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ABSTRACT
Two experiments were carried out to determine the effect of the level of Acacia nilotica
leaf meal supplementation plus 23 g polyethylene glycol 4000 on diet intake,
digestibility, and growth rate of indigenous Pedi goats fed ad libitum Buffalo grass,
Buchloe dactyloides, hay. The first experiment lasted for 37 days, with the first 30
days being for adaptation and the last 7 days being for collection. Twenty yearling
male Pedi goats weighing 22 + 0.5 kg live weight were allocated to 4 treatments in a 2

x 2 Factorial arrangement in a Completely Randomised Design.

Acacia nilotica leaf meal contained 120 g crude protein per kg DM, indicating its
potential as a browse source for ruminants. It, also, contained high amounts of total
phenolics (2.04 % DM) and low amounts of condensed tannins, both extracted (0.37
% DM) and unextracted (1.83 % DM). Increasing the level of Acacia nilotica leaf meal
supplementation to 120 g increased (P<0.05) crude protein intake (38 g/kg DM) when
compared to 80 g supplementation (34 g/kg DM). Supplementation with 23 g PEG
4000 increased (P<0.05) the crude protein intake where goats were supplemented
with 120 g of A. nilotica leaf meal. However, PEG 4000 supplementation did not have
an effect (P>0.05) on intake when goats were supplemented with 80 g of Acacia

nilotica leaf meal.

Supplementation with 120 g of Acacia nilotica leaf meal increased (P<0.05) diet
digestibility of DM (0.57), OM (0.60) and CP (0.71) by the goats. Similarly,

supplementation with 23 g PEG 4000 increased (P<0.05) DM (0.65), OM (0.66) and





CP digestibilities (0.76) where goats were supplemented with 120 g of A. nilotica leaf
meal. Polyethylene glycol 4000 also increased (P<0.05) diet CP digestibility where
goats were supplemented with 80 g of Acacia nilotica leaf meal. However, 23 g PEG
4000 did not have a significant (P>0.05) effect on diet digestibility of DM and OM
where goats were supplemented with 80 g of Acacia nilotica leaf meal. In vivo NDF

and ADF digestibility were not affected by the treatments.

Level of Acacia nilotica leaf meal supplementation plus 23 g of PEG 4000 had a
significant (P<0.05) effect on the daily live weight change of the goats. The effect was
higher where goats were supplemented with 120 g of A. nilotica leaf meal when
compared to 80 g supplementation. Blood urea concentrations were improved
(P<0.05) by level of A. nilotica supplementation and PEG supplementation. It is
concluded that PEG 4000 has the potential to improve the feeding value of Acacia
nilotica leaf meal and can, therefore, be used in the feeding systems for ruminant

animals.

The second experiment determined the effect of A. nilotica leaf meal supplementation
and PEG 4000 supplementation on in vitro diet digestibility. Level of Acacia nilotica
leaf meal supplementation plus 23 g PEG supplementation improved (P<0.05) in vitro
diet DM, OM and CP digestibilities where 120 g Acacia nilotica leaf meal was
supplemented. Similarly, 23 g PEG 4000 supplementation also improved (P<0.05) in
vitro diet CP digestibility where 80 g Acacia nilotica leaf meal was supplemented.

However, level of A. nilotica supplementation plus PEG 4000 supplementation had no





Vi

effect (P>0.05) on in vitro NDF and ADF digestibilities. In vivo diet DM, OM and CP
digestibilities were positively and significantly (P<0.05) correlated with in vitro diet DM,
OM and CP digestibilities. It is, therefore, concluded that in vitro diet DM, OM and CP

digestibilities have good capacity to predict in vivo diet DM, OM and CP digestibilities.
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CHAPTER ONE

GENERAL INTRODUCTION





1.0 Background

Goats are important domestic animals in the Limpopo province. They constitute a
valuable genetic resource because of their ability to adapt to harsh climatic
conditions, to better utilize the limited and often-poor quality feed resources and
their natural resistance to a range of diseases such as pulpy kidney, gall
sickness and internal parasites. Goats, thus, play an important socio—economic
role in rural areas. The economic importance of goats includes meat, milk, fibres,
skins, and mohair. They are also used in ceremonial feasting and paying of
social dues. In 2003, Limpopo province had 1 049 000 goats (Agricultural
Statistics, 2004). This makes it logical to further investigate the potential
contribution of goats. These animals are prolific and require low inputs for a
moderate level of production, reach maturity early and are profitable to keep
(Devendra & Burns, 1970). With the human population growing rapidly, the
demand for additional protein sources is also increased. This demand can be

met by rapidly increasing the productivity of these goats.

However, goat productivity in the tropics is constrained by the shortage of good
quality feed, especially during the long dry season (Hove et al., 2001; Fondevila
et al.,, 2002). Tree leaves from Acacia species are an important component of
the diets of goats and sheep in Limpopo province (Holechek, 1984; Papachristou
& Nastis, 1996). Results from a study by Abdulrazak et al., (2000) on Acacia
species showed that the crude protein of acacia foliage is high enough to use as

a supplement to low quality diets, and that the species are rich in most minerals.





They tend to remain green longer into the dry season and their chemical
composition varies very little with season. However, Acacia species have the
disadvantage of containing phenolic compounds, which include tannins. These
compounds have a negative effect on the feeding value of the browse, and affect
intake and digestibility of the diet (Abdulrazak et al., 2000). These tannins bind to
proteins and hence render them unavailable for use by the animal. Hence, when
tannin-rich leaves are offered as a sole feed to sheep and goats, they may not
provide the maintenance requirements despite their relatively high protein
content and low fibre contents (Silanikove et al., 1994). They may also have a
negative effect on animal productivity in terms of weight gain, milk yield and wool

growth (Kumar & Vaithiyanathan, 1990).

1.2 Motivation

Acacia trees are widespread in the Limpopo province and they can be used as
supplemental sources of protein and energy in ruminant feeds, especially in the
dry season when grasses become dry and poor in quality. The leaves are high in
crude protein, energy and minerals (Le Houerou, 1980). However, the use of
browse by herbivores is restricted by detrimental effects of tannins contained in
them (Provenza, 1995). Performances of sheep and goats receiving foliage of
these trees are, therefore, often low. Feeding trials have shown that the feeding
value of acacia foliage is low although the crude protein content is high.
Condensed tannins (CT), which form insoluble complexes with proteins, tend to

reduce the feeding value of the leaves (Degen et al., 1995).





Polyethylene glycol 4000 (PEG 4000), a non-nutritive synthetic polymer, has a
high affinity to tannins and makes tannins inert by forming tannin—PEG
complexes (Makkar et al., 1995). Polyethylene glycol 4000 can also liberate
protein from the pre-formed tannin—protein complexes (Barry & Manley, 1985), or
prevent the formation of such complexes. Ben Salem et al. (1999) showed that
polyethylene glycol 4000 inactivated condensed tannins, thus improving
microbial protein synthesis and growth of sheep. Therefore, PEG 4000 has been
used to mitigate the adverse effects of tannins on rumen fermentation as well as
to improve the performance of animals on tannin-rich diets. However, other
authors (Silanikove et al., 1996) have found that PEG 4000 does not improve
performance of animals on tannin rich diets. It is, therefore, important to ascertain
the effects of PEG 4000 on the performance of indigenous goat breeds on

tannin-rich diets.

1.3. Aim and objectives
The aim of this study was to improve the performance of the indigenous Pedi
goats on ad libitum Buffalo grass hay supplemented with Acacia nilotica leaves

through dosing with polyethylene glycol 4000.

The objectives of this study were:
1. To determine the effect of the level of Acacia nilotica leaf meal
supplementation on diet intake, digestibility and growth rate of indigenous

Pedi goats fed ad libitum Buffalo grass, Buchloe dactyloides, hay





. To determine the effect of polyethylene glycol 4000 dosing on diet intake,
digestibility and growth rate of indigenous Pedi goats fed ad libitum Buffalo
grass, Buchloe dactyloides, hay supplemented with Acacia nilotica leaf
meal.

. To determine the effect of the interaction between PEG 4000 dosing and
Acacia nilotica leaf meal level of supplementation on diet intake,
digestibility and growth rate of indigenous Pedi goats fed ad libitum Buffalo
grass, Buchloe dactyloides, hay

. To determine the effect of spraying Acacia nilotica leaf meal with PEG
4000 on in vitro diet digestibility.

. To determine the relationship between in vivo and in vitro diet digestibility





CHAPTER TWO

LITERATURE REVIEW





2.1 Introduction

Goats have played an important role in the livelihood of rural people in the
Limpopo province in South Africa. They provide an important source of cash
income through sales of their products (milk, meat, skin etc) or the animals
themselves. Goats, also, play an important role in the social systems of the
people in Limpopo Province. For example, cattle, sheep and goats can be used
for sacrifices, feasts or in fulfilment of other societal obligations (Lehohla, 1990).
Indigenous goats are more common in the communal areas than the improved
Boer goats, which are mostly found in the commercially owned farms. These
local goat breeds constitute valuable sources of genetic material because of their
adaptation to harsh climatic conditions; their ability to better utilize the limited and
poor quality feed resources and their resistant to a range of diseases such as

pulpy kidney, gall sickness and internal parasites (Joubert & Boyazoglu, 1970)

Goats thrive well in the tropical regions due to their ability to feed on different
types of plant species, mainly browses and grasses. Due to its widespread,
Acacia nilotica is one of the important genuses in the diet of the goats
(Timberlake, 1980). During the prolonged dry season (about eight months),
Acacia species serve as a source of much needed nutrients for domestic
ruminants. The leaves, twigs and pods have fairly high concentration of proteins

(Aganga et al., 1998).





