

for protein supplementation and an alternative to Leucaena leucocephala. It contains about 3.32 

percent crude protein in the leaves. The species is well adapted to free-draining acid-infertile 

soils. It is drought resistant. It retains green leaves during dry season. It seeds profusely and 

produces high biomass (Odenyo et al., 1997). Yields of up to 5 tones per hectare of leaf biomass 

have been reported (Benjamin, 1988 cited by Odenyo et al., 1997). It can also withstand frequent 

defoliation and cutting, which is a very important characteristic of fodder trees. However, this 

species has one draw back because of the high content of condensed tannins (6%) and 

hydrolysable tannins (21 to 24%) which can cause death to sheep that are not adapted to high 

tannin content (Odenyo et al., 1997). 

 

Mulga (Acacia aneura) is an outstanding Australian fodder tree.  Pastoralists who manage the 

trees as a reserve fodder source for the dry season and drought years have high regard for Mulga.  

Leaves and branches may be cut down or the trees may be knocked down by tractors dragging 
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heavy chains.  A daily ration of 1.4 kilogrammes of Mulga leaves can supply sheep with 

sufficient calcium and vitamin-A for growth (NAS, 1979).  However Mulga has two major 

problems, firstly the forage contains high tannins which reduce the digestibility of the feed; and 

secondly it lacks adequate level of sulphur and phosphorus (NAS, 1979).  Therefore sheep on a 

Mulga diet have to be supplemented with sulphur and phosphorus, especially during the drought 

when protein content is limiting. In Sri Lanka Gliricidia sepium was reported to be palatable to 

both sheep and cattle.  When Gliricidia was offered up to 75 percent dry matter as a supplement 

to Brachiaria miliformis, there was a significant positive effect on lambing rate and weight and 

rate of survival of both lambs and ewes (Chadhokar & Kantharaju, 1980; Chadhokar & 

Lecamwasam, 1982). 

 

Grazing animals especially those in the tropical countries do not receive adequate mineral 

supplementation and therefore they depend exclusively on green forage during the wet season for 

their mineral requirements. Aletor & Omodara (1994) evaluated tree forages in terms of 

chemical composition. Among them Leucaena, Gliricidia and Cajanus were included. When 

these tree forages are in season, they can provide adequate crude protein, vitamins and minerals 

(Table 1.1). Karachi (1998) observed that the nitrogen content in Leucaena species differed 

between species and between leaves and stems (Table 1.2). The mineral content was higher in 

young leaves and stems than older leaves and stems, while the fibre content was higher in older 

leaves and stems than in young leaves and stems, which made the latter more digestible than the 

former. Karachi (1998) also reported that Leucaena leucocephala has a higher proportion of leaf 

to stem (51 to 59%) than other Leucaena species (45 to 48%). The high nitrogen content in 

Leucaena leucocephala leaves and stems indicates that cutting or grazing of the forage should 

encourage rapid regrowths which is one of the most desirable characteristics of high quality 

forages (Karachi, 1998). The author argues that the excess forage which results from frequent 
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cutting or grazing of trees would encourage most farmers to conserve the feed for future use to 

supplement low-quality crop residues and standing hay in the dry season. 

 

Table1.1 Chemical composition of air-dried browse forage (Source: Aletor & Omodara, 1994) 

Parameter Leucaena leucocephala Gliricidia sepium Cajanus cajan 

Dry matter (%) 90.63 86.37 93.05 

Crude protein (%) 25.27 21.92 18.56 

Calcium (%) 1.48 0.74 2.71 

Sodium (%) 2.66 6.23 3.78 

Potassium (%) 1.06 2.49 0.58 

Phosphorus (%) 0.28 0.43 0.51 

Magnesium (%) 0.23 0.44 0.49 

Manganese (g.kgDM-1) 55.16 46.31 42.99 

Iron (mg.kgDM-1) 187.58 231.56 290.17 

Copper (mg.kgDM-1) 22.07 11.58 21.49 

Zinc (mg.kgDM-1) 308.95 393.66 333.15 

Oxalate (mg.gDM-1) 0.882 0.909 0.286 

Phytin (mg.gDM-1) 10.27 16.18 11.67 

Phytin - P (mg.gDM-1) 2.89 4.55 3.29 
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Table1.2 Chemical composition of Leucaena leucocephala leaf and stem  
   (Source: Karachi, 1998) 

 
Sample % N % P % K % Ca % Mg % ADF % ADL % IVDMD 

Leaf 

Mean 

Max 

Min 

 

4.0 

4.2 

3.4 

 

0.22 

0.25 

0.21 

 

1.6 

1.7 

1.5 

 

0.9 

1.2 

0.7 

 

0.4 

0.5 

0.2 

 

27.2 

31.8 

23.8 

 

15.9 

17.5 

14.1 

 

58.7 

63.3 

53.0 

Stem 

Mean 

Max 

Min 

 

2.1 

2.5 

1.9 

 

0.20 

0.21 

0.18 

 

1.8 

2.1 

1.6 

 

0.5 

0.6 

0.4 

 

0.3 

0.4 

0.2 

 

51.5 

55.3 

46.3 

 

18.5 

23.2 

16.8 

 

36.0 

38.1 

34.7 

 

 

Mollina (1953) reported the use of fresh Leucaena leaves broiler feeds in Hawaii from the 

beginning of 1900s. In Australia, trials on layers’ rations have shown that, there was no 

advantage in using Leucaena leaf meal in layers rations because it caused delayed sexual 

maturity and lower body weight due to the fact that mimosine toxin in Leucaena forage is anti-

mitotic (Jones, 1979).   In ruminants, mimosine is an anti-mitotic and a depilatory agent, while 

its derivative 3, 4-Dihydroxypyridine is a potent goitrogen (Hegarty et al., 1964ab). However, 

mimosine was totally destroyed at pH 8.0 and at 45˚C within 10 minutes (Tangendjaja et al., 

1986). Alternatively, the level of mimosine could be reduced by heating leaf material at 70˚C. 

 

Leucaena forage is normally grazed in paddocks in Australia where it is grown in wide 

hedgerows (5 x 5 metres apart).  Jones (1979) reported that when Leucaena forage was used to 

supplement a diet of chopped sugar cane tops that had an overall crude protein of 9 percent, it 

resulted in an average daily live weight gain of 0.6 kg.head-1, which was identical with another 
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trial where steers were fed on sugar cane tops and meat meal with an overall crude protein of 10 

percent.  The use of Leucaena forage has also been reported in Columbia where it is used in 

layers’ rations to improve yolk colour in eggs, and in Hawaii where it is fed to dairy and beef 

cattle (Kinch & Ripperton, 1962).   

 

Work done on Leucaena species in different parts of the world shows that Leucaena species at 

Samford, Australia yielded 12.4 t.ha-1.yr-1 (Hutton & Bonner, 1960), compared with Leucaena 

species in Hawaii which yielded 20 to 25 t.ha-1 per year (Kinch & Ripperton, 1962). Gliricidia 

was reported by Catchpoole et al. (1985) in Indonesia to have yielded 15 to 18 t.ha-1 in 8 months.  

Charreau & Vidal (1965) reported a yield of 400 to 600 kg.ha-1 pods per year from Acacia albida 

in the Sahelian region of Africa, while in Senegal the yield from Acacia albida was only 40 to 50 

kg.ha-1 pods per year, probably because the region is too arid and there are too few trees per 

hectare compared with the other Sahelian countries. 

 

1.1.2 The use of tree legumes in soil conservation 

Sesbania species have a potential for green manure production, especially of rice crops in 

Southeast Asia because of their ability to grow in heavy soils and to withstand high soil salinity, 

alkalinity and water logging (Evans & Rotar, 1987). Contour strips of Leucaena trees have been 

used for many years in the Philippines and Indonesia. The strips serve as erosion control on steep 

slopes and as a form of alley cropping in which Leucaena forage is mulched into the soil to 

enhance crop production. Leucaena hedges are also useful as wind and fire breaks because they 

suppress under storey growth of grass (Shelton & Brewbaker, 1994). 
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1.1.3 The use of tree legumes for timber and wood fuel production 

In developing countries where petroleum based fuel sources are expensive, wood fuel is gathered 

from shrubs and trees including Leucaena, Acacia and Sesbania (NAS, 1979). Densely planted 

Leucaena stands produce 40 to 50m3.ha-1.yr-1. The wood is denser than that of other fast growing 

tropical hard woods such as Albizia falcataria, Gmelina arborea, Eucalyptus deglupta and 

Anthocephalus chenensis. In good rainfall areas, Leucaena reaches 18 metres tall in 4 to 8 years, 

and a diameter of 21 to 37 centimetres (Pottinger & Hughes, 1995) 

 

Leucaena wood has a thin bark which is about 8 percent dry matter at the age of 5 years. The 

sapwood is yellow-white, while the heartwood is yellow to reddish-brown. Bole wood has a 

specific gravity of 0.54 at the age of 6 to 8 years. This is similar to the density, tensile, 

compression, bending and shear strength of oak, ash, birch and sugar maple.  It is fine-textured 

and workable. It absorbs preservatives, and can be treated against termites. (Pottinger & Hughes, 

1995) 

 

Leucaena wood is among the best hardwoods for paper and rayon making. It produces pulp that 

is high in holocellulose, low in silica, ash, lignin, alcohol-benzene soluble and hot water soluble, 

which are important characteristics for pulp making. Pulp yield is 50 to 52 percent. Its short fibre 

is suitable for rayon production (Pottinger & Hughes, 1995). Wood from giant Leucaena has a 

heating value of 4 640 Kcal.kg-1 at the age of 2 to 4 years, and 7 000 Kcal.kg-1 at the age of 8 

years which is equivalent to 70 percent of the heating value of fossil fuel. In power generation, 

wood replaces fossil fuel in generating electricity and for the production of charcoal for producer 

gas generators that power vehicles, boats and irrigation pumps. In the Philippines, one hectare of 

land produces energy equivalent to 25 to 30 barrels of fossil fuel per year. Producer gas is 

another fuel for motor transport (Pottinger & Hughes, 1995). 
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1.1.4 Other uses of tree legumes 

In some Asian countries, India in particular, flowers and young pods of Sesbania grandiflora are 

commonly harvested and sold in the market as vegetables (Evans & Rotar, 1987). Various 

Sesbania species yield fibre suitable for rope and fish net making. A certain Japanese patent 

specifies the stems of Sesbania aegyptiaca as substitute for hemp (Allen & Allen, 1981). Dundee 

or dhaincha is made from stems of Sesbania cannabina Roxb and Sesbania aculeata Poir in 

India as substitute for jute and hemp (Evans & Rotar, 1987). The long stems of Sesbania 

aculeata are also used for pulp production which is similar to rice paper. Sesbania sesban wood 

is lighter and suitable for making toys and small objects of art and gunpowder charcoal (Allen & 

Allen, 1981). The dark varieties of many Sesbania species produce bark and seed gum that can 

substitute gum arabica (NAS, 1979). 

 

1.2   Genus Leucaena  

1.2.1 Geographical distribution and economic importance of Leucaena  

Members of genus Leucaena are tropical multi-purpose leguminous trees or shrubs that are 

indigenous to Central America, but naturalised throughout the tropics. In the 1970s and 1980s 

these species were known as the miracle trees, because of their numerous attributes, most of 

which were beneficial to the livestock industry (Hughes, 1998). Brewbaker & Sorenson (1990) 

estimated that genus Leucaena occupies at least 2 to 5 million hectares of land worldwide. They 

are recognised as some of the fastest growing and most useful trees in the tropics (NRC, 1984).  

In the early 1980s for example, the Philippines invested over 1 billion USA Dollars on an 

electrification programme in the rural areas, based on Leucaena wood fuel. Taiwan planted 

10,000 hectares of Leucaena for paper and rayon production. Indonesia invested on Leucaena for 

village forage, green manure and firewood, while  Kenya invested on Leucaena to boost the 
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dairy milk industry; alley cropping with maize and beans and windbreaks for coffee and tea 

plantations within that period (NRC, 1984).  

 

1.2.2 The taxonomy of genus Leucaena  

There are 22 species of genus Leucaena, of which 6 are intraspecific taxa and 2 are widespread 

spontaneous hybrids (Table 1.3). Most of the species are diploid, where the chromosome number 

is either 52 or 56 (2n = 52 or 2n = 56), and there are 4 known tetraploid species, where the 

chromosome number is 104 or 112 (2n = 104 or 2n = 112) such as L. leucocephala, L. 

diversifolia, L. pallida and L. confertiflora (Hughes, 1998). L. leucocephala is related to the 

other species within the Mimosoideae sub-family, its subspecies and other related genera (Table 

1.4). 

 

1.2.3 The agronomy of genus Leucaena  

Leucaena species grow well on well-drained fertile soils from the sea level to 1500 metres above 

sea level (Hughes, 1998). They produce a lot of forage, which can be clipped regularly. They are 

palatable, digestible and nutritious to cattle, sheep, goats and buffaloes in the tropics. They 

increase meat, milk and wool production.  However, these species have some limitations. They 

can be killed by frost and so they are restricted to frost-free areas. They are more suited to the 

lowlands. They grow poorly in acidic soils at pH less than 5, but do best at near neutral soil pH 

(pH 6 to 7) and slightly alkaline soils (pH 8).  They grow poorly in soils with low calcium or 

high aluminium, such as oxisols. They do not tolerate flooding or shading for a long time and 

need regular weeding until the plants reach 1 to 2 metres tall. 
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Table1.3 The 22 species of genus Leucaena and their flowering and fruiting patterns  
                  (Source: Hughes, 1998) 
 
Serial No. Species name Time of Flowering Time of fruiting 

1 L. collinsii Sep - Nov Mar - Apr 

2 L. confertiflora Jan - Feb &  Dec Jan - Feb &  Dec 

3 L. cuspidata Feb - May Nov - Dec 

4 L. diversifolia May - Jun Jan-Feb & Aug-Dec 

5 L. greggii Apr - Jun Oct - Nov 

6 L. esculenta Oct - Nov Feb - Mar 

7 L. involucrata Jul - Sep Oct - Nov 

8 L. lanceolata Sep - Oct Jan - Mar 

9 L. lempirana Sep - Nov Mar - Apr 

10 L. leucocephala All year round All year round 

11 L. magnifica Oct - Nov Feb - Mar 

12 L. macrophylla Sep - Nov Mar - May 

13 L. matudae Jul - Aug Jan - Feb 

14 L. multicapitula Jun - Aug Aug - Nov 

15 L. pallida May - Sep Jan -Feb & Nov-Dec 

16 L. pulverulenta Feb - Jun Aug - Nov 

17 L. pueblana Nov - Dec Jan - Feb & Dec 

18 L. retusa May - Jul Sep - Oct 

19 L. salvadorensis Mar - Apr Feb - Mar 

20 L. shannonii Sep - Nov Feb - Mar 

21 L. trichandra Jun - Sep Mar - May 

22 L. trichodes Apr - Oct Jan - Aug 
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Table1.4 Leucaena leucocephala and related genera (Source: Hughes, 1998) 

Name: Leucaena leucocephala (syn. Leucaena glauca Benth) 

Family: Leguminosae 

Sub family: Mimosoideae 

Sub tribe: Mimoseae 

Genus: Leucaena 

Species: leucocephala 

Sub species: Glabrata  (Rose ; S. Zarate); Ixtahuacana (Hughes) and 

Leucocephala (Benth) Var. Peru and Cunningham 

Related genera: Desmanthus; Schleinitzia; Calliandropsis; Alantsilodendron; Gagnebina; 

Dichrostachys; Neptunia and Kanaloa 

 

They require a mineral balance of calcium, phosphorus, sulphur, potassium, and magnesium to 

grow well. Seedlings have a slow growth at first and can be killed easily by aggressive weeds, 

termites, ants and rodents or adverse weather conditions. They must be protected from all these 

harmful effects during the first year of planting (NRC, 1984; Hughes, 1998). 

 

1.2.4 Pests and diseases of genus Leucaena 

Bray (1995) reported that Leucaena species have many pests among them cutworms, twig 

borers, chewing insects, scale insects, mealy bugs (Nipaccoccus vastator), seed weevil, moth 

larvae (Ithome lassula), psyllids (Heteropsylla cubana), snails, rats, rabbits and wildlife that eat 

seedlings. They also suffer from a number of diseases such as fungal gummosis caused by 

Fusarium semitectum, which is the most serious disease in India and Sri Lanka. Bark canker 

which is caused by Phytophthora dreschleri in Taiwan and Hawaii. Leaf spotting which is 

caused by Camptomeris leucaenae occurs in shades that causes shedding of leaves in Central and 
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South America and a bacterial pod blight or rot, which occurs in Belize, Panama, Columbia and 

Peru.  

 

1.3 Leucaena leucocephala species 

1.3.1 Growth forms of Leucaena leucocephala 

Leucaena leucocephala has three growth forms that are commonly found in the tropics. The first 

and common type is a shrubby free-seeding form known as the Hawaiian Leucaena, which is 

weedy and low yielding. It flowers at 4 to 6 months old at the height of 5 metres. It is a bushy 

variety. This is the coastal Mexican variety, which is spread throughout the tropics. It flowers all 

year round, because it does not depend on weather changes to initiate flowering. The continuous 

flowering produces abundant seeds but the yield of wood and foliage is low. It is suitable for 

reforestation of denuded hillsides, fodder, firewood, charcoal and shade (Hughes, 1998). 

 

The second growth form is giant type, which is a tall tree of about 20 metres, with large leaves, 

pods and seeds, and almost without branches.  It flowers seasonally, usually twice a year, and it 

is a poor seeder. It is a native of Central America and Mexico. It produces twice the biomass of 

the common type. It is suitable for timber, wood products and industrial fuel. Its varieties include 

K8, K28, and K67 (Hughes, 1998). 

 

The last is a Peru type, which is a multi-branched, semi-erect, medium height, and the most 

productive form. It flowers later than the common type. It is a medium sized tree of about 10 

metres high, with extensive branches low on the trunk. It produces high quality foliage, which is 

good for forage. Its cultivars are Peru and Cunningham (Hughes, 1998).  
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1.3.2 Fodder production and feed value of Leucaena leucocephala  

Leucaena leucocephala is capable of bridging seasonal feed and protein shortages because of its 

high dry matter production and high quality forage. It produces 6 to 18 tones of forage dry matter 

(20 to 80 tones of fresh forage) per hectare in the wet season and 2 to 3 tones of dry matter per 

hectare in the dry season. The recommended cutting interval is 8 to 12 weeks for high yields. 

More frequent cutting (4 to 6 weeks) reduces the yield, especially for Peru type. All parts of 

Leucaena are edible to livestock. It has no thorns or spines. It has a strong pliable stem that does 

not snap easily when it is bent or trampled by grazing stock. Grazing of Leucaena at 1 metre 

allows it to remain a shrub and more accessible to all stock (Shelton, 1995).  

 

Leucaena compares well nutritionally with Lucerne.  Leucaena leaves contain about 19 to 26 

percent crude protein (Table 1.5). They are a rich source of carotene and vitamins. The pro-

vitamin-A in Leucaena is among the highest ever recorded in plant specimens (Jones, 1994). It 

gives a yellow colour to beef and egg yolks but not to chicken and goat meat.  The yellow colour 

on beef is undesirable because it lowers the keeping quality of beef, while the yellow colour in 

egg yolks is most desirable in the egg market. Leucaena is rich in calcium and phosphorus, but 

deficient in sodium and iodine. The in-vivo digestibility is 50 to 70 percent (Norton & Poppi, 

1995). In Malawi, Thailand and Philippines, leaflets are sun-dried for local forage and for export 

to Europe, Japan and Singapore. Dried leaves can be compressed into feed pellets without 

milling and without adding water, molasses or other binders. This is one of the agro-industries 

that could be encouraged in most rural communities in Africa for income generation. The 

Philippines is the largest world buyer of Leucaena leaf meal for the manufacture of animal feeds 

(NRC, 1984). Rural families harvest the foliages, dry, pack and ship them to the feed millers, 

who make feed meals for both poultry and ruminants. 
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Table1.5 The comparison between Leucaena and Lucerne leaf meals (Source: Jones, 1994) 

Parameter  Leucaena  leucocephala Lucerne 

Total nitrogen (%) 4.2 4.3 

Crude protein (%) 25.9 26.9 

Neutral detergent fibre (%) 20.4 21.7 

Calcium (%) 2.36 3.15 

Phosphorus (%) 0.23 0.36 

B-carotene (mg.kgDM-1) 536.0 253.0 

Gross energy (MJ.kgDM-1) 20.1 18.5 

Total tannins (mg.gDM-1) 10.15 0.13 

A  Amino  acids (mg.gN-1) 

Arginine 294 357 

Cystine 88 77 

Histidine 125 139 

Isoleucine 563 290 

Leucine 469 494 

Lysine 313 368 

Methionine 100 96 

Phenylalanine 188 173 

Threonine  231 290 

Tyrosine 263 232 

Valine 338 356 
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Most of the leaf meal that is used in poultry rations is exported to Japan. The leaf meal contains 

adequate amounts of protein, vitamins and minerals. In Hawaii and Philippines, the leaf meal has 

been shown to increase the hatchability of poultry eggs dramatically. It restores health in chicks 

and pigs faster than Lucerne. This was attributed to the fact that Leucaena leaf meal has twice as 

much riboflavin and vitamin K, both of which are crucial to egg hatching (NRC, 1984).  

 

Leucaena forage can be fed fresh, sun-dried or dehydrated product of commercial forage drier. 

Leucaena pastures can support 2.5 steers per hectare in low fertility locations and up to 6 steers 

per hectare in good locations (Jones, 1979). In good rainfall areas which receive between 1100 to 

1200 mm of rain, live weight gains of 300 to 400 kg.ha-1 has been achieved. Under irrigation 830 

kg.ha-1 live weight gain and milk yield of 5 000 to 6 000 L.ha-1 have been reported (Hughes, 

1998).  

 

The recommended inclusion rate of Leucaena leaf meal is 4 to 6% in poultry feeds and less than 

10% in pig feeds. Ruminants can tolerate an inclusion rate of up to 30% of the dry matter but 

when the inclusion rate is exceeded loss of wool occurred in sheep after 10 days, while goats 

tolerate it better. In horses more than 10% inclusion rate causes abortion and alopecia (loss of 

hair) of the mane and tail hair. In rabbits it causes alopecia and small litters. In pigs it causes 

delayed sexual maturity and small litters; and in poultry it causes delayed sexual maturity, slow 

growth and low egg production (NRC, 1984). All these bad effects have been attributed to 

mimosine toxicity in all animals which are not adapted to Leucaena forage (Hammond, 1995). 

 

1.3.3 The anti-nutritive factors in Leucaena leucocephala forage 

Leucaena forage contains mimosine, a toxic non-protein amino acid of the formula (β-[N-(3 

hydroxy-4-oxypyridyl)]-∝-amino propionic acid) (Allison et al., 1990; Gupta & Atreja, 1999) 
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and tannins. Mimosine is an analogue of amino acid tyrosine, which occurs in all parts of 

Leucaena plant in varying proportions (Tangendjaja & Willis, 1980).  

 

1.3.3.1 Mimosine content in Leucaena forage 

Mimosine comprises 3 to 10% of the dry matter (Jones, 1979). Hegarty et al. (1964b) found that 

Leucaena contained 8.7% mimosine in fresh leaves, 6.45% in air-dried samples and 5 % in oven-

dried samples at 60°C. Mimosine can be metabolised in the rumen to 3, 4-DHP (3-hydroxy-4 

(1H)-pyridone) (Gupta & Atreja, 1999), mainly by ruminal micro-organisms (Hammond et al., 

1989a,b), although Lowry et al. (1983) reported that certain plant enzymes are also capable of 

catalysing the conversion of mimosine to 3,4-Dihydroxypyridine during mastication of forage in 

the mouth. 

 

In Indonesia, India and Hawaii where Leucaena is fed as the sole diet, mineral supplements are 

included in the diet to supply the deficient minerals, such as sodium and iodine. The level of 

mimosine in Leucaena forage is influenced by plant growth rate, stage of development, plant 

part, season and plant response to stress and treatment (Bray, 1994). There is also a positive 

relationship between leaflet size and mimosine concentration. Species with small leaflets have 

lower mimosine concentration e.g. L. collinsii, L. diversifolia, L. esculenta and L. pulverulenta. 

Those with large leaflets have the highest mimosine concentration e.g. L. macrophylla, L. 

lanceolata and L. trichodes. Intermediate between the two types is L. leucocephala (Hughes, 

1998). Further investigations into mimosine as a defleecing agent were set aside in Australia in 

the 1980s when more efficient chemical compounds were discovered (NRC, 1984). 
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1.3.3.2 The toxicity of mimosine in ruminants 

Mimosine is a toxic plant metabolite, which induces loss of hair in animals that are not adapted 

to Leucaena forage or those that do not have the ability to detoxify mimosine through the liver 

(Hegarty et al., 1964a; Jones, 1979; Hammond et al., 1989).  Hegarty et al. (1964a) observed 

that Merino wool sheep shed wool 6 to 7 days after being fed on high level of Leucaena forage, 

which provided an equivalent of 200 to 300 mg kg-1d-1. Reis et al. (1975a) investigated the 

effects of mimosine as a potential defleecing agent and established that mimosine interfered with 

the incorporation of Cystine into the wool fibre, which reduced wool growth rate. The authors 

showed that wool growth has to cease for defleecing to occur, and that growth ceases only if 

there is complete withdrawal of fibre and inner root sheath cells from the dermal papillae, which 

causes follicles to retrogress and then defleecing starts. They established that a concentration of 

0.1 to 0.2 mmol.L-1 of mimosine in the plasma for 36 hours was enough to stop wool growth and 

defleecing to occur (Reis et al., 1975a).  

