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1. I ntroduction

Harsh climatic conditions prevail in many parts tbé world. Consequently livestock is
subjected to chronic feed shortages and animalugted(e.g. meat, milk and wool) are
produced at considerably lower levels than the gepetential of the ruminant animals (Ben
Salemet al., 2002c). According to De Waadl al. (2006) the cladodes of spiny and spineless
cactus peargJpuntia spp.) are used as feed for livestock during teguent periods of food
shortages or droughts in many arid and semi-agbns. Spineless cactus pears are valued
by many farmers because of their drought resistamcg biomass yield, palatability and
adaptability to a range of soils and climatic regi¢Batistaet al., 2003; Zeeman, 2005; De
Waal et al., 2006; Gebremariart al., 2006). It has been referred to as “camels ofpthat
world”, “nature’s fodder bank” and “living foddemabhks” (De Kock, 1980; Ben Saleehal.,
2002a; Tegegne, 2002a). The spineless cactus psax kiery high water content and when
fed to animals little, if any, additional drinkingater is needed for long periods.

According to Anaya-Pérez (2001) there are 377 sgeaf the genupuntia of the
Cactaceae family and are calledpal. The name “Opuntia” comes from an ancient Greek
village in the region of Leocrid, Beoci@pus or Opuntia. The genu®puntia includes 11
subgenera, namelPpuntia, Consolea, Austrocylindropuntia, Brasiliopuntia, Corynopuntia,
Cylindropuntia, Grusonia, Marenopuntia, Nopalea, Senopuntia and Tephrocactus
(Scheinvar, 1995; Reynolds & Arias, 2001).

According to Sirohiet al. (1997) theOpuntia genus appears to have its centre of genetic
diversity in Mexico where it is widely used as fgea fruit and vegetables (“nopalitos”).
Nopalitos are young green cladodes (stem-like a¥glnown as vegetables of less than one
month of age, and are widely used in traditionakMan cooking (Brutsch & Zimmermann,
1993; Anaya-Pérez, 2001; Saestal., 2004; Zeeman, 2005). According to Barbera (1995)

consumption of nopalitos is exclusive to Mexico.

Along with maize Zea mays) and agave Agave spp.), Opuntias are among the oldest
cultivated plants in Mexico (Anaya-Pérez, 2001; iRegs & Arias, 2001). According to
Barbera (1995) and Zeeman (2005), the presenc®paftia in South Africa was first
reported in 1772, but it is possible that the plaas introduced at an earlier sta@puntia



ficus-indica is believed to have been introduced to South Afatleast 250 years ago and, at
the end of the 18 century and in the earlier part of the™@entury, it had invaded an
estimated 900 000 ha of natural pastures, mainlythe Eastern Cape (Brutsch &
Zimmermann, 1995). There is evidence that onlyedpss forms were introduced to South
Africa, and they reverted back to the original gpiorm over a period of nearly 200 years.
The reason may be that plants with smooth paddddks) are utilized by animals and do not
survive in the wild (Mondragén-Jacobo & Pérez-Gdeza2001; Le Houérou, 2002).

In contrast with its traditional utilization as auit and vegetable plant in Mexic@puntia
entered the wider international scene as a fodagr @ondragon-Jacobo & Pérez-Gonzales,
2001). According to Anaya-Pérez (2001), this happemm the early 1600's with the
introduction of cattle in the northern arid and seand zones during the Spanish Colonial
Period and post-independence with the consequeietdin of grasslands. This situation
forced stockman to cuDpuntia cladodes and burn off (singe) the thorns to feedhe

livestock on pastures.

In times of droughOpuntia acts as a life saving crop for both humans anchalsi (Reynolds

& Arias, 2001). Since it grows in degraded landsitmportant because of its abundance in
areas where few other crops can grow. AccordingRéynolds and Arias (2001) and
Gebremarianet al. (2006), it is estimated that 900 000 ha are wadd under cultivation
with Opuntia for forage production. Some species are natuhlzeeds in countries such as
South Africa and Australia, where the environmegtaiditions are particularly favourable.
However, according to De Kock (1980) and Reynoldsl &rias (2001), problems of
developed countries are not necessarily the santkoas of less developed countries, and
what may be considered a weed in one country manbmportant economic source of food

in another.

According to Noble (1995) most species of plant® {® 93%) are & plants, whose first
photosynthetic product is a 3-carbon compound. @blyut 1% of plant species arg [@ants
(their first photosynthetic product is a 4-carborgamic acid). Such species are quite
important ecologically and agronomically and in@adsugar caneséccharum officinarum),
sorghum $orghum bicolor), maize or corn4ea mays) and many wild tropical grasses. In

comparison with ¢ as well as gcrops [such as alfalfa or lucerndddicago sativa), rice



(Oryza sativa) and wheatTriticum vulgare)], Crassulacean Acid Metabolism (CAM) plants

such afpuntia are generally viewed as very slow growers (Nob@95; Zeeman, 2005).