2.2 Acacia species

Acacia species dominate the dry regions of Africa (Barnes et al.,, 1996).
Ruminant livestock in many parts of Southern Africa depend on browse in the dry
season or during years of drought, because of the low nutritive value of available
grass (Sibanda, 1988). Browse species play a major role in providing feed for
ruminants in arid and semi-arid regions, particularly during the dry season when
poor quality roughage and crop residues prevail (Ahn et al., 1989). Acacia
species are an important ecological component of the bushveld vegetation found
in the Limpopo province. They are often the first trees to sprout leaves in spring
and thus serve as a valuable feed resource for livestock before the onset of the

rainy season.

Acacia trees have multiple uses: they provide food to ruminant livestock, energy
for cooking, and medicine to human beings (Le Houerou, 1980). Acacia trees
have been identified as potentially suitable protein supplements (Reed et al.,
1990). Acacia leaf supplements improve diet intake, digestibility and animal
performance (Norton, 1994). However, some Acacia species may contain anti-
nutritive factors that reduce diet intake, protein availability and dry matter
digestibility (Reed, 1986). An important group of these allelochemicals found in
tropical browse species are polyphenolics, especially tannins (proanthocyanidins

or condensed tannins and hydrolysable tannins) (Reed et al., 1990).





Acacia nilotica is one of the widespread species in the Limpopo province and has
the capacity to spread at an alarming rate. This species is found naturally in
Africa, India and Pakistan. Acacia nilotica is extensively used as a browse, timber
and as a fire wood (New, 1984). It is also used for medical purposes, for
example, barks of Acacia nilotica have been used for treating haemorrhages,
colds, diarrhea, tuberculosis and leprosy while the roots have been used as an
aphrodisiac, and the flowers also have been used for treating syphilis lesions
(New, 1984). Acacia nilotica has a higher concentration of total phenolics (As7s =
2.21) and a very small portion of these polyphenols are condensed tannins

(Kahiya et al., 2003).

2.2.1 Nutritive and feeding values of Acacia species.

The feeding value of a feed is determined by its ability to provide the nutrients
required by an animal for its maintenance, growth and reproduction. Chemical
composition and digestibility are often linked to the term feeding value, which
describes the amount and types of nutrients that an animal can derive from the
feed. Different plant and environmental factors can influence the nutritive value of
forages. The nutritive value describes the nutrients in the feed. Feeds of high
nutritive value promote high levels of production (live weight gain). Feed intake in
ruminants consuming fibrous forages is primarily determined by the level of
rumen fill, which in turn, is directly related to the rate of digestion and passage of

fibrous particles from the rumen. Voluntary consumption of feed may also be
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modified by animal preference, some feeds being eaten in smaller or larger

amounts than predicted by digestibility (Egan et al., 1986).

2.2.1.1 Protein

A significant variation in crude protein (CP) content occurs between species of
trees and shrubs and even between edible parts of the same plant. All Acacia
species in the literature reviewed had a medium to high content of crude protein
(range from 120 to 292 g/kg DM), making them a valuable source of protein for
livestock in the tropics (Table 2.1). In general, leaves are higher in crude protein
than twigs, almost twice in the case of Southern African browses. They also
contain more CP on average than other parts but the latter are found to have
high organic matter content and digestibility (Gohl, 1981). It was reported by
Minson (1990), Skerman & Riveros (1990), Barnes et al. (1995) and Mwilawa et
al. (1998) that crude protein content ranges from 26.3 to 153 g/kg DM. However,
Ngwa et al. (2000), Aganga et al. (1998), Lukhele & Van Ryssen (2003) reported

that crude protein ranges from 88 to 193.2 g/kg for different browses.

2.2.1.2 Crude Fibre

Fibre has been recognised as a required dietary ingredient for many herbivorous
animal species and is necessary for normal rumen function in ruminants (Van
Soest et al., 1991). Fibre (neutral and acid detergent fibre) has the characteristics
that describe those forage components that have low solubility in specific solvent

systems (Van Soest & Robertson, 1980).
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Table 2.1 Crude protein content (g/kg DM) of tropical Acacia species.

Species

Crude protein

Reference

Acacia nilotica
Acacia brevispica
Acacia nubica
Acacia tortilis
Acacia seyal
Acacia mellifera

Acacia karoo
Acacia seyal

Acacia tortilis
Acacia albida
Acacia nilotica
Acacia sieberiana

Acacia persiciflora
Acacia polyacantha
Acacia saligna
Acacia angustissima
Acacia angustissima
Acacia boliviana

172
213
213
172
134
194

108

206

136
143
130
127

175
281
150
260
292
161

Abdulrazak et al. (2000)

Mokoboki (2006)
Reed et al. (1990)

Tanner et al. (1990)

Kaitho et al. (1997)

Masama et al. (1997)
Larbi et al. (1998)
Maasdorp et al. (1999)

Neutral detergent fibre (NDF) is considered to be an acceptable measure of the

partially digestible cell wall contents, but this also varies in amount between

species (Table 2.2) and ranges from 154 to 619 g/kg DM (Topps, 1992). Van

Soest (1994) reported that NDF ranges from 540 to 770 g/kg DM for different

forage species. Increasing levels of NDF limits dry matter intake. Diets containing

21 % NDF from high quality forage will return more milk production and reduce

off-farm feed costs (Linn & Kuehn, 1993).
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Acid detergent fibre (ADF) is a residue after refluxing with 0.5 M sulphuric acid
and cetyltrimethylammonium bromide, and represents essentially the crude lignin
and cellulose fractions of plant material but also includes silica (McDonald et al.,
2002). Tropical legumes tend to be higher in crude lignin than temperate
legumes. The crude lignin is elevated by the presence of tannins in most tropical

legumes (Van Soest et al., 1991).

Table 2.2 Neutral (NDF) and acid detergent fiber (ADF) contents (g/kg DM) of
different Acacia species

Species NDF ADF Reference
Acacia nilotica 316 225 Reed et al. (1990)
Acacia seyal 228 172
Tanner et al. (1990)
Acacia tortilis 324 242
Acacia albida 374 279
Acacia sieberiana 370 282
Kaitho et al. (1997)
Acacia nilotica 391 282
Acacia persiciflora 525 390
Acacia polyacantha 498 300
Acacia saligna 447 302
Acacia angustissima 553 454 Larbi et al. (1998)
Acacia boliviana 585 300 Maasdorp et al. (1999)
Abdulrazak et al. (2000)
Acacia brevispica 308 210
Acacia nubica 154 114
Acacia tortilis 296 251
Acacia seyal 230 168
Acacia nilotica 312 217
Acacia mellifera 269 192

Acacia angustissima 525 386 Hove et al. (2001)
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2.2.1.3 Digestibility

Dry matter digestibility varies widely among tree and shrub species. Skarpe &
Bergstorm (1986), working in Botswana with Kalahari woody species reported a
range in digestibility from 38 to 78 %, similar to findings reported by Wilson
(1977). The digestibility of cellulose and cell walls decreases as the lignin to
cellulose or lignin to acid detergent fibre increases. The digestibility of crude
protein does not always increase with the high CP content, which characterizes
fodder trees. For example, Wilson (1977) found apparent nitrogen digestibility as
low as 14 % for Heterodendrum oleifolium containing 12.5 % CP while Atriplex
vesicaria, also with 12.5 % CP, had a nitrogen digestibility of 71.4 %. In addition,
there is no correlation between intake and digestibility; highly digestible stuff may
be poorly consumed and vice versa (Wilson, 1977). A good forage is one with
low amounts of lignin (<12 %) and ADF contents of less than 40 % (Van Soest,
1994). High lignin content reduces digestibility of forage and is sometimes used
as a negative index of nutritive value. Tannin contents of the browse may also

affect its digestibility as discussed in the next section.

2.2.1.4 Tannins

Tannins (commonly known as tannic acid) are complex water-soluble
polyphenolic compounds with a molecular weight of more than 500. They contain
sufficient hydroxyl and carboxyl to form effectively strong complexes with protein
and other macromolecules under a particular environment (Horvath, 1981). They

have the ability to precipitate proteins from aqueous solution and are present in
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many plant foods. They have a great diversity and in browse plants influence the
digestibility of available proteins. They occur almost in vascular plants. Tannins
act as chemical defense mechanism in plants against pathogens, herbivores and
hostile environmental conditions; they can exert detrimental effects in a multitude

of ways (Clausen et al., 1990).

Tannins are known as anti-nutritional protein binding secondary plant
compounds, which reduce availability of dietary proteins in the digestive system.
Tannins are divided into two major structural classes, hydrolysable tannins and
condensed tannins. Although they differ biosynthetically and chemically, they are
both phenolics and can precipitate proteins (Rickards, 1986). The total phenolics
content of some common browse species range from 1.46 to 4.4 % DM tannic

acid equivalent (Dube et al., 2001; Makgobatlou, 2004).