 

In another study a large dose of mimosine was required for defleecing to occur if mimosine was 

infused orally, because of poor absorption through the digestive tract and the probability of some 

of it being deactivated in the rumen (Reis et al., 1975b). The authors showed that 450 to 600 

mg.kg-1.d-1 of mimosine were required to raise the concentration of mimosine in the plasma to 

0.1mmol.L-1 in 1 to 3 days. This is attributed to the fact that when mimosine is administered 

orally it is hydrolysed to a large extent to 3, 4-Dihydroxypyridine in the rumen and excreted in 

urine. As a result damage to wool growth is minimal because 3, 4-Dihydroxypyridine does not 

have depilatory effects unlike mimosine.  

 

Reis et al. (1978) established later that mimosine was more effective when it was infused 

intravenously at the rate of 110 to 120mg.kg-1.day-1, because wool growth stopped within a day 
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of infusion and sheep were shone manually on the second day. Wool fibre growth stopped for 12 

days but when it resumed there were no adverse effects on wool growth. It is noted that, the use 

of mimosine as a defleecing agent increased the diameter and mass of wool fibre, both of which 

are desirable qualities for wool production.  

 

According to Reis (1978) the minimal amount of intravenous infusion of mimosine required to 

produce consistent defleecing was 80mg.kg-l.day-1.  At that level the concentration of mimosine 

in the plasma was raised to 0.1mmol.L-1 per litre gradually. Higher doses of mimosine above 

160mg.kg-1.day-1 were found to be lethal, because they raised the concentration of mimosine 

above 0.3mmol.L-1 too fast.  However, when the standard dose of 80mg.kg-1.day-1 was infused 

intra-abomasally, it had less effect on wool fibre, because mimosine was absorbed and excreted 

rapidly from the body, and when mimosine was infused intravenously at 60mg.kg-1.day-1, not all 

follicles stopped growing. 

 

Reis & Tunks (1978) demonstrated the influence of nutrition on the effectiveness of mimosine as 

a defleecing agent. They reported that fasting animals succumbed to mimosine effects at a lower 

dose than well-fed animals. They showed that 40mg.kg-1.day-1 were enough to defleece animals 

which were fasted for 4 days. On the other hand, Reis & Tunks (1978) showed that the standard 

dose of 80mg.kg-1.day-1 was not enough to defleece animals on a good diet. They required a 

higher dose of 120mg.kg-1.day-1 to achieve that.  They also found that 400mg.kg-1.day-1 infused 

once were enough to defleece animals on 600 g.day-1, compared with 600mg.kg-1.day-1 that were 

required to defleece animals on 1200g.day-1. The authors attributed this to the fact that fasting 

and low dietary intake raised the concentration of mimosine in the blood more rapidly, which 

caused faster defleecing. It also exposed such animals to mimosine toxicity. They also thought 

that a higher supply of amino acids protected follicle bulb cells from the effects of mimosine, 
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and promoted the increase in the number and size of hair follicles, which caused them to divide 

more rapidly, and thus diluting the effects of mimosine. They also observed that more mimosine 

is required to defleece lambs than adult sheep. 

 

Reis et al. (1978) compared the defleecing effects of L-mimosine with that of Iso-mimosine 

(DL-3-amino-β[5-hydroxy-4-oxo-2 (4H)-pyridyl] propionic acid) and 3-4-dihydroxypyridine 

(the 3, 4-DHP).  They reported that L-mimosine and Iso-mimosine had similar effects on wool 

growth, while 3, 4-Dihydroxypyridine had no effect on wool growth, because it is not a 

depilatory agent. Smuts et al. (1994) reported that when mimosine was infused intravenously in 

goats, it did not affect portal plasma flow, but it depressed venous and arterial plasma amino 

acids and mineral concentration. It mostly affected the absorption of alanine, serine and 

methionine 24 hours after the cessation of the infusion, and after normal feeding had begun. 

 

Sahlu et al. (1995) found no detectable levels of toxins in all other organs except the liver and 

kidneys, when mimosine was infused intravenously on Alpine goats. They reported that the liver 

had more 3, 4-Dihydroxypyridine than kidneys, while kidneys had more mimosine than the liver. 

This is attributed to the fact that larger quantity of blood flows through these organs, where 

mimosine is detoxified and excreted through urine. The finding has a significant health 

implication to communities that consume visceral organs soon after the slaughter of animals, 

which could endanger human health. 

 

When mimosine, methionine and synthetic steroid opticortenol were infused in wool sheep, the 

synthesis of tyroxine was suppressed (Frenkel et al., 1975). The authors also showed that the 

inhibition caused by mimosine could not be reversed by the infusion of tyroxine or 

phenylalanine, suggesting that mimosine is not a tyroxine antagonist.  No studies have yet been 
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done on mimosine as a defleecing agent for sheep and goats in the whole of Africa, despite the 

fact that several African countries are key wool and cashmere producers that require practical 

ways of producing animal fibre more cheaply.  

 

1.3.3.3 The toxicity of condensed tannins 

The toxicity of condensed tannins has been observed as flaky sediments in the urine of rams fed 

on Prosopis cineraria for 15 days at the rate of 0.85g.kgBW-1.day-1, while sites of varying 

degrees were observed in all other animals after 30 days of feeding.  Some animals developed 

oedema in the inframandibular region (Kumar & D’Mello, 1995).  Zhu et al. (1992) reported that 

hydrolysable tannins are only toxic to non-ruminants, since ruminants can degrade them and 

excrete phenolics in urine as glucuronides (Kumar & D’Mello, 1995).  However, there is 

evidence to show that prolonged ingestion of hydrolysable tannins by ruminants can also cause 

toxicity.  Tripathi & Rizvi (1985) reported that when goats were exposed to a daily oral dose of 

1.1g.kg-1.d-1 tannic acid for 40 days, they developed renal, pancreatic and skin necrosis with little 

or no evidence of liver damage.  

 

To overcome tannin toxicity in legumes, polyethylene glycol (PEG) has been fed together with 

tannin-rich forages with good results (Kumar & D’Mello, 1995). PEG is a non-detergent 

polymer (Jones, 1965). It has been shown that tannins bind PEG in preference to feed protein, 

which renders protein free for degradation in the rumen (Kumar & D’Mello (1995). The toxicity 

of condensed tannins was overcome by feeding PEG with condensed tannin-rich forages, 

because it prevents the tannins from complexing with protein (Kumar & D’Mello, 1995). Wang 

et al. (1996a) showed that the administration of PEG with feed increased the production of 

ammonia and volatile fatty acids in the rumens of lambs grazing on Lotus. 
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1.3.3.4 Potential management strategies to minimise the toxicity of mimosine and condensed 

tannins 

Depending on the nature, path and the extent of toxicity due to non-protein amino acids and 

condensed tannins, specific approaches can be adopted successfully for various species to 

minimise detrimental effects of these compounds on animals. However, the results are too 

specific and should not be adopted before confirming the validity of these approaches. Examples 

of successful management strategies include: 

• The development of plant varieties with low amounts of anti-nutritive compounds, for 

example the Leucaena hybrids (Jones & Bray, 1983). 

• The development of optimum level of inclusion in the diets of various animals, such as 

the 30% inclusion rate for Leucaena forage in ruminant diets (Jones, 1994). 

• Identification of rumen microbes capable of detoxifying non-amino acids, such as the 

Synergistes jonesii bacteria that can detoxify mimosine and its derivative compounds in 

the rumen (Allison et al., 1992; Hammond et al., 1989a). 

• Supplementation of additives with higher affinity to bind with tannins compared to feed 

proteins (e.g. poly ethylene glycol, browse plus) (D’Mello, 1992; Wang et al., 1996a). 

• Identification of phenolic acid-resistant bacteria (e.g. Streptococcus caprinus) that 

minimise tannin effect on feed protein (Brooker et al., 1995) 

 

1.4 Feeding value and evaluation techniques 

1.4.1 Nutritive value of feedstuffs and evaluation techniques 

The nutritive value of a feedstuff depends on its palatability, chemical composition, digestibility 

and anti-nutritive factors that may influence its acceptability. There are also interactions between 

these factors such as - the complex interaction between proteins and tannins; season; part of the 
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plant; feed processing (wilting, drying etc); inclusion rate and whether animals are adapted to the 

feedstuff or not (Norton, 1994). Therefore, the nutritive value is a function of both feed intake 

and digestibility. Feedstuffs of high nutritive value have high intake and digestibility, which 

promote high levels of animal productivity.  

 

Feed intake is determined by the ruminal fill, which is related to the rate of digestion and passage 

of fibrous particles from the rumen. However, feed intake can be modified by animal preference 

among other factors. Feedstuffs which are more preferred allow more voluntary feed intake 

(McDonald et al., 1993). Hence the nutritive value of feedstuffs should be ranked according to 

voluntary feed intake; potential digestibility; the ability to support high rumen fermentation; the 

rate of microbial synthesis in the rumen relative to volatile fatty acids (VFA) produced; the rate 

of propionic acid synthesis relative to total VFA synthesis and the ability to provide bypass 

nutrients (protein, starch and lipids) for absorption from the small intestine (Norton, 1994). 

However, there are very limited comparable data for trees and shrubs. 

 

1.4.1.1 Determination of Feed intake and evaluation methods 

Feed intake is a measure of diet appreciation, selection and consumption by an animal on free 

grazing or hand-fed.  It is a key process, which determines the quantity of feedstuff that is 

ingested over a specific period of time, usually per day (McDonald et al., 1993), and it is one of 

the major factors, which determine potential animal performance other than feed digestibility 

(Beever, 1993).  Schneider & Flatt (1975) observed that, appetite or the desire to eat is controlled 

by the physical capacity of the rumen, chemostatic and thermostatic regulators; and that 

maximum appetite is determined to a large extent by feed residues present in the digestive tract, 

which limit the physical capacity of the rumen.  They also showed that, the acceptability of a 

ration is influenced by the sum of its physical and chemical factors, which affect its 
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attractiveness (palatability) to the grazing animal.  They found that physical factors include 

organoleptic and physiological satiety properties.  They further observed that, animals on highly 

digestible feed, which passes through the alimentary tract rapidly, have greater appetite than 

those on low digestibility feed, which passes slowly.  This is in agreement with similar 

observations made by Conrad et al. (1964); Meijs (1981); Minson (1977; 1990) and Poppi & 

Norton (1995). 

 

Conrad et al. (1964) reported that, physical and physiological factors regulating feed intake, 

change in importance with increasing digestibility, such that at low digestibility important factors 

include; body weight, (which reflects roughage capacity), undigested residue per unit body 

weight per day (which reflects the rate of passage) and dry matter digestibility.  At a higher 

digestibility, intake depends on metabolic body size, level of production and digestibility. 

 

Meijs (1981) grouped factors that influence feed intake into animal, plant and management 

factors.  Animal factors include: age and body weight, stage of pregnancy, stage of lactation, 

level of milk production and body condition.  Plant factors include; feed digestibility, chemical 

composition and herbage species, mass and maturity. Management factors include herbage 

allowance, supplementation, contamination, fertilisation, climate and grazing systems.  

 

Poppi & Norton (1995) reported that, the most important yet the least recognised constraint to 

feed intake of tropical legumes by grazing animals is their ability to physically harvest 

(consume) the required dry matter within the available time.  They noted that the mechanics of 

harvesting is related to bite size, rate of biting and grazing time, while harvesting is influenced 

by the quantity of green leaves available and their accessibility.  They observed further that, the 

availability of green leaves in terms of herbage mass and their accessibility within the vertical 
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strata determines feed intake.  They explained that the preference of leaves to stems is associated 

with high nutrient content and lower force required to apprehend leaves compared to that for the 

stems.   

 

Poppi & Norton (1995) however cautioned other workers against ascribing limits to intake of 

plant material which is determined in pen-studies to grazing situation, because in pen-studies, all 

harvesting constraints are removed.  They also noted that in pen-feeding, the longer retention 

time of stems in the rumen could be the cause of the lower intake of stems compared to leaves, 

whereas grazing animals avoid stems because they are difficult to apprehend. 

 

The intake of legume herbage is higher than grass herbage as shown by Minson (1990), who 

reviewed data of a large number of pen-experiments on feed intake and found that the mean daily 

VFI by sheep was 70, 51, 62 and 52 g.kgBW-1 for temperate legumes and grasses; and tropical 

legumes and grasses, respectively.  

 

Minson (1977) also showed that forages with a longer retention time have low intake than those 

with a short retention time.  He thought that the shorter retention time associated with legume 

particles is due to their unique leaf anatomy which allows fast disintegration into small round 

particles which have a higher rate of disappearance from the rumen compared to the long needle-

like particles of the vascular bundles from grass.  Minson (1977) developed a mathematical 

relationship between voluntary feed intake and digestibility for tropical legumes.  

 

Thus:  DMI g.d-1 = 1.76 DMD - 44.5.  

Where: DMI = Dry Matter intake and DMD = Dry Matter Digestibility 
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In earlier investigations, Minson & Milford (1967) showed that legumes are seldom consumed as 

a sole diet. Instead they are used as protein supplements in the cut-and-carry livestock production 

system.  In these trials they included varying proportions of legumes in the diets of pen-fed 

animals.  They showed that the inclusion of legumes at 20% of the diet caused the highest feed 

intake. This is in agreement with observations made by Poppi & Norton (1995) that legumes are 

most effective when they supplement poor quality basal diets.  Since then many more 

experiments have looked at the effect of inclusion of legumes on intake and most of them have 

looked at the effect on inclusion of browse or tree legumes in pen-feeding studies (Wahyuni et 

al., 1982; Mosi & Butterworth, 1985; Banda & Ayoade, 1986; Doyle et al., 1986; McMeniman 

et al., 1988; Norton et al., 1992; Goodchild & McMeniman, 1994). 

 

Poppi (1990) showed that legumes can alter the balance of absorbed nutrients, particularly the 

protein-to-energy ratio (P:E) due to the fact that legumes have secondary compounds which may 

affect nutrient absorption and metabolism.  He found that feed intake is more sensitive to P:E 

ratio than to the proportions of volatile fatty acids. However later investigations by Poppi & 

McLennan (1995) showed that most tropical legumes do not have the appropriate digestibility 

and rumen degradation to alter P:E values significantly compared to temperate legumes.  This 

may be partly due to early lignification of tropical legumes and high levels of condensed tannins 

(Norton, 1994).   

1.4.1.2 Determination of feedstuff degradability and evaluation method   

Feed degradability is that portion which breaks down in the rumen as a result of microbial 

fermentation (McDonald et al., 1993). The determination of feed degradability is therefore 

necessary for the prediction of nutrient availability, feed intake and animal performance (Cottrill, 

1993; Vanzant et al., 1998). Feed degradability is related to animal performance through feed 

intake, in that the more degradable the feed is the faster the rate of passage from the rumen, the 
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more space created for more feed intake and the more the assimilation of nutrients (Cottrill, 

1993).  It is expressed as a coefficient of the total dry matter intake.  

 

Ruminant protein nutrition is still a very important area of research, because nitrogen retention in 

meat, milk and wool are not yet optimal (Morrison & Mackie, 1996). There is need for more 

investigations into methods that are capable of improving nitrogen retention. To do that, one has 

to know the degradability of a particular feed to be able to manipulate it further in favour of 

nitrogen retention.  

 

Morrison & Mackie (1996) speculated on some of techniques for achieving this. They suggested 

a manipulation of both the rumen environment and feeds. Altering the balance between 

degradative and biosynthetic activities of rumen microbes to increase nitrogen retention could 

change the rumen environment. This requires the elimination of some rumen microbes that do 

not promote rumen protein by-pass such as protozoa.  

 

It has been shown that rumen protein degradation is accomplished by two major species of 

bacteria, Prevotella ruminicola and Butyrivibrio fibrisolvens, while protozoa are associated with 

the degradation of larger feed particles and microbial protein which is thought to be wasteful of 

protein (Morrison & Mackie, 1996). Nitrogen retention could be improved by feeding animals on 

herbage that has moderate condensed tannins that are known to protect protein from excessive 

rumen degradation to improve protein by-pass. Leucaena is one of such feed that can protect 

excessive rumen degradation of protein. Apart from complexing with feed protein, condensed 

tannins have anti-microbial properties, which bind bacteria cell membrane. Another method 

would be a modification of amino acids and peptides by making them hydrophobic to reduce 
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their degradation in the rumen, and to allow post-ruminal digestion to take place (Morrison & 

Mackie, 1996).  

 

Synthesis of microbial protein is driven by the amount of energy being generated by the 

fermentation of organic matter in the rumen (Aii & Stobbs, 1980). Hence for microbial growth to 

occur there has to be adequate readily degradable protein and energy to drive the process 

(Tamminga, 1979). According to Aii & Stobbs (1980) tropical grass containing 20% crude 

protein was unable to support milk production in dairy cows on its own, but when the grass was 

supplemented with casein fortified with formaldehyde, it increased milk production by 20 

percent. A similar effect was recorded when tropical grass fertilised with nitrogen was 

supplemented with Leucaena fodder. They concluded that, protein in Leucaena is more resistant 

to deamination in the rumen than is the protein in tropical grass. These two observations showed 

that insufficient protein reached the small intestine (to support milk production) because of the 

extensive proteolysis and deamination in the first observation. In the second observation there 

was adequate protein that reached the small intestine in the form of undegraded protein.  The 

assumption here is that, protein that is absorbed in the small intestine is a measure of protein 

supply to the animal tissues (Aii & Stobbs, 1980). Tamminga (1979) reported that protein 

reaching the small intestine is made up of microbial protein and undegraded feed protein, and 

that both contribute to the supply of animal protein requirement. Various methods both in-vitro 

and in-vivo have been developed for measuring the degradability of feeds  (Ferguson et al., 1967; 

Peter et al., 1973; Wohlt et al., 1973; Broderick, 1978; Orskov & McDonald, 1979; Mahadevan 

et al., 1979). The nylon bag technique (Orskov et al., 1980) allows the simultaneous study of 

rumen degradation and digestion kinetics of feed at different periods of time.  
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1.4.1.3 Determination of protein degradability and evaluation methods  

The dietary protein ingested by ruminants undergoes fermentation in the rumen where it is 

extensively degraded by ruminal micro-organisms which include bacteria and protozoa 

(Tamminga, 1979; Mehrez & Orskov, 1977; Raab et al., 1983).  The fermentation process 

involves the growth and multiplication of rumen microbes, which in turn act on the ingested feed 

including protein.  This causes a variation in the proportion of ingested protein escaping 

microbial breakdown and entering the small intestine, where it contributes to the protein supply 

of the animal. 

 

Tamminga (1979) reported that both bacteria and protozoa in two steps extensively degrade the 

dietary protein entering the rumen.  The first step involves the breaking down of protein chains 

by the hydrolysis of peptide bonds in a process known as proteolysis, into peptides and amino 

acids.  In the second step, peptides are further hydrolysed into amino acids.  Tamminga (1979) 

however observed that the mechanism of protein degradation differs between bacteria and 

protozoa.  With bacteria, the protein chains are broken into smaller parts by hydrolysis of some 

or all peptide bonds.  This process takes place outside the bacterial cell. Then the resultant 

peptides and amino acids are actively transported inside the bacterial cell, where peptides are 

hydrolysed further to amino acids.  The amino acids are either incorporated into the bacterial 

protein or degraded into volatile fatty acids, ammonia, methane, carbon dioxide and heat.  All 

these end products are actively excreted into the surrounding medium.  On the other hand, 

protozoa are capable of engulfing small feed particles and bacteria.  This means that proteolysis 

in protozoa takes place within the protozoal cell.  The resulting amino acids are either 

incorporated into protozoal protein or excreted into the medium. 
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Tamminga (1979) found that major factors that influence protein degradation include the nature 

and solubility of dietary protein; the rate of passage of digesta through the fore stomachs and the 

level of feed intake.  Wohlt et al. (1973) reported that the solubility of feed protein is partly 

determined by the relative amount of soluble albumins and globulins on the one hand and the 

less soluble prolamins and glutelins on the other.  Therefore feeds whose major protein fractions 

are albumins and globulins have a higher solubility than the others do.  Protein solubility is also 

influenced by pH and feed treatment before feeding.  

 

Various methods in vitro (in the laboratory), in situ (in bags) and in vivo (in the animal body) 

have been developed for estimating protein degradation in the fore stomachs of the ruminant 

animals, which has been reported by many workers (Van Keuren & Heinemann, 1962; Peter et 

al., 1973; Wohlt et al., 1973; Aitchison et al., 1976; Mehrez & Orskov, 1977; Tamminga, 1979; 

Orskov & McDonald, 1979; Mahadevan et al., 1979; Crooker et al., 1978; Aii & Stobbs, 1980; 

Broderick & Craig, 1980; McDonald, 1981; Krishnamoorthy et al., 1982; Raab et al., 1983; 

Nocek, 1985; Abdalla et al., 1988),  among the literature reviewed.  

 

In vitro methods are generally based on either the release of ammonia (Raab et al., 1983), after 

incubation with rumen liquor, or on the estimate of the proportion of nitrogen which goes into 

solution (Peter et al., 1973; Wohlt et al., 1973; Aitchison et al., 1976; Crooker et al., 1978; Aii & 

Stobbs, 1980; and Krishnamoorthy et al., 1982), after incubation at body temperature (38 to 

40°C) for a fixed time.  With respect to nitrogen solubility, various solutions have been applied 

as incubation media such as diluted sodium hydroxide (Mahadevan et al., 1979), artificial saliva 

and autoclaved rumen fluid (Wohlt et al., 1973), diluted solution of pepsin in 0.1 N hydrochloric 

acid (Mahadevan et al., 1979; Abdalla et al., 1988), and water at various temperatures.   
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Tamminga (1979) reported that incubation with artificial saliva at body temperature was 

considered the most attractive method. However, he cautions that there are limitations to these 

methods which make them less reliable.  He noted that the presence of nitrogen containing salts 

in the incubation mixture causes blank samples to yield high values of nitrogen.  On the other 

hand, studying protein degradation by ammonia release after incubation with rumen liquor has 

the disadvantage of microbial growth occurring simultaneously with protein degradation.  

Because of this growth, part of the released ammonia may become incorporated into microbial 

protein.  Tamminga (1979) concluded that, the general limitation of all in vitro methods is that, 

although they may yield a value for degradability, they do not yield data representing the actual 

degradation in vivo. 

 

To overcome the limitations of the in-vitro methods Orskov & McDonald (1979); Broderick & 

Craig (1980); Mahadevan et al. (1979) and McDonald (1981) proposed various methods of 

studying the kinetics of protein degradation resulting in a measure of degradation rate.  When the 

degradation rate is combined with the rumen liquor turnover rate, it may give an estimate of 

degradation close to the actual degradation in vivo. 

 

The in vivo methods involve the use of fistulated animals fitted with cannulae in the abomasum 

area.  With such animals, undegraded dietary protein can be estimated as the difference between 

total and microbial protein entering the abomasum (Nocek, 1985; Van Keuren & Heinemann, 

1962 and Mehrez & Orskov, 1977). 

 

Microbial protein can be estimated by use of specific markers such as nucleic acids (Smith, 

1975); diaminopimelic acid (Nocek, 1985; Mehrez & Orskov, 1977); or new radio-isotopes 35S, 

32P or 15N (Smith, 1975).  Estimating undegraded dietary protein by regression calculation 
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techniques has also been proposed (McDonald, 1981; Orskov & McDonald, 1979; Broderick & 

Craig, 1980; Mahadevan et al., 1979). Mehrez & Orskov (1977) proposed the use of synthetic 

fibre bag technique (nylon or dacron).  In this technique, a direct measurement of protein 

degradation is achieved by incubating a sample of feedstuff enclosed in a nylon bag directly in 

the rumen.  The advantage of this method is that, it gives a direct estimate of protein degradation 

not biased by the inaccuracy of the estimate of microbial protein.  By suspending a number of 

bags and removing them after different times of incubation from 0 hour to 72 or 96 hour, an 

estimate of both the rate and extent of protein degradation can be obtained.   

 

Nocek (1985) modified the nylon bag technique by introducing sample bags at different intervals 

and removing all of them at the same time, and then compared the modification with that of 

Mehrez & Orskov (1977).  He found that by introducing the bags at different times he achieved 

higher rates for the dry matter and nitrogen disappearance. 

 

Tamminga (1979) concluded that it is questionable whether the rate of disappearance of protein 

from the nylon bag represents the rate of degradation, because soluble protein may be washed 

out without actually being degraded.  In response to this doubt he proposed a solution by 

suggesting that, protein degradation could be estimated at the point when 90% of the truly 

digestible organic matter has disappeared from the bag, thus simulating the in vivo situation in 

the normally fed animal.   