The evolution of members dpuntia in arid and semi-arid environments has led to the
development of adaptive anatomical, morphologieald physiological traits, as well as
particular plant structures, in which water is thain factor limiting the development of most
plant species (Reynolds & Arias, 2001). Notable agnthese adaptations are asynchronous
reproduction and CAM, which combined with structusalaptations such as succulence,
enables this plant to reach acceptable productiewgls even in years of severe drought
(Reynolds & Arias, 2001). Most plants have daytstematal opening so that carbon dioxide
(CO,) uptake occurs concomitantly with photosynthegiBich uses the energy of light to
incorporate CQ@ from the atmosphere into a carbohydrate. Planth s Opuntia ficus-
indica have nocturnal stomatal opening, so net @Q@take and water loss occur during the
cooler part of the 24 hour cycle. This is the keyvater conservation by CAM plants (Nobel,
1995; Nefzaoui & Ben Salem, 2002). The CAM plarggeswater during the photosynthetic
process (Mondragon-Jacobial., 2001; Snyman, 2004) and tend to loose only 2808 as

much water compared ta; ©r G, plants for a given degree of stomatal opening.

Opuntia is characterized by a shallow, fleshy root sys{eme roots), with horizontal roots
spreading (4 to 8 m) at a mean depth of about I¥tom to accumulate minerals from the
upper part of the soil (Sudzuki Hills, 1995; Tegegr2001; Ben Salenet al., 2002c;
Nefzaoui & Ben Salem, 2002; Snyman, 2006). It aamfnew roots within a few hours of
wetting of a dry soil and disappear as soon assthedries out. This facilitates a quick
response to light rainfall (Snyman, 2004). Accogdio De Kock (1980) and Snyman (2006)
the roots also have the ability to withdraw waterni the soil at a stage when other crops falil

to do so.

Opuntia is particularly attractive as a feed becausesotfticiency of converting water to dry
matter (DM) (Tegegne, 2001). Biomass productionpet of water used b@puntia is on
average three times higher than fof @ants and five times higher than fog @lants
(Reynolds & Arias, 2001). Furthermore, Noble (20Gliggested that a useful index to
express benefit.cost for gas exchange by plarntseisvater-use efficiency (WUE); the ratio
of CQO, fixed by photosynthesis to water lost by trandmra According to De Kock (1980)
and Azécar (2001), the WUE @puntia is 267 kg HO used per kg DM produced. This



value shows thaDpuntia is 1.14 times more efficient thaktriplex nummularia, 2.8 times
more efficient than wheat, 3.75 and 7.5 times neffecient than lucerne and rangeland

vegetation, respectively.

In terms of area and available water, three to foaurof spineless cactus can be planted
compared to each ha of lucerne. According to DekK@®80) the question thus arises
whether it is not more advantageous for the stecknér in arid regions to use his limited
supply of water more efficiently to irrigate spiaes$ cactus rather than, with the same amount

of water, a smaller area of lucerne.

The Cactaceae family is characterized by the prmluof a hydrocolloid commonly known
as mucilage (Sepulvedtal., 2007) and is part of the dietary fibre. Furtherey Saenet al.
(2004) stated that it constitutes an importanttioacof Opuntia ficus-indica cladodes and
varies between 90 to 190 g/kg DM. According to Meizi and Ben Salem (2002) it is
generally believed that the function of mucilagetashelp retain water inside the cactus.
Mucilage is a complex polymeric substance of caydodte nature and belongs to the
polysaccharides group, namely the heteroglycansD@vald et al., 2002). Mucilage is
composed of several chemical components that arstaat to the digestive enzymes of the
digestive tract: among these components are csflulbemicellulose, pectin, lignin, and
gums. However, according to McDona#l al. (2002) mucilage is almost completely
indigestible by non-ruminant animals but can bekbrodown by the microbial population of

the rumen.

This hydrocolloid, mucilage, presents a great ciypado imbibe water (Saenet al., 2004)
and the distinct concern when feeding spinelessusagear cladodes to ruminants is the
production of very wet faeces (De Wathl., 2006). According to De Waat al. (2006) the
wetter faeces produced on diets containing surddri@adodes is reminiscent of diarrhoea,
presumably caused by the high water holding capathe wet faeces produced from diets
containing dried cladodes may maRpuntia less attractive as a feed source, especially when
animals are confined to kraals or feedlots on peedOpuntia diets. According to De Kock
(1980) and De Waad al. (2006) this wet faeces is not a disease symptahapparently has

no direct detrimental effect on the animal.



The capacity to produce new cladodes and to reapyviekly from pruning by sprouting new
cladodes is an important feature @puntia ensuring high sustainable fodder production
(Mondragdn-Jacobo & Pérez-Gonzales, 2001). A vesldedOpuntia orchard planted with

2 500 plants/ha can produce more than 100 tontea thie §' year of planting. If densities
are increased up to 40 000 plants/ha on fertiles s@ith intensive management practices,
such as irrigation and fertilization, yields maych 400 t/ha (Lopez-Garcet al., 2001).
Areas with mean summer rains of 300 to 600 mm afficent to ensure high yields and

regular fruit development (Inglese, 1995).

Nobel (2001) explained that the four highest yieddC; crops have an average productivity
of 38 ton/hal/year and the four highest yieldingctps averages 56 ton/hal/year. Of greater
importance for forage production in arid and serd-@egions is the biomass productivity
when rainfall is severely limiting. Under such cingstances the advantages of CAM become
apparent for water conservation, as agavesQpunitias produce more biomass per unit land
area than do £and G plants under the same conditions (Felker, 199§iebeet al., 1995;
Nobel, 2001).