Hydrolysable tannins

Hydrolysable tannins are synthesized by a wide variety of plants and trees
(Kumar & Vaithiyanathan, 1990) and several of these have been used as animal
feeds (Le Houerou, 1980). They are composed of gallic acid or condensation
products of ellagic acid esterified to the hydroxyl groups of glucose (Dalzell &
Kerven, 1998). The hydroxyl groups of these carbohydrates are partially or totally
esterified with phenolic groups like gallic acid or ellagic acid. Hydrolysable
tannins are usually present in low amounts in plants. Hydrolysable tannins are

also hydrolyzed by hot water or enzymes (i.e. tannase) (Kumar & Vaithiyanathan,
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1990). They are also hydrolyzed by mild acids or mild bases to Yyield
carbohydrate and phenolic acids. Hydrolysable tannins are more likely to react
with the extracting solvent than condensed tannins. For example, methanol
cleaves the depside bonds in gallotannins at neutral pH and room temperature
(Tedder et al., 1972; Porter, 1989), but acidified methanol (pH<3) will not cleave
these bonds. Large and complex tannins are easily degraded into smaller tannins
by water or dilute acids, especially at elevated temperatures in just 30 minutes
(Beasley et al.,, 1977; Okuda et al., 1990). Water at 60 °C is likely to liberate
gallic acid from the anomeric C-1 position of glucose (Tedder et al., 1972). Water
at 100 °C may also release ellagic acid from ellagitannins (Nishimura et al.,
1986) and cleave the ether bond in the valoneoyl group (Okuda et al., 1990).
Extraction of Acacia nilotica with hot ethanol produced ethylgallate as an artifact
from catechin (Lowry et al., 1996). Fig. 2.1 shows the biosynthetic relationships
between different  hydrolysable tannins. The central compound,
pentagalloylglucose, is the starting point for many complex tannin structures.
This compound belongs to the so-called gallotannins. These consist of a central
polyol, such as glucose, which is surrounded by several gallic acid units. Further
gallic acid units can be attached through a depside bond (Fig. 2.1). The structural
variation amongst these compounds is caused by oxidative coupling of
neighbouring gallic acid units or by oxidation of aromatic rings (Nonaka, 1989;

Okuda et al., 1990).
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o

Pentagalloylglucose

ET oG

Fig. 2.1. Metabolism of gallic acid (G) in hydrolysable tannins (Self et al., 1986):

pentagalloylglucose is the precursor of gallotannins (GT) and ellagitannins (ET).

Condensed tannins

Proanthocyanidins (PAs) are more often called condensed tannins due to their
condensed chemical structure. Condensed tannins are complex phenolic
compounds which are found in a variety of browse sources (Kumar &
Vaithiyanathan, 1990), including leaves (Silanikove et al., 1994) and pods
(Silanikove et al., 1996). They are more widely distributed in browse species than
hydrolysable tannins and are considered to be more active in precipitating

proteins. They are derived from the condensation of flavanoid precursors without
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participation of enzymes (Schofield et al., 2001). Table 2.3 shows content of

condensed tannins measured in different Acacia species by different authors.

Table 2.3. Proanthocyanidins of some Acacia species.

Species Condensed tannins Reference

Balogun et al. (1998)

Acacia currassavica 4.27 %

Larbi et al. (1998)
Acacia angustissima 15.3 g/kg DM

Maasdorp et al. (1999)
Acacia boliviana 11.35 Aussonm/ g Sample

Dube et al. (2001)

Acacia karoo 2.01 Assp, g sample
Acacia nilotica 0.19 1
Acacia tortilis 147 n
Acacia senegal 0.04 u
Acacia erioloba 1.36 1
Acacia albida 1.36 1

Depending on their chemical structure and degree of polymerization, PAs may or
may not be soluble in aqueous organic solvents. They bind to proteins and are
considered as anti-nutritional compounds. Their concentration and chemical
composition changes with physical maturity of the plants (Dalzell & Shelton,
1997). The reactivity of PAs with molecules of biological significance has
important nutritional and physiological consequences. Their multiple phenolic
hydroxyl groups lead to the formation of complexes with proteins (Hagerman et

al., 1998; Harborne, 1998), with metal ions (Scalbert, 1991; Foo et al., 1997;
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Van-Acker et al., 1998) and with other macromolecules like polysaccharides

(Mueller-Harvey & McAllan, 1992).

Condensed tannins are polymers of flavanol units. The catechin monomer has
asymmetric centres at Positions 2 and 3 in Ring C (Fig. 2.2, adapted from
Schofield et al., 2001). Oxidative coupling between flavanol monomers occurs
most commonly between positions 4 and 8, but may also involve Positions 4 and
6 of the monomer (Fig. 2.3) and other positions too. Although variations in the
stereochemistry at these positions do occur in natural tannins, observations on
model compounds suggest that these variations have relatively little effect on

most of the reactions used for tannin assays (Schofield et al., 2001).

OH

R K Class

OH H Proanthocyanidin
OH OH Prodelphinidin

H H Profisetinidin

H OH  Prorobinetinidin

Fig. 2.2. The basic repeating unit in condensed tannins. If R1=R,=0H, R3=H, then
the structure is that for (-)-epicatechin. The groups at Ry and Rj3 for other
compounds are indicated below the structure. R,=0-galloyl in the catechin

gallates.
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Termmal vnit

Fig. 2.3. Model structure for condensed tannins. If R=H or OH then the structure
represents a procyanidin or prodelphinidin. The 4—6 linkage (dotted line) is an
alternative interflavan bond. The terminal unit is at the bottom of such a multi-unit

structure.

Effect of tannins on animal production

Tannins, because of their protein-binding properties, are known to be strongly
astringent. This astringency appears to be a major cause of reduced feed intake
in mammalian herbivores. There is some controversy, however, over whether
reduced food intake is a result of the nature of tannins. Singleton (1981)
considers it to be unfair to consider the effects of tannins on feed intake as
toxicity, since the result could be due to a failure to consume, rather than
consumption itself. On the other hand, Provenza et al. (1990) suggest that

mammals may reject tannin-containing plants because they cause internal
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malaise. Severe growth depression can be a result of reduced feed intake, as
has been shown to appear in rats and chicks when fed tanning-containing diets
(Fahey & Jung. 1989). When tannins complex with proteins in an animal’s gut,
they are believed to be responsible not only for growth depression, but also for
low protein digestibility and increased faecal nitrogen concentrations (Salunkhe
et al., 1990). Thus, once they have been consumed, their adverse effects seem
to be related to their binding of dietary protein. There is evidence that enzymatic
protein as well as endogenous proteins comprise a considerable portion of
excreted nitrogen when animals are fed tannins (Allredge, 1994). When
endogenous proteins are lost in this manner, the animal may incur a deficiency in

one or more essential amino acids.

The ability of tannins to form strong complexes with proteins is the most
important aspect of their anti-nutritional effects. Tannins bind with at least four
groups of proteins in the ruminant: dietary proteins, salivary proteins,
endogenous enzymes and gut microbes including microbial enzymes (Hagerman
& Butler, 1981). The effects on such as inhibition of feed intake and digestion by
ruminants are usually ascribed to their ability to bind to proteins. The strength of
the tannin-protein complexes depends on characteristics of both the tannin and
protein (Haslam, 1989). Hydrolysable tannins and condensed tannins differ in
their nutritional significance and toxic effects, but both precipitate proteins (Reed,
1995). While condensed tannins are not readily degraded in the gut, hydrolysable

tannins undergo microbial and acid hydrolysis with the release of simpler
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phenolics. These are absorbed and can cause toxicity. While condensed tannins
reduce forage quality, the hydrolysable tannins cause poisoning in animals if
sufficient quantities are consumed. McSweeney et al. (1988) found that although
sheep were sensitive to the toxicity of hydrolysable tannins present in the browse
tree Terminalia oblongata, the digestion of N, organic matter and cell wall
constituents remained unaffected. In contrast, condensed tannins have
detrimental nutritional effects such as reducing feed intake, reducing feed
digestibility and increasing faecal nitrogen excretion (Reed & Soller, 1987). On
the other hand, condensed tannins can be of benefit in the prevention of bloat
(Jones et al., 1973), in the protection of feed protein against degradation in the
rumen (Barry et al.,, 1986) and by increasing N retention (Robbins et al., 1987)

under some conditions.

In general, there is an inverse relationship between tannin concentrations in
browse sources and voluntary feed intake by herbivores (Kumar &
Vaithiyanathan, 1990). Condensed tannin contents above 3% may act as a
feeding deterrence (Provenza, 1995), influence feed degradation in the rumen
and the digestibility of the whole diet (Silanikove et al., 1997). Hence, when
tannin-rich leaves are offered as a sole feed to sheep and goats they may not
provide the maintenance requirement despite their relatively high-protein and
low-fibre contents (Silanikove, et al., 1994; Silanikove et al., 1996). They may
also reduce animal productivity in terms of weight gain, milk yield and wool

growth (Kumar & Vaithiyanathan, 1990). Silanikove et al. (1996) reported that
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tannin levels of approximately 20 % of DM drastically reduced leaf intake of
Pistacia lentiscus and goats fed such a diet were in marked negative nitrogen

balance, and lost weight very rapidly (100 g/day).

Tannins can suppress intake by reducing digestibility or by causing illness.
Tannins may bind to cell walls and cell soluble (Kumar & Vaithiyanathan, 1990;
Reed, 1995) and in the process reduce the digestion of protein and energy-rich
by-products of microbial fermentation such as volatile fatty acids (Robbins et al.,
1987). This in turn may adversely affect preference of the feed containing the
tannins. Tannins may also produce adverse postingestive effects that cannot be
accounted for by digestion inhibition alone, primarily because they cause such
rapid (within few to 60 minutes) and dramatic decreases in food intake (Provenza

et al., 1994; Silanikove et al., 1997; Landau et al., 2000). Silanikove et al. (1997)

in goats and Landau et al. (2000) in heifers have shown that feeding ruminants

with diets rich in condensed tannins was associated with lowered feed intake and
shorter duration of eating bouts, mainly of the first eating bout, immediately after

distribution of the diet.

Polyethylene glycol as a detannifying agent.