 

1.4.1.4 Digestibility of feedstuff in the digestive tract and evaluation methods 

The digestibility of a feedstuff or nutrient is that portion which is not excreted in the faeces and 

which is assumed to have been absorbed by the body cells.  It is usually expressed as a 

coefficient of the dry matter of that feedstuff or nutrient (McDonald et al., 1993).  This definition 
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however refers to the apparent digestibility of the feedstuff or the nutrient and not the true 

digestibility because of the following two anomalies, which are associated with the definition.  

The first anomaly is the assumption that faeces contain only indigestible material from the 

feedstuff ingested, while in reality faeces not only contain indigestible material from the 

feedstuff, but also endogenous or metabolic wastes.   

 

The second anomaly is that the digestibility coefficient does not account for the gaseous losses.  

These losses lead to the over-estimation of digestible nutrients (McDonald et al., 1993).  

Digestibility is influenced by the feed chemical composition, ration composition, feed 

processing, the level of feeding and species difference among other factors (Schneider & Flatt, 

1975; Church, 1991; Meijs, 1981; McDonald et al., 1993). Feedstuff digestibility, intake and 

faecal output can be estimated by direct or indirect methods. Direct methods are also called 

“conventional” or “standard” methods. Indirect methods are either ratio techniques or index 

techniques (Schneider & Flatt, 1975). 

 

1.4.1.4.1 Direct methods of feedstuff evaluation 

1.4.1.4.1.1 Feeding trials 

Feeding trials are regarded as the most appropriate for ruminants feed evaluation (McDonald et 

al., 1993), because they involve direct feeding of experimental animals with known amounts of 

experimental diets and collecting total faecal output by using appropriate harnesses and 

collection bags as outlined by Schneider & Flatt (1975).  This method is characterised by two 

important phases.  Phase one is the preliminary or adaptation period, during which experimental 

animals are fed on the experimental diets for 7 to 14 days without any measurements being taken 
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to allow animals to adjust properly to the new diets.  Phase two is the experimental period during 

which total faecal collection is done, and weighed each time the bags are emptied.   

Digestibility can then be calculated as follows:   

 

DMD =  
F
Fo - F    or DMD =  (1 -  Fo

F )    or   Fo = ( )1
1 - DMD ;   

Where: DMD = Dry matter digestibility  

        F = Feed intake, and  

      Fo = Faecal output. 

 

From the above calculations Schneider & Flatt (1975) found that the three parameters are inter-

related in such a way that, two of them must be known for the third one to be determined by the 

three equations.  Animal feeding trial method has the advantage of giving rapid results, which 

require only simple laboratory analysis.   

 

The disadvantages of this method are the reduction of animal performance due to low feed intake 

caused by stress of the equipment (Meyer et al., 1956; Milne, 1974; Corbett, 1960; Reid, 1962; 

Schneider & Flatt, 1975; Meijs,1981); incomplete collection of faeces due to losses; distortion of 

the hind legs due to the weight of faecal bags (Baker, 1974); high labour requirement 

(Greenhalgh, 1974); difficulties in collecting faeces free from urine in female animals (Raymond 

& Minson, 1955) and influence on grazing behaviour and failure to return dung back to the soil 

may interfere with long term soil fertility (Schneider & Flatt, 1975). 
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1.4.1.4.1.2 Partial digestion 

Partial digestion is a technique that is used to explain the difference between nutrient intake and 

that which is excreted in the faeces, to be able to determine the amount of a nutrient that is 

absorbed by the body cells. Feed markers are used in this technique to partition digestion along 

the gastro- intestinal tract, following methods proposed by Faichney (1975) and mathematical 

reconstitution of the digesta. The reconstitution of the digesta puts together the fluid and solid 

fractions of the abomasal and ileal digesta, because it has been shown that no marker is perfect 

(Uden et al., 1980) and there is always a tendency of markers migrating from phase to phase in 

the course of digestion. 

 

Meijs, 1981) found that the partitioning of digestion gives a clear idea of how much and at what 

site the amount and proportions of a nutrient is digested and absorbed by the body cells. The 

amount of a nutrient that is absorbed is assumed to be the amount that is used for maintenance 

and production by body cells. Hence, the knowledge of how much of the digestible nutrients 

contribute to animal production would help to predict the level of animal production that should 

be expected from a particular diet. Partial digestion experiments make use of feed markers as 

references to be able to partition the flow of nutrients through the compartments of the digestive 

tract. The most commonly used feed markers are external markers. An external marker is an 

indigestible substance that is added to the ration in known amounts in order to determine the 

flow of digesta in the digestive tract, digestibility, intake and faecal output.  

 

Kane et al. (1953) proposed the use of two markers, one internal and the other external for 

accurate determination of digestibility and dry matter intake.  They developed a mathematical 

relationship, which is used to calculate digestibility from the ratio of an internal marker in the 
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feed to that in the faeces as shown in section 1.4.1.4.1.2 above.  Dry matte intake can also be 

calculated from the ratio of the external marker in the feed to that in the faeces as shown below:  

 

DMI = [ Total amount of external marker in feed
Amount of external marker in the faeces ] x [ Amount of dry matter in the faeces

% Dry matter digestibility ] 

 

The commonly used external markers are ytterbium acetate (Siddons et al., 1985; Faichney, 

1975); chromium sesquioxide (Crampton & Lloyd, 1951; Kane et al., 1952; Lambourne, 1957; 

Corbett et al., 1959; Corbett, 1960; Drennan et al., 1970; Faichney, 1972); chromium-EDTA 

(Weston & Hogan, 1967; Faichney & Weston, 1971; Faichney, 1975); chromium mordant and 

cobalt-EDTA  (Uden et al., 1980); PEG  (Weller et al., 1971); and cerium (Uden et al., 1980). 

 

Siddons et al. (1985) observed that the use of chromium-EDTA (Cr-EDTA) and ytterbium 

acetate as dual-phase marker system proved more reliable in estimating true duodenal flow than 

the use of single markers when digesta sample was unrepresentative.  The ytterbium acetate 

alone in rumen, duodenal and ileal digesta was found to be predominantly associated with 

particulate matter, but was not uniformly distributed and its concentration increased as particle 

size decreased.  In other related studies, Siddons et al. (1985) showed that pre-labelling of dry 

grass with up to 285 milligrammes ytterbium acetate per gramme dry matter in polyester bag and 

in vitro technique, did not affect its susceptibility to microbial degradation. 

 

Crampton & Lloyd (1951) found that chromium oxide was more effective as a marker when it 

was administered in a small quantity of ground food, but not when administered in more 

concentrated form. Kane et al. (1952) proposed that samples of faeces should be obtained 

directly from the rectum as grab samples at the time when the concentration of chromium oxide 
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is found to be close to the mean-value for a 24-hour period.  However this technique is only 

useful if faecal excretion was constant from day to day.   

 

Lambourne (1957) studied the rate of passage of inert reference materials through the digestive 

tract and found that generally, in stall feeding trials, if a reference material such as chromium 

oxide is fed daily as in intimate mixture with all or part of the ration, its concentration in daily 

representative faeces samples is reasonably constant after 5 to 10 days of feeding. He observed 

that the rate of passage of chromium oxide was much higher than expected and there was much 

variability in marker concentration despite the daily inclusion of the marker in the ration.  He 

attributed this to feed quality, which he said was the primary factor in determining the rate of 

passage of markers and feed residue through the digestive tract. Consequently he suggested that 

for better results, the marker should be administered and sampling be done twice a day at 

intervals of 9 to 15 hours.  

 

Corbett et al. (1959) found that a more regular passage of chromium oxide could be achieved if it 

was administered in a form in which it could be carried into the rumen and then be released from 

the carrier slowly. Corbett (1960) compared the administration of chromium oxide in paper 

(shredded and capsuled), gelatine capsules and slow release pellets.  Results showed that 

chromium oxide administered in shredded paper gave the best results, because it was released 

slowly but constantly.  The slow release pellets had to be abandoned because they were 

regurgitated or even lost.   

 

Drennan et al. (1970) also compared chromium oxide with lignin in estimating the magnitude of 

rumen digestion.  They found that the difference between estimates with chromium oxide and 

those with lignin varied between experiments.  They concluded that chromium oxide powder is 
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not suitable for use as an individual marker in the rumen and abomasum due to its rapid and 

uneven passage from the rumen.  When chromium oxide powder was compared with chromium 

oxide in paper form and gelatine capsules, results showed that paper form was the best because 

of its slow and constant release of chromium oxide into the digesta. 

 

Faichney (1972) found that the recovery of chromium oxide in faeces ranged from 91-101 

percent and the predicted dry matter digestibility were similar to those obtained by total faecal 

collection.  He noted that there was no diurnal variation but there was a marked random variation 

in the concentration of chromium oxide behaved independently of the particulate matter in the 

digesta and as a single marker, it under-estimated the flow of digesta from the abomasum relative 

to the double marker method.  Consequently, chromium oxide over-estimated digestion in the 

stomach and under-estimated digestion in the intestines.  He therefore concluded that chromium 

oxide is not a satisfactory marker for studies of the flow of digesta and hence the partition of 

digestion within the digestive tract, when digesta samples is taken from a simple cannula.   

 

Weston & Hogan (1967) studied the movement of digesta through the stomach of sheep by using 

51Cr-EDTA, a water-soluble marker.  The experiment started after the sheep had received a 

constant diet of chopped and ground Lucerne and wheat hays for 1-2 weeks.  51Cr-EDTA was 

infused continuously for 4-5 days to create a “steady state” between the inflow and outflow of 

the marker from the stomach.   

 

Faichney (1975) used Cr-EDTA and Yb to partition digestion in the digestive tracts of ruminants 

by the method of continuous infusion with time-sequence sampling.  Sample collections were 

done every 4 to 8 hours over a period of 4 days.  The flow study was conducted over 1 to 2 days. 
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Samples were pooled to obtain more representative samples of the flow, which resulted from the 

quality of the diet offered.   

 

1.4.1.4.2 Indirect methods of feedstuff evaluation 

1.4.1.4.2.1 In-vitro methods of feedstuff evaluation      

This method is variously known as the in-vitro method or the Tilley and Terry method, named 

after Tilley & Terry (1963) who were the first to use this technique.  It is a two-stage technique, 

which mimics the digestive processes in the gastro intestinal tract of a ruminant animal.  Stage 

one is the rumen liquor digestion.  A small feed sample (0.5g) is weighed into a 50-millilitre 

centrifuge test tube, and 20 millilitres of a buffer solution is added, followed by 10 millilitres of 

strained rumen liquor obtained from a fistulated animal of the same species, and incubated in a 

warm bath at 38°C under anaerobic conditions for 48 hours.  During incubation the pH is 

maintained at 6.7 to 6.9, which is the most favourable environment for the growth and 

multiplication of rumen microbes (Blackburn & Hobson, 1960; Tamminga, 1979; Tilley & 

Terry, 1963).  

 

Stage two is the pepsin digestion (Tilley & Terry, 1963).  At the end of the incubation period, 

2.2N hydrochloric acid is added to stop further fermentation, by lowering the pH below 2, which 

kills all the rumen microbes.  At this stage, pepsin is added and the mixture is incubated for 

another 48 hours. At the end of it, the mixture is filtered and the supernatant discarded.  The 

insoluble residue is washed with water and dried at 100°C.  The dry weight is calculated and 

subtracted from the sample dry matter, and from this the digestibility is calculated as the weight 

of digestible material in 100 grammes of the herbage dry matter. The main disadvantage of this 

method is that it is expensive to keep fistulated animals to provide rumen liquor whenever it is 
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required; and two, the digestibility determined in-vitro is generally lower than that determined 

in-vivo, and corrective equations have to be applied to relate one with the other.  It is also 

important to note that the in-vitro method is over simplified and cannot be compared with what 

happens in the gastro intestinal tract of a ruminant animal. 

 

1.5 Protein supplementation 

Ruminants get the most essential nitrogen from microbial degradation of dietary protein in the 

rumen and the subsequent increase in microbial protein and rumen undegradable protein in the 

small intestine. These form the main source of protein nitrogen for the ruminant. However, the 

amino acid composition of microbial protein may not be adequate to support rapid growth and 

productivity. As a result protein supplements with the missing amino acids should be considered. 

According to Broderick et al. (1991), only a small portion of plant protein is directly utilised as a 

source of nitrogen because most of it is broken down in the rumen and used to support microbial 

growth. Consequently, protein intake into the rumen does not necessarily reflect the amount of 

amino acid absorption in the small intestine and for this reason the supply of essential amino acid 

can be a major limiting factor in animal production. Other circumstances which may cause the 

wastage of feed protein after ingestion depend on the type of plant, lignocellulose, environment 

and rumen microbes. Anti-nutritive factors such as tannins in tropical legumes can complex with 

dietary and bacterial protein to inhibit microbial growth (Broderick et al., 1991).   

 

Brooker et al. (1995) isolated phenolic acid-resistant bacteria (Streptococcus caprinus) from the 

rumen contents of wild goats which can minimise tannin effect on feed protein. When the 

bacteria were introduced into the rumen of sheep they enhanced microbial protein supply, and 

animal productivity. The bacteria can be maintained in the rumens of sheep at a population of 

105 cfu.ml-1 of rumen fluid.  

 42



However, the provision of excessive dietary protein is simply a waste of feed resources since 

excessive dietary protein may lead to high blood urea nitrogen and may be a factor in sub-

optimal fertility as evident in dairy cows (Wang et al., 1996a). These researchers argued that 

sheep are capable of recycling dietary and metabolic nitrogen by drawing urea from the blood 

and secreting it during rumination in the saliva. This advantage is a sparing trait which is said to 

be better in sheep than in cattle. The implication is that sheep can tolerate low nitrogen rations 

better than cattle. In another trial, they found that lambs could be fed oscillating crude protein 

levels with no performance difference when compared to animals fed the mean crude protein 

level on a continual basis (Wang et al., 1996b). 

 

1.6 The Research Question and specific objectives 

The bulk of research findings on Leucaena have been directed towards extensive commercial 

beef production grazing systems, but how applicable they are to a wider range of ruminants is 

open to questions. Different ruminants (cattle, sheep, goats, buffaloes, antelopes and camels) 

show considerable differences in their ability to digest and utilise nutrients from foliage of the 

same plant species and that certain plant species are good fodder for one type of stock but not for 

the other. 

 

The research question that was addressed in this research was whether Leucaena leucocephala 

fodder is a viable and renewable protein supplement for low-quality forages. In order to come up 

with the answer a series of experiments were conducted. The specific objectives are: 

• To determine effect of drying on chemical composition, in-vitro-digestible organic 

matter, in-vivo-digestible organic matter and tannin content in Leucaena forage. 

• To determine the rumen degradation characteristics of nitrogen and dry matter in 

Leucaena forage.  
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• To compare the rumen degradation characteristics of nitrogen and dry matter among 

Leucaena leucocephala, Lucerne, Eragrostis curvula and Hyperrhenia forages in the 

Highveld. 

• To determine the effect of varying levels of Leucaena hay on feed intake, passage and 

digestibility of low-quality forages. 

• To determine the effect of Browse Plus™ on tannins, nutrient intake, rumen pH and the 

digestibility of a sole diet of Leucaena forage. 

• To detect presence or absence of Synergistes jonesii bacteria in the rumens of sheep by 

using field tests. 

• To determine the persistence of Synergistes jonesii bacteria in the rumens of sheep 

through autumn and winter seasonal drought in diets deprived of Leucaena forage. 

• To determine the influence of season and harvesting time on the level of mimosine 

content in Leucaena forage. 
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PART I 

THE CHARACTERISATION OF LEUCAENA LEUCOCEPHALA 
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CHAPTER 2 

The effect of drying on chemical composition and digestibility of Leucaena 

leucocephala forage  

 
2.1 Abstract 

The chemical composition of air-dried and sun-dried Leucaena leucocephala forage was 

analysed. The chemical composition of Leucaena forage was slightly affected by the method of 

drying. Compared to sun-drying, air-drying had less effect on most of the parameters studied, 

except for protein precipitating tannins that was reduced significantly. On average Leucaena 

forage contains crude protein of 215 g.kg-1 DM, NDF concentration of 327.5 g.kgDM-1, ADF 

concentration of 201.5 g.kg-1, 1.85% calcium, 0.198% phosphorus, and 12.4 g.kg-1 condensed 

tannins and 582.9 g.kgDM-1 digestibility. It was concluded that Leucaena forage contains 

adequate potential nutrients capable of supporting good microbial growth and animal production. 

 

2.2 Introduction 

The chemical composition of a feed is one of the indicators of the potential nutritive value of that 

feedstuff, which shows at a glance whether the feedstuff has the capacity to provide adequate and 

balanced quantity of nutrients for maintenance, growth and reproduction of an animal (Norton & 

Poppi, 1995). It depends on the composition of each component which makes up the feedstuff. 

Hence, the composition of a feedstuff varies according to the type of plant species; the plant 

parts; the age of the plant; the inclusion rate in the feedstuff; the climate and soils on which the 

plants grew (Norton, 1994); the state of hydration (fresh, wilted or dry) (Palmer & Schlink, 

1992) and drying procedure used (Dzowela et al., 1995).  
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Therefore, it is always necessary to determine the chemical composition of a feedstuff in order to 

ascertain the quality of feedstuff and the quantity of each nutrient that goes into feed formulation. 

This experiment was conducted to determine the content of dry matter, ash, organic matter, 

phosphorus, calcium, nitrogen, crude protein, neutral detergent fibre, neutral detergent fibre-

nitrogen, acid detergent fibre, in-vitro-digestible organic matter, in-vivo-digestible organic matter 

and tannin content in air-dried or sun-dried Leucaena leucocephala forage. 

 

2.3 Materials and methods 

Freshly cut samples of Leucaena forage were either placed on a bench in the laboratory to dry 

(air-dried) or on mats outside (sun-dried) and milled through a 1-mm diameter sieve. Duplicate 

samples were analysed for dry matter, ash, organic matter, phosphorus, calcium, nitrogen and 

crude protein as described by AOAC (1990); the cell wall content by using Tecator Fibertec 

System as described by Van Soest & Wine (1967); the in vitro-digestible organic matter by 

Tilley and Terry method (Tilley & Terry, 1963);  the in vivo-digestible organic matter by 

regression curve technique (Meissner et al., 1993); the total tannin content by radial diffusion 

technique (Hagerman, 1987) and the condensed tannins by Modified Vanillin-HCl technique 

(Terrill et al., 1990). Simple means were used for comparison. 

 

2.4 Results 

The comparison between air-dried and sun-dried samples showed that sun-drying slightly 

increased the level of dry matter, ash, organic matter, neutral detergent fibre, acid detergent fibre 

and condensed tannins (Table 2.1). However, the level of protein precipitating tannins was 

reduced from 43.3 to19.0 mgSTE.gDM-1, while the level of nitrogen and digestibility were 

reduced slightly in air dried sample compared to the sun dried samples.  
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Table 2.1 The chemical composition of air-dried and sun-dried Leucaena leucocephala forage 

Leucaena leucocephala  

Parameters air-dried (mean ±SD) sun-dried (mean ±SD) 

Dry Matter (g.kgDM-1) 857.0±40.0 896.0±16.3

Ash (g.kgDM-1) 8.0±0.8 9.0±0.9

Organic Matter  (g.kgDM-1) 768.0±49.7 801.0±63.5

Nitrogen (%) 4.0±0.2 3.4±0.2

Crude Protein   (g.kgDM-1) 248.0±75.0 215.0±38.5

Neutral Detergent Fibre (g.kgDM-1) 245.0±94.2 327.0±92.5

Neutral Detergent Fibre-N (%) 1.7±0.02 1.8±0.04

Acid Detergent Fibre  (g.kgDM-1) 196.0±50.1 201.0±43.6

Calcium (%) 1.8±0.005 1.8±0.001

Phosphorus (%) 0.2±0.003 0.2±0.008

Condensed Tannin (mgSTE.gDM-1)* 30.0±4.1 12.0±2.0

PPT (mgSTE.gDM-1)** 43.0±3.7 19.0±1.6

In-vitro-DOM (g.kgDM-1) 553.0±91.8 537.0±80.9

In vivo-DOM (g.kgDM-1) 594.0±11.0 582.0±14.2

    *STE = Sorghum Tannin Equivalent 
  **PPT = Protein Precipitating Tannins 
 

 

2.5 Discussion 

Chemical composition alone is not an accurate predictor of the nutritive value of forage, but it is 

a good indication of the potential availability of nutrients in the forage (Norton & Poppi, 1995). 

Drying of forage decreases the level of tannins and improves feed intake, nitrogen and fibre 

digestibility (Kumar & D’Mello, 1995). Sun-drying of samples represented typical farm 
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conditions under which Leucaena  leucocephala hay was prepared, while air-drying of samples 

represented typical laboratory conditions.  

 

In this study, the in vitro DOM, CP, NDF and tannin concentration ranged between 537-553 

g.kgDM-1 for DOM, 215-248 g.kgDM-1 for CP, 245-327 g.kgDM-1 for NDF and 12-30 

mgSTE.gDM-1 for tannin. As a general rule, feedstuffs which have 550 - 650 g.kgDOM-1 and 11 

– 13% CP are capable of supplying adequate protein for maintenance and growth (Poppi & 

McLennan, 1995), while feedstuffs with low NDF (20 – 35%) are more digestible than those 

with more than 35% NDF (Norton, 1994). On the other hand, feedstuffs that have low to 

moderate tannins (<3%DM) are bloat-free with more rumen undegradable protein, which can 

supply adequate dietary protein for post-ruminal digestion and absorption in the small intestine 

(Lowry et al., 1996). It has been shown that legumes that contain moderate tannins are more 

effective sources of available protein than those without tannins, and therefore, inclusion of 

Leucaena is highly desirable. According to Norton & Poppi (1995) moderate tannins may protect 

plant protein from excessive degradation in the rumen, in order to provide the host animal with a 

significant source of additional protein for absorption and utilization.  

 

These results are comparable with those obtained by various workers in other parts of the world 

(Jones, 1979; Shelton & Brewbaker, 1994; Norton & Poppi, 1995; Devendra, 1995; Garcia et al., 

1996; Dzowela et al., 1997 and Larbi et al., 1998). In Australia, Jones (1979) obtained 3.04 - 

4.2% nitrogen; 11% ash; 2.4% calcium; 0.2% phosphorus; 204 g.kg-1 acid detergent fibre; 10.15 

mg.g-1 condensed tannins and 50 – 71% dry matter digestibility, which were similarly reported 

by Shelton & Brewbaker (1994). It was concluded that Leucaena forage has adequate potential 

nutrients capable of to support microbial growth and subsequently higher animal performance. 
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CHAPTER 3 

Determination of rumen degradation characteristics of nitrogen and dry 

matter in the different fractions of Leucaena leucocephala plant 

 
3.1 Abstract 

The purpose of this study was to determine the degradation characteristics of nitrogen and dry 

matter in Leucaena edible parts. The nylon bag method was used to measure the rumen microbial 

action. The degradation constants were estimated following the equation:  P = a + b [1 - ect]. 

Results showed that the degradation of nitrogen in the pods was faster and to a greater extent 

than the shoot, leaves and twigs. It was attributed to the fact that mature pods with seeds had 

more soluble protein than the shoot, leaves and twigs; the presence of condensed tannins and the 

lignification of twigs. However, the degradation of dry matter in the shoot was faster and to a 

greater extent than in the pods, leaves and twigs. Therefore, it was concluded that Leucaena 

forage should be harvested when it is still leafy and the pods are maturing to maximise on rumen 

degradable nitrogen. 

 

3.2 Introduction 

It is always necessary to identify the most likely constraints to animal production which may 

arise as a result of incorporating tree legumes in a farm feed management system (Blair, 1989). 

These constraints may be due to insufficient nitrogen in the diet to support efficient rumen 

function; low outflow rate of digesta from the rumen, which may cause distension and low feed 

intake; an imbalance in protein-to-energy ratio and mineral deficiencies.  
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In order to minimise or eliminate these limitations, a wide range of field and laboratory 

evaluations have to be done. Among the most important field and laboratory evaluations for 

protein supplements is feed degradability, which is a coefficient that shows the extent and 

characteristics of rumen fermentable nitrogen and dry matter which are available in a 

supplement. According to Vanzant et al. (1998), feed degradability is required for the prediction 

of nutrient availability, feed intake and animal performance. It is associated with feed intake and 

animal performance. The more degradable the feed the faster the rate of passage through the 

rumen and the more the space created for more feed intake into the rumen (Vanzant et al., 1998). 

It is expressed as a proportion of the total dry matter intake.   

 

Various in-vitro and in-vivo methods have been developed for measuring the degradability of 

feeds such as those reported by Ferguson et al. (1967); Peter et al. (1973); Wohlt et al. (1973); 

Broderick (1978); Orskov & McDonald (1979) and Mahadevan et al. (1979) among others. The 

nylon bag technique that was developed by Mehrez & Orskov (1977) allows simultaneous study 

of the feed degradation and movement in the rumen at different periods of time. Therefore this 

study was completed to determine the degradation characteristics of nitrogen and dry matter 

from different fractions of Leucaena plant. 