According to Barbera (1995), Ingleseal. (1995) and Snyman (2006) the general view that
cactus pear needs a low input to give high yiebigehbeen very misleading, to the extent that
very limited scientific information is available tarmers and the importance of appropriate

orchard management has been largely neglected.

The most common feed sources to complen@mintia as a feed are lucerne (fresh or as
hay), sorghum stover, maize meal, cotton meal, whed oat straw as well as sugar cane
stalks or bagasse. However, due to the high cdstsost feeds, the demand f@puntia is
increasing (Lopez-Garcia al., 2001). Unlike hay when it is stored in a barm;taa on the
field does not deteriorate in quality with stordgelker, 2001). Another method of storage is

to ensileOpuntia cladodes (Nefzaoui & Ben Salem, 2001).

The low DM content is not an impediment fOpuntia to be considered a good fodder, but its
water content makes handling difficult and expemshtarvesting a large amount ©puntia
and storing it near the trough before providingpismall batches to livestock could solve the
problem (Cordeiro dos Santos & Gonzaga de Albiquerg001), but only for a short period

before the cladodes will start rotting. The samebf@m persists when transporting fresh



Opuntia cladodes over long distances (Felker, 1995). Tdrg tigh water content of about
850 g/kg fresh cladodes makes transporting prownéht expensive. Therefore, an important
challenge is to dry a large volume of cladodesc#ifely enabling it to be transported to
where it is needed as livestock feed. A practicgindg method will also enable farmers with
small cactus pear orchards to store pruned and dréerial as a feed for their livestock (De
Waalet al., 2006).

The effects ofOpuntia on the voluntary feed intake and digestion by $mahinants have
been studied (Nefzaowat al., 1993; Ben Salenet al., 1996; Ben Salenat al., 2002a,b,d;
McMillan et al., 2002; Murillo et al., 2002; Tegegne, 2002a,b; Batistaal., 2003; Ben
Salemet al., 2004; Zeeman, 2005; Gebremarianal., 2006). But, according to Tegegee
al. (2005a,b) and Gebremariaanal. (2006), cactus pear is given limited researatnditin in
spite of its wide and common use as forage for mamis. Thus, data on its nutritive value
and digestibility is limited. However, there is neference concerning its effects on animal
products and particularly meat quality (Adi al., 2006). Studies have indicated that the
digestibility of Opuntia cladodes is comparable with high quality hay andariable in its
nutritive value (Sirohit al., 1997; Azocar, 2001; Felker, 2001; Zeeman, 200Sra et al.,
2006). It should be noted th@puntia is not a balanced feed and should rather be ceresid
as a cheap source of energy (Nefzaoui & Ben S&601,; Tegegnet al., 2005b).

The utilization of spineless cactus will differ imeten farms according to circumstances, such
as available labour, facilities, and the volumespiheless cactus available as feed (De Kock,
1980; Nefzaoui & Ben Salem, 2001, 2002). It is eftecommended to ug@puntia for
feeding livestock by grazing cladodessitu (very low cost management with the grass layer
between the shrubs available for grazing livestaokgutting harvested cladodes into small
pieces or strips (with adapted machinery or magualth knives; Cordeiro dos Santos &
Gonzaga de Albiquerque, 2001; Lépez-Gastial., 2001) and feeding them in a confined
area. De Kock (1980; 2001) and Nefzaoui and Berr$g2001) suggested that chaffed
spineless cactus pads can be dried on any sugabi@gce and then ground in a hammer mill
through a 6 mm sieve. In the form of a coarse nthalspineless cactus material is not only
ingested better, but is also easier to store. Alyupf processed spineless cactus can thus be
stored for use during droughts.



The spineless cactus pear fruit industry in SoufticA has increased considerably in recent
years (Zeeman, 2005). Large quantities of fruits exported annually and this means that
large quantities of fresh cladodes also come availahen the plants are pruned to stimulate
fruit production (Zeeman, 2005; De Walal., 2006). These pruned fresh cladodes are to a
large extent considered as waste material. Accgrdin Zeeman (2005) this creates the
prospect of utilizing the large quantities of planaterial that is yielded annually as a feed
source for livestock. Most farmers who produce slgiss cactus pear fruits feed some of the
pruned fresh material to their livestock or turiniio silage. Since most of these farmers are
not primarily livestock farmers, they do not keepoegh livestock to utilize such large
volumes of fresh plant material in a short peribtirae. If not, large volumes of pruned fresh
cladodes that could have been utilized more effityeas livestock feed, are simply chopped
slightly and left in the orchards to decay (Zeen2i(5).

Lucerne is a popular ingredient in ruminant diei§ i may be expensive because of its high
demand, notably during periods of drought. Henceerdan (2005) proposed that, if
substantial quantities of dried and coarsely gro@muintia cladodes can be included in
ruminant diets without detrimental effect on aninmbduction and performance, the
substitution of lucerne in these diets with dried aoarsely groun@puntia as an alternative

feed source (considered a waste product by sona)tunn it into a valuable livestock feed.