The use of Polyethylene glycol as a detannifying agent has been of success in
many studies of tannin rich forages (Pritchard et al., 1992; Barahona et al., 1997;
Miller et al., 1997; Silanikove et al., 1997; Degen et al., 1998; Ben Salem et al.,

1999). Polyethylene glycol (PEG) is an inert and unabsorbable molecule that can





23

form a stable complex with tannins, preventing the binding between tannins and
proteins (Badran & Jones, 1965). Therefore, it has been used to alleviate
negative effects of CT in sheep (Silanikove et al., 1994) and goats kept at
maintenance level (Silanikove et al., 1996). Positive responses to
supplementation with PEG including increased dry matter intake, digestibility,
wool growth and live weight gain (or reduced live weight loss) have been shown
in numerous studies involving tannin-rich species (Silanikove et al., 1994;

Silanikove et al., 1996; Barahona et al., 1997; Degen et al., 1998).

Polyethylene glycol (PEG) 4000 has the potential to neutralize negative effects of
condensed tannins. Polyethylene glycol binds to tannins and may thereby
increase the availability of certain macronutrients, particularly proteins.
Supplemental PEG 4000 can cause an increased intake of tannin-containing
plants by sheep and goats (Pritchard et al., 1988; Silanikove et al., 1994, Titus et
al., 2000). Recent results have shown that macronutrients, tannins and PEG
interacted along a continuum to affect feed intake of ruminants (Titus et al.,
2000). Collectively, these findings indicate that animals supplemented with PEG
4000 ingested more macronutrients and tannins than unsupplemented ones. On
the other hand, addition of PEG 4000 to tannin-free plants did not increase the in
vitro digestibility (Makkar et al., 1995) and in vivo digestibility (Silanikove et al.,
1996). The effects of tannins depend on the amount of proteins available in the
diet. The higher the level of proteins, the less is the effect of PEG (Makkar and

Becker, 1996). Thus, it may be concluded that the positive effects of PEG 4000
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on digestibility are related to the neutralization of the adverse effects of tannins

on ruminal degradation.

Polyethylene glycol can be ingested by animals through water (dosing), by
mixing in a small amount of concentrate or by spraying on tannin rich diets.
However, mixing with water is by far the most simple and practical method of

applying PEG (Makkar, 2003).

2.3 In vitro digestibility

In vitro methods have the advantage not only of being less expensive and less
time- consuming, but they allow one to maintain experimental conditions more
precisely than do in vivo trials (Getachew et al., 1998). Enzymatic digestibility
assays, which use enzymes, have appeared largely as a result of the increased
availability of commercially produced enzymes. The main advantage of the
enzymatic methods over the rumen fluid methods is that they do not require a

fistulated animal as an inoculum donor (Theodorou et al., 1994).

Different multipurpose trees show different amounts of in vitro enzymatic
degradability depending on the environment in which they grew (Tables 2.4 and
2.5). In vitro dry matter degradability ranges from 277 to 847 g/kg DM and
organic matter degradability ranges from 414 to 879 g/kg DM for different trees

(Tables 4 and 5). Most of these tree species are moderately to highly digestible.





Table 2.4 In vitro dry matter (DM) degradability of some multipurpose trees

Species Dry matter degradability (g/kg DM) Reference

Acacia nilotica

Calliandra calothyrsus
Sesbania sesban

Calliandra calothyrsus

Acacia tortilis
Acacia mangium
Sesbania sesban

Acacia boliviana
Calliandra calothyrsus
Leucaena leucocephala

501.93+27.71

445 - 515
691 -790

416

552
518
847

572
509
879

Madibela et al. (2006)

Akkasaeng et al. (1989)

Kaitho et al. (1993)

Shayo & Uden, (1999)

Maasdorp et al. (1999)

Table 2.5 In vitro organic matter (OM) (g/kg DM) degradability of multipurpose

trees
Species OMD Reference

Rubanza et al. (2005)
Acacia nilotica 706

Meissner. (1997)
Acacia pubescens 660

Maasdorp et al. (1999)
Acacia boliviana 572
Calliandra calothyrsus 509
Leucaena leucocephala 879

Khanal & Subba. (2001)
Melia azedarach 758
Ficus nemoralis 645
Ficus lacor 531
Litsea polyantha 546
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2.4 Summary

Goats have played an important role in the livelihood of rural people in the
Limpopo province in South Africa. Goats thrive well in the tropical regions due to
their ability to feed on different types of plant species, mainly browses and
grasses. Acacia species dominate the dry regions of Africa. Ruminant livestock in
many parts of Southern Africa depend on browse in the dry season or during

years of drought because of the low nutritive value of available grass.

Acacia species contain tannins. Tannins are considered to have both adverse
effects and beneficial effects depending on their concentration and nature. The
ability of tannins to form strong complexes with proteins has anti-nutritional
effects. When tannins complex with proteins in an animal’s gut, they are believed
to be responsible not only for growth depression, but also for low protein
digestibility and increased faecal nitrogen concentrations. Tannins are divided
into two major structural classes: hydrolysable and condensed tannins. While
condensed tannins reduce forage quality, the hydrolysable tannins cause
poisoning in animals, if large quantities are consumed. However, results have

been variable.

Polyethylene glycol 4000 has the potential to neutralize negative effects of
condensed tannins. Polyethylene glycol binds to tannins and may thereby

increase the availability of certain macronutrients, particularly proteins at the ileal
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level. Supplemental PEG 4000 can cause an increase in intake of tannin-

containing plants by sheep and goats. However, such results have been variable.
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3.1 Study site

This study was carried out at the University of Limpopo Experimental farm,
Polokwane, Limpopo province, South Africa between February and March 2005.
The ambient temperatures around this area are above 32 °C during summer and
around 25 °C or lower during the winter season. Mean annual rainfall is 446.8
mm with the dry season occurring between April and October and the rainy

season occurring between November and March.

3.2 Collection, drying and storage of plant material

The Acacia species that was used in this study was Acacia nilotica. The leaves
were harvested in July 2004. Branches of each shrub were removed manually
and placed in a shed. Leaves were allowed to air-dry on the branches and then
removed by carefully beating the branches with sticks. The leaves were then

ground and kept until feeding time.

3.3 Animals, management, diet and experimental design

Twenty yearling male indigenous Pedi goats weighing 21.3 + 0.5 kg live weight
were allocated at random to four treatments in a 2 (levels of PEG 4000) x 2
(Acacia leaf meal levels) Factorial arrangement (SAS, 2000), in a completely
randomised design. Each treatment had five replicates (animals). The four

treatments were as follows:
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HA1Po : Ad libitum Buffalo grass (Buchloe dactyloides) hay plus 80 g Acacia
nilotica leaf meal per goat per day

HA+P4 : Ad libitum Buffalo grass (Buchloe dactyloides) hay plus 80 g Acacia
nilotica leaf meal per goat per day with 23 g PEG 4000/goat/day

HA2P, : Ad libitum Buffalo grass (Buchloe dactyloides) hay plus 120 g Acacia
nilotica leaf meal per goat per day

HA2P4 : Ad libitum Buffalo grass (Buchloe dactyloides) hay plus 120 g Acacia

nilotica leaf meal per goat per day with 23 g PEG 4000 per goat per day.

The first experiment lasted for thirty seven days, with the first thirty days as a
preliminary period designed to allow goats to adjust to experimental diets and
feeding regime and the last seven days being for data collection. The animals
were housed in individual metabolic cages and given the experimental diets
during the study period. Feed intake was recorded on daily basis during the
collection period. Intake was calculated by subtracting leftovers from the feed
given. Water was offered ad libitum. The PEG 4000 was dissolved in water (23 g
PEG 4000/25 ml of water per animal per day) and the contents were given to the
animal through dosing daily at 8.00 hours (Decandia et al., 2000). Animals not
receiving PEG 4000 were dosed with 25 ml of water. The goats were weighed
prior to being changad to a new treatment and body weight changes (gain/loss)
for goats were kept. The difference between the initial and final live-weight was
used to compute live-weight change (gain/loss) for goats in each dietary

treatment.
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3.4 Faecal, urine and blood collection

During the collection period, daily output of faeces for each animal were
collected, mixed and recorded. Ten percent of the faeces were sub-sampled and
kept. All the sub-sampled faeces were pooled on animal basis, dried and kept
until required for chemical analysis. The urine was collected in plastic buckets
containing a solution of 100 ml of 10 % H>SO4 to prevent ammonia-N loss and
maintain pH below 3.0 (Chen & Gomez, 1992). A 10 % aliquot of urine was
retained daily and bulked for each goat within the collection period. Blood
samples were taken from the jugular vein just before the morning feeding on day
31 and on the last day of the experiment. Immediately after sampling, blood was

centrifuged and serum was collected and frozen at —20 °C until analysed.

3.5 Determination of enzymatic in vitro digestibility.

In vitro enzyme digestibility was determined using the method of Aufrere &
Michalet-Doreau (1988) and Tilley & Terry (1963). Air-dried samples (0.3 g) were
accurately weighed into 50 ml centrifuge tubes with screw cap in triplicate. Thirty
milliliters of 0.1 N HCL containing 0.2 % (w/v) pepsin was added and incubated in
water bath of 50 °C for 72 hours. The tubes were shaken at least three times a
day. The samples were then filtered back into crucibles and then transferred
back to the centrifuge tubes with quantitatively minimum amounts of sodium
acetate-acetic buffer containing 2.5 % (w/v) cellulose. The volumes in the tubes
were made up to 30 ml with acetic acid cellulose buffer. The tubes were then

incubated in the water bath at 50 °C for 48 hours. The tubes were shaken twice a
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day. At the end of the incubation period, the contents of the tubes were filtered
through dried and pre-weighed sintered glass crucibles. The residues were then
washed with distilled hot water. The residues were then put in an oven to be
dried overnight at 105 °C. The dried residues were analysed for dry matter,
organic matter and crude protein (AOAC, 1998), and NDF and ADF (Van Soest,
1983). Calculations were as follows:

Dry matter digestibility (%) = (DM sample-DM residues) x100
DM sample

Organic matter digestibility (%) = (OM sample- OM residue) x 100
OM sample

Crude protein digestibility (%) = (CP_sample- CP residue) x 100
CP sample

Neutral detergent fiber digestibility (%) = (NDF sample- NDF residue) x100
NDF sample

Acid detergent fiber digestibility (%) = (ADF sample- ADF residue) x 100
ADF sample

3.5 Chemical analyses

3.6.1 Dry matter determination (AOAC, 1998)

An empty crucible was placed in an oven at 100 °C for 12 hours, allowed to cool
and then weighed (WO0). About 2 g of the sample was added in the crucible,
weighed (W1) and placed in the oven at 100°C for 48 hours, the crucible with
dried contents was removed from the oven, allowed to cool and reweighed (W2).