 

3.3 Materials and methods 

3.3.1 Preparation of animals and incubation of samples 

Three Merino wether sheep (60 ± 5.7 kg BW) fitted with rumen cannulae (60-mm diameter) 

were used to measure the degradability of Leucaena forage (shoot, leaves, twigs and pods) by 

using the nylon bag technique (Mehrez & Orskov, 1977). Animals were maintained on a basal 

diet of 75:25 mixture of Veld grass and Leucaena hay before and during the trial.  
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Leucaena samples were collected, air-dried and ground through a 2-mm sieve, and passed 

through a 45-µm sieve to remove all fine particles. Nylon bags of pore size 53-µm and 10cm x 6 

cm dimensions were used as specified (AFRC, 1992). Empty clean bags were dried in a 60 °C 

oven for one hour, weighed and labelled. Each bag was filled with 5-grams of the respective 

samples, and each sample was replicated 6 times, so that each animal incubated 2 bags of each 

sample at each time. Samples were incubated in batches for 6, 12, 24, 36, 48 and 72 hours. The 

zero-hour batch was not incubated. A sequential withdrawal method was used. In this method, 

batches of Leucaena samples were incubated separately by inserting and removing each batch 

before the next batch was inserted.  

 

On removal from the rumen, bags were immediately dropped into a bucket of cold water, 

followed by thorough hand washing under running tap water until the water from the bags was 

clear and rinsed with distilled water.  Bags were then dried in a 60 °C oven for 48 hours. Zero-

hour bags were treated the same way. All bags were removed from the oven, cooled and 

weighed. Residues were recovered and used for nitrogen analysis. 

 

3.3.2 Analytical procedures and statistical analysis 

The disappearance of dry matter in the rumen was determined by the difference between the 

weight of the fresh sample and the residue after incubation and drying. The dry matter and 

nitrogen contents of the original fresh samples and the nitrogen of residues after incubation were 

determined according to AOAC (1990) procedures.   

 

Statistical analysis of data was done by using the General Linear Model procedure (SAS, 2005) 

to determine whether there was a significant difference between the degradation characteristics 
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of the plant part compared. The disappearances of dry matter and nitrogen with time were fitted 

to the equation proposed by Orskov & McDonald (1979) as follows:  

P  =  a + b [1 - ect]  

Where:   P   =   proportion degraded at time’t’ 

   a   =  soluble fraction 

  b   =   insoluble fraction but potentially degradable 

        a+b  =  maximum extent of degradation 

   c  =   rate of degradation of ‘b’ 

 

To calculate Effective Degradation (ED), a fractional rumen outflow rate 'k' of 0.05/hour was 

assumed (Orskov & McDonald 1979). Thus: ED = a + [bc /c + k] 

 

3.4 Results 

3.4.1 The degradation characteristics of nitrogen in the rumen 

The rate of degradation (fraction c) and the extent of degradation (fraction a+b) of nitrogen in 

Leucaena forage were significantly higher in the mature pods by 60.0% and 37.6%, respectively 

than in the whole shoot, and by 57.5% and 46.0%, respectively, than the leaves (Table 3.1). The 

twigs were the slowest to degrade. The rate of disappearance of nitrogen with time in the rumen 

was most rapid between 12 and 24 hours of incubation for pods, leaves and the whole shoot, and 

between 24 and 36 hours for twigs. Effective degradation of nitrogen was significantly higher in 

pods, while there was no significant difference between the whole shoot, leaves and twigs 

(Appendix 1). 
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Table 3.1 The degradation characteristics of nitrogen and dry matter in Leucaena forage 

Type of sample and extent of degradation (%)  
Incubation 
time 

 
Type of 
Nutrient Whole shoot 

(mean ±SD) 
Leaves 
(mean ±SD) 

Twigs 
(mean ±SD) 

Pods 
(mean ±SD) 

 

00 hour 

Nitrogen 

Dry matter 

7.4 ±1.8a

35.6 ±0.8c

4.2 ± 1.8a

36.6±0.8c

15.5±5.1b

16.5±1.9a

23.3±2.2c

22.7±1.0b

 

06 hours 

Nitrogen 

Dry matter 

4.6 ± 2.0a

47.9±1.9c

14.4±2.6b

48.4±1.8c

17.4±2.0c

26.8±3.1a

30.0±2.6d

32.5±3.1b

 

12 hours 

Nitrogen 

Dry matter 

7.6 ± 1.9a

60.2±11.0d

14.1±2.4b

52.9±5.1c

19.9±3.4c

28.33±.4a

38.62±2.5d

35.5±4.7b

 

24 hours 

Nitrogen 

Dry matter 

20.9± 4.8a

79.1±2.6d

24.4±2.0b

63.3±10.9c

20.9±1.9a

36.2±2.6a

52.8±1.6c

46.0±2.9b

 

36 hours 

Nitrogen 

Dry matter 

27.7± 5.8b

83.6±1.4d

29.0±4.0b

72.0±11.6c

24.1±2.9a

36.3±6.8a

53.7±3.9c

47.1±6.1b

 

48 hours 

Nitrogen 

Dry matter 

34.2 ±5.2c

82.3±3.5d

31.5±2.4b

68.3±9.3c

25.4±2.4a

33.6±3.2a

59.1±4.7d

48.1±3.5b

 

72 hours 

Nitrogen 

Dry matter 

36.0 ± 3.1b

85.5±3.1d

38.2±5.3b

75.5±7.0c

28.0±3.5a

38.0±7.0a

60.6±3.5c

49.5±3.5b

Constants:  

a* 

Nitrogen 

Dry matter 

8.67 

30.0 

0.00 

30.83 

15.33 

10.83 

20.00 

17.50 

b* Nitrogen 

Dry matter 

28.61 

49.84 

32.17 

38.84 

12.60 

21.47 

39.60 

26.81 

a + b* Nitrogen 

Dry matter 

37.17 

79.84 

32.17 

69.67 

27.93 

32.30 

59.60 

44.31 

c* Nitrogen 

Dry matter 

0.031 

0.086 

0.034 

0.049 

0.022 

0.010 

0.080 

0.085 

k* Nitrogen 

Dry matter 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

ED* Nitrogen 

Dry matter 

18.23 

67.11 

17.30 

55.74 

19.33 

20.22 

47.70 

39.53 

*Constants: a = soluble fraction; b = insoluble fraction; a + b = maximum extent of degradation; c = rate of 
degradation; k = rumen outflow rate and ED = effective degradation 
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3.4.2 The degradation characteristics of dry matter in the rumen 

The results showed that the rate of degradation (fraction c) and the extent of degradation (fraction a+b) of 

the dry matter in the whole shoot and leaves were significantly different (Table 3.1).  The dry matter 

degraded faster by 43% than the leaves and the extent of degradation was also 12.7% higher in the whole 

shoot than in the leaves. The rate of degradation in the leaves, twigs and pods was most rapid between 12 

and 24 hours of fermentation, and between 6 and 12 hours in the whole shoot. The effective degradation 

(ED) was significantly higher in the whole shoot than the leaves, pods and twigs, respectively (Appendix 1)                        

 

3.5 Discussion 

The nutritive value of tree legumes depends on the proportions of the leaf to stem that is eaten. 

Therefore, if the shoot is leafy with less lignified twigs, the nutritive value of the forage would 

be higher (Norton & Poppi, 1995). The twigs were the slowest to degrade because they were 

more lignified than the other parts of the forage (Van Soest & Wine, 1967). This was confirmed 

in our study. Pods did better probably due to the fact that fraction 'a' in pods contains non-protein 

nitrogen which is more degradable in the rumen than the other fractions. The whole shoot and 

leaves had similar characteristics probably because leaves form the bulk of the whole shoot. 

Twigs fell in between the other three parts because twigs are more lignified than leaves, and 

therefore less degradable  

 

Most of the literature reviewed reported the degradability of leaves or whole shoots separately 

but not on all edible components of the Leucaena leucocephala forage, mainly because at the 

farm level the forage is fed to animals as one component containing leaves, twigs and pods in 

different proportions.   
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The slow rate and the low degradation of nitrogen in the rumen has been explained by several 

workers (Jones, 1965; Kumar & D’Mello, 1995; Morrison & Mackie, 1996) who attributed it to 

the presence of moderate levels of condensed tannins which bind feed protein, thus preventing it 

from more extensive degradation in the rumen. The nitrogen then becomes available for further 

digestion in the small intestine. Hence, condensed tannins in Leucaena forage have a beneficial 

effect to the ruminant because they protect feed protein from more extensive degradation in the 

rumen, by allowing nitrogen to be available for further digestion in the abomasum and small 

intestines.  

The rate of degradation is comparable with that reported by Larbi et al. (1998) and Kamatali et 

al. (1992).  For the release of nitrogen Larbi et al. (1998) obtained 13.5%, 57%, 70.6% and 0.041 

for fraction a, b, a+b and c, respectively from 6-months old leaves and stems, while Kamatali et 

al. (1992) obtained 25.1%, 59.5%, 84.6% and 0.131 for fraction a, b, a+b and c, respectively 

from 2-months old shoots. Elsewhere, Bonsi et al. (1995) obtained 14.5%, 80.0%, 94.5% and 

0.031 for the same fractions. For the release of dry matter Larbi et al. (1998) obtained 31.0%, 

41.7%, 72.7% and 0.0651 for fraction a, b, a+b and c,  respectively; while Kamatali et al. (1992) 

obtained 30.7%, 45.4%, 76.1% and 0.033 for fraction a, b, a+b and c, respectively. The young 

the plant forage the more digestible it will be because it is less lignified and more susceptible to 

microbial degradation in the rumen (Van Soest, 1994). 

 

The variation in results between this study and the different laboratories could be due to the 

climate and soils on which Leucaena grew; the stage of growth and the diet of experimental 

animals (Aii & Stobbs, 1980), apart from lack of the standardised procedures for the nylon bag 

technique (Vanzant et al., 1998). For example, Kamatali et al. (1992) used 2-months old 

regrowths which were more degradable than older regrowths, while we used 4-months old 

regrowths and Larbi et al. (1998) used 6-months old regrowths. It was concluded that Leucaena 
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exhibited a sparing effect on nitrogen in the rumen by degrading slowly and to a lesser extent, 

which was attributed to the presence of moderate level of condensed tannins. The formation of 

tannin-protein complexes has been shown to protect dietary protein from excessive degradation 

in the rumen and subsequently enhance amino acid absorption and utilization by the host animal 

(Waghorn et al., 1987). Therefore, it was recommended that Leucaena forage should be fed 

together with other protein supplements which have more readily degradable nitrogen to enhance 

more rapid production of ammonia in the rumen for microbial growth. 
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CHAPTER 4 

The comparison among the rumen degradation characteristics of nitrogen and 

dry matter in Leucaena Leucocephala, Lucerne, Eragrostis curvula and Veld 

grass species 

 
4.1 Abstract 

The purpose of this experiment was to compare the degradation characteristics of nitrogen and 

dry matter of two legumes (Leucaena and Lucerne) and two low-quality grasses, (Eragrostis and 

mixed Veld grass) which are commonly used in feed management in the Highveld.  Lucerne also 

served as the standard.  The degradation constants were estimated following the equation:  P = a 

+ b [1 - ect]. Results showed that when Leucaena forage was subjected to the same rumen 

environment with the other forages it experienced a time lag of 6 hours before nitrogen could 

start degrading unlike the other three forages which did not have time lags. However, the dry 

matter in Leucaena forage degraded more readily, which gave Leucaena forage the best 

performance among the four forages. It was concluded that Lucerne had more readily available 

RDP than Leucaena, while Leucaena had more UDP than Lucerne.  However, the disadvantage 

in Leucaena forage could be minimised if Leucaena forage was fed together with other more 

degradable protein supplements.  

 

4.2 Introduction  

The determination of feed degradability is necessary for the prediction of nutrient availability, 

feed intake and animal performance (Vanzant et al., 1998). It is associated with feed intake and 

animal performance. The more degradable the feed the faster the rate of passage through the 
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rumen and the more the space created for more feed intake into the rumen (Vanzant et al., 1998). 

It is expressed as a proportion of the total dry matter intake.  

 

Various in-vitro and in-vivo methods have been developed for measuring the degradability of 

feeds such as those reported by Ferguson et al. (1967); Peter et al. (1973); Wohlt et al. (1973); 

Broderick (1978); Orskov & McDonald (1979) and Mahadevan et al. (1979). The nylon bag 

technique that was developed by Mehrez & Orskov (1977) allows simultaneous study of the feed 

degradation and movement in the rumen at different periods of time. Therefore the purpose of 

this study was to determine the degradation characteristics of nitrogen and dry matter in 

Leucaena, Lucerne, Eragrostis and Veld grass species that are commonly used in the Highveld 

feed management systems. 

 

4.3 Materials and methods 

4.3.1 Preparation of animals and incubation of samples 

Three Merino wether sheep of mean body weight 56 ± 5.7 kg fitted with rumen cannulae (60-

mm diameter), were used to measure the degradability of four types of hay (Leucaena, Lucerne, 

Eragrostis and mixed Veld grass species), that are commonly used at the experimental farm, 

using the nylon bag technique (Mehrez & Orskov, 1977). Lucerne hay was used as the standard. 

Animals were maintained on an ad libitum basal diet of 100% Lucerne hay prior to and during 

the trial. The preparation and incubation of samples followed the same procedures described 

previously in section 3.3.1.  
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4.3.2 Analytical procedures and statistical analysis 

The same analytical procedures described in section 3.3.2 were used. The General Linear Model 

procedure (SAS, 2005) was used to determine whether there was a significant difference between 

the degradation characteristics of the forages compared. 

 

4.4 Results 

4.4.1 The degradation characteristics of nitrogen in Leucaena, Lucerne, Eragrostis and Veld   

grass  

The rate of degradation (fraction c) and the extent of degradation (fraction a+b) of nitrogen were 

significantly higher in Lucerne by 73.4% and 8.0%, respectively than in Leucaena (Table 4.1). 

The most rapid nitrogen degradation occurred between 0 - 24 hours of incubation in Lucerne, 

and between 12 - 36 hours in Leucaena. Lucerne had more RDP than Leucaena since 63.9% of 

Lucerne nitrogen was degraded in the rumen at the end of 72 hours compared with 44.9% of 

Leucaena (Appendix 2) 

 

4.4.2 The degradation characteristics of nitrogen in Leucaena, Lucerne, Eragrostis and Veld   

grass  

The rate and the extent of degradation of dry matter was significantly higher in Leucaena by 

33% and 24.2%, respectively than in Lucerne, while the difference in Veld grass and Eragrostis 

was not significant (Table 4.1). However, 60% of the dry matter in Veld grass was degraded 

compared with 55% in Eragrostis after 72 hours of fermentation. The most rapid degradation 

occurred between 0 – 24 hours of fermentation in Lucerne and between 6 – 24 hours in 

Leucaena, while the most rapid degradation in Veld grass and Eragrostis was between 12 and 24 

hours (Appendix 4). 
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Table 4.1 The degradation characteristics of nitrogen and dry matter in Leucaena, Lucerne, 

Eragrostis and Veld grass in the rumen 

Type of sample and extent of degradation (%)  
 
Incubation 
time 

 
 
Type of 
nutrient 

Leucaena 
(mean ±SD) 

Lucerne 
(mean ±SD) 

Eragrostis  
(mean ±SD) 

Veld grass 
(mean ±SD) 

 

00 hour 

Nitrogen 

Dry matter 

7.2±1.6b

38.2±0.4c

11.0±1.2.9c

25.5±0.6b

20.7±1.7d

10.2±0.4a

4.3±2.0a

12.5±0.4a

 

06 hours 

Nitrogen 

Dry matter 

2.8±0.4a

44.3±2.4c

38.6±2.6d

42.6±2.3c

20.7±4.3c

16.0±2.1a

10.08±1.6b

20.2±1.7b

 

12 hours 

Nitrogen 

Dry matter 

7.0±3.6a

56.9±7.9d

49.8±4.4d

52.9±6.6c

26.4±0.4c

22.8±3.1a

11.7±0.7b

25.7±1.2b

 

24 hours 

Nitrogen 

Dry matter 

24.1±10.0b

73.8±5.0d

56.9±5.4c

62.5±3.4c

27.0±5.4b

36.8±7.8a

13.8±2.1a

40.9±6.6b

 

36 hours 

Nitrogen 

Dry matter 

39.6±7.3b

80.6±2.5d

58.7±0.5d

67.5±1.6c

41.7±3.1c

44.0±4.6a

15.4±1.6a

47.9±5.2b

 

48 hours 

Nitrogen 

Dry matter 

44.4±4.7b

81.9±0.6d

61.0±1.0c

67.9±0.9c

47.0±6.5b

50.6±4.0a

16.7±0.2a

55.0±3.4b

 

72 hours 

Nitrogen 

Dry matter 

44.9±3.3b

82.6±1.0d

63.9±1.0d

68.0±1.7c

54.2±1.1c

55.1±4.3a

16.7±0.4a

60.5±1.1b

Constants:  

a* 

Nitrogen 

Dry matter 

9.33 

35.00 

0.00 

16.67 

18.00 

6.67 

1.25 

8.33 

b* Nitrogen 

Dry matter 

37.78 

44.41 

51.23 

37.09 

33.46 

42.64 

11.99 

43.92 

a + b* Nitrogen 

Dry matter 

47.11 

79.41 

51.23 

53.76 

51.46 

49.31 

13.24 

52.25 

c* Nitrogen 

Dry matter 

0.025 

0.068 

0.094 

0.102 

0.027 

0.041 

0.053 

0.044 

k* Nitrogen 

Dry matter 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

ED* Nitrogen 

Dry matter 

19.68 

63.72 

44.42 

50.45 

32.60 

29.35 

10.51 

32.88 
*Constants: a = soluble fraction; b = insoluble fraction; a + b = maximum extent of degradation; c = rate of 
degradation; k = rumen outflow rate and ED = effective degradation 
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4.5 Discussion 

The difference between the degradability of Lucerne and Leucaena was attributed to the fact 

that,  Lucerne contains a negligible amount of condensed tannins (0.13mg.g-1) but contains a 

higher proportion of non protein nitrogen, which is more readily degradable in the rumen than 

Leucaena which contains higher amount (10 - 15 mg.g-1) of condensed tannins (Jones, 1979).  

Leucaena experienced a time lag of 6 hours which could impact negatively on the performance 

of the ruminant, if Leucaena were to be the only available protein supplement.  

For example, if the grass diet of a dairy cow were to be supplemented with Leucaena forage 

alone on a daily basis, it would probably cause a significant fluctuation in milk production. Lack 

of adequate readily degradable protein during the first 6 hours, could affect microbial protein 

yield negatively and cause an imbalance in protein-to-energy ratio in the rumen.  

 

The two grasses in this study are low in digestibility and probably low in intake. This is in 

agreement with a result reported for other tropical grass species, especially, after the growing 

season, because their quality declines rapidly and become more lignified with maturity (Norton 

& Poppi, 1995). However, it has been shown that if the crude protein of a basal feed of low-

quality grass is increased from 2 to 9%, the digestibility of the low-quality basal feed increases 

dramatically (Glover et al., 1957), and there after, the rate of increased in digestibility declines 

and more  protein goes to waste (Minson, 1990). In an ideal situation the most suitable protein 

supplement is that which has 65% rumen degradable cellulose and more readily degradable 

protein (Nocek & Russell, 1988). However, not many plant species that fit this criterion although 

there are exceptions like Lucerne which had adequate rumen degradable cellulose and equally 

readily degradable protein.  
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It was concluded that, the rapid release of nitrogen from Lucerne could promote microbial 

growth, and enhance the digestion of cellulose from the low-quality forage and indirectly 

promoted higher intake of the low-quality forages. However, the more rapid and the fuller extent 

of nitrogen degradation in Lucerne in the rumen could also lead to wastage of feed protein and 

less support for the ruminant requirement for growth and production. It is therefore 

recommended that there should always be a balance between RDP and UDP in feed management 

to achieve more desirable ruminant performance.  That could make Lucerne and Leucaena a well 

balanced combination of protein supplements. 
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PART II 

THE SUPPLEMENTAL VALUE OF LEUCAENA 

LEUCOCEPHALA FORAGE 
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CHAPTER 5 

The effect of feeding varying levels of Leucaena leucocephala on feed intake 

and digestibility of low quality forage 

 
5.1 Abstract 

The purpose of this study was to determine the effect of varying levels of Leucaena supplement 

on the intake, the flow and digestibility of nutrients of two low-quality forages. Partial digestion 

methods were used. The overall results showed that the effect of supplementing low-quality 

forages with varying levels of Leucaena forage was that the combinations between Leucaena and 

Veld grass gave better performance than the combinations between Leucaena and Eragrostis 

grass. Crude protein is the limiting factor in the performance of low-quality forages.  Therefore, 

the supplementation of low-quality forage with Leucaena resulted in higher feed intake, 

digestibility and passage. 

 

5.2 Introduction 

Winter drought is a recurrent phenomenon in southern Africa between June and September of 

each year, and yet most livestock farmers are often caught unprepared due to inadequate or poor 

farm planning. At this time of the year there is plenty of sour veld pasture and farm by products 

that livestock cannot utilise efficiently. It is at this stage that supplementary feeding should be 

applied to supply those nutrients that are lacking in the dry pasture, to maintain livestock cheaply 

through the drought. 

 

Protein supplements provide three types of proteins known as non-protein nitrogen (NPN), 

rumen degradable protein (RDP) and undegradable dietary protein (UDP). The RDP and UDP 
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are found in plant protein supplements in varying proportions. The higher the proportion of RDP 

in a plant the more suitable the plant will be rated as a suitable protein supplement for ruminants 

(Beever & Mould, 2000). The RDP and NPN are more readily degraded in the rumen to provide 

the immediate and much needed microbial protein. On the other hand, the UDP is the most 

valuable because it escapes degradation in the rumen and passes on to the abomasum where it is 

digested to provide essential amino acids for animal growth and production. Leucaena has the 

potential to provide the required UDP (Chapter 2, 3, and 4). This study was completed to 

determine the effect of feeding varying levels of Leucaena supplement on feed intake, the flow 

and the digestibility of nutrients of two low-quality forages (Eragrostis and Veld grass) in the 

digestive systems of Merino wool sheep in the Highveld. 

 

5.3 Materials and methods 

5.3.1 Preparation of feed, experimental diets and animals 

Leucaena leucocephala forage was harvested at the age of 6 months in summer and autumn. It 

was sun dried and stored in gunny bags ready for feeding. Eragrostis hay bales were acquired 

commercially while Veld grass hay was harvested locally and baled. The grasses were then 

milled to reduce the bulk to make them easier to mix with the supplements and were stored in 

gunny bags ready for feeding. 

 

Eight experimental diets were prepared, 4 of which contained combinations of Leucaena and 

Veld grass hay and the other 4 contained combinations of Leucaena and Eragrostis hay. 

Experimental diets were mixed in batches of 50 kg each.  A total of 64 different batches were 

prepared.  
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Four merino wether sheep of average mass 60 ±7kg fitted with multiple fistulae in the rumen, 

abomasum and ileum were used for the trial. The approval for the use of animals for these trials 

was obtained from the Ethics Committee in Pretoria. The sheep were housed in one pen and 

maintained on a basal diet of 75:25 mixture of Veld grass and Leucaena hay for 21 days as 

described by Faichney (1975).  

 

During the trial animals were offered weighed feed at the rate of 3% body weight (≥2.0kg) of the 

prepared diets as described by Faichney (1975)  

 

5.3.2 Experimental design 

A 2 by 4 by 4 change-over design with 4 replicates was used. There were 2 types of forages 

(Eragrostis grass had 7.50% CP and Veld grass had 5.31% CP), 4 levels of Leucaena hay (0, 10, 

20, and 30% DM) and 4 sheep per experimental diet with 4 replicates. There were two groups of 

experimental diets. Group1 (diets 1-4) contained Leucaena and Veld grass hay, while group2 

(diets 5-8) contained Leucaena and Eragrostis hay in varying proportions as shown below; 

 

Group 1 – Leucaena and Veld grass 

Diet-1: Veld grass alone       

Diet-2: 10% Leucaena 

Diet-3: 20% Leucaena  

Diet-4: 30% Leucaena  

 

Group 2 – Leucaena and Eragrostis  

Diet-5: Eragrostis curvula grass alone  

Diet-6: 10% Leucaena  

 67



Diet-7: 20% Leucaena  

Diet-8: 30% Leucaena   

 

5.3.3 Preparation and infusion of markers 

Chromium- Ethylenediaminetetraacetic acid (Cr-EDTA) was used as a fluid phase marker. It was 

prepared by reacting 71.6 gm of chromium chloride with 100gm of Di-sodium–EDTA per litre 

solution at neutral pH (7.0) as described by Morgan et al. (1976).  Ytterbium acetate (YbAc) was 

used as a particulate marker as recommended by Siddons et al. (1985).  Priming doses of 30ml 

Cr-EDTA and 20ml YbAc from the stock solutions were infused intra-ruminally through the 

cannula of each animal at 08h30 in the morning of the 10th day of the adaptation period as 

described by Hunter & Siebert (1986). A steady state was presumed after four days of 

consecutive infusions as recommended by Faichney (1975).  