Zeeman (2005) included incremental levels (0, 12240) and 360 g/kg) of sun-dried and
coarsely groundDpuntia cladodes in sheep diets to determine live weigtih,gvoluntary

feed intake, water excreted in urine and faecgsar@nt digestibility and rumen fermentation
variables. Sheep live weight gain was measured @period of 19 days (commensurate with
a feed intake and digestibility trial). This periofl 19 days was considered too short to
determine effects of th®puntia inclusion in diets on live weight changes. Therefdhis

follow up study was designed to evaluate the valynteed intake and live weight gain of
sheep over a longer experimental period of 70 day$ also evaluate the effects on the

carcass characteristics of sheep.

The objective of this study was to evaluate theafbf the incremental inclusion of sun-
dried and coarsely groun@puntia ficus-indica cladodes in balanced sheep diets as partial
substitution of coarsely ground lucerne hay on lweight gain, voluntary feed intake,

apparent digestibility of diets, and carcass chargstics.



Therefore, it was hypothesised that inclusion ofi-duied and coarsely groun@puntia
cladodes would not affect food intake, digestipiland performance of young Dorper

wethers.



2. Materials and M ethods

Cladodes of the spineless cactus peépuntia ficus-indica var. Algerian were used in this

study and will be referred to in an abbreviatedf@sOpuntia cladodes.

2.1 Drying and processing of Opuntia cladodes

The Opuntia ficus-indica var. Algerian cladodes used in this study (2006yemaroduced
during the preceding growing seasons of 2004/5 20@b/6. The fruit producin@puntia
orchard is located on the farm Waterkloof, appraatigly 20 km West of Bloemfontein in the
Free State Province, South Africa. The fr&guntia cladodes were transported within a few
hours from being pruned to the campus of the Usitierof the Free State for further
processing. The dry matter (DM) content of untia cladodes was assumed to be about
100 to 150 g/kg fresh cladodes (Sirehal., 1997; Ben Salerat al., 2002a; Attiet al., 2006).

It was estimated that about 800 kg DM of coarsebugd Opuntia cladodes was needed for
the trial, thus 8 000 to 9 000 kg of fresh cladodese harvested.

Following the procedures described by Zeeman (2a688)freshOpuntia cladodes were cut
lengthwise by hand into strips of approximatelytd®5 mm using a single-machete fixed to
a flat wooden surface (Figure 2.1; Plate 1). Thektless of the strips was in line with the
proposal by Felker (1995) th@puntia cladodes must be cut into strips of approximatély 2
to 30 mm. The cladode strips were dried on coredyainc roofs of buildings in direct
sunlight (Figure 2.1; Plate 2). The cladode stwese spread as evenly as possible and turned
over frequently by using a hay fork to prevent ta@ping of the cladode strips and
consequently, moulding or rotting in places whene crculation and maximum direct

sunlight were restricted (Zeeman, 2005).

During sunny days with a mean temperature of 30%€C aslight breeze, the cladode strips
were sufficiently dry within four to seven dayshie ground through a hammer mill. Zeeman
(2005) dried theépuntia cladode strips in the sun by placing them nextacheother in a

single layer on wire mesh racks about 700 mm off ghound. Some space was allowed

between strips to enhance air movement aroundoitdimote faster drying.



Plate 1:

Plate 2;

Plate 3:

Figure2.1

A single-machete cutter to cOpuntia cladodes lengthwise in strips.

Opuntia cladodes cut into 15 to 25 mm strips and dryinghe sun on

corrugated zinc roof.

Sun-driedOpuntia cladode strips coarsely ground through a 20 mnesiev

lllustrations of the single-machete cutter andcpesedDpuntia cladodes.

10



After a week of storage before being cut into strifme cladodes were slightly dehydrated
and dried faster in the sun (Zeeman, 2005). Wherclidodes are stored for longer periods
than a week, especially when stacked in a heagl#édedes start rotting (the parts that were
bruised started to rot very fast) and those pat® to be discarded.

After the partially driedOpuntia strips reached a DM content of between 700 to 8kQ, g
they were collected and ground in a hammer mipdes through a 20 mm sieve (Figure 2.1;
Plate 3). Several authors (De Kock, 1980, 2001 zat&ii & Ben Salem, 2001) proposed that
the dried cladode strips should be ground throughram sieve. Experience showed that
dried Opuntia strips tend to clog up the hammer mill during gneding process. Even with
the 20 mm sieve sticky juices were extruded. #uspected that the mucilage in theuntia
cladodes creates the sticky juice paste in thesebamground cladodes. This sticky juice

required that the hammer mill be opened and cleeggalarly.

The coarsely ground and partially dried materia$ wread out again indoors on a dry, clean
cement floor. The material was turned frequentlpitevent moulding and help facilitate the
drying process. The increased surface area of ahaesely ground cladodes promoted the
drying process even more. Some of @mntia cladode strips passed unaffected through the
20 mm openings in the sieve of the hammer mill.sEhgieces were picked out by hand and
ground again with a new batch to produce a moredgemous material (Zeeman, 2005).
Overcast and rainy weather conditions prevailedindgua short spell and th®puntia
cladodes affected at the time were dried withieehto four days in a force draught oven at
65°C.

2.2 Experimental diets

The treatments were designed according to thenmam&al inclusion of 0, 240 and 360 g/kg
of sun-dried and coarsely grou@puntia cladodes in three balanced diets designated TO,
T24 and T36, respectively. The composition of thee¢ treatment diets is presented in

Table 2.1.