The dry matter (DM) was calculated as follows:

DM (%) = (W2 - W0) x100
(W1 - W0)
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3.6.2 Determination of organic matter (AOAC, 1998)

An air-dried plant sample (2 g) was weighed and put into pre-weighed clean-
labeled beakers. The beakers were weighed before, using metal tong for
movement of beakers. The sample plus beaker were placed in the muffle furnace
at 550 °C overnight. The beakers were transferred to a desiccator and cooled at
room temperature. The beakers and contents were weighed as soon as possible
to prevent moisture absorption. Formula for ash (%) was as follows:

Ash weight = (Weight of beaker + ash) - (Weight of beaker)

Ash (%) = (Ash weight / sample weight) x 100

Organic matter was calculated as:

OM (%) =100 - Ash %

OM (as %DM) = (OM % / DM %) x100

3.6.3 Determination of crude protein (AOAC, 1998)

Six millilitres of urine sample was measured in a volumetric flask and then
transferred to a digestion tube. Twenty-five millilitres of concentrated sulphuric
acid and two tablets of a catalyst were added and placed in the digestion unit.
Water tubing was connected and tap water connected to the scrubber was turned
on, and the power was switched on. The tube was gently heated at first by
setting the knob at two and then, it was increased by turning the knob to six after
frothing ceased. The sample was digested until the solution was clear. The heat

was turned off and the digestion tube was put in a fumehood until cooled. The
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tube was placed in a distillation unit for further distillation. Two drops of indicator
were added in an Erlenmeyer flask for each sample and the flask was placed
under the sprout to receive ammonia. Distillation was started and when it
stopped, the Erlenmeyer flask was removed. Titration of ammonia borate with
hydrochloric acid was used to estimate the amount of nitrogen as follows:

N (%) = (ml acid titrated - ml blank titrated) x (Acid N x 0.014) x 100)
Weight of sample in grams

Crude protein (%) = N % x 6.25. therefore,

Crude protein (on % DM basis) = (CP % / DM %) x 100

3.6.4 Determination of neutral detergent fiber (NDF) (Van Soest, 1983)
Neutral detergent fibre was determined by weighing accurately 1.0 g sample that
had been ground (1 mm screen) into a digestion tube and 100 ml of neutral
detergent solution was added. Heat was reduced as boiling commenced to
prevent foaming. From onset of boiling, the mixture was refluxed for 60 minutes.
Sintered glass crucibles (porosity number 1) were weighed and placed on a
filtering apparatus (Buchner flask). Contents of digestion tubes were transferred
to crucibles and filtered with a low vacuum initially, then with a gradual increase
of the vacuum. Samples were rinsed into crucibles with a minimum of hot water.
The vacuum was shut off, residues broken up and washed with hot water
followed by two washes with acetone. The crucibles were dried at 105 °C
overnight and weighed. Recovered residues were reported as NDF. The formula
used for NDF determination was as follows:

NDF (%) = [(Weight of crucible + residue) - weight of crucible)] x 100.
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Weight of sample

NDF (on a DM basis) = [NDF % on as fed basis / DM %] x 100

3.6.5 Determination of acid detergent fiber (ADF) (Van Soest, 1983)

Acid detergent fibre was determined by weighing out accurately 1.0 g of sample
into a digestion tube; 100 ml of acid detergent solution was added and heated to
boil. From onset of boiling, the mixture was refluxed for 60 minutes. The light
solution was filtered through sintered glass crucibles (porosity number 1).
Residues were broken up carefully and washed with hot water, rinsing sides of
crucibles. Again the crucibles were washed twice with acetone and finally with
hexane. The residues were filtered and dried in an oven at 105 °C overnight. The
residues were cooled in a desiccator and weighed. The formula for ADF
determination was as follows:

ADF (%) = [(Weight of crucible + residue) - weight of crucible] x 100
Weight of sample

ADF (on a DM basis) = [ADF % on as fed basis / DM %] x 100

3.6.7 Extraction of polyphenols (Waterman and Mole, 1994)

Two-hundred-milligrams of dried plant materials were weighed in a glass beaker
of 25 ml capacity. Ten milliliters of aqueous acetone (70 %) was added and the
beaker was suspended in an ultrasonic water bath for 20 min at room
temperature (25 °C). The contents of the beaker were then transferred into

centrifuge tubes and subjected to centrifugation for 10 minutes at approximately
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300 g at 4 °C. The supernatant was then collected and kept on ice. Both the
pellets and liquid were kept in a refrigerator at 4 °C until required for analysis.
3.6.8 Determination of condensed tannins (Porter et al., 1986)

3.6.8.1 Extracted condensed tannins

A sample of 0.2 mml of tannin extract diluted with 0.3 ml of 70 % acetone was
pipetted into a 100 x 12 mm test tube and 3.0 ml of Butanol-HCL reagent and
0.1 ml of the ferric acid were added. The tubes were vortexed and then the
mouths of the tubes were covered with glass marbles and put in the heating
block at 97 to 100 °C for 60 minutes. The tubes were allowed to cool and
absorbance was recorded at 550 nm. The formula for calculating percentage of
condensed tannin as leucoanthocyanidin equivalent= (absorbance 550 nm x

78.26 x dilution factor) / (% DM).

3.6.8.2 Unextracted condensed tannins

A 0.01 g of the pellets from condensed tannins extract; 3.0 ml of the butanol-HCL
reagent and 0.1 ml of the ferric acid were added into a 100 x 12 mm glass test
tube. The tube was vortexed with the mouth of the tube covered with a glass
marble and put in the heating block adjusted at 97 to 100 °C for 60 minutes. The
tubes were cooled and absorbance was recorded at 550 nm. For the blank, 0.5
ml of the extract and 3 ml of the ferric reagent were added. The formula for
calculating percentage of condensed tannins in a gram of sample was:

(Absorbance 550 nm/weight of sample used) x (1000 mg)/ (% DM).
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3.6.9 Protein-binding capacity by filter paper assay (Dawra et al., 1988)

The extraction was done using 70 % of acetone. Whatman paper
chromatography sheet of 1 mm was cut into appropriate sizes of 60 cm x 15 cm.
The squares of approximately 3 cm were drawn using a light lead pencil on the
chromatography sheet. Different aliquots (5 to 25 ul containing tannic acid) were
applied on the sheet; each aliquot was in triplicate on three different squares.
Amounts of 50 pl of plant extract were applied on the middle of squares on the
chromatography sheet. The spots were allowed to dry and immediately bovine
serum albumin (BSA) was used to spray the paper until it was wet. The paper
was washed with acetate buffer (pH 5; 0.05 M) after 30 minutes, with three 10
minutes changes with slight shaking to remove unbound BSA. The paper was
stained with 0.2 % Ponceau S dye solution by keeping the strips dipped for 10

minutes in the stain solution.

The stained strips were washed in 0.2 % acetic acid solution until no more color
was eluted from the strips. The strips were air—dried and cut. To prepare a
corresponding blank, a chromatography sheet was stained simultaneously and
washed as described above for other samples. The colour was eluted by adding
3 ml of 0.1 N sodium hydroxide solution and vortexed, followed by addition of 0.3
ml of 10 % acetic acid solution and centrifuging for 5 minutes at approximately
2500 g. The absorbance was measured at 525 nm against the corresponding
blank. The absorbance was converted to protein content by using a standard

curve. Different concentrations of BSA (5 to 50 pl of 1 mg/ml BSA solution in the
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acetate buffer) were applied as separate spots (each concentration was in 3
replicates on a chromatography sheet and strips were cut for preparing a
standard curve. The strips were stained with dye solution for 10 minutes, washed
and the subsequent procedure was the same as for the other samples. The
calculations were done as tannic acid equivalent from the calibration curve and

expressed as mg.

3.6.10 Radial diffusion assay (Hagerman, 1987)

Acetone was used in the extract, as it does not interfere with the method. A 2.5 g
of agarose was weighed into 250 ml of the acetate buffer then boiled for
approximately 15 minutes with continuous stirring on a magnetic stirrer until
agarose dissolved. The solution was cooled to 45 °C by keeping the vessel
containing the agarose solution into a water bath set at approximately 45 °C. A
250 mg of BSA was dissolved in the agarose solution without allowing the
solution to cool. Petri dishes used were about 8.5 cm diameter. Glass pipette
with a large tip opening of 10 ml were used to dispense approximately 10 ml of
the solution into each petri plate kept on a flat surface. The bubbles were not
introduced in the plates and the solution was covering the whole surface of the
plate. When the solution hardened, the plates were covered and sealed with the
parafiim to prevent drying and cracking of the agarose layer. The plates were

stored in the fridge for 24 hours.
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The petri dishes were taken out of the refrigerator, brought to room temperature
and opened. Using a well puncher (4mm), four wells were punched far apart from
each other in the solidified agarose in petri dishes. The plugs of agarose were
removed from the petri dishes gently so that it comes along the puncher. Ten
micro liters of the extract were pipetted in each well using a micropipette. The
wells were not allowed to completely dry between successive addition of aliquots.
The petri dishes were again covered and sealed using parafiim. The plates were
placed on a horizontal platform in an incubator adjusted at 30 °C. The petri
dishes were removed after 96 hours, uncovered and the diameter of the ring

formed was measured.