 

5.3.4 Sampling, analytical procedures and statistical analysis 

Samples of ruminal, abomasal and Ileal fluids were collected daily from the 5th day to the 8th day 

of infusion of markers at  3, 6, 12, 15, 18, 21 and 24 hours at an average rate of two collections 

every 12 hours; while faecal and feed samples were collected every day as described by 

Faichney (1975).  The rumen, abomasal, ileal, faecal and fresh feed samples were prepared for 

analysis as described by Faichney (1975). Respective samples were analysed for dry matter, 

nitrogen, ash, organic matter, neutral detergent fibre, neutral detergent fibre-nitrogen, ammonia 

nitrogen, non-ammonia nitrogen and digestibility according to standard analytical procedures 

(AOAC, 1990). The flow rate of digesta was calculated as described by Faichney (1975) and 

modified by Smuts (1996).  
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The data were analyzed statistically by using the General Lineal Model (SAS, 2005) and 

Microsoft Excel Version 2003. 

 

5.4 Results 

5.4.1 Chemical composition of diets 

The supplementation of Veld grass with Leucaena improved dramatically the chemical 

composition of the diets more significantly (P<0.05) than the supplementation of Eragrostis 

grass with Leucaena (Table 5.1). As the level of Leucaena in the diets increased from 10 – 30%,  

the crude protein of diets in group 1 increased by 67%, 95.3% and 130.6%; and in-vitro organic 

matter digestibility by 15.5%, 25.7% and 15.2%, respectively; while the neutral detergent fibre 

content decreased by 65%, 14.7% and 23.3%, respectively. The crude protein of diets in group 2 

increased by 37.5%, 80% and 103.3%; and the neutral detergent fibre content decreased by 4.8%, 

14.8% and 21.6%, respectively. However, these diets did not differ significantly in their in-vitro 

organic matter digestibility. 

 

5.4.2 Feed and nutrient intake of the diets 

The supplementation of Eragrostis with Leucaena increased feed and nutrient intake more than 

the supplementation of Veld grass with Leucaena (Table 5.2).  As the level of Leucaena in the 

diets increased from 10 – 30%, the feed intake of diets in group 2 increased by 41.3%, 36% and 

28.4%; and crude protein intake by 1.93, 2.4 and 2.52 folds, respectively. On the other hand, feed 

intake increased by 22.7%, 14.9% and 11.3%; and crude protein intake by 2.13, 2.25 and 2.57 

folds in diets of group1, respectively.  
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Table 5.1 The chemical composition of experimental diets 

Group 1 diets  

Parameters (%) Diet 1
(mean ±SD) 

Diet 2
(mean ±SD) 

Diet 3 
(mean ±SD)  

Diet 4
(mean ±SD) 

 DM 

 ASH 

 OM 

 N 

 CP 

 NDF 

 NDF-N 

 ADF 

 In-vitro OMD 

91.4±0.1a

9.2±0.5c

82.1±2.3a

0.9±0.1a

5.3±0.1a

70.3±c

0.8±a

39.2±4.9c 

46.1±2.4a

91.6±0.2a

7.5±0.3b

84.1±2.1ab

1.4±0.5ab

9.2±0.7ab

66.0±b

0.8±a

37.0±5.2ab 

53.2±1.3ab

91.6±0.2a

7.4±0.2b

84.2±1.2ab

1.7±0.2ab

10.4±1.6b

61.3±ab

1.0±a

35.2±4.6ab 

57.9±1.6b

91.4±0.1a

7.9±0.4b

83.8±1.4a

2.0±0.2b

12.3±2.3b 

57.0±a

1.0±a

32.9±3.2a 

53.1±1.9ab

Group 2 diets  

Parameters (%) Diet 5
(mean ±SD) 

Diet 6
(mean ±SD) 

Diet 7 
(mean ±SD)  

Diet 8
(mean ±SD) 

DM 

ASH 

OM 

N 

CP 

NDF 

NDF-N 

ADF 

In-vitro OMD 

91.6±0.1a

4.4±0.2a

87.2±1.2c

1.2±0.1ab

7.5±2.1ab

74.4±1.0c

0.8±0.0a

40.7±6.3c 

56.2±5.0b

90.7±0.2a

5.5±1.1ab

85.2±0.8ab

1.7±0.3ab

10.3±3.4b

71.0±0.5c

0.8±0.1a

39.0±2.5c 

56.8±1.6b

90.9±0.2a

3.9±0.3a

87.1±0.6c

2.2±0.2c

13.5±3.8b

64.8±0.7b

0.9±0.0a

35.1±3.4ab 

57.6±1.4b

91.4±0.2a

3.9±0.1a

87.5±1.6c

2.4±0.1c

15.3±4.1c

61.2±2.1ab

1.0±0.2ab

32.1±4.0a 

55.4±4.1b

* Means in rows with different superscript are significantly (P<0.05) different   
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Table 5.2 Feed and nutrient intake of experimental diets  

Group 1 diets  

Parameters (g.day-1) Diet 1
(mean ±SD)

Diet 2
(mean ±SD) 

Diet 3 
(mean ±SD)  

Diet 4
(mean ±SD) 

Daily feed intake  

DM  intake 

OM intake 

N intake 

NDF intake  

1000.0

914.0±336.78 a

821.0±329.71a

7.8±3.10a

642.0±257.83ab

1226.0

1123.0±378.0b

1031.0±347.85b

16.5±5.60b

741.0±250.90b

1148.0 

1052.0±260.04ab

967.0±329.41ab

17.5±4.35b

645.0±59.44ab

1113.0

1020.0±224.62ab

931.0±205.23ab

20.0±4.42c

581.0±128.12a

Group 2 diets  

Parameters (g.day-1) Diet 5
(mean ±SD) 

Diet 6
(mean ±SD) 

Diet 7 
(mean ±SD)  

Diet 8
(mean ±SD) 

Daily feed intake  

DM intake 

OM intake 

N intake 

NDF intake  

904.0

826.0±162.30a

791.0±155.69a

9.9±2.00ab

615.0±120.96a

1278.0

1163.0±174.53b

1113.0±163.91b

19.2±3.82c

825.0±113.26c

1230.0 

1116.0±194.10b

1060.0±185.82b

24.1±3.25d

723.0±137.84b

1161.0

1063.0±154.26ab

1012.0±146.80b

26.0±.83d

651.0±40.46ab

* Means in rows with different superscript are significantly (P<0.05) different   

 

5.4.3 Rumen pH, ammonia nitrogen and volatile fatty acid  

Results showed that the addition of Leucaena to Veld grass hay increased the production of 

ammonia nitrogen and volatile fatty acids more than the addition of Leucaena to Eragrostis hay 

(Table 5.3). As the level of Leucaena in the diets increased from 10 – 30%, the production of 

ammonia nitrogen increased by 17%, 38.4% and 44.3%; and volatile fatty acids increased by 

31.3%, 28% and 26% in group1, respectively.  On the other hand, in group2 it increased 

ammonia nitrogen by 13.8%, 25% and 21.7%; and volatile fatty acids by 8.8%, 17.4% and 

14.7%, respectively. 
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Table 5.3 Rumen pH, ammonia nitrogen and volatile fatty acids of experimental diets 

Group 1 diets  

Parameters Diet 1
(mean ±SD) 

Diet 2
(mean ±SD) 

Diet 3 
(mean ±SD)  

Diet 4
(mean ±SD) 

pH 

NH3N (mg.100ml-1)

Total VFA (mmol.100ml-1) 

VFA Proportions: 

Acetic Acid (%) 

Propionic Acid (%) 

Iso-Butyric (%) 

N-Butyric (%) 

Iso-Valeric (%) 

N-Valeric (%) 

A:P Ratio 

6.2±0.4

6.1±0.06a

42.2±8.53a

75.5±2.2

16.0±1.6

1.0±0.4

6.1±1.0

0.8±0.3

0.6±0.1

4.7

6.3±0.2

7.2±0.09ab

55.4±3.27ab

73.2±1.1

16.7±0.4

0.9±0.1

7.6±0.7

0.9±0.2

0.8±0.1

4.4

6.4±0.2 

8.5±0.05b

54.0±4.93ab

 

71.6±4.1 

17.8±2.4 

1.0±0.1 

8.0±1.5 

0.9±0.2 

0.8±0.2

4.0 

6.7±0.8

8.9±0.07b

53.2±7.02ab

69.6±2.0

19.0±2.3

1.1±0.1

8.2±0.7

1.1±0.4

1.0±0.1

3.7

Group 2 diets  

Parameters Diet 5 
(mean ±SD)  

Diet 6 
(mean ±SD)  

Diet 7 
(mean ±SD)  

Diet 8 
(mean ±SD)  

pH 

NH3N (mg.100m-1l) 

Total VFA (mmol.100ml-1) 

VFA Proportions: 

Acetic Acid (%) 

Propionic Acid (%) 

Iso-Butyric (%) 

N-Butyric (%) 

Iso-Valeric (%) 

N-Valeric (%) 

A:P Ratio 

6.3±0.3

8.2±0.04.b

73.6±5.12b

75.0±1.6

15.9±0.6

0.8±0.1

6.7±0.8

0.8±0.2

0.7±0.1

4.7

6.2±0.3

9.4±0.06b

87.4±2.96c

68.9±1.3

18.8±0.9

1.1±0.6

9.3±0.5

1.0±0.1

1.0±0

3.7

6.3±0.3 

10.3±0.09c

86.4±1.38c

 

69.5± 

18.3± 

1.3± 

9.1± 

0.9± 

0.9±

3.8 

6.3±0.2

10.0±0.06c

84.4±2.58c

71.2±2.1

19.0±1.0

1.1±0.7

7.0±3.3

1.1±0.5

0.6±0.1

3.7
*Means in rows with different superscript are significantly (P<0.05) different   

 

 

 

 72



5.4.4 Flow of nutrients through the digestive tract 

The combinations between Leucaena and Veld grass hay increased the flow of non-ammonia 

nitrogen slightly more than the supplementation of Eragrostis grass with Leucaena hay (Table 

5.4). As the level of Leucaena in the diets increased from 10 – 30%, the flow of non-ammonia 

nitrogen through the abomasum increased by 3.28, 3.9 and 4.76 folds in group1, respectively, 

compared with 1.27, 166 and 1.5 folds in group2, respectively. However, there was no significant 

effect on the flow of the other nutrients. The flow of non-ammonia nitrogen through the small 

intestine increased by 25%, 21% and 25% in group1, respectively, compared with 24%, 40% and 

17% in diets 6-8 respectively. However, there was no significant effect on the flow of the other 

nutrients. The loss of dietary nitrogen decreased by 37% in the control diet of group1, while the 

loss of dietary nitrogen increased by 57% in the control diet of group2.   

 

5.4.5 The disappearance of nitrogen and non-ammonia nitrogen 

The addition of Leucaena to Veld grass hay increased the disappearance and digestibility of 

nitrogen more than the addition of Leucaena to Eragrostis hay (Table 5.5). As the level of 

Leucaena in the diets increased from 10 – 30%, the disappearance of nitrogen increased by 

12.58, 8.74 and 9.22 folds in group1; while the disappearance of non-ammonia nitrogen 

increased by 1.75, 1.90 and 2.52 folds in group2, respectively. The overall digestibility of 

nitrogen in group1 increased by 1.93, 2.2 and 2.4 folds, respectively in comparison with 1.18, 

1.32 and 1.56 folds, in group2, respectively.   
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Table 5.4 Abomasal and ileal nutrient flow 

Group 1 diets 
 

 
Parameter 

Diet 1
(mean ±SD) 

Diet 2
(mean ±SD) 

Diet 3 
(mean ±SD)  

Diet 4
(mean ±SD) 

Abomasum 
Digesta flow (kg.d-1) 
Fluid flow (l.day-1) 
DM flow (g.day-1) 
OM flow (g.day-1) 
N flow (g.day-1) 
NDF flow (g.day-1) 
NH3N flow (g.day-1) 
NAN  (g.day-1) 
 
Ileum 
Digesta flow (kg.day-1) 
Fluid flow (l.day-1) 
DM flow (g.day-1) 
OM flow (g.day-1) 
N flow (g.day-1) 
NDF flow (g.day-1) 
NH3N flow (g.day-1) 
NAN  (g.day-1) 

7.2±0.9
6.7±0.9

554.5±18.5b

475.8±12.4b

7.5±0.7a

354.9±46.9b

0.2±0.1
7.4±0.5a

2.0±1.1
1.8±0.6

513.6±101.0c

429.9±83.6c

5.2±0.9ab

349.4±166.1c

0.005±0
5.2±2.1ab

10.1±1.7
9.6±1.2

539.3±288.5b

470.7±193b

10.1±1.2ab

284.7±178.5a

0.3±0.0
9.84±2.8ab

2.8±0.2
2.4±1.2

441.9±148.9b

366.5±114.9b

6.9±2.5b

241.7±77.9ab

0.01±0
6.9±2.6b

 
6.9±1.2 
6.4±1.2 

475.2±124.4ab

413.2±106.5ab

12.8±3.2ab

245.9±91.0a

0.2±0.0 
12.6±3.6ab

 
 

2.1±0.9 
1.9±0.3 

349.8±184.4a

288.4±84.4a

6.6±2.3b

205.5±140.6ab

0.01±0 
6.5±2.3b

 

8.3±3.3
7.8±3.0

511.8±296.3b

443.1±159.8ab

14.3±4.8b

266.8±172.4a

0.2±0.0
14.1±4.6a

3.4±0.7
3.0±0.5

351.6±194.0a

330.8±169.0b

6.9±2.0b

181.6±120.8a

0.01±0
6.9±2.9b

Group 2 diets 
 

 
Parameters 

Diet 5
(mean ±SD) 

Diet 6
(mean ±SD) 

Diet 7 
(mean ±SD)  

Diet 8
(mean ±SD) 

Abomasum 
Digesta flow (kg.day-1) 
Fluid flow (l.day-1) 
DM flow (g.day-1) 
OM flow (g.day-1) 
N flow (g.day-1) 
NDF flow (g.day-1) 
NH3N flow (g.day-1) 
NAN  (g.day-1) 
 
Ileum 
Digesta flow (kg.day-1) 
Fluid flow (l.day-1) 
DM flow (g.day-1) 
OM flow (g.day-1) 
N flow (g.day-1) 
NDF flow (g.day-1) 
NH3N flow (g.day-1) 
NAN  (g.day-1) 

6.1±0.8
5.7±0.8

391.2±53.2a

373.4±80.2a

8.1±2.2a

289.8±48.5a

0.2±0
7.9±1.7a

3.84±0.9
3.5±0.8

362.0±53.0a

329.1±42.4b

2.7±0a
275.4±41.0ab

0.02±0
5.7±0.7ab

7.9±1.3
7.4±0.7

622.1±120.0c

593.9±70.0c

13.1±2.1ab

404.5±87.0c

0.3±0
12.9±0.9ab 

3.8±0.8
3.5±0.7

479.8±77.4b

379.3±68.0b

7.5±1.3b
322.2±52.2c

0.01±0
7.5±2.1b

 
9.5±2.1 
8.9±0.9 

591.1±150.0b

556.8±134.0c

15.8±3.0b

292.5±34.0a

0.3±0 
15.5±1.2b

 
 

3.9±1.6 
3.5±0.7 

435.9±76.9b

365.3±34.7b

9.5±4.4c 
192.6±99.3a

0.01±0 
9.5±4.3c

7.8±3.0
7.3±3.1

527.8±157.0b

507.1±124.0b

14.2±1.2b

255.4±54.0a

0.3±0
13.9±1.0ab

3.5±0.40.4
3.1±0.4

346.7±40.1a

342.3±78.7b

6.9±0.9b
191.2±31.4a 

0.02±0
6.8±2.9b

  * Means in rows with different superscript are significantly (P<0.05) different   
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Table 5.5 The disappearance of nitrogen and non-ammonia nitrogen in the digestive tract 

Group 1 diets  

Parameters Diet 1 
(mean ±SD)

Diet 2 
(mean ±SD)

Diet 3  
(mean ±SD) 

Diet 4 
(mean ±SD)

Daily N-Intake (g.day-1) 

Rumen N-disapp (g.day-1) 

As % of Intake 

Ileal N-disapp (g.day-1) 

As % of Intake 

Ileal NAN-disapp (g.day-1) 

As % of Intake 

NAN digestibility (%) 

Faecal N-disapp (g.day-1) 

As % of Intake 

Total N digestibility (%) 

7.8±3.10.a

0.2

3.1±0.03a

2.3

29.7±2.62b

2.2

28.1±2.10b

29.7±1.69a

0.2

2.1±0.03.a

34.9±2.66a

16.5±5.60b

6.4

38.9±0.06.c

3.2

19.3±1.35a

2.9

17.7±2.31.a

29.8±2.32a

1.5

9.3±0.05.ab

67.4±4.56b

17.5±4.35b

4.7 

27.0±0.12b

6.2 

35.5±4.63c

6.0 

34.6±0.95.c

52.3±5.56c

2.5 

14.3±0.09.c

76.8±5.98c

20.0±4.42c

5.70

28.5±0.28b

7.4

36.9±3.87c

7.2

36.0±2.96.c

51.0±4.62c

3.8

18.8±0.07d

84.0±4.34d

Group 2 diets  

Parameters Diet 5 
(mean ±SD)

Diet 6 
(mean ±SD)

Diet 7  
(mean ±SD) 

Diet 8 
(mean ±SD)

Daily N-Intake (g.day-1) 

Rumen N-disapp (g.day-1) 

As % of Intake 

Ileal N-disapp (g.day-1) 

As % of Intake 

Ileal NAN-disapp (g.day-1) 

As % of Intake 

NAN digestibility (%) 

Faecal N-disapp (g.day-1) 

As % of Intake 

Total N digestibility (%) 

 

9.9±2.00ab

1.8

18.0±1.23ab

2.4

24.6±1.05b

2.2

22.6±0.35ab

28.3±0.06a

1.2

11.7±0.65b

54.3±3.21.ab

19.2±3.82b

6.1

31.5±3.25b

5.6

29.4±0.32b

5.4

28.0±0.93b

41.8±0.46b

1.2

6.4±0.29ab

67.3±2.68.b

24.1±3.25c

8.3 

34.5±2.61b

6.3 

26.1±0.54b

6.0 

24.8±0.19ab

38.7±0.97b

2.7 

11.1±0.84b

71.7±3.10c

26.0±3.83c

11.8

45.4±3.22d

7.3

28.2±0.36b

7.1

27.3±0.72b

51.0±0.55c

3.3

12.7±0.27b

86.3±3.57d

  * Means in rows with different superscript are significantly (P<0.05) different   
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5.4.6 Partial digestion of organic matter  

The combination of Leucaena and Veld grass hay increased the disappearance and digestibility of 

organic matter more than the combination of Leucaena with Eragrostis hay (Table 5.6). As the 

level of Leucaena in the diets increased from 10 – 30%, the disappearance of organic matter 

increased by 29.3%, 36.2% and 24.7% in the rumen and in the small intestine it increased by 1.8, 

2.3 and 2.2 folds in group1, respectively.  The overall digestibility of organic matter in the whole 

digestive tract was increased by 9.9%, 16.3% and 9.7% as a result of Leucaena supplementation. 

However, the disappearance of organic matter decreased by 13.27%, 11.2% and 4.0% in group2, 

respectively, and the overall digestibility of organic matter was not significantly different from 

that of the control. 

 
5.5 Discussion 

Legumes are used to supplement grasses to improve the overall nutritive value of the diet, and are 

rarely used as sole feeds for ruminants, with the exception of Lucerne (Norton & Poppi, 1995). 

The response to the inclusion of a legume in the diet varies with the quality of the basal diet 

(Norton & Poppi, 1995), as it has been shown in the present trial.  When the nutrient quality of 

the basal diet is poor (<7% CP), the inclusion of a legume leads to a large increase in feed intake, 

microbial protein and by-pass protein (Goodchild & McMeniman, 1994).  However, when the 

basal diet has adequate nutrients for microbial growth (>9% CP), the inclusion of a legume will 

only increase feed intake if the rate of passage of the digesta increases (Poppi & Norton, 1995). 

Therefore the increase in the level of Leucaena in group1 had a more significant impact on feed 

intake, passage and digestibility of nutrients than on group2. 

 

The legume must have the ability to supply nutrients for microbial growth in the rumen or should 

be able to produce adequate ammonia and sulphur required for microbial growth (Norton & 

Poppi, 1995). The present results have shown that Leucaena forage has the ability to do that. 
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According to Norton & Poppi (1995), digestible dry matter and organic matter are highly 

correlated with animal productivity, although they do not specify the composition of the nutrients 

absorbed. Therefore, the supplementation of low-quality forage is likely to increase the 

performance of the host animal more significantly, and by implication, this would be a more 

effective and cheaper means of animal production. 

 

Table 5.6 Partial disappearance of organic matter in the digestive tract 

Group 1 diets  

Parameters Diet 1 
(mean ±SD)

Diet 2 
(mean ±SD)

Diet 3  
(mean ±SD) 

Diet 4 
(mean ±SD)

 Daily OM Intake (g.day-1) 

Rumen OM disapp(g.day-1) 

As % of Intake 

Ileal OM disapp (g.day-1) 

As % of Intake 

Faecal OM disapp (g.day-1) 

As % of Intake 

Total OM digestibility (%) 

In vivo-OMD (%) 

821.0±329.71a

345.0

42.1±2.50a

46.0

5.6±0.26.a

12.0

1.5±0.35a

49.1±5.69a 

56.8±6.10a

1031.0±347.85b

561.0

54.4±3.81b

104.0

10.1±1.03b

37.0

3.6±0.081ab

68.1±4.12.ab 

62.4±3.12b

967.0±339.41ab

554.0 

57.3±3.45b

124.0 

12.9±1.94b

110.0 

11.4±2.10c

81.6±5.42c 

66.0±3.34c

931.0±205.23ab

488.0

52.4±3.90ab

112.0

12.1±1.57.b

155.0

16.7±2.36d

81.1±5.87c 

62.3±3.15b

Group 2 diets  

Parameters Diet 5 
(mean ±SD)

Diet 6 
(mean ±SD)

Diet 7  
(mean ±SD) 

Diet 8 
(mean ±SD)

Daily OM Intake (g.day-1) 

Rumen OM disapp(g.day-1) 

As % of Intake 

Ileal OM disapp (g.day-1) 

As % of Intake 

Faecal OM disapp (g.day-1) 

As % of Intake 

Total OM digestibility (%) 

In vivo-OMD (%) 

791.0±155.69a

418.0

52.8±3.29ab

44.0

5.6±0.060a

58.0

7.4±0.090b

65.8±2.37ab 

65.0±1.33b

1113.0±163.91c

519.0

46.7±2.54a

214.0

19.3±1.39c

88.0

8.0±0.062b

73.9±4.12b 

65.2±1.48c

1060.0±185.82b

503.0 

47.5±2.97a

191.0 

18.1±2.18c

115.0 

11.0±1.050c

76.5±5.29b 

65.8±1.36c

 

1012.0±146.80b

514.0

50.8±3.20ab

164.0

16.3±2.68ab

120.0

11.9±1.38c

79.0±3.64b 

64.1±3.71b

* Means in rows with different superscript are significantly (P<0.05) different   
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The differences in the two groups of diets were clearly due to the differences in the crude protein, 

crude fibre and the condensed tannins in Leucaena. Beever & Mould (2000) observed that mature 

forages contain more lignin, which results in lower cellulose and hemicellulose degradability in 

the rumen. In addition, Poppi & McLennan (1995) showed that feeds with 55-65% organic 

matter digestibility and 11-13% crude protein, were capable of supplying adequate protein and 

energy for microbial growth, and for animal maintenance, growth and production. These results 

have showed that low-quality forage can support rumen function and animal production when 

supplemented with adequate crude protein.  

 

It was concluded that protein supplementation of Veld grass hay i.e. the low-quality forage with 

increasing levels of Leucaena was significantly more effective in increasing feed and nutrient 

intake, degradability, digestibility and overall absorption of nutrients than the supplementation of 

Eragrostis grass hay i.e. the medium quality forage with Leucaena forage. There was an 

indication that Leucaena promoted more post ruminal digestion than when the low-quality forage 

was fed alone. This was also a confirmation that the supplementation of low-quality forage with 

Leucaena can supply more nutrients to the small intestines for absorption and utilization by the 

host animal.  
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PART III 

ANTI-NUTRITIVE FACTORS IN LEUCAENA LEUCOCEPHALA 
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CHAPTER 6 

The effect of Browse PlusTM on tannins, nutrient intake, rumen pH and 

digestibility of a sole diet of Leucaena Leucocephala 

 

6.1 Abstract 

The purpose of this study was to determine the neutralizing effect of Browse PlusTM on 

condensed tannins in a sole diet of Leucaena forage and how that affected feed intake, rumen 

environment and passage of nutrients. Partial digestion methods were used. Results showed that 

the use of Browse PlusTM had a significantly (P<0.05) increased the daily feed intake by 32%; 

and raised the production of rumen ammonia and volatile fatty acids by 65.6% and 19.4%, 

respectively.  However, Browse PlusTM did not affect the rumen environment and the proportions 

of volatile fatty acids significantly (P<0.05). although Browse PlusTM had a significant (P<0.05) 

effect on rumen protein degradation, the combined effect of Browse PlusTM and Synergistes 

jonesii bacteria prevented both mimosine and condensed tannin toxicity, which resulted in more 

efficient rumen fermentation and absorption of nutrients in the small intestines. 