The rationale for omitting a fourth treatment, ngnteesatment diet T12 as used in the study

by Zeeman (2005), was that 120 g/kg inclusio®pfintia cladodes, in comparison with TO,

11



did not have a significant affect on feed and wateake, apparent diet digestibility or live

weight gain of the young Dorper wethers.

Table2.1 Air-dry composition of the three treatment dietghwincremental inclusion

levels of sun-dried and coarsely groudplntia cladodes

Treatment groups

Feed ingredient (kg) TO T24 T36
Coarsely groun®puntia cladodes 0 240 360
Coarsely ground lucerne hay 660 410 285
Yellow maize meal 300 300 300
Feed grade urea 0 10 15
Molasses meal (Calori 3000) 40 40 40

“Inclusion levels of coarsely grou@puntia cladodes: TO — 0%; T24 — 24%; T36 — 36%

Similar to the procedures followed by Zeeman (20@bg lucerne hay was also ground
through the same 20 mm sieve. Yellow maize mealasses meal (Calori 3000) and feed
grade urea were included in the physical form iniclwhthese feeds are commercially
available. The yellow maize meal and molasses megt included at constant levels in the
three treatment diets (Table 2.1). As @puntia cladodes were incrementally increased from
0 to 360 g/kg in the experimental diets, lucerng Was decreased from 660 to 285 g/kg as
fed. The crude protein (CP) content was expectetbtoease aSpuntia inclusion increased,
because the CP content ©puntia is less than that of lucerne hay (77 compared8tb d
CP/kg DM). Therefore, in accordance with the praced set by Zeeman (2005), the CP
content of the diets was balanced iso-nitrogengughé inclusion of feed grade urea in the
treatments that contain€puntia cladodes.

The treatment diets were mixed indoors with a garsigade on a dry, clean cement floor.
The coarsely ground lucerne hay was spread ev@ilgywed by coarsely groun@puntia
material, maize meal, molasses meal and lastly fpade urea. Thorough mixing was
ensured by spreading the larger quantities andseodeed ingredients, namely t@puntia
material and lucerne hay, at the bottom and diginly the smaller quantities of finer feed
ingredients, namely the feed grade urea, maize maoldsses meal, evenly on top before
mixing. After mixing, the three treatment diets watored in clean bags.
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2.3 Experimental sheep

Twenty-eight young Dorper wethers with a mean bedjght of 33.90 + 2.98 kg were used
in the trial. The wethers were stratified accordimdpody weight and then randomly allocated
to the three treatments. Three weeks before thecommenced the wethers were treated for

internal parasites and vaccinated for Pulpy kidney.
24  Trial design

The trial commenced on 6 June 2006 and ended oAutst 2006. The trial period

consisted of one week of adaptation followed bgéhCycles (Block A: Cycle 1 — week 2 to
4, Cycle 2 —week 5 to 7, Cycle 3 — week 8 to 1ocB B: Cycle 1 — week 1 to 3, Cycle 2 —
week 4 to 6, Cycle 3 — week 7 to 9) that ran comtsegly (Figure 2.2).

Trial period (weeks)
1 2 3 4 5 6 7 8 9 10

Figure2.2  Schematic illustration of the Fully Randomized é&lalesign.

Block A
Block B

The trial was designed as a Fully Randomized Blgaegure 2.2) with two identical blocks,
each being a replica with all treatments presemlfZks (A and B) x 3 Treatments (TO, T24
and T36), respectively]. Each of the three Cycléhin each block consisted of a 2-week
production period (Figure 2.2: Block A — weeks 2 &) weeks 5 and 6, and weeks 8 and 9;
Block B: weeks 1 and 2, weeks 4 and 5, and weeksd78) followed by a period when feed
intake and digestibility were determined individyaior every wether (Figure 2.2 shaded
areas: Block A - weeks 4, 7 and 10; Block B - wegks and 9).

During the adaptation and production periods, tBeDdrper wethers were housed in an
open-sided roofed shed in their six groups accgrtbrtreatments in the two Blocks. In order
to reduce bias, the six different groups of wethegge also randomly allocated to each of the

six kraals.
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During the periods when feed intake and digestibiliere determined, the wethers from the
three treatment groups in a Block were moved inslaod housed individually in metabolism

cages for a period of one week. This procedurerepsated alternately for three consecutive
Cycles. During these periods the individual wethesm the three treatment groups within a

replica (Block A or B) were randomly allocated keir respective metabolism cages.

Zeeman (2005) pointed to the rationale for thegtesof the current series of trials, namely
the use of two concurrent Blocks. It is customaryconduct feed intake and digestibility
trials with a small number of animals. To reduce skrain on the facility, the animals and the
human resources in the current study, the fee@terdad digestibility period of Block B were
run in a staggered fashion relative to Block A, ebmt always commenced one week prior
to that of Block A (see Figure 2.2). When large bens of animals are involved, it is
convenient to conduct feed intake and digestibsgitydies with this type of trial design. The
design allows daily activities such as feeding aradering, collecting feed refusals, faeces
and urine to be completed routinely in a relativelyort period of time, thus limiting
additional stress as far as possible and redubmgvbrkload (Zeeman, 2005).