3.6.11 Reaction of polyethylene glycol (PEG) 4000 with tannins (Silanikove
et al., 1994).

A stock solution containing 100 g/l PEG 4000 in a 0.5 ml buffer Tris-BASE, pH
7.1 was prepared. A working solution was prepared by mixing one part of the
stock solution and two parts of distilled water. The ratio between the plant and
sample weight were 1:15. One gram of the sample was used. The reaction was
carried out in 50 ml centrifuge tubes. After the samples had been mixed with the
working solution or distilled water (in the case of those untreated or control), the
tubes were left for 24 hours in a horizontal position, with occasional mixing. The
tubes were then centrifuged for 30 minutes at 2500 g and the supernatant was
collected. Crucibles were used for the final part. They were dried in an oven to

constant weights and then transferred into desiccators to cool down before
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weighing. A sample of 10 ml was poured into the crucible, then dried in the oven
and weighed after drying. The procedure of weighing and drying was repeated
three times after every 30 minutes and weights were recorded for each period.

This was done for both treated and untreated samples.

3.7 Statistical analyses

The effect of PEG 4000 supplementation, level of Acacia nilotica leaf meal and
their interaction on voluntary intake, in vivo digestibility, in vitro digestibility,
growth rate and blood metabolic profiles of the indigenous Pedi goats were
analyzed using GLM Procedures of SAS (2000). Mean separation was attained
through the procedure of least significant difference (LSD). Regression analysis

was used to relate in vitro digestibility to in vivo digestibility.





CHAPTER FOUR

RESULTS

41





42

Results of the nutrient composition of Acacia nilotica and Buffalo grass, Buchloe

dactyloides, hay are presented in Table 4.1. Acacia nilotica contained 120 g

crude protein per kg DM and 936 g organic matter per kg DM. It, also, contained

phenolic compounds. Buffalo grass hay contained 57 g of crude protein per kg

DM and 385 acid detergent fibre per kg DM. Buffalo grass hay contained no

traces of phenolic compounds.

Table 4.1. Diet composition of Acacia nilotica leaf meal and Buffalo grass,

Buchloe dactyloides, hay.

Hay Acacia nilotica
Dry matter (g/kg) 926 783
Organic matter (g/kg DM) 936 940
Crude protein (g/kg DM) 57 120
Neutral detergent fiber (g/kg DM) 577 500
Acid detergent fiber (g/kg DM) 385 230
Tannin contents by method of:
Total phenolics (% DM) * 0 2.04
Polyvinlvpyrolidone (% DM) 0 1.22
Radial fiffusion (mm?) 0 5.80
Extracted condensed tannins (% DM) ** 0 0.37
Unextracted condensed tannins (% DM) ** 0 1.83
Polyethylene glycol (mg/g) 0 0.48
Protein precipitation by filter paper ((ug) 0 0.47

*Percentage DM tannic acid equivalent

**Percentage DM Leucocyanidin equivalent
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Results of the effect of PEG 4000 supplementation, Acacia nilotica leaf meal
supplementation and their interaction on diet intake and digestibility in indigenous
Pedi goats fed ad libitum Buffalo grass hay are presented in Table 4.2. Daily dry
matter intakes of the diets were similar (P>0.05) across dietary treatments,
ranging from 350 to 398 grams per goat per day. Similarly, goats consumed the
same (P>0.05) amounts of organic matter, neutral detergent fibre and acid
detergent fibre contents. However, Pedi goats supplemented with 120 g of
Acacia nilotica and 23 g of PEG 4000 (HA2P+) had significantly (P<0.05) higher
crude protein intakes than those on HA1Py HA1P1 and HA,P, treatments. Goats
on HA;P, and HA4P; treatments consumed similar (P>0.05) crude protein
amounts. Similarly, goats on HA4P;y and HA4Py consumed the same (P>0.05)

amounts of crude protein.

Dry matter intake per metabolic weight were similar P>0.05) across dietary
treatments, ranging from 36 to 39 g/kg W%, Similarly, goats had the same
(P>0.05) intake per metabolic weight of organic matter, neutral detergent fibre
and acid detergent fibre contents across dietary treatments. However, Pedi goats
supplemented with 120 g of Acacia nilotica supplementation plus 23 g of PEG
4000 (HA2P+) had higher (P<0.05) crude protein intake per metabolic weight than
those on HA;Py HAP, and HAP,, treatments. Goats on HA,P, and HAP;4
treatments had similar (P>0.05) crude protein intake per metabolic weight.
Similarly, goats on HA1P1 and HA1P, had the same (P>0.05) crude protein intake

per metabolic weight.
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Table 4.2. Effect of polyethylene glycol 4000 and Acacia nilotica leaf meal
supplementation on diet intake and digestibility in indigenous
Pedi goats fed ad libitum Buffalo grass hay.

Diet S.E
HA1Pg HA P4 HAZP, HAZP
Intake (g/goat/day)
DM 365 368 372 396 7.75
OM 358 358 363 385 7.54
CP 34 36 °° 38° 41° 0.79
NDF 223 234 237 253 9.19
ADF 169 174 179 188 10.4
Intake (g/kg W)
DM 36 36 37 39 0.77
oM 36 35 36 38 0.75
CP 3.3 3.6 3.7° 4.1° 0.08
NDF 22 23 23 25 0.91
ADF 17 17 18 18 1.02
Digestibility (decimal)
DM 0.51 0.51° 0.57° 0.65° 0.01
OM 0.53 0.54 ° 0.60° 0.66 2 0.01
CP 0.68 ¢ 0.70 ™ 0.71° 0.76 ° 0.01
NDF 039 0.43 0.44 0.46 0.02
ADF 0.25 0.25 0.27 0.29 0.02
S.E : Standard error
abed : Means with different letters in the same row are significantly
different (P <0.05).
HA1Po : 80 g Acacia nilotica leaf meal per goat plus ad libitum Buffalo
grass hay without PEG 4000.
HA1P4 : 80 g Acacia nilotica leaf meal and 23 g PEG 4000 plus ad libitum
Buffalo grass hay
HA2Py : 120 g Acacia nilotica leaf meal per goat plus ad libitum Buffalo
grass hay without PEG 4000,
HALP1 : 120 g Acacia nilotica leaf meal and 23 g PEG 4000 plus ad libitum

Buffalo grass hay.

Pedi goats supplemented with 120 g of Acacia nilotica plus 23 g of PEG 4000
(HA2P1) had significantly (P<0.05) higher dry matter digestibility values than

those on HA;Py HA/P4y and HA4Py treatments. Goats on HA,P, and HAP;4
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treatments had similar (P>0.05) dry matter digestibility values. Similarly, goats on
HA+P4s and HA4Py had the same (P>0.05) dry matter digestibility values. This
trend was also observed on the organic matter digestibility. However, goats
supplemented with 120 g of Acacia nilotica leaf meal supplementation plus 23 g
of PEG 4000 (HA2P1) had higher (P<0.05) crude protein digestibility than those
on HA,Py, HA1P1 and HA4P, treatments. Goats on HA,P, and HA{P1 treatments
had similar (P>0.05) crude protein digestibility. However, goats on HA:P,
treatment had a higher (P<0.05) crude protein digestibility than those in HA{Py
treatment. Level of Acacia nilotica supplementation and 23 g of PEG 4000 did
not have significant (P>0.05) effects on the digestibility of neutral detergent and

acid detergent fibres.

Results of the effect of polyethylene glycol 4000 and Acacia nilotica leaf meal
supplementation on nitrogen balance, live weight change and blood metabolic
profiles in Pedi goats fed ad libitum Buffalo grass hay are presented in Table 4.3.
Goats supplemented with 120 g of Acacia nilotica plus 23 g of PEG 4000 (HA2P+)
had significantly (P<0.05) higher live weights than those on HA{P, HA,P4 and
HA,P, treatments. However, goats on HAxP4, HA;P, and HA¢P; treatments had
similar (P>0.05) live weights. Goats on HA{P; treatment had significantly
(P>0.05) higher live weights than those on HA:Pq treatments. Level of Acacia
nilotica supplementation plus 23 g PEG 4000 had a linear significant (P<0.05)
increase in the daily live weight change across dietary treatments, that is,

HA>P1>HA,P,>HAP1>HA.Py. However, goats supplemented with 80 g of Acacia
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nilotica leaf meal without PEG 4000 (HA4Po), lost weight rapidly. Goats
supplemented with120 g of Acacia nilotica plus 23 g of PEG 4000 (HA2P+) had a
higher (P<0.05) intake of nitrogen than those on HA;P, HA:{P{ and HA:Pg
treatments. Similarly, goats on HA;P1 and HA2P, treatments consumed the same
(P>0.05) amounts of nitrogen. However, goats on HA,P, consumed more
(P<0.05) nitrogen than those on HAP4 It was also noted that goats on HAP4
treatment had a higher (P<0.05) intake of nitrogen than those on HA:P,
treatment. Level of Acacia nilotica supplementation plus 23 g of PEG 4000 did
not have a significant effect on the nitrogen retention by the goats. Goats
supplemented with 120 g of Acacia nilotica plus 23 g of PEG 4000 (HA2P1) had
higher (P<0.05) concentrations of blood glucose than those on HA;P, HA4P{ and
HAP, treatments. However, goats on HA,P, HA+P4 and HAP, treatments had
similar (P>0.05) concentrations of blood glucose. There were linear significant
(P<0.05) increases in the blood urea concentrations across dietary treatments,

that is, HASP1>HA-Po>HAP1>HA1Po.