 

6.2 Introduction 

Condensed tannins are found in nearly all woody plants. When the plant forage is damaged or 

consumed raw, tannins bind themselves to proteins to form stable complexes at pH 3.5 to 7 but 

they can dissociate readily at pH <3.5 and more than 8.5 (Jones & Mangan, 1977). The binding 

effect of condensed tannins has two major consequences to the rumen environment and feed 

utilisation. The binding effect protects feed protein from excessive microbial degradation in the 

rumen at pH 5.5 to 7 and then releases feed protein in the abomasum for post-ruminal digestion 

and absorption in the small intestine (Waghorn et al., 1987; Wang et al., 1994).  
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The protection rendered to protein in the rumen is based on the assumption that, tannins have a 

higher affinity for PEG than for protein molecules in the rumen, which prevents tannins from 

complexing with proteins (Kumar & D’Mello, 1995). Kumar & D’Mello (1995) reported that 

condensed tannins toxicity was overcome by adding PEG-4000, a non-detergent polymer (Jones, 

1965). Wang et al. (1996a) also reported that the administration of PEG with feeds that were rich 

in condensed tannins increased the production of ammonia and volatile fatty acids in the rumens 

of lambs reared on Lotus. Work done on condensed tannins by Wang et al. (1996a, b, c) and 

Waghorn & Shelton (1997) showed that there are commercially available chemical compounds 

such as Browse PlusTM, which can be used to block the effects of tannins in the rumen, to 

enhance animal performance. Browse Plus is a commercially prepared mixture of Polyethylene 

Glycol (PEG), Polyvinylpyrrolidine (PVP) and Calcium hydroxide by Agricura Company 

Limited of Zimbabwe (Salawu et al., 1997). Variations of Browse PlusTM may also contain 

vitamins and minerals (Ncube & Mubaiwa, 1993). 

 

In South Africa there is lack of contemporary information on the effect of Browse PlusTM on 

sheep reared on high levels (>30%DM) of Leucaena hay. This study was completed to determine 

the neutralizing effect of Browse PlusTM on condensed tannins in the rumen and the subsequent 

effect on the overall feed intake, rumen environment and passage of nutrients in sheep reared on 

a sole diet of Leucaena forage.  

 

6.3 Materials and methods 

6.3.1 Preparation of feed, experimental diet and animals 

Leucaena forage was harvested at the age of 6 months in autumn. It was sun-dried, stored in 

gunny bags and used for the trial as the sole diet (100% DM). The approval for the use of 

animals for these trials was obtained from the Ethics Committee of the University of Pretoria. 
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Six Merino wether sheep of average mass (60 ±7kg) fitted with multiple fistulae in the rumen, 

abomasum and ileum were used for the trial.  The sheep were inoculated with pooled ruminal 

fluid from four reservoir sheep, which were previously inoculated with ruminal fluid containing 

Synergistes jonesii bacteria from Pietermaritzburg in July 1999. This was done to ensure that 

animals fed Leucaena forage were protected from mimosine toxicity. The animals were adapted 

and fed routinely as described in section 5.3.1 of the previous experiment.  

  

6.3.2 Experimental design  

A 2 by 2 change over design with 3 replicates was used. There were 2 levels of Browse PlusTM 

(with and without Browse Plus) and 2 sheep per level, with 3 replicates. There was one diet 

containing 100 percent Leucaena hay, which was offered either with Browse PlusTM  at the rate 

of 1.7gmPEG.gmCT-1 of feed intake or without Browse PlusTM  (Wang et al., 1996b). The 

individual voluntary feed intake was used to determine the amount of Browse PlusTM required by 

each animal every day. The voluntary feed intake and the condensed tannins content of Leucaena 

were established separately. 

 

6.3.3 Preparation and infusion of markers and Browse PlusTM

Chromium- Ethylenediaminetetraacetic acid (Cr-EDTA) was used as a fluid phase marker. It was 

prepared by reacting 71.6gm of chromium chloride with 100gm of Di-sodium–EDTA per litre 

solution at neutral pH (7.0) as described by Morgan et al. (1976).  Ytterbium acetate (YbAc) was 

used as a particulate marker as recommended by Siddons et al. (1985).  Priming doses of 30ml 

Cr-EDTA and 20 ml YbAc from the stock solutions were infused intra-ruminally through the 

cannula of each animal at 08h30 in the morning of the 10th day of the adaptation period as 
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described by Hunter & Siebert (1986). A steady state was presumed after four days of 

consecutive infusions as recommended by Faichney (1975).  

 

Leucaena forage contains about 12.4 gmCT.kgDM-1 of feed. An amount of 1.7gm of Browse 

PlusTM was required to counteract the effect of 1gm of condensed tannins in Leucaena (Wang et 

al., 1996b). The daily amount of Browse PlusTM varied according to the appetite of the individual 

animal. The voluntary feed intake was used to determine the amount of Browse PlusTM required 

by each animal every day. A measure of Browse PlusTM was mixed with double the volume of 

water (1:2w/v) at 08h00 every morning and dosed intra-ruminally through the cannula, before 

the morning feed was offered.  

 

6.3.4 Sampling, analytical procedures and statistical analysis 

Samples of ruminal, abomasal and Ileal fluids were collected daily from the 5th day to the 8th day 

of infusion of markers at  3, 6, 12, 15, 18, 21 and 24 hours at an average rate of two collections 

every 12 hours; while faecal and feed samples were collected every day as described by 

Faichney (1975).  The rumen, abomasal, ileal, faecal and fresh feed samples were prepared for 

analysis as described by Faichney (1975). Respective samples were analysed for dry matter, 

nitrogen, ash, organic matter, neutral detergent fibre, neutral detergent fibre-nitrogen, ammonia 

nitrogen, non-ammonia nitrogen and digestibility according to standard analytical procedures 

(AOAC 1990). The flow rate of digesta was calculated as described by Faichney (1975) and 

modified by Smuts (1996).  

 

The data were analyzed statistically by using the General Lineal Model (SAS 2005) and 

Microsoft Excel Version 2003, to determine whether there was a significant difference between 

the diets. 
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6.4 Results 

6.4.1 Feed and nutrient intake 

The addition of Browse PlusTM increased feed intake, dry matter, organic matter and neutral 

detergent fibre increased by 24% and that of nitrogen by 23% (Table 6.1).  

 

Table 6.1 Feed and Nutrient Intake 

 
Parameter 

Without PEG 
(mean ±SD) 

With PEG
(mean ±SD) 

Daily Feed Intake (g.day-1) 

DM Intake (g.day-1) 

OM Intake (g.day-1) 

N Intake (g.day-1) 

NDF Intake (g.day-1) 

1080.8±325.7 

969.2±292.1a

865.7±260.9a

26.8±8.12a

238.2±71.8a

1426.5±155.3

1279.3±139.3b

1142.6±124.5b

35.0±4.4b

314.4±34.2b

*Means in rows with different superscript are significantly (P<0.05) different   

6.4.2 Rumen environment 

The production of rumen-ammonia and volatile fatty acid was increased by 40% and 16%, 

respectively as result of adding Browse PlusTM to the diet (Table 6.2). However, the addition of 

Browse PlusTM did not have a significant affect on pH level and the proportion of volatile fatty 

acids.  

6.4.3 The flow rate of nutrients through the digestive tract 

Results showed that the addition of Browse PlusTM had a significant effect in the flow of 

nutrients (Table 6.3). There was a general increase in the abomasal flow of DM (25%), OM 

(26%), N (15%), NH3N (38%), NAN and NDF (15% and 26%), respectively; while the ileal flow 

increased by DM (27%), OM (32%), NH3N (37.5%) and NDF (19%), respectively.   

 

 84



Table 6.2 Rumen pH, ammonium nitrogen and volatile fatty acid content 

Parameter  Without PEG
(mean ±SD)

 With PEG
(mean ±SD)

pH 

Rumen NH3-N (mg.100ml-1) 

VFA Conc. (mmol.100ml-1) 

VFA Proportions     

Acetic Acid (%) 

Propionic acid (%) 

N - Butyric Acid (%) 

N - Valeric Acid (%) 

Acetic to Propionic Ratio 

6.7±0.1

8.6± 0.9a

70.5±14.5a

67.7±5.9a 

20.5±5.9a 

10.7±1.0a 

1.1±0.6a 

3.3

6.6±0.2

14.2±2.0b

84.1±18.9b

67.27±2.5a 

19.62±3.3a 

11.64±0.8a 

1.47±0.1a 

3.4

  *Means in rows with different superscript are significantly (P<0.05) different   

 

6.4.4 Partial digestion of nitrogen   

Browse PlusTM increased the degradability of nitrogen in the rumen by 62%, while the 

disappearance of nitrogen in the small intestine increased by 31% and the overall digestibility of 

nitrogen in the whole digestive tract increased by 19% (Table 6.4).  

 

6.4.5 Partial digestion of dry matter  

Browse PlusTM increased digestible dry matter in the rumen and small and large intestines 

increased by 22%, 20%, and 16%, respectively (Table 6.5).  However, less dry matter was 

digested in the whole tract compared with the control diet.  

 

 

 85



Table 6.3 The flow of nutrients through the abomasum and ileum 

Parameter Without PEG
(mean ±SD)

With PEG
(mean ±SD)

Abomasal 

Digesta flow (kg.day-1) 

Fluid flow  (l.day-1) 

DM flow (g.day-1) 

OM flow (g.day-1) 

NDF flow (g.day-1)  

N flow (g.day-1) 

NH3N flow (g.day-1) 

NAN flow (g.day-1) 

Ileal  

Digesta flow (kg.day-1) 

Fluid flow  (l.day-1) 

DM flow (g.day-1) 

OM flow (g.day-1) 

NDF flow (g.day-1)  

N flow (g.day-1) 

NH3N flow (g.day-1) 

NAN flow (g.day-1) 

9.7±1.8a

9.1±2.0a

654.3±267.0a

550.9±178.0a

180.9±56.0a

24.2±4.1a

0.2±0.0a

24.0±2.5a

4.3±0.7a

3.8±0.3a

475.6±135.0a

364.2±97.0a

147.9±64.0a

12.4±2.0a

0.05±0.0a

12.4±1.7a

11.5±1.3b

10.7±1.6b

865.5±306.0b

746.5±237.0b

243.2±72.0b

28.7±3.4b

0.3±0.0b

28.2±3.1b

5.2±0.5b

4.6±0.5b

653.8±198.0b

532.5±123.0b

183.2±78.0b

11.5±1.3b

0.08±0.0b

11.4±0.6b

  *Means in rows with different superscript are significantly (P<0.05) different   
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Table 6.4 Ammonia nitrogen and non-ammonia nitrogen in the intestines 

Parameter Without PEG
(mean ±SD)

With PEG
(mean ±SD)

N Intake (g.day-1) 

N Digestion in the rumen (g.day-1) 

As % of  N Intake 

N Digestion in the ileum (g.day-1) 

As % of  N Intake  

NAN Digestion in the ileum (g.day-1) 

As % of N Intake 

NAN Digestibility (%) 

N Digestion in the colon (g.day-1) 

As % of N - Intake  

Total N Digestibility (%)  

26.8±8.1a

2.6±0.7a

9.5±0.1a

11.8±2.1a

43.9±1.6a

11.6±0.4a

43.3±1.4a

48.3±0.8a

1.5±0.1a

5.5±0.2a

58.9±2.1a

35.0±4.1b

6.7±1.5b

19.1±0.1b

17.1±0.9b

48.9±1.8b

16.9±1.0b

48.2±1.3b

59.7±2.6b

1.7±0.0a

4.8±0.0a

72.8±1.5b

  *Means in rows with different superscript are significantly (P<0.05) different   

 

Table 6. 5 The digestion of dry matter in the total digestive tract 

Parameter Without PEG
(mean ±SD) 

With PEG
(mean ±SD)

DM Intake (g.day-1) 

DM Digestion in the rumen (g.day-1) 

As % of DM Intake 

DM Digestion in the Ileum (g d-1) 

As % of DM Intake 

DM  Digestion in the colon (g d-1) 

As % of DM Intake 

Total DM Digestibility (%)  

969.2±292.1a

323.9±20.4a

33.4±5.6a

169.8±13.0a

17.5±1.7a

133.8±30.3a

13.7±1.8a

64.7±1.3a

1279.3±139.3b

413.8±14.7b

32.4±4.0a

211.6±20.1b

16.5±1.0a

160.1±24.7a

12.5±0.1a

61.4±1.3a

  *Means in rows with different superscript are significantly (P<0.05) different   
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6.4.6 Partial digestion of organic matter  

Browse PlusTM increased digestible organic matter in the rumen, small and large intestines 

increased by 21%; 13%; and 31%, respectively (Table 6.6).  However, less organic matter was 

digested in the whole tract compared with the control diet.  

 

6.4.7 Partial digestion of neutral detergent fibre  

Browse PlusTM increased the digestibility of neutral detergent fibre in the rumen, small and large 

intestines increased significantly by 19%, 45%, and 98%, respectively (Table 6.7). The overall 

digestibility of neutral detergent fibre in whole digestive tract was 55% higher than the control 

diet.  

 

Table 6. 6 The digestion of organic matter in the digestive tract 

Parameter Without PEG
(mean ±SD)

With PEG
(mean ±SD)

OM Intake (g.day-1) 

OM Digestion in the rumen (g.day-1) 

As % of OM Intake 

OM Digestion in the ileum (g.day-1) 

As % of OM Intake 

OM Digestion in the colon (g.day-1) 

As % of OM Intake 

Total OM Digestibility (%)  

865.7±260.9a

314.8±98.6a

36.4±2.6a

186.7±56.0a

21.6±0.7a

93.4±13.0a

10.8±1.9a

68.7±0.9a

1142.6±124.5b

396.1±113.0a

34.7±3.4a

214.0±47.0a

18.7±3.0a

135.9±32.0b

11.9±2.8a

65.3±0.5a

        *Means in rows with different superscript are significantly (P<0.05) different   
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Table 6.7 The digestion of neutral detergent fibre in the digestive tract 

Parameter Without PEG
(mean ±SD)

With PEG
(mean ±SD)

NDF Intake (g.day-1) 

NDF Digestion in the rumen (g.day-1) 

As % of NDF Intake 

NDF Digestion in the ileum (g.day-1) 

As % of NDF Intake 

NDF Digestion in the colon (g.day-1) 

As % of NDF Intake 

Total NDF Digestibility (%)  

238.2±71.8a

57.4±12.9a

24.1±0.5a

33.0±6.12a

13.8±1.8a

0.6±0.1a

0.2±0.1a

38.2±2.8a

314.4±34.2b

71.2±18.1b

22.7±1.0a

60.1±4.0b

19.1±2.1a

28.8±2.9b

9.2±0.2b

50.9±1.6b

    * Means in rows with different superscript are significantly (P<0.05) different   

 

6.5 Discussion 

The increase in feed and nutrient intake was attributed to the combined effect of Synergistes 

jonesii bacteria which blocked mimosine toxicity and Browse PlusTM which neutralized 

condensed tannins in the rumen. These results are in agreement with Ncube & Mubaiwa (1993) 

who reported that when Browse PlusTM was added to a diet of Acacia fruits and grass hay, the 

intake of Acacia fruits increased by 67% and that of grass hay by 35%. In that study, Browse 

PlusTM was added to the Acacia fruit diet at the rate of 6 g/head day-1. The addition of Browse 

PlusTM exposed more dietary protein to microbial degradation, which resulted in the production 

of 40% more ammonia nitrogen and microbial protein and 16% more volatile fatty acids. Similar 

findings were reported by Waghorn et al. (1987), Wang et al. (1996ab) and Waghorn & Shelton 

(1997).  

 

The addition of Browse PlusTM had a significant effect on the degradation of nitrogen in the 

rumen and abomasum and absorption in the small intestines. It also increased the digestibility of 
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neutral detergent fibre. Similar results were reported by Waghorn et al. (1987) and Barry & 

Duncan (1984) who worked with Lotus corniculatus.  Waghorn et al. (1987) reported that the 

addition of Browse PlusTM also increased the degradability of nitrogen in the rumen by 43%, the 

digestibility of nitrogen in the small intestine by 10% and the absorption or disappearance of 

nitrogen in the small intestine by 5%. Barry & Duncan (1984) reported an increase of 35% in the 

digestibility of nitrogen. Lotus corniculatus contains about 34gm.CT.kgDM-1 (Wang et al., 

1996a) 

 

However, the addition of Browse PlusTM did not have a significant effect on the degradation of 

dry matter and organic matter in the digestive tract. These results are comparable to those 

reported by Waghorn & Shelton (1997) that there was no significant difference in dry matter 

digestibility between the control and the Browse PlusTM group when Lotus corniculatus was 

supplemented with Browse PlusTM. That could have been due to the fact that both Leucaena 

leucocephala and Lotus corniculatus have low condensed tannins, which made Browse PlusTM 

less effective in both cases. 

 

These results are much higher than those reported by Barry & Duncan (1984) who obtained 13% 

for neutral detergent fibre digestibility when Lotus pedunculatus was sprayed with Browse 

PlusTM. This may be due to the fact that Lotus pedunculatus contains about 5 times the amount of 

condensed tannins than Leucaena, which made Browse PlusTM more effective. The combined 

effect of Synergistes jonesii bacteria and Browse PlusTM prevented mimosine toxicity and tannin 

effects simultaneously by promoting feed intake, efficient rumen fermentation and absorption of 

nutrients in the small intestines. These are very important factors in animal feed utilisation 

efficiency.  

 

 90



The practical implication of these results is that it would be profitable for commercial farmers to 

invest in Browse PlusTM because it would improve nitrogen digestibility, which would promote 

higher growth rate and more production of meat, milk and wool fibre. However, this could only 

be an incentive to farmers if the market price of meat, milk, wool and breeding stock could 

justify the expense. In this case farmers could supply Browse PlusTM solution in water troughs on 

a daily basis. 

 

It was concluded that Browse PlusTM through combining with condensed tannins resulted in 

higher feed intake, efficient rumen fermentation and passage of nutrients, which are important 

factors in animal feed utilization efficiency. Therefore, Browse PlusTM may be used as feed 

management tools at farm level to modify feed supply, especially where Leucaena is used as a 

protein supplement for low-quality forages to enhance subsequently animal productivity and 

community livelihoods. 

 

 91



CHAPTER 7 

The detection of Synergistes jonesii in the rumens of sheep 

 
7.1 Abstract 

The purpose of this study was to test the reliability of the field test which was developed in the 

USA for the detection of Synergistes jonesii bacteria in the rumens of sheep.  The results showed 

that the cultural field test was simple, reliable and fast, although the equipment needed some 

modifications to make it more user-friendly. 

 

7.2 Introduction 

In the early 1990s, Synergistes jonesii bacteria (mimosine and dihydroxypyridine-degrading 

bacteria) were introduced in South Africa at Pietermaritzburg and Roodeplaat Research Centres 

to give momentum to the Leucaena evaluation programme (Meissner, 1997). The main focus 

was on beef production from grass pastures planted with Leucaena. However, the programme 

lacked field tests for detecting the presence or absence of S. jonesii bacteria in the rumen to 

ascertain that animals feeding on Leucaena were protected from mimosine toxicity.  

 

Meanwhile in the 1990s, simple field cultural tests for the detection of S. jonesii bacteria in the 

rumens of cattle were developed in the USA by Allison et al. (1990) and modified later by 

Allison (1991). The tests were based on the ability of the bacteria to degrade mimosine and its 

derivative compounds in the test culture media (Allison et al., 1990).  

 

Comparative work has been done on goats and cattle in Indonesia, Central America, Australia 

and the USA, but until this time no similar work has ever been reported in South Africa on either 

livestock species. Therefore the purpose of this study was to determine whether or not the South 
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African farmer can rely on S. jonesii bacteria and be able to use the field test to detect the level 

of the bacteria in herds and flocks with confidence. 

 

7.3 Materials and methods  

7.3.1 The selection of the sheep flocks 

Three flocks of Merino sheep were identified at the experimental farm. The first flock comprised 

of eleven (11) fistulated wethers, which were housed in open pens in two groups of 4 (F-1) and 7 

(F-2) animals adjacent to each other. The second and third flocks comprised of 20 young (Y-E) 

and 30 old ewes (O-E) respectively. Flock Y-E and O-E were housed in open pens about 150 

metres away from each other and about 75 metres from F-1and F-2 flocks within the same farm. 

The F-1 flock (number P951, P952, P953 and P954) were used as reservoirs of the S. jonesii 

bacteria, because they were previously inoculated with ruminal fluid containing the bacteria from 

Pietermaritzburg in July 1999 and fed on a Leucaena forage once a week.  

 

Another group of four animals from F-2 flock were later artificially inoculated with the pooled 

ruminal contents from F-1 in October 1999 and fed on 100 percent Leucaena forage for 53 days 

and there after the Leucaena forage was withdrawn in December 1999 until May 2000 and 

replaced with lucerne hay. Flock F-1 and F-2 remained housed in open pens adjacent to each 

other. 

7.3.2 The preparation of equipment, Fe-2 culture medium and reagents 

Sterile serum test tubes (without heparin), culture test tubes, flasks, disposable syringes, needles, 

1-metre stomach tube, cheesecloth and a warm water bath were prepared for the trial. Culture 

medium Fe-2 was freshly prepared in this laboratory according to the recommendations made by 

Allison (1991) with slight modifications. The culture was prepared by adding the following 
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ingredients together, boiling them to remove oxygen, flushing with carbon dioxide, filling in 

culture test tubes, autoclaving and storing them under anaerobic conditions until the culture 

medium was required for inoculation.  

 

The ingredients for the culture medium were modified slightly by using twice the amount of 

potassium mono-phosphate instead of using both mono-basic and di-basic potassium phosphate 

(Allison, personal communication). A mineral solution containing potassium phosphate [12gm 

KH2PO4], ammonium sulphate [12gm (NH4)2SO4], sodium chloride [12gm NaCl], magnesium 

sulphate [1.2gm MgSO4.7H2O], calcium chloride [1.2gm CaCl2] and distilled water in one litre 

was prepared separately,  and then only  37.5ml of this solution was used for the preparation of 

Fe-2 culture medium.  

 

A 1-litre conical flask with a rubber stopper was used for mixing all the ingredients. A measure 

of 37.5ml of the mineral solution was added to sodium carbonate [4gm Na2CO3], ferric chloride 

[0.06gm FeCl3.6H2O], mimosine [0.25gm mimosine – Sigma Chemicals, Johannesburg, South 

Africa] and 300ml clarified ruminal fluid and distilled water in one litre in the conical flask. The 

flask and its contents were heated to boiling point on an electric hot plate equipped with a 

magnetic stirrer to remove oxygen from the culture medium. A rubber stopper was replaced 

immediately and the flask was removed from the hot plate and allowed to cool to 60°C.  

 

The rubber stopper was removed and replaced with a continuous flow of carbon dioxide gas into 

the flask until the culture medium cooled to room temperature. The medium was transferred into 

culture test tubes, which were also flushed with carbon dioxide before and after filling with the 

medium. The remainder of the medium was transferred into a Pyrex bottle with a screw cup, 

which was also treated the same way to ensure that anaerobic conditions were maintained. The 
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Pyrex bottle and all the culture tubes were autoclaved for 90 minutes, allowed to cool and stored 

at room temperature until the culture medium was required for use.  

 

Ferric chloride reagent [FeCl3.6H2O] for colorimetric test was prepared by dissolving 5.4gm 

ferric chloride in 100ml of 2.5N hydrochloric acid and filtered through Whitman No.1 filter 

paper (Kudo et al., 1984). 

 

7.3.3 Testing and transfer of Fe-2 culture medium 

The freshly prepared culture medium was tested for suitability by inoculating 5ml of culture 

medium with 0.1ml fresh ruminal fluid from reservoir sheep which were known to have S. 

jonesii bacteria in their rumens, and by incubating in a water bath at 39°C for 5 days (Allison et 

al., 1990; Allison, 1991).   

 

A colorimetric test was also carried out to confirm that DHP was completely degraded in the 

black test tubes, by contrasting that with uninoculated culture medium. The test was done by 

drawing 0.25ml of culture from black tubes into clean serum tubes with a sterile syringe and 

needle and by adding 0.5ml ferric chloride reagent and observing the change in colour (Allison et 

al., 1990). The same test was also applied to uninoculated culture medium.  

 

Sterile serum test tubes (without heparin) were labelled, arranged on a rack and filled with 

culture medium under anaerobic conditions by transferring 5ml of Fe-2 culture medium into each 

tube with a sterile syringe and needle.  The rack and test tubes were stored at room temperature 

overnight, before they were transported to the farm, for inoculation with the ruminal fluid at the 

site at 07h30 the next day. 
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7.3.4 Collection of samples and inoculation of serum tubes 

On the day of sample collection, fourteen sheep were selected from the four flocks (F-1, F-2, Y-

E and O-E) and held in separate pens in the sorting yard. Care was taken to ensure that animals 

which were not previously exposed to either Leucaena or S. jonesii bacteria (flock Y-E and O-

E), were sampled first before flock F-1 and F-2 to avoid contamination of samples.  