This experimental design was used to measure thataoy feed intake and apparent diet
digestibility successively in three Cycles as thal fprogressed during a trial period of 70
days. It was assumed that a 70-day trial periodsuffscient to determine if the inclusion of
Opuntia in the treatment diets would have any significafifiect on the voluntary feed intake,
apparent diet digestibility, live weight gain orcass characteristics of the Dorper wethers.
25 Trial procedures

25.1 Weighing of experimental sheep

The young Dorper wethers were weighed with an eaat scale without food or water
being withheld at the start and at the end of tiaé t

Once the trial commenced, all the wethers were ezlgegularly every Tuesday at 12h00 in
the same way. Therefore, the wethers were weighefdrd being moved indoors into
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individual metabolism cages. At the end of eachiogein the metabolism cages, the wethers

were weighed again when taken out.

25.2 Adaptation period

2.5.2.1 Feaed intake

It was important to accustom the sheep to a disaglfeeding regime that would apply to
the whole trial period. Therefore, the Dorper wesheere offered food at a 15% refusal level
of intake for each group. The amount of feed offeemd refused by the wethers was
measured at 48-hour intervals, namely every sedagdstarting at noon. The feed allocation
per group was then calculated as the feed consuwlugedg the preceding two days and
multiplied by 1.15. The wethers were fed twice ¥Wgil2h00 and 07h30) about half of the
total amount of feed weighed for each day. If aipalar group of wethers ate more feed than
that calculated and weighed for a 48-hour cycleyemieed was weighed, recorded and
provided to the specific group.

The total feed refused by each group was colleatelddried in a force draught oven at 100°C
for at least 16 hours. After weighing and thorougliking, representative samples were taken
from the pooled feed refusals of each kraal, grawnplass through a 1 mm sieve and stored
in plastic jars with airtight screw tops pendingeotical analyses. A composite feed sample
from each treatment diet offered was collected ahaily basis. The samples were dried at
100°C in a force draught oven, mixed thoroughlpugd to pass through a 1 mm sieve and
stored in plastic jars with airtight screw tops g@g chemical analyses.

25.2.2 Water intake

Plastic water buckets with a volume of P@ere used to provide water for the wethers in
each group. These buckets were placed in the sammercof each kraal opposite to the
feeding trough and filled with water up to a cadited mark of 168. Each day the buckets

were refilled to the calibrated mark using a pa&i measuring cylinder and the amount
recorded to calculate the amount of water the wetteunk. The buckets were emptied and

cleaned as required. A similar water bucket Ij2@as used outdoors to measure daily water
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evaporation from the same quantity of water andasaer area exposed to the air. This

information was used to correct the water consumngtly the groups of Dorper wethers.

2.5.3 Production period

2.5.3.1 Feeds and feed refusals

The procedures used for the feeding of the wethretbe different groups as well as the
collecting of their feed refusals and the preparatf samples for chemical analysis were the

same in the successive production period as destfdr the adaptation period (see 2.5.2.1).

25.3.2 Water

During the production period the wethers were piestiwater in the same way as described

for the adaptation period (see 2.5.2.2).

254 Feed intake and digestibility period

The Dorper wethers were randomly allocated indiglijuin the metabolism cages (see 2.4).
These metabolism cages are designed specificaligpgarate and collect the faecal and urine
excretion of male sheep with a minimum loss (De \WE2/9). The sheep are prevented from
turning around and they can only face towards d¢leel fand water troughs, thus contamination

of the feed or water with faeces were limited tmiaimum (Zeeman, 2005).

2.5.4.1 Feeds and feed refusals

The Dorper wethers were offered food at a 15% etfievel of intake, calculated on a daily
basis by using a 3-day moving average of feed entakthe preceding three days. The
wethers were fed twice daily (12h30 and 08h00)f aalhour later than those sheep in the
production period (see 2.5.3.1 and 2.5.2.1). Ifagtigular wether ate more feed than that
presented for the 24-hour cycle, more feed was lveeig recorded and provided to that

wether.
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The total feed refused by each wether was colleatetl dried in a force draught oven at
100°C for at least 16 hours. After weighing andréigh mixing, representative samples
were taken from the pooled feed refusals of eadlvitual animal, ground to pass through a
1 mm sieve and stored in plastic jars with airtigbtew tops pending chemical analyses. A
composite feed sample from each of the three tremitoliets offered was collected on a daily
basis. These samples were dried at 100°C in a texgght oven for at least 16 hours, mixed
thoroughly, ground to pass through a 1 mm sievesémieed in plastic jars with airtight screw

tops pending chemical analyses.

2.5.4.2 Water

Plastic buckets with a volume of I5were used to provide water to the wethers in the
metabolism cages. These buckets were filled withoft water to a calibrated marker. The
buckets were refilled to the calibrated marker eguired using a plastic R measuring
cylinder. The quantity of water added was recorded the amount of water drunk by the
wethers calculated. The buckets were emptied aaheld as required to prevent the feed that
fell into the water from the wethers’ eating, fréouling the water, making it unacceptable to
the sheep. A similar water bucketljSvas used indoors to measure daily water evaporati
in the building and the information used to corréne water consumption by the individual

wethers.

2.5.4.3 Faeces collection

The faeces of each sheep was collected daily iaratplarge, brown paper bags, placed in a
force draught oven and dried at 100°C. The faezsmdting from treatment diets T24 and T36
took much longer to dry. The wetter faeces formexdust once it started drying in the oven
that impeded the drying process. The faeces hhd teft in the oven for a longer period and
the crusts broken regularly when noted before & a@nsidered to be at the DM level.