Results of the effect of polyethylene glycol 4000 on enzymatic in vitro digestibility
of Buffalo grass hay mixed with different levels of Acacia nilotica leaf meal are
presented in Table 4.4. In vitro dry matter digestibility (0.75) of 250 g of hay
mixed with 120 g acacia nilotica leaf meal plus 23 g of PEG 4000 (HA2P¢) was
significantly (P<0.05) higher than those of the other treatments (HA2Po HA1P4
and HA,Po). However, in vitro dry matter digestibility of 251 g hay mixed with 120

g Acacia nilotica leaf meal (0.647) without PEG 4000 (HA:P,) was higher
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(P<0.05) than that of 265 g of hay, 80 g Acacia nilotica plus 23 g PEG 4000
(HA1P1). Similarly, 265 g of hay mixed with 80 g Acacia nilotica leaf meal plus 23
g PEG 4000 (HA1P4) had the same (P>0.05) in vitro dry matter digestibility to that

of 270 g of hay mixed with 80 g Acacia nilotica leaf meal (HA{Py).

Table 4.3. Effect of polyethylene glycol 4000 and Acacia nilotica leaf meal
supplementation on nitrogen balance, live weight change and blood
metabolic profile in indigenous Pedi goats fed ad libitum Buffalo grass

hay
Diet SE
HA/P, HA/P HA.P, HALP,

Initial live weight (LWT) (kg) 21.32 21.36 21.36 21.34 0.06
Final live weight (kg) 21.22¢ 21.56 ¢ 22.66° 23.74® 0.06
Daily LWT change (g/goat/day) -14.29¢ 28.57 ¢ 42.86° 57.14° 3.19
Nitrogen intake (g/day) 5.4° 57° 6.1 6.6 2 0.13
Nitrogen retention (g/day) 3.2° 3.5 3.7 4.1° 0.12
Nitrogen retention (%) 59 61 61 62 0.85
Blood glucose (mmol/L) 1.29 1.30%° 1.30° 1.32° 0.01
Blood urea (mmol/L) 3.0° 32° 3.3° 36° 0.02
S.E : Standard error
abed : Means with different letters in the same row are significantly different

(P <0.05).
HAP, : 80 g Acacia nilotica leaf meal per goat plus ad libitum Buffalo

grass hay without PEG 4000.
HA4P4 : 80 g Acacia nilotica leaf meal and 23 g PEG 4000 plus ad libitum

Buffalo grass hay
HA.P, : 120 g Acacia nilotica leaf meal per goat plus ad libitum Buffalo

grass hay without PEG 4000,
HALP; : 120 g Acacia nilotica leaf meal and 23 g PEG 4000 plus ad libitum

Buffalo grass hay

The in vitro organic matter digestibility values were similar (P>0.05) between

HA>P; and HA,P,. However, HA2Py had a higher (P<0.05) in vitro organic matter
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digestibility than HA4P. Similarly, HA1P{ and HA{Py had the same (P>0.05) in
vitro organic matter digestibilities. There was a linear significant increase
(P<0.05) in the in vitro crude protein digestibility across dietary treatments, that is
HA2P1>HA,P,>HA1P1>HAPy. Level of Acacia nilotica plus 23 g of PEG 4000 did
not have a significant (P>0.05) effect on in vitro digestibilities of neutral detergent

and acid detergent fibres.

A series of linear regressions that predict in vivo dry matter, organic matter,
crude protein, neutral detergent fibre and acid detergent fibre digestibilities from
in vitro dry matter, organic matter, crude protein, neutral detergent fibre and acid
detergent fibre digestibilities are presented in Table 4.5. In vivo dry matter
digestibility was positively and significantly (P<0.05) correlated with in vitro

digestibility of dry matter (r=0.848), organic matter (r=0.847), crude protein
(r=0.607), neutral detergent fibre (r=0.553) and acid detergent fibre (r=0.621).
Similarly, in vivo organic matter digestibility positively and significantly (P<0.05)
correlated with in vitro digestibility of dry matter (r=0.862), organic matter
(r=0.834), crude protein (r=0.602), neutral detergent fibre (r=0.540) and acid
detergent fibre (r=0.640). In vivo crude protein digestibility was positively and
significantly (P<0.05) correlated with in vitro digestibility of dry matter (r=0.805),
organic matter (r=0.770), crude protein (r=0.765) and neutral detergent fibre
(r=0.519) and acid detergent fibre (r=0.611). In vivo neutral detergent fibre
digestibility was poorly (P>0.05) but positively correlated with in vitro digestibility

of dry matter (r=0.352), crude protein (r=0.469) and acid detergent fibre
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(r=0.491). However, in vivo neutral detergent fibre digestibility was positively
(P<0.05) and significantly correlated with in vitro digestibility of organic matter

(r=0.566) and neutral detergent fibre (r=0.522).

Table 4.4. Effect of polyethylene glycol 4000 on enzymatic in vitro digestibility
of Buffalo grass hay mixed with different levels of Acacia nilotica leaf
meal similar to the actual ratios obtained by the animals in that treatment
during the feeding trial.

Diet S.E
HAPo HA/P4 HA.P, HA,P
DM 0.50 0.56° 0.65° 0.75° 0.02
OM 0.52 0.57° 0.68 2 0.73° 0.01
CP 0.54 ¢ 0.64 ° 0.57° 0.68° 0.01
NDF 0.28 0.29 0.30 0.30 0.00
ADF 0.22 0.23 0.23 0.24 0.01
S.E : Standard error
abed : Means with different letters in the same row are significantly different
(P<0.05).
HA/Pq : 80 g Acacia nilotica leaf meal mixed with 270 g of grass hay without
PEG 4000.
HA4P4 : 80 g Acacia nilotica leaf meal mixed with 265 g of grass hay and 23 g of
PEG 4000.
HALP, : 120 g Acacia nilotica leaf meal mixed with 251 g of grass hay without
PEG 4000,
HA,P4 : 120 g Acacia nilotica leaf meal mixed with 255 g of hay and 23 g PEG
4000

In vivo acid detergent fibre digestibility was poorly but positively (P>0.05)
correlated with the in vitro digestibility of dry matter (r=0.468), crude protein

(r=0.299) and acid detergent fibre (r=0.339). However, in vivo acid detergent fibre
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digestibility was positively and significantly (P<0.05) correlated with in vitro

digestibility of organic matter (r=0.539) and neutral detergent fibre (r=0.794).

Table 4.5 Prediction of in vivo diet dry matter (DMD), organic matter (OMD),
crude protein (CPD), neutral detergent fibre (NDFD) and acid detergent
fibre (ADFD) digestibilities from in vitro dry matter (IVDMD), organic
matter (IVOMD), crude protein (IVCPD), neutral detergent fibre
(IVNDFD) and acid detergent fibre (IVADFD) digestibilities (decimal).

Factor Y-variable Formulae r P
IVDMD DMD y = 0.5001IVDMD+0.275 0.848 0.000
IVOMD DMD y = 0.667IVOMD+0.175 0.847 0.000
IVCPD DMD y = 0.667IVCPD+0.142 0.607 0.005
IVNDFD DMD y = 3.333IVNDFD-0.425 0.553 0.011
IVADFD DMD y = 5.714IVADFD-0.725 0.621 0.003
IVDMD OMD y = 0.438IVDMD+0.325 0.862 0.000
IVOMD OMD y = 0.583IVOMD+0.238 0.834 0.000
IVCPD OMD y = 0.583IVCPD+0.208 0.602 0.000
IVNDFD OMD y =2.917IVNDFD-0.278 0.540 0.014
IVADFD OMD y = 5.000IVADFD-0.550 0.640 0.002
IVDMD CPD y = 0.3001IVDMD+0.539 0.805 0.000
IVOMD CPD y = 0.400lVOMD+0.479 0.770 0.005
IVCPD CPD y = 0.399IVCPD+0.459 0.765 0.000
IVNDFD CPD y = 2.000IVNDFD+0.120 0.519 0.019
IVADFD CPD y = 3.429IVADFD-0.059 0.611 0.004
IVDMD NDFD y = 0.438IVDMD+0.150 0.352 0.128
IVOMD NDFD y = 0.583IVOMD+0.063 0.566 0.036
IVCPD NDFD y = 0.583IVCPD+0.033 0.469 0.009
IVNDFD NDFD y = 2.917IVNDFD-0.463 0.522 0.018
IVADFD NDFD y = 4.999IVADFD-0.725 0.491 0.028
IVDMD ADFD y = 0.3001IVDMD+0.120 0.468 0.038
IVOMD ADFD y = 0.4001VOMD-0.059 0.539 0.014
IVCPD ADFD y = 0.3991VCPD+0.040 0.299 0.200
IVNDFD ADFD y = 2.000IVNDFD-0.300 0.794 0.000
IVADFD ADFD y = 3.429IVADFD-0.480 0.339 0.143
r : Correlation co-efficient

P : Probability
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5.1 Discussion

Acacia nilotica leaf meal contained 120 g CP per kg DM, indicating that it has a
potential as a browse source for ruminants. It also contained high amounts of
total phenolics and low amounts of condensed tannins, both extracted and
unextracted. These values are similar to those reported by Dube et al. (2001),
Rubanza et al. (2003), and Mashamaite (2004). Most of the phenolics in Acacia
nilotica are catechin gallates (Mueller-Harvey et al., 1987), which may have anti-
nutritional effects on the animal (Makkar et al., 1995, Provenza, 1995, Silanikove

et al., 1996, Silanikove et al., 1997, Makkar, 2003).