 

Each sheep was restrained before a 20-cm piece of hose-pipe was placed in the mouth to press 

the tongue down. Then a 1-metre stomach tube fitted a sieve and with a 60-ml syringe on 

opposite ends, was introduced into the rumen through the hose-pipe in the mouth, and by 

articulating the suction pressure of the 60-ml syringe, about 30ml of the ruminal fluid was drawn 

into the syringe. The ruminal fluid was emptied into a clean beaker and a 0.1ml aliquot was 

drawn with a sterile syringe and needle and transferred into each of the serum tubes on the rack. 

Each sample was replicated twice for each sheep. The rack containing inoculated serum test 

tubes was transported back to the laboratory for incubation in a warm water bath at 39°C and 

monitored daily for colour change. Data was collected daily by visual observation and recording 

of colour change in the serum test tubes in the incubator and the time it took for the changes to 

occur (Allison, 1991).  

 

7.4 Results 

7.4.1 Colorimetric test for Fe-2 culture medium 

The inoculated culture medium in all test tubes (8) turned black as expected within 3 days. The 

presence of mimosine and dihydroxypyridine (3, 4-DHP) in the uninoculated medium gave a 

purple colour, while the absence of mimosine and 3, 4-DHP in the black test tubes gave a straw 

colour. Results of the colorimetric test are shown on Figure 7.1 to 7.2 and Table 7.1 below.  
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The addition of 0.5ml (two drops) Ferric Chloride and 4.5ml distilled water to each tube 

containing either inoculated (Figure 7.1A) or uninoculated culture medium (Figure 7.1B) caused 

a colour change. The colour of uninoculated culture turned from clear orange to purple to show 

that mimosine and 3, 4-DHP were still undegraded (Figure 7.2D).  

 

 

Figure 7.1 The colour changes of inoculated and uninoculated culture media after incubation in 
a warm water bath at 39°C 
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Figure 7.2 The colour changes of the inoculated and uninoculated culture media when ferric 

 from orange to black colour showed that the 

nt. Subsequently, the black colour of the 

 straw colour when iodine and water was added 

tely degraded (Plate 8.2C). These results have 

 (1984) in Canada and Hammond et al. 

in duplicate, two test tubes (both replicates) 

 sheep (P954) from F-1 flock 

 its ruminal fluid. Three other sets of tubes 

so developed a black colour within 5 days. 

chloride and water were added 
 

 

7.5 Discussion 

The colour change of the inoculated culture medium

test culture medium was suitable for use in the experime

inoculated culture medium changed from black to

to show that mimosine and 3, 4-DHP were comple

confirmed the results obtained by and Kudo et al.

(1989a); Allison et al. (1990) and Hammond (1995) in the USA.  

 

Out of the 14 test tubes which were incubated 

developed a black colour within 48 hours, showing that one

contained the highest count of S. jonesii bacteria in

representing the other sheep from flock F-1 al
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Table 7.1 Colour change with time in medium Fe-2 inoculated with ruminal fluid 

Particulars Days in incubation [23-05  to  09-06-2000] and colour change 
Sheep   Type Medium        Day-1 Day-2 Day-3 Day-6      Day-7 Day-8 Day-9 Day-10 Day-13 Day-14 Day-15 Day-16 Day-17

1 F-1 Fe-2        O B B B B B B B B B B B B 
2                
                
                
                
                
                
                
                
                
                
                
                
                

                

F-1 Fe-2 O O O B B B B B B B B B B
3 F-1 Fe-2 O O O B B B B B B B B B B
4 F-1 Fe-2 O O O B B B B B B B B B B
5 F-2 Fe-2 O O O O O B B B B B B B B
6 F-2 Fe-2 O O O O B B B B B B B B B
7 F-2 Fe-2 O O O O B B B B B B B B B
8 F-2 Fe-2 O O O O B B B B B B B B B
9 O-E Fe-2 O O O O O O O O O B B B B

10 O-E Fe-2 O O O O O O O B B B B B B
11 O-E Fe-2 O O O O O O O O O B B B B
12 Y-E Fe-2 O O O O O O O O O O O O B
13 Y-E Fe-2 O O O O O O O O O B B B B
14 Y-E Fe-2 O O O O O O O B B B B B B

KEY F-1 Original fistulated flock      
 F-2 Adjacent fistulated flock      
 O-E Old ewe flock behind the barn      
 Y-E Young ewe flock near the metabolic house 

 
     

      

     
              

Fe-2 Culture medium
 O Orange colour of the culture medium      
 B Black colour  

  
 

 



The current results were comparable with the results obtained by Hammond et al. (1989a); 

Allison et al. (1990) and Allison (1991).  These workers reported an average incubation time 

of 4 days when the bacteria count was high and up to 16 weeks when the bacteria count was 

low, because the rate of DHP degradation was directly related to the dose of S. jonesii bacteria 

in the ruminal fluid.  

 

The colour reaction can be explained with the help of several chemical reactions (Smuts et al., 

1994). The Fe-2 culture medium contains ferric chloride and mimosine as the main substrate 

(Allison et al., 1991). Mimosine forms strong chelates with ferric ions (Fe+3). Every Fe+3 

molecule chelates with three molecules of mimosine. When the Fe-2 culture was inoculated 

with ruminal fluid containing S. jonesii bacteria, three chemical reactions took place.  

 

The first chemical reaction represents the hydrolysis of mimosine to 3, 4-DHP and pyruvic 

acid. The pyruvic acid was further transaminated to alanine. It has been reported that the first 

step of the hydrolysis of mimosine to 3,4-DHP can also be aided by other bacteria among the 

mixed rumen population (Hammond et al., 1989b), fresh plant enzymes in the ruminal fluid 

(Tangendjaja et al., 1986) or by simple hydrogenation process (Lowry, 1983),  but the second 

reaction which degrades 3,4-DHP to 2,3-DHP, (a non-toxic end product) is specific to S. 

jonesii bacteria (Allison et al., 1991). 

 

The second chemical reaction represents the degradation of 3, 4-DHP to 2, 3-DHP, which is 

solely dependent on the presence of S. jonesii bacteria in the rumen population. For the 

reaction to occur, three molecules of 3, 4-DHP had to release one molecule of Fe+3, 

propionate and ammonia from the pyridine ring that bound them (Allison et al., 1991).  
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The four animals from flock F-1 were expected to test positive since they were previously 

inoculated with ruminal fluid containing S. jonesii bacteria from Pietermaritzburg in July 

1999 and were maintained on a Leucaena diet. The Leucaena diet was provided once a week 

at the rate of 30 percent dry matter in a common feeding trough.  

 

The third chemical reaction represents the production of ferric sulphide molecules, which 

were the by product of free sulphide ions released by sulphur producing bacteria in the rumen 

and the free Fe+3 released in the second chemical reaction above. Ferric sulphide is a black 

precipitate, which gave a black colour to the inoculated culture medium (Allison et al., 1991). 

 

This trial clearly demonstrates that, the equipment for the collection of ruminal fluid from 

unfistulated animals was inappropriate and needed modification. The stomach tube was made 

of three loosely fitting parts. The 1-metre plastic was fitted with a 5-cm long steel sieve at one 

end and a 60-ml syringe on the other. The stomach tube could not be inserted into the rumen 

through the mouth without the help of two other people who had to gag the animal with a 20-

cm hose-pipe to restrain the animal in such a way that it could not chew on the tube. When the 

tube was inserted into the rumen, the sieve at the end could not withstand the pressure created 

by the syringe at the delivery end.  

 

At one point the sieve was lost in the rumen of one of the unfistulated sheep and the animal 

had to be slaughtered to recover the sieve. That was a drawback which needed a modification. 

It was recommended that the stomach tube should be made of 1-metre piece of flexible 

material which is perforated at one end to make a sieve, so that the sieve may not be dislodged 

from the tube by the pressure created by the syringe on the opposite end. 
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Test tubes representing sheep from flock F-2 were the next ones to develop a black colour 

within 7 to 8 days. These were previously inoculated with the pooled ruminal contents from 

flock F-1 in October 1999 and maintained on a 100 percent Leucaena diet for 53 days (16 

October to 8 December 1999). The Leucaena diet was replaced with a lucerne diet, but these 

sheep were housed next to flock F-1, where they shared a water trough on one side of the pen. 

Hence, these sheep were also expected to test positive like flock F-1, because of the 

continuous exposure to flock F-1 whose bacteria count was kept alive by the regular supply of 

Leucaena.  

 

Other factors which could also have contributed to the spread of the bacteria among the F-1 

and F-2 flocks were manure being carried from one pen to the next by wind, shoes and 

equipment by workers and the collection of ruminal fluid from these two flocks for other 

experiments while using the same equipment at the same time. Results have showed that the 

bacteria count of flock F-2 was lower than that in flock F-1, probably because the bacteria in 

flock F-1 was kept high by the weekly Leucaena diet while the other flock was not.  These 

results are in agreement with the observation made by Allison et al. (1990) and Allison (1991) 

who reported that, when Leucaena was withdrawn from the diet the bacteria population 

declined because mimosine in Leucaena is required for the maintenance and growth of S. 

jonesii bacteria. 

 

The other test tubes, representing 14 sheep from flock O-E and Y-E, developed a black colour 

within 10 to 17 days. The incubation time required to give a positive result ranged from 2 to 4 

weeks for high counts and longer periods for low counts (Hammond et al., 1994). The two 

flocks were expected to test negative, because they were neither exposed to Leucaena nor 

housed close to flock F-1 and F-2, but they shared common sorting yards for vaccination, 
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weighing and shearing. Allison (1991) reported similar results when he obtained an 

incubation period of 12 to 16 days with the rest of the herd that was not inoculated before.  

 

These results also confirm the findings by Hammond et al. (1989a), who reported that S. 

jonesii bacteria spread among a herd in the same area within a short time through faeces, 

water, dust, equipment and handling. Therefore the number of test sheep used in this 

experiment was justified by the fact that the S. jonesii bacteria are readily distributed among 

sheep in a group and therefore the chance of variation among sheep was very low (Allison et 

al., 1990).  

 

It was concluded that the cultural field test is simple, reliable and fast. No special skills were 

required to apply the test at farm level, although the equipment recommended for the task was 

not suitable and needed modification. The current results confirmed that all sheep flocks at the 

experimental farm were colonised by S. jonesii bacteria and were therefore protected from 

mimosine toxicity as long as Leucaena was included in the diet. This also confirmed the 

earlier results reported by workers in the USA (Hammond et al., 1989a; Allison, 1991 and 

Hammond, 1995). However, there was need to investigate the persistence of S. jonesii bacteria 

in the rumens of sheep in the absence of Leucaena in the diet, especially through autumn and 

winter drought in the Highveld. 
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CHAPTER 8 

The persistence of Synergistes jonesii bacteria in the rumens of sheep 

 

8.1 Abstract 

The purpose of the study was to determine the persistence of Synergistes jonesii bacteria in 

the rumens of sheep without Leucaena forage in the diet through autumn and winter in the 

Highveld. The results showed that the bacteria persisted for more than four months through 

autumn and winter drought without Leucaena or any other supplements in the diet. It is, 

therefore, concluded that livestock farmers could invest on the bacteria on a once-off cost 

basis to prevent mimosine toxicity in order to promote cheaper and higher livestock 

productivity. 

 

8.2 Introduction 

In the previous experiment (chapter 7), it was confirmed that the rumens of sheep flocks at the 

experimental farm were successfully colonized by S. jonesii bacteria from the ruminal fluid 

obtained from Pietermaritzburg in July 1999. However, little is known about the persistence 

of the bacteria in the rumens of sheep in the absence of Leucaena forage in the diet during 

autumn and winter drought in the Highveld into the next growing season in spring. In Florida 

USA, Hammond et al. (1989a) and Hammond (1995) found that S. jonesii bacteria colonized 

and remained in the rumens of the infested animals in large populations as long as Leucaena 

forage was kept on their diet, but when Leucaena forage was withdrawn from their diet the 

bacteria population declined. The purpose of this experiment to investigate how long the 

bacteria could persist in the rumens of sheep which were tested for S. jonesii, in the absence of 

Leucaena forage from autumn to spring (May to September) season in the Highveld.  
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8.3 Materials and methods 

8.3.1 Preparation of equipment, animals and Fe-2 culture medium 

Sterile serum test tubes (without heparin), disposable syringes and needles, a 1-metre stomach 

tube, cheesecloth and a warm water bath were prepared for the trial. A group of four (4) 

fistulated Merino wether sheep (number P955, P556, P557 and P958) of average mass(65 

±7kg) from F-2 flock which tested positive in phase1, were selected and housed in a separate 

pen for the trial. Animals were offered Leucaena and Eragrostis grass hay ad libitum in 

common troughs for two consecutive weeks to build up the existing population of S. jonesii 

bacteria. After two weeks, animals were tested for the presence of the bacteria as described in 

phase 1 to establish the strength of bacteria count and then Leucaena hay was withdrawn from 

the diet.   

 

On the same day the animals were sheared and transferred to a Dairy Unit which was about 2 

kilometres away from all other sheep flocks, and fed on lucerne and Eragrostis hay for 4 

weeks. When the hay was depleted, the sheep were fed on wheat straw and other low-quality 

farm by-products. Feed and water were offered ad libitum in communal troughs. Leucaena 

was then re-introduced back into the diet just three weeks before the end of the trial. The trial 

lasted for five months. Culture medium Fe-2 was prepared as described in section 7.1.2 of the 

previous experiment. 

 

8.3.2 Collection of samples and inoculation of serum tubes 

Samples of ruminal fluid were always collected at 08h30 for nineteen (19) weeks on a weekly 

interval from 23 May to 26 September 2000.  Each sheep was restrained before a 20-cm piece 

of hose-pipe that was placed in the mouth to press the tongue down. Then a 1-metre stomach 

 104



tube fitted a sieve and with a 60-ml syringe on opposite ends, was introduced into the rumen 

through the hose-pipe in the mouth, and by articulating the suction pressure of the 60-ml 

syringe, about 30ml of the ruminal fluid was drawn into the syringe. The ruminal fluid was 

emptied into a clean beaker and a 0.1ml aliquot was drawn with a sterile syringe and needle 

and transferred into each of the serum tubes on the rack. Each sample was replicated twice for 

each sheep. The rack containing inoculated serum test tubes was transported back to the 

laboratory for incubation in a warm water bath at 39°C and monitored daily for colour change. 

Data was collected daily by visual observation and recording of colour change in the serum 

test tubes in the incubator and the time it took for the changes to occur (Allison, 1991).  

 

8.4 Results 

All sheep showed an increase in the number of incubation time from 5 to 37 days during the 

19 weeks of trial, indicating clearly that the population of S. jonesii bacteria declined with 

time in the absence of Leucaena hay in the diet. There was a significant difference in animal 

responses. One sheep (P558) showed the least decline in bacterial count. It had the least 

increase in incubation time from 5 to 9 days compared with another sheep which showed the 

highest decline in bacterial count or the increase in incubation time from 5 to 37 days. The 

other two sheep fell in between. One sheep (P558) had 6 - 7 times the number of bacteria than 

the other sheep (Figure 8.1). 
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Figure 8.1 The decline in the population size of Synergistes jonesii bacteria and  
       the number of days it took for the colour change to develop 

 

8.4 Discussion 

Observations showed that one sheep which did better than the rest had consistently less fluidy 

digesta consistently at each sampling time than all the other sheep in the trial. It had a full 

rumen in the morning, which meant that the sheep ate much more feed at night; drunk less 

water or had a slower digestion than the other sheep. The results showed that the bacterial 

count declined gradually with the decline in food quality during the drought.  The fact that the 

bacterial count in one sheep did not decline significantly could be an indication that S. jonesii 

depend on several other substrates other than mimosine in Leucaena to survive and may be it 

would take more severe nutritional conditions to cause a significant decline in the bacteria 

count. Allison et al. (1992) reported that S. jonesii bacteria could ferment amino acids 

Arginine and Histidine in the absence of mimosine in the diet. Therefore as long as the diet 
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could supply the two amino acids, S. jonesii bacteria had a chance of surviving the drought 

until the next growing season. 

 

However, when Leucaena hay was reintroduced into the diet three weeks before the end of the 

trial, there was a significant reduction in incubation time. Incubation time in one sheep 

declined from 37 to 19 days, while in two other sheep the incubation time declined from 29 

and 30 days to 13 and 14 days, respectively. However, the incubation time in one sheep that 

performed the best declined very slightly from 8 to 5 days, which was insignificant. This 

confirmed that Leucaena hay provided an important substrate, which helped to build up the 

bacteria population and that S. jonesii bacteria were persistent beyond the winter drought in 

the rumens of sheep in South Africa without Leucaena forage in the diet.  

 

These results are consistent with the findings obtained by Jones et al. (1985) and Hammond et 

al. (1989b) in Australia and Florida, USA. Hammond et al. (1989b) reported that S. jonesii 

bacteria persisted in the rumens of three steers through winter to the next growing season 

when they were fed on Paspalum notatum pasture without Leucaena in the diet. Jones et al. 

(1985) were more specific when they reported that S. jonesii bacteria persisted in the rumens 

of two steers for a period of 6 months, but beyond that, S. jonesii bacteria were completely 

replaced by 2, 3-DHP-degrading bacteria, which meant that those animals lost the immunity 

against mimosine toxicity after 6 months and re-inoculation with S. jonesii became necessary.  

 

It was concluded that S. jonesii bacteria persisted for more than 4 months through autumn and 

winter drought in subtropical South Africa in the absence of Leucaena forage or any other 

protein supplements. The implication of these results is that, livestock farmers in the Highveld 

could now afford to manipulate their farm feed supply accordingly, since the growing season 
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for Leucaena begins from the middle of September to the end of May of the following year. In 

addition, livestock farmers could rely on S. jonesii bacteria because the winter drought is short 

and the probability of losing the entire bacteria population from a herd was minimal.  
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CHAPTER 9 

The influence of season and time of harvesting on the level of mimosine in 

Leucaena leucocephala forage 

 
9.1 Abstract 

The purpose of this study was to determine how the level of mimosine in Leucaena forage 

varied with seasons (summer and autumn) and the time of harvesting (9h00, 12h00 and 3h00). 

Mimosine was extracted from the samples with hydrochloric acid and the absorbance was 

determined by indirect spectrophotometric methods. The data were subjected to simple linear 

regression of absorbance on toxicity and treatment differences were separated using the t-test 

method. The level of mimosine in Leucaena forage was higher in autumn than in summer but 

the time of harvesting did not have a significant effect on the level of mimosine in either 

season. Air-dried samples contained more mimosine irrespective of season. It was concluded 

that the level of mimosine toxicity was significantly influenced by season and the condition of 

the samples (fresh vs. dry), but not by the time of harvesting.  Therefore, it was recommended 

that livestock farmers should utilise fresh Leucaena forage in summer, rather than late in 

autumn or when it was dried, to minimise the risk of mimosine toxicity and to maximise on 

the protein content.  

 

9.2 Introduction 

Full utilisation of Leucaena forage may be limited by the occurrence of secondary 

compounds, such as mimosine and its derivative dihydroxypyridine (DHP), which are toxic or 

can reduce voluntary feed intake and production in ruminants. Plant compounds vary in 

content and potency with climate, soils and feed processing factors. Knowledge of the 
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concentration of these compounds is therefore a pre-requisite for feed formulation (Norton, 

1994). 

 

Leucaena leucocephala leguminous fodder trees contain mimosine, a toxic non-protein amino 

acid of the formula (β-[N–(3 hydroxy-4-oxypyridyl)]-∝-amino propionic acid) (Allison et al., 

1990; Gupta & Atreja, 1999). Mimosine is an analogue of amino acid tyrosine, which occurs 

in all parts of Leucaena (Tangendjaja & Wills 1980). Hegarty et al. (1964b) reported that 

Leucaena contains 8.7% mimosine in fresh leaves; 6.45% in air-dried leaves and 5.0% in 

oven-dried leaves at 60°C. Mimosine is metabolised in the rumen to 3,4-DHP (3-hydroxy-4 

(1H)-pyridone) (Gupta & Atreja, 1999), mainly by ruminal micro-organisms (Hammond et 

al., 1989a), although Lowry et al. (1983) reported that certain plant enzymes are also capable 

of catalysing the conversion of mimosine to 3,4-DHP during mastication of feed in the mouth. 

The purpose of this experiment was to determine the concentration and proportion of 

mimosine in Leucaena leucocephala forage with the view of recommending ways of 

minimising negative effects in order to enhance its nutritive value. 

 

 9.3 Materials and methods 

9.3.1 Extraction of mimosine from the primordial, leaves and twigs 

Fresh samples of Leucaena leucocephala primordial, young and old leaves, and twigs, were 

collected in summer (February) and autumn (April) of 2005. The selection of the period of 

sampling in February and April were guided by the fact that Leucaena regrowths were ready 

for harvesting between February and April before frost began to kill plants in May.  
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Mimosine was extracted as described by Hegarty et al. (1964b) and modified by Tangendjaja 

& Willis (1980). Each fresh sample was chopped into small pieces with a pruning knife and 

50gm of it was weighed into a 1-litre glass beaker fitted with a lid. Then 500 ml of 20% 2.5 N 

HCl was added to each beaker to soak the sample for 2 hours on the bench. After 2 hours, 

each sample was macerated separately in a food processor and poured back into the same 

beaker and left to soak overnight on the bench.  

 

On the following day, each sample was filtered through 4 layers of cheesecloth into a 1-litre 

volumetric flask. The residue was thoroughly washed with a dilute solution of 10% 2.5N HCl 

to make up the volume to 1-litre solution of crude extract. The crude extract was transferred 

into a dark storage bottle and stored in a cold room at 4°C until it was required for further 

analysis. 

 

9.3.2 Chemical reagents and analytical procedure 

The reagents used for the analysis of crude extracts were: L-Mimosine (the standard); 

Sulphanilamide (SAM); Sodium nitrite; Sodium carbonate; N-(1-naphthyl) ethylenediamine 

hydrochloride (NEDA) and Hydrochloric acid (HCl). The analytical procedure was based on 

the indirect spectrophotometric method as described by Lalitha & Kulothungan (2004).  The 

General Linear Model procedure (SAS, 2005) was used for the statistical analysis of data.  

 

9.3.3  Preparation of stock solutions 

Stock solutions were prepared as described by Lalitha & Kulothungan (2004).  
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• Sulphanilamide stock solution was prepared by dissolving 3mg in 100ml of 0.1M HCl 

and stored in a refrigerator for one month according to specifications before the 

solution was ready for use.  

• Sodium nitrite stock solution was prepared by dissolving 7.5mg in 50ml distilled water 

and then 3.5ml of the stock solution was further diluted to 50ml with distilled water to 

give a working standard solution containing 7µg of nitrite in 1ml of the solution.   

• Sodium carbonate stock solution was prepared by dissolving 1.3gm in 100ml of 

distilled water.   

• NEDA solution was prepared by dissolving 7.5mg was dissolved in 100ml of 0.5 M 

HCl and stored in a dark bottle in a refrigerator for a week before it could be used.  

• Mimosine solution, 5.4mg was dissolved in 50ml of 0.05 M HCl and frozen. To get a 

working standard solution the stock solution had to be thawed and diluted to different 

concentrations with 0.05 M HCl. 

 

9.3.4 Calibration of the method for the determination of mimosine 

Calibration of equipment was done as described by Lalitha & Kulothungan (2004): 

• Equal volumes of SAM and Sodium nitrite solutions were mixed and allowed to stand 

for 20 minutes to diazotize SAM to Diazotized-SAM solution (DZSAM). 

• Mimosine working solution was diluted further to get several solutions with a of 

concentration of 0.005 - 0.015 µg.ml-1 solutions 

• Aliquots of Mimosine working solution of concentration 0.005 - 0.015µg.ml-1 were 

transferred to a series of 20 marked test tubes in duplicate and the volume of each 

solution was adjusted to 1ml by adding drops of 0.05 M HCl.  

• To the control test tubes 1ml of 0.05 M HCl was added. 
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•  To the rest of the test tubes the following solutions were added in this order: Sodium 

carbonate (1ml) and DZSAM (2ml) were added first, mixed and allowed to stand for 

10 minutes at room temperature. 

•  NEDA (1ml) was then added next and the volume was adjusted to 6 ml with water. 

• The final solutions were allowed to stand for 10 minutes for the colour to develop at 

room temperature. 

• Absorbance values were read at 539nm and the calibration curve was constructed by 

plotting the decrease in absorbance (absorbance A0, without mimosine to absorbance 

AMim, with mimosine added) against respective levels of added mimosine. 

 

9.3.5 Determination of mimosine in the crude extracts 

Crude samples were analysed as described by Lalitha & Kulothungan (2004): 

• Each of the 96 crude extract samples was filtered using Whitman filter paper before 

being used for analysis. 

•  Then 1ml of each solution was transferred into a volumetric flask and diluted to 

100ml with 0.05 M HCl.  

• Then 2ml of each solution was further diluted to 25 ml. 

• And then 0.5ml of each solution was transferred into a series of 192 test tubes marked 

in duplicate, plus two blank test tubes. Each solution was adjusted to 1ml with 0.05 M 

HCl. 

• To the blank test tubes 1ml of 0.05 M HCl was added. 