After weighing and thorough mixing of the total digecal excretion from each individual

sheep, a representative sample was taken and gtoyass through a 1 mm sieve and stored
in plastic jars with airtight screw tops pendinguwtical analyses.
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2.5.4.4 Urinecollection

Urine was collected on a sheet metal shoot at #ise bf the metabolism cages and directed
via urine collection plates into dark, brown gldmdtles. A plastic funnel protected with a
medium mesh sieve was inserted in each bottledoept faeces from falling into the urine
collection bottles. However, due to the wet natafesome of the faeces, the urine of a
number of the wethers was apparently more contasdnaith faeces than would normally
be expected, which could have affected, among stfiee nitrogen content of the urine.

A preservation solution (4N 490, with 9% CuSQ) was added to each bottle with an
inclusion level of 5% to prevent microbial activifipbe Waal, 1979) and volatilization of
ammonia from urine (AOAC, 2000). When a bottle Viiiled close to capacity with urine,
the bottle was emptied into a plasti¢ theasuring cylinder, the urine volume recorded and

the bottle placed back under the funnel with tleesiproperly in place.

2.6 Chemical analyses

2.6.1 Dry matter (DM)

The total feed refusals and faeces of each wethikected were dried in a force draught oven
at 100°C and the DM weight recorded. The compdsiée samples of the three treatment
diets collected were weighed, dried in a force druwven at 100°C and weighed again.

The DM content of the composite feed samples whsileded as fallows:

Weight of sample after drying (g)
DM (g/kg) = x 1 000
(o/ko) Weight of sample before drying (g)

26.2 Ash
Similar to the procedures followed by Zeeman (208&mples of approximately 2 g were

weighed accurately to determine the ash contemrdity to the procedures described by the
AOAC (2000).
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The ash content of samples was calculated as fellow

Weight of sample after ashing (g DM)
Ash (g/kg DM) = i i x 1000
Weight of sample before ashing (g DM)

2.6.3 Organic matter (OM)

The OM content (g/kg) of samples was calculatedubtracting the ash content from 1 000.

2.6.4 Crudeprotein (CP)

Similar to the procedures followed by Zeeman (208&mples of approximately 0.2 g were
weighed accurately to determine the CP contenhbgrting it into a Leco Nitrogen analyzer
(Leco, 2001) and the total N content determinecc@mbustion in oxygen. A factor of 6.25

was used to convert the N content of the sampl€¥toontent.

2.6.5 Ether extract (EE)

Similar to the procedures followed by Zeeman (208&mples of approximately 2 g were
weighed accurately to determine the EE contentrdong to the procedures described by the
AOAC (2000).

The EE fraction of samples was calculated as falow

Dry flask weight + EE (g DM)] — [Dry flask weht
EE (g/kg DM) = [Dry g (g_) (g DM)] — [Dry ght (9)] % 1000
Weight of sample (g DM)

2.6.6 Acid-detergent fibre (ADF)
Similar to the procedures followed by Zeeman (208&mples of approximately 1 g were

weighed accurately to determine the ADF contenbuting to the procedures described by
Goering and Van Soest (1970) and Robertson andSdast (1981).
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The ADF content of samples was calculated as falow

Sample weight after boilin DM) — Ash weight
ADF (g/kg DM) = P g i 9(9 ) ghty) x 1 000
Weight of sample (g DM)

2.6.7 Neutral-detergent fibre (NDF)

Similar to the procedures followed by Zeeman (208&mples of approximately 1 g were
weighed accurately to determine the NDF contenbraicg to the procedures described by
Goering and Van Soest (1970) and Robertson andSéast (1981). Sulfite anglamylase

were not used as reagents during NDF determination.

A challenge arose when a vacuum was applied to drfdithe NDF solution from the sinter
glass crucibles after boiling samples that conth@puntia. Mucilage is a hydrocolloid and
presents a great capacity to imbibe water (S&emt., 2004) and made it very difficult to
vacuum extract the NDF solution from the sintersglarucibles. It took more than 40
minutes to extract; some crucibles were even fotelbgged. Therefore, the procedures
described by Goering and Van Soest (1970) and Rsaberand Van Soest (1981) were
modified slightly and the samples rinsed only vattetone and not also with boiling distilled

water. This facilitated the vacuum procedure tad@pleted.

The NDF content of samples was calculated as fallow

Sample weight after boilin DM) — Ash weight
NDF (g/kg DM) = P J i 90 ) ghty/) x 1 000
Weight of sample (g DM)

2.6.8 Grossenergy (GE)

Similar to the procedures followed by Zeeman (206&jnples of approximately 0.3 to 0.5 g
(according to sample density) were weighed acciyraie determine the GE content
according to the procedures described by the ACAIDQ).

2.6.9 Apparent digestibility coefficients

The apparent digestibility of feed or nutrientsbiest defined as the proportion of ingested
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feed or nutrients not excreted in the faeces amdefore assumed to be absorbed by the
animal (McDonalct al., 2002).

The following formula was used to calculate appadagestibility coefficients:

Feed or nutrient intake (g DM) — Feed or nutrierdreted in faeces (g DM)

Apparent digestibility =
PP 9 Y Feed or nutrient intake (g DM)

Note that in this study apparent digestibility iegented as a coefficient and not as a

percentage.