Level of A. nilotica supplementation had no effect on daily diet DM and OM
intakes by goats. However, it had a significant effect on CP intake. Goats
supplemented with 120 g A. nilotica had higher CP intakes (3.7 g/kg W°). This
is similar to the findings of Nufiez-Hernandez et al. (1991). Ramirez et al. (1992)
reported that goats fed diets containing different levels of Acacia farnesiana
shrubs with high tannin contents (15.0 and 7.0 % DM, respectively) had the same
intakes compared with goats fed on alfalfa diet only. However, Holechek et al.
(1990), using goats found that diets containing browse species high in tannin
compounds resulted in reduced intakes compared to diets with low levels of
these substances. Reduction in intakes is ascribed to the reduction in digestibility

due to the formation of tannin-protein complexes (Makkar, 2003)
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Polyethylene glycol 4000 supplementation did not improve diet OM, NDF and CP
intakes by goats. Similarly, it did not increase CP intake by goats on 80 g of A.
nilotica leaf meal supplementation. However, PEG 4000 supplementation
increased diet CP intake where goats were supplemented with 120 g of A.
nilotica leaf meal. This increase in CP intake due to PEG supplementation is
similar to results reported elsewhere (Barry et al., 1986; Ben Salem et al., 1996;
Silanikove et al., 1996). This increase in CP intake is ascribed to improvement in

diet digestibility (Makkar et al., 1995; Reed, 1995; Makkar, 2003).

Level of A. nilotica leaf meal supplementation affected diet OM and CP
digestibilities. Increasing the level of A. nilotica to 120 g resulted in higher diet
OM and CP digestibilities when compared to 80 g supplementation. Results from
the literature regarding the digestibility of tanniniferous browse species in
ruminants are conflicting. Holechek et al. (1990), using goats, found that diets
containing browse high in tannin compounds resulted in reduced digestibility
compared to diets with low levels of these substances. Nastis & Malechek (1981)
reported that the inclusion of increasing amounts of immature Quercus gambelliin
in alfalfa-based diets reduced DM digestibility compared to diets of alfalfa hay
when both were fed to goats. In contrast, Nufiez-Hernandez et al. (1991)
reported that a J. monosperma diet fed to Angora goats resulted in a higher
digestibility than alfalfa diet only. These results suggest that a high tannin diet
does not always depress digestibility in ruminants. Usually, tannins bind with

proteins, carbohydrates and minerals and dramatically inhibit digestive and
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absorptive processes in the gastro-intestinal tract of animals (Kumar & Singh,
1984; Makkar, 2003). However, rumen microbes are capable of degrading some

tannins (Makkar, 2003).

Supplementation with 23 g of PEG 4000 increased diet OM and CP
digestibilities. This is consistent with earlier studies showing increases in OM and
CP digestibilities of tannin-rich diets as a consequence of PEG supplementation
(Barry et al., 1986; Ben Salem et al., 1996; Silanikove et al., 1996). This increase
in digestibility may be ascribed to an improvement of rumen fermentation due to
PEG 4000 supplementation. Tannins, particularly condensed tannins, bind to
dietary constituents, intestinal enzymes and bacteria (Kumar and Vaithiyanathan,
1990; Makkar, 2003; Makkar et al., 1995; Silanikove et al., 1996), and may
thereby decrease the availability of dietary constituents, particularly proteins.
Polyethylene glycol 4000 binds with tannins, and may thus increase the
availability of proteins for digestibility. In the intestines, PEG 4000 may prevent
tannins from binding to intestinal enzymes (Bauman et al., 1971; Makkar, 2003),
thus supplemental PEG 4000 can cause increased digestibility of tannin-rich

diets.

Level of Acacia nilotica leaf meal supplementation and PEG 4000
supplementation improved daily live weight gains and final live weights of the
goats. The higher live weights and final live weights might be a result of, mainly,

the increased protein digestibility when PEG 4000 was supplemented. Some
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increases in nitrogen retention due to higher levels of A. nilotica leaf meal
supplementation might have also contributed to improvements in live weight
gains and final live weights. The present results are similar to earlier reports
(Barry et al., 1986; Bhatta et al., 2002; Makkar, 2003). However, data on body
weight change and subsequently LWT in each of the treatments may reflect
changes in rumen fill as much as changes occurring in body tissues and
therefore should be treated with caution. The goats were on a short duration and
may not reflect the level of performance, the feed might support if fed for a long

time.

Polyethylene glycol 4000 supplementation did not have any effect on nitrogen
retention. This is contrary to the results of Barry et al. (1986) and Nunez-
Hernandez et al. (1991), which indicated an increase in nitrogen retention due to
PEG 4000 supplementation. Similarly, Ben Salem et al. (2002) showed that PEG
supplementation increased nitrogen retention in sheep fed a diet based on

Acacia cyanophylla.

Level of A. nilotica leaf meal supplementation and PEG 4000 supplementation
significantly increased blood urea. This is similar to the results of Ben Salem et
al. (2002) who found an increase of urea levels in the blood of sheep given
Acacia cyanophylla and PEG-containing concentrate. Similarly, Ben Salem et al.
(2005) reported an increase of serum urea concentrations in the blood when 10 g

of PEG was supplemented to neutralize the tannins in Quercus coccifera in
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goats. These authors ascribed this to an increase in diet digestibility. The
addition of PEG is expected to release proteins from tannin—protein complexes
(Hagerman & Butler, 1981; Makkar, 2003). Increased serum urea would, thus,

suggest increased absorption of amino acids (Silanikove et al., 1996)

Polyethylene glycol 4000 supplementation did not affect NDF and ADF digestion.
Similar effects were reported by Barahona et al. (1997) when sheep were given
tropical legumes with high concentration of tannins with and without PEG 4000.
Similarly, Bhatta et al. (2002) reported similar digestibility values for Prosopis
cineria alone or supplemented with PEG 6000. The explanation is that tannins
and tannin-protein complexes appear as NDF or ADF in faeces, thus
compromising NDF and ADF digestibilties (Makkar et al., 1995). However, Barry
et al. (1986) and Silanikove et al. (1996) reported an increase in fibre digestibility
of tannin-rich diets as a consequence of PEG supplementation. Silanikove et al.
(1996) reported a negative NDF digestibility in goats fed on Pistacia foliage. They

attributed this to the tannin-protein complexes as artefacts in faeces.

In vitro degradation studies showed positive responses to the incubation of the
tannin-containing feed samples with tannin-binding PEG 4000 in comparison to
non-treated samples. This is similar to the findings of Barroga et al. (1995),

Makkar et al. (1995) and Silanikove et al. (1996).

Correlation analysis provides a measure of the degree of association between

variables. In the present study, correlation analyses were used to establish
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relationship between in vitro and in vivo digestibility in goats on poor hay
supplemented with A. nilotica and PEG 4000. These results show that in vitro
diet DM, OM and CP digestibilities have good capacity to predict in vivo diet DM,
OM and CP digestibilities. It is, thus, possible to formulate rations involving
different proportions of hay, A. nilotica leaf meal and PEG 4000, determine their
in vitro digestibility values, and predict from these values in vivo digestibility in

goats. No similar study was found in the literature for comparison.

However, correlation coefficients between in vitro and in vivo NDF and ADF were
generally low. This was expected. It can be seen from Table 4.5 that in vitro NDF
and ADF digestibilitities gave little or no indication of improvement due to PEG
4000 supplementation. This may be expected as tannins and tannin-protein
complexes may appear as neutral detergent insoluble nitrogen, and, therefore,
will apparently increase the contents of NDF and ADF in faecal samples (Makkar

et al., 1995; Silanikove et al., 1996)

5.2 Conclusions
Acacia nilotica leaf meal contained 120 g CP per kg DM, indicating that it has
potential as a browse source for ruminants. However, it also contained high

amounts of tannins, which can impede intake and digestion in ruminant animals.

Polyethylene glycol 4000 supplementation increased diet CP intake by goats

supplemented with 120 g of A. nilotica leaf meal when compared to 80 g A.
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nilotica leaf meal. Supplementation with 23 g of PEG 4000 increased diet OM
and CP digestibilities by goats. However, level of Acacia nilotica supplementation
plus PEG 4000 supplementation did not affect NDF and ADF digestibilities. Level
of Acacia nilotica supplementation plus PEG 4000 supplementation increased

blood urea, daily live weight gains and final live weights of the goats.

Level of Acacia nilotica leaf meal supplementation plus 23 g PEG
supplementation increased in vitro diet DM, OM and CP digestibilities where 120
g Acacia nilotica leaf meal was supplemented. Supplementation with 23 g PEG
4000 also increased in vitro diet CP digestibility where 80 g Acacia nilotica leaf
meal was supplemented. However, level of A. nilotica supplementation plus PEG

4000 supplementation did not increase in vitro NDF and ADF digestibilities.

In vitro diet dry matter, organic matter and crude protein digestibilities have a
good capacity to predict in vivo diet DM, OM and CP digestibilities. However, the
correlation coefficients between in vitro and in vivo NDF and ADF were generally

low.

5.3 Recommendations

Polyethylene glycol has potential as supplement to ruminants on diets rich in
tannins. Such diets are common among grazing goats and cattle in Limpopo
province. However, the effects of season and moisture limitations on tannin

contents in Acacia species are not clear. It is, therefore, recommended that more
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studies be done to determine the effects of PEG 4000 supplementation on

productivity of ruminants grazing acacia browse during different seasons.
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