•  To the rest of the test tubes the following solutions were added in this order: Sodium 

carbonate (1ml) and DZSAM (2ml) were added first, mixed and allowed to stand for 

10 minutes at room temperature. 

•  NEDA (1ml) added next and the volume was adjusted to 6 ml with water. 
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• The final solutions were allowed to stand for 10 minutes for the colour to develop at 

room temperature. 

• Absorbance values of each sample were read at 539 nm and the calculated as 

described by Lalitha & Kulothungan (2004). 

• The final calculations of the concentration of mimosine in the crude samples were 

done as described by Lalitha & Kulothungan (2004).  

 

9.4 Results 

9.4.1 The level of mimosine in summer samples 

In summer, the average concentration of mimosine in gml-1 was significantly (P<0.05) higher 

in air-dried samples than in fresh samples (0.0009667 ±2.1E-03 vs. 0.001179 ±1.74E-03 gml-

1). Fresh primordial samples had 3.6, 10.9 and 12.5 times more mimosine than young leaves, 

mature leaves and twigs, respectively, while air-dried primordial samples had 1.6, 2.1 and 2.8 

times the level of mimosine in young leaves, mature leaves and twigs (Figure 9.1 and 9.2). 

However, the level of mimosine in young leaves, mature leaves and twigs in fresh summer 

samples was significantly (P<0.05) lower than the corresponding fresh autumn samples by 

47.2, 42.6 and 43.5 %, respectively; and the air-dried summer samples also had significantly 

lower mimosine than the corresponding autumn samples by 56.8, 56.7 and 57.2 %, 

respectively (Appendix 9). 
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Figure 9.1 The concentration of mimosine in fresh summer samples  
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Figure 9.2 The concentration of mimosine in air-dried summer samples  
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9.4.2 The level of mimosine in autumn samples 

In autumn, the average level of mimosine in air-dried samples was significantly (P<0.05) 

igher than in the corresponding autumn fresh samples (0.0016±1.9E-03 vs.0.00373±1.48E-

03 gml-1). Fresh primordial samples had 1.4, 4.5 and 5.0 times more mimosine than young 

n air-dried young leaves 

had 1.5, 1.6 and 2.1 times more mimosine than primordial, mature leaves and twigs, 

respectively. Overall, the autumn samples had significantly (P<0.05) more mimosine than the 

corresponding summer samples by 47.2, 42.6 and 43.5 %, respectively in fresh samples and 

by 56.8, 56.7 and 57.2 %, respectively in air-dried samples (Figure 9.3 and 9.4) 

 

However, on the whole the results showed that except for the primordial, the other three parts 

of the autumn samples had significantly (P<0.05) more mimosine than the corresponding 

summer samples by 47.2, 42.6 and 43.5%, respectively in fresh samples and by 56.8, 56.7 and 

57.2%, respectively in air-dried samples (Appendix 10).   

h
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Figure 9.3 The concentration of mimosine in fresh autumn samples  
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Figure 9.4 The concentration of mimosine in air-dried autumn samples  
 

9.4.3 The weather pattern during the sampling period 

The weather pattern between January and April 2005 over the sampling area was very dry 

 

However, there was a large difference in night temperature in April, although not cold enough 

mimosine in air-dried forage, there were indications that the results would have been more 

 because they were not available 

with below normal rainfall.  As a result the difference in mean day temperature between 

February and April (sampling period) was small (29.41˚C vs. 23.21˚C) and the difference in 

total monthly rainfall was also small (49.8 mm vs. 55.6 mm), although the rainfall distribution 

showed that in February there were 5 days of rain compared with 7 days of rain in April. 

to become frosty (Appendix 11). 

 

9.5 Discussion 

Although the present results have shown that there was a seasonal influence on the level of 

dramatic, had the weather pattern over the sampling region been normal. The most obvious 

effects of drought were slow plant growth and late flowering. The experimental design had to 

be altered to exclude the sampling of pods and seeds,
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throughout the growing season. That was in remarkable contrast to other reports which 

The weather pattern between January and April 2005 over the sampling area was very dry 

with below normal rainfall.  As a result the difference in mean day temperature between 

February and April (sampling period) was small (29.41˚C vs. 23.21˚C) and the difference in 

total monthly rainfall was also small (49.8 mm vs. 55.6 mm), although the rainfall distribution 

showed that in February there were 5 days of rain compared with 7 days of rain in April.  

However, there was a large difference in night temperatures in April, although it was not cold 

enough to become frosty (Appendix 10). Therefore the Highveld of South Africa has the 

possibility of both drought and frost in some years. In wet years the Highveld experiences 

frosty nights from May to August. That is why Leucaena has to be cut down to the level of 30 

cm above ground when autumn sets in, for it to survive the cold winter. In dry years the 

sprouting, re-growth and flowering of Leucaena in summer is usually delayed because of 

moisture stress. Consequently, the harvesting of the forage has to be delayed until February of 

the following year when there would be enough forage.  

 

Plant compounds vary in content and potency with climate, soils and feed processing factors 

(Norton, 1994), which has also been demonstrated in the present results. The prevalent 

drought in summer and low temperatures in autumn could have caused the increase in the 

level of mimosine. In addition, the drying of samples also elevated the level of mimosine in 

air-dried samples in both seasons. It has also been reported elsewhere that heavy nitrogen 

indicated that Leucaena flowers and seeds throughout the year (Hughes, 1998).  However, it 

is possible for Leucaena to flower throughout the year in warm tropics, where the rain is 

above normal and well distributed.  Such areas around the world do not experience frosts at 

all. 
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fertilisation increased the level of glycosides and some alkaloids, while moisture stress 

creased the level of mimosine in Leucaena (Kumar & D’Mello, 1995). The elevated level of 

imosine in the primordial tips was attributed to plant defence mechanism against herbivory 

because severe defoliation of Leucaena in cold weather could kill the plant. 

 

The higher levels of mimosine in our results could be attributed to the severe drought which 

caused moisture stress frequently. This phenomenon was reported in New Zealand by Minson 

& Hegarty (1984), who showed that where as heavy nitrogen fertilisation increased the level 

of glycosides and some alkaloids, while moisture stress increased the level of mimosine in 

Leucaena. The elevated values in autumn were attributed to plant defence mechanisms against 

herbivory. Severe defoliation of Leucaena in winter could kill the plant. 

 

It was concluded that the level of mimosine in Leucaena was significantly influenced by both 

seasonal weather patterns and the drying effect on the forage.  It was therefore recommended 

that Leucaena trees should be grazed directly in summer on rotational basis, with minimum 

handling of the forage to minimise the risk of elevating the level of mimosine, which might 

cause toxicity.  It was also recommended that the government should make an effort to help 

emerging farmers to acquire the rumen bacteria cultures on a once-off basis to eliminate the 

risk of mimosine toxicity and boost meat, milk and wool production.  
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PART IV 

GENERAL CONCLUSIONS AND RECOMMENDATIONS 
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CHAPTER  10 

GENERAL CONCLUSIONS 

 
 

The purpose of this study was to evaluate the feed value of Leucaena leucocephala forage, a 

protein supplement for low-quality forages. Eight trials were conducted at the University of 

Pretoria experimental farm in Hatfield and the Agricultural Research Council experimental 

farm in Roodeplaat. The overall results showed that Leucaena leucocephala is a suitable 

protein supplement for low-quality forages. 

 

The chemical composition showed that Leucaena leucocephala forage has adequate potential 

nutrients. The rate of nitrogen degradation in the shoot was much slower and to a lesser extent 

than in mature pods with seeds, while the dry matter in the shoot degraded faster and to a 

greater extent than in the pods. In comparison with other forages (Lucerne, Eragrostis and 

Veld grass),  Leucaena forage experienced a time lag of 6 hours before nitrogen could start 

degrading unlike the other three forages which did not have time lags. However, the dry 

matter in Leucaena forage did not experience any time lag, which gave Leucaena forage the 

best performance among the four forages. Lucerne on the other hand, had more readily 

available RDP, while Leucaena had more UDP.  

 

The effect of supplementing low-quality forages with varying levels of Leucaena forage was 

that the combinations between Leucaena and Veld grass gave better performance than the 

combinations between Leucaena and Eragrostis grass. Crude protein is the limiting factor in 

the performance of low-quality forages.  Therefore, the supplementation of low-quality forage 
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with Leucaena resulted in higher feed intake, digestibility and passage. The addition of 

Browse PlusTM increased the daily feed intake, the production of rumen ammonia and volatile 

fatty acids significantly.  However, it did not have a significant effect on the rumen 

environment and the proportions of volatile fatty acids.  

 

The incubation and colour detector methods for the detection of Synergistes jonesii bacteria in 

the rumens of sheep were found to be simple, reliable and fast. It was confirmed that 

Synergistes jonesii bacteria can persist for more than four months in the rumens of sheep 

through autumn and winter drought without Leucaena forage in the diet. It was also shown 

that seasons have an influence on the level of mimosine in Leucaena forage. Hence, it was 

recommended that the forage has to be utilised while fresh in summer when the level of 

mimosine is lower to minimise the risk of toxicity. 

 

 

 

 

 

 

 

 

 

 122



CHAPTER 11 

RECOMMENDATIONS AND FURTHER AREA OF RESEARCH 

 

The results of this study suggest that Leucaena forage should be fed together with other 

protein supplements which have more readily degradable nitrogen and to a larger extent to 

maximise on the return from the high crude protein by promoting microbial protein synthesis 

and animal productivity. There should always be a balance between RDP and UDP in feed 

management to achieve more desirable ruminant performance. Practically this can be 

achieved by using combinations of Lucerne and Leucaena protein supplements 

 

The study showed that Browse PlusTM binds condensed tannins to improve the availability of 

nutrients. Therefore, in order to minimise the effects of high condensed tannins and mimosine 

toxicity, farmers could use Browse PlusTM in drinking water regularly and mimosine 

detoxifying bacteria on a once off basis, to manipulate the supply of feed especially in areas 

where Leucaena is used as the only protein supplement for low-quality forages. Subsequently, 

this could enhance animal productivity and community livelihoods. However, the use of 

Browse PlusTM should be kept at a minimum to avoid the possibility of precipitating bloat, 

when condensed tannins are completely neutralised by Browse PlusTM in forage feeds. 

 

The study showed that the level of mimosine in Leucaena varies with season and forage 

moisture levels. Therefore, in the absence of mimosine detoxifying bacteria it is 

recommended that livestock farmers should be advised to plant Leucaena trees on veld 

pastures in paddocks (camps) so that the forage can be grazed directly in summer on rotational 
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basis. This should eliminate the necessity of handling the forage to minimise the risk of 

elevating the level of toxins.  

 

This study showed conclusively that Leucaena is an excellent forage for supplementing low-

quality pastures. It is therefore recommended that the government should help emerging 

farmers in establishing Leucaena pastures on the veld and in acquiring the mimosine 

detoxifying bacterial cultures on a once-off basis to eliminate the threat of mimosine toxicity 

to boost meat, milk and wool production. This could improve the productivity and livelihoods 

of emerging livestock farmers. 

 

Although this study showed clear seasonal differences in mimosine levels, the phenomenon 

needs to be documented in more detail. For further research it is recommended that seasonal 

effects on the level of mimosine should be established through a five-year trend to obtain 

more data to assist emerging livestock farmers in feed management and planning. Similarly, 

further on-farm research should be done to evaluate the productivity of emerging livestock 

farms to strengthen their viability. 
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APPENDICES 

 

Appendix 1: The degradation characteristics of nitrogen in Leucaena forage in the rumen. 

The rate and extent of the degradation of nitrogen in Leucaena forage 
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Appendix 2: The degradation characteristics of dry matter in Leucaena leucocephala forage 

The rate and extent of the degradation of dry matter in Leucaena 
forage
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Appendix 3: The degradation characteristics of nitrogen in Leucaena, Lucerne, Eragrostis 

and Veld grass in the rumen. 

The rate and extent of the degradation of nitrogen in Leucaena, Lucerne, Eragrostis 
and Veld grass
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Appendix 4: The degradation characteristics of dry matter in Leucaena, Lucerne, Eragrostis 

and Veld grass in the rumen. 

The rate and extent of degradation of dry matter in Leucaena, Eragrostis, Lucerne 
and Veld grass 
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Appendix 5:  The calibration curve for the standard  

 

 

 

 

 

 

 

 

 

 

Appendix 6: Simple linear regression of absorbance on toxicity in gml-1 

 
The output of the Statistical analysis 

Source ss df MS Output 

Model 

Residue 

 

 

 

 

Total 

0.535149412 

0.90925311  

 

 

 

 

1.44440252      

1 

94 

 

 

 

 

95 

0.535149412  

0.009672905 

 

 

 

 

0.015204237    

Number of obs.  = 96 

F(1, 94)              = 55.32 

Prob. > F            = 0.0000 

R-squared          = 0.3705 

Adj. R-squared  = 0.3638 

Root MSE         = 0.9835 

Absorbance Coef. Std Err t P>|t| [95%Conf.Intv.] 

gm.ml-1  

Conc. 

27.14548 

0.2544776     

3.649543 

0.0120994    

7.44 

21.03 

0.000 

0.000 

19.89923  34.39173 

0.2304539 0.2785012 

 

The regression of absorbance on toxicity in gm/ml is highly significant since the P-value is 

0.000. This shows that absorbance depends on toxicity in g.ml-1, significantly. The fitted line 

of regression is: Absorbance = 0.25 + 27.15 (toxicity in g.ml-1) 
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Appendix 7:  Simple linear regression of absorbance on toxicity in percentage 

 

The output of the Statistical analysis 

Source ss df MS Output 

Model 

Residue 

 

 

 

 

Total 

0.38398911     

1.06041341     

 

 

 

 

1.44440252     

1 

94 

 

 

 

 

95 

0.535149412  

0.009672905 

 

 

 

 

0.015204237    

Number of obs.  = 96 

F(1, 94)              = 34.04 

Prob. > F            = 0.0000 

R-squared           = 0.2658 

Adj. R-squared   = 0.2580 

Root MSE          = 0.10621 

Absorbance Coef. Std Err t P>|t| [95%Conf.Intv.] 

gm.ml-1   

Conc. 

27.14548 

0.2544776     

0.0013848 

0.0126027    

5.83 

21.20 

0.000 

0.000 

0.0053296 0.0108286 

0.2421997 0.2922457 

 

The regression of absorbance on toxicity in percent is highly significant since the P-value is 

0.000. This shows that absorbance depends on toxicity in percent significantly. The fitted line 

of regression is: Absorbance = 0.27 + 0.008 (toxicity in %) 
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Appendix 8: Simple linear regression of absorbance on toxicity (gm) 

 
The output of the Statistical analysis 

Source ss df MS Output 

Model 

Residue 

 

 

 

 

Total 

0.46563686 

0.978765662 

 

 

 

 

1.44440252      

1 

94 

 

 

 

 

95 

0.46563686  

0.010412401 

 

 

 

0.015204237   

Number of obs.  = 96 

F(1, 94)              = 44.72 

Prob. > F           = 0.0000 

R-squared          = 0.3224 

Adj. R-squared  = 0.3152 

Root MSE         = 0.10204 

Absorbance Coef. Std Err t P>|t| [95%Conf.Intv.] 

      

gm.ml-1   

Conc. 

0.0356992 

0.2563296        

0.0053384 

0.0126821    

6.69  

20.21      

0.000 

0.000 

0.0250997 0.0462987 

0.231149  0.2815103 

 

The regression of absorbance on toxicity in gDM is highly significant since the P-value is 

0.000. This shows that absorbance depends on toxicity in gm dry matter, significantly. The 

fitted line of regression is: Absorbance = 0.26 + 0.036 (toxicity in gm) 
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Appendix 9  SUMMER RESULTS 

 

The Concentration of Mimosine in Fresh Summer Samples (g.ml-1)  

 
 Primordial Young leaves Mature leaves Twigs 

9h00 0.00215 0.00255 0.00075 0.0004 

12h00 0.0027 0.00235 0.0008 0.00035 

3h00 0.0045 0.00275 0.00065 0.00095 

Total 0.00975 0.00765 0.0022 0.0017 
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The Concentration of Mimosine in Air-dried Summer Samples (g.ml-1) 

 

 Primordial Young leaves Mature leaves Twigs 

9h00 0.00805 0.00605 0.0014 0.0015 

12h00 0.0044 0.00255 0.00185 0.0008 

3h00 0.005 0.00265 0.00175 0.0011 

Total 0.0175 0.0113 0.005 0.0034 

 

 

The concentration of mimosine in air-dried summer 
samples (g/ml)

0
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008
0.009

9h00 12h00 3h00

Harvesting time

C
on

ce
nt

ra
tio

n 
of

 m
im

os
in

e 
(g

/m
l)

Primordial Young leaves Mature leaves Tw igs
 

 

 

 

 

 

 

 

 

  

 

 

  

 155



The concentration of mimosine in fresh summer samples (gm) 

Time Primordial Young leaves Mature leaves Twigs 

9h00 1.1104 0.706 0.3921 0.20195 

12h00 1.31325 1.16305 0.3652 0.1624 

3h00 2.3264 1.3646 0.57305 0.45195 

Total 4.7501 3.2337 1.3304 0.8163 
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The concentration of mimosine in air-dried summer samples (gm) 

 

Time Primordial Young leaves Mature leaves Twigs 

9h00 3.9346 1.32905 0.68235 0.7542 

12h00 2.1865 1.2835 0.937 0.42885 

3h00 2.56565 1.33055 0.75385 0.53535 

Total 8.6868 3.9431 2.3732 1.7184 
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The concentration of mimosine in fresh summer samples (%) 

 Primordial Young leaves Mature leaves Twigs 

9h00 5.77055 1.4444 0.78415 0.5218 

12h00 6.2353 2.3262 0.7302 0.3466 

3h00 11.63195 2.72925 0.6449 1.0258 

Total 23.6378 6.4999 2.15925 1.8942 
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The concentration of mimosine in air-dried summer samples (%) 

 

 Primordial Young leaves Mature leaves Twigs 

9h00 14.21385 8.7201 4.48915 6.0882 

12h00 8.89225 8.4939 6.13295 2.4665 

3h00 10.825 8.67185 5.67405 3.5479 

Total 33.9311 25.8859 16.2962 12.1026 
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Appendix 10 AUTUMN RESULTS 

The Concentration of Mimosine in Fresh Autumn Samples (gml-1) 

 Primordial Young leaves Mature leaves Twigs 

9h00 0.0025 0.00265 0.00085 0.0009 

12h00 0.0034 0.0021 0.00145 0.0013 

3h00 0.00375 0.0026 0.00145 0.00095 

Total 0.00965 0.00312 0.00375 0.00315 
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The Concentration of Mimosine in Air-dried Autumn Samples (g.ml-1) 

 Primordial Young leaves Mature leaves Twigs 

9h00 0.00365 0.0019 0.0027 0.0006 

12h00 0.00335 0.0023 0.00325 0.00075 

3h00 0.00265 0.00375 0.00345 0.001 

Total 0.00965 0.00795 0.0094 0.00235 
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    The concentration of mimosine in fresh autumn samples (gm) 

Twigs 

9h00 1.2671 0.5898 0.4231 0.40495 

12h00 .63285 

 15 85 42 

5 6 798 

 

 

 

 Primordial Young leaves Mature leaves 

1.7455 3.5455 0.74065 0

3h00 1.8415 1.276 0.718 0.9

Total 4.8541 5.411 1.882 1.9
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The concentration of mimosine in air-dried autumn samples (gm) 

 s

9   

1  

3    

T   

 

Primordial Young leave Mature leaves Twigs 

h00 1.8145 0.9272 1.01305 2.35815 

2h00 1.67825 4.8759 1.62755 2.42085 

h00 1.34775 9.37115 1.7294 3.0013 

otal 4.8405 15.1743 4.3700 7.7803 
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 The concentration of mimosine in fresh autumn samples (%) 

 

 Primordial Young leaves Mature leaves Twigs 

9h00 4.45625 2.6627 0.84605 1.01255 

12h00 5.92365 7.09095 1.48115 1.37045 

3h00 6.4749 2.55225 1.4377 0.9702 

Total  16.8548 12.3059 3.7649 3.3532 
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 e conce n of mimosine in air-dried autumn les (%) 

 

ordial Young Mature s Twigs 

h00 07615 6.0545 15.70955 8.0203 

h00 5281 17.85135 10.63765 8.15225 

00 5921 36.0285 11.2712 12.12835 

tal 19635 59.9344 37.6184 28.3009 
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A endix EATHER DATA 

 

Pretoria We  Pattern: Ma  Temperature in Jan-April 2

aximum erature (C˚ 

te r r 

 6 4 

 0 7 

 4 2 

 9 2 
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 6 1 

 6 2 

 6 0 

 9 2 

 1 3 

 7 17.0 

17 24.0 30.0 26.1 24.0 

18 27.5 30.3 3 .7 

 5 1 
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 6 9 

 0 .6 

8.5 2 .0 

9.3 9 .0 

0.2 6 25.4 

 4 1 

27 28.8 28.2 24.3 20.7 

28 30.6 27.7 28.8 20.8 

pp 11 W

ather ximum  (C˚) 005 

M  Temp )  

Da Jan Feb Ma Ap

1 30.8 31.1 28. 28.

2 30.4 30.8 29. 23.

3 31.3 31.9 27. 18.

4 31.0 33.3 25. 23.

5 32.9 27.9 27. 23.

6 32.6 25.1 28. 22.

7 33.5 29.4 28. 18.

8 31.9 31.3 31. 23.

9 27.2 29.9 32. 24.

10 26.9 30.9 30. 24.

11 28.0 33.7 26. 26.

12 30.8 27.7 22. 27.

13 29.2 28.8 23. 28.

14 22.2 31.4 23. 22.

15 26.8 30.4 26. 23.

16 23.5 29.2 24.

26. 27

19 25.0 29.7 25. 28.

20 22.9 24.8 25. 22.

21 20.0 20.9 25. 25.

22 28.2 27.8 21. 20

23 30.3 2 22. 18

24 29.9 2 23. 23

25 30.0 3 24.

26 31.2 28.3 27. 22.
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29 28.8 - 26.5 21.3 

- 25.6 21.7 

 - 

ean  29.2 .4 .2 

 

 

Pretoria We er Pattern: Minim  Temperature (C in Jan-April 2005

 

inimum mperature (C˚) 
te Feb Mar Apr 

17.2 14.9 16.5 

 19.1 16.2 17.7 

.3 18.7 15.8 13.5 

.3 16.9 15.2 13.5 

19.1 15.8 14.3 

 17.6 16.0 14.0 

15.7 14.7 13.0 

 17.4 15.6 14.0 

.9 18.3 16.1 11.4 

.7 16.7 19.2 14.3 

17.0 15.2 12.5 

 18.6 14.4 12.9 

 17.7 13.9 13.9 

16.6 15.0 15.7 

.4 19.7 13.5 14.5 

17.9 14.3 12.7 

.1 17.6 14.1 10.5 

.4 18.4 14.2 11.5 

.5 19.4 15.3 12.5 

.3 17.7 15.3 14.9 

.3 16.7 16.4 11.7 

.4 16.1 14.8 11.7 

.3 16.6 14.9 10.2 

24 15.9 15.7 14.8 9.8 

30 29.1 

31 26.5 27.9 - 

M 28.4 26 23

ath um ˚)  

M  Te
Da Jan 

1 18.1 

2 20.1

3 19

4 15

5 20.1 

6 18.4

7 21.2 

8 17.3

9 16

10 16

11 17.6 

12 18.6

13 18.3

14 16.8 

15 16

16 18.3 

17 16

18 16

19 16

20 18

21 17

22 17

23 17
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25 18.8 18.4 12.8 10.0 

18.9 14.9 10.1 

27 18.0 17.8 17.4 10.6 

28 15.9 18.2 13.9 8.7 

29 18.5 - 15.6 8.1 

30 19.8 - 16.0 6.4 

31 19.4 - 13.4 - 

Mean 17.8 17.7 15.1 12.4 

 

Pretoria Weather Pattern: Rainfall Distribution (mm) in Jan-April 2005 

 

Rainfall Distribution (mm) 

Date Jan Feb Mar Apr 

1 7.0 0 0 0 

2 0 0 6.4 3.8 

3 21.8 0 9.8 39.0 

4 0 0 0 0 

5 0 0 0 0 

6 2 0 0 0 

7 0.4 0 0 0 

8 21.2 2.4 0 0 

9 5.2 0 0 0 

10 0 0 0 0 

11 0 6.2 0 0 

12 11.4 0.2 0 0 

13 0.6 0 0 0 

14 47.8 0 0 0 

15 4.8 0 11.4 1.6 

16 0 0 0 5.0 

17 0 0 0 0 

18 39.4 0 0 0 

19 0.2 0 0 0 

26 18.1 
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20 9.6 26.8 0 2.8 

21 12.6 9.4 0 0 

22 1 0 9.2 3.2 

23 12.8 0.6 0 0.2 

24 0 0 0 0 

25 0 0 0 0 

26 0 3.6 0 0 

27 2 0 0 0 

28 0 0.6 0 0 

29 0 - 4.0 0 

30 0 - 0 0 

31 0 - 0 - 

Mean 199.8 49.8 40.8 55.6 
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