2.7  Carcassevaluation

2.7.1 Carcassweight

The cold carcass weight of the wethers was reca2ddtburs after being slaughtered.
2.7.2 Fat thickness

The 9" through 12 rib (Figure 2.3) of each wether was removed frow left side of the
carcass, the rack and the loin cuts were sepabatrdeen the 2 and 18 rib (Figure 2.4;

Plate 1) to measure the fat depth with a callipex distance of 35 and 110 mm (Figure 2.4;
Plate 2 and Plate 3, respectively) from the micgdoline (Carsomt al., 1999).

Figure2.3  Left 9" through 12' rib removed from a carcass.
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Platel: 12" rib dissected from a carcass; section betweerl#leand 18 rib facing

(separated at rack and loin).

Plate 2: Fat depth measured with calliper at a distanceébah& from mid dorsal line.

Plate 3: Fat depth measured with calliper at a distancel6frhm from mid dorsal line.

Figure2.4  Methods used to determine carcass characteristgzsdon rib sections.
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2.7.3 Surface area of the musculus longissimus dorsi

The cross-sectional surface of the longissimus faugwisculus longissimus dorsi) between
the 12" and 13 rib was traced immediately after quartering itedtty off onto transparent
film (Figure 2.5) (Edwardst al., 1989). The traced outline was scanned with bedza and
the eye muscle area (the rib-eye area; Kadiral., 2003) subsequently measured using a
video image analysis system (Soft Imaging Systemalygis® 3.0). The video image
analyzing system was calibrated with the scale bar.

Figure25  Longissimusdorsi muscle traced off onto transparent film.
2.74 Carcasstissue deter mination

The 9" through 11 rib sections that were dissected from the carsagfeer the 19 rib has
been removed from the same cut in 2.7.2), wereipéi{s separated by dissection into bone,
lean meat and fat with a sharp knife (Kirteh al., 1962). The relative contributions

(coefficient) of bone, lean meat and fat to the l@hi sections were calculated.

2.8 Statigtical analysis

The data was analyzed and tested for significafferdnces using the PROC ANOVA
procedures of the SAS programme (SAS, 1999). Wigmfisant differences were found

(P<0.05), further multiple comparisons using Tukekigher studentized range (HSD) test

was used to identify these differences.
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3. Results and Discussion

3.1 Treatment Diets

3.1.1 Chemical composition of Opuntia cladodes

The chemical composition of freshly prun@guntia ficus-indica cladodes used in this study

is presented in Table 3.1.

Table3.1 Chemical composition dDpuntia ficus-indica var. Algerian cladodes

Chemical constituent Opuntia ficus-indica var. Algerian
Dry matter (g DM/kgQ) 110.0

Organic matter (g OM/kg DM) 774.6

Crude protein (g CP/kg DM) 76.5

Ether extract (g EE/kg DM) 14.1
Acid-detergent fibre (g ADF/kg DM) 163.6
Neutral-detergent fibre (g NDF/kg DM) 254.5

Gross energy (MJ/kg DM) 14.035

Ash (g/kg DM) 2254

The dry matter (DM) content of the freshly prundaldodes was low (Table 3.1), but is in
agreement with results published by Azd6car (20D4pez-Garciat al. (2001), Ben Salerat

al. (2002a,c) and Tegegng al. (2007). According toLépez-Garciaet al. (2001) and
Tegegne (2001), the water content@guntia species varies from a low of 700 g/kg to as
high as 930 g/kg fresh cladodes, depending on seaisd age of the cladodes. As plants

mature, there is a decrease in moisture conteige@res, 2001).

The organic matter (OM) content of cladodes (T&blg is within the range provided by Ben
Salemet al. (1996), Azd6car (2001), Zeeman (2005) and Tegeyak (2007). According to
Lépez-Garciat al. (2001) the OM content of cladodes varies from 898843 g/kg DM.

The crude protein (CP) content of cladodes (Tablg @as slightly higher than values
reported in the literature. The values reportedBleyn Salemet al. (2002a) and McMillan
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(2002) were similar. The CP content@pbuntia can vary from 38 g/kg (Azocar, 2001) to 126
g/kg DM (Misraet al., 2006). This suggests that diets contair@mntia cladodes must be

supplemented with a protein or simple nitrogen gbrce (De Kock, 1980, 2001; McMillan,

2002; Misraet al., 2006).

There is little variation between mdSpuntia species in the ether extract (EE) content with
averages ranging from 5.7 to 20.6 g/kg DM (LOpezetzeet al., 2001). The EE content of
cladodes (Table 3.1) was very similar to the 16k§ @M reported by Zeeman (2005).

The acid-detergent fibre (ADF) content of clado(iEsble 3.1) was in close agreement with
values published by Ben Saleshal. (2004), Tegegnet al. (2005a,b; 2007) and Zeeman
(2005). According to Nefzaoui and Ben Salem (20@19,ADF content oOpuntia cladodes
may vary between 112.9 and 189.8 g/kg DM.

The neutral-detergent fibre (NDF) content@pbuntia cladodes ranges from 185 g/kg DM
(Azocar, 2001) to as high as 466 g/kg DM (Mistal., 2006). The NDF content (Table 3.1)
was also consistent with the 244 g/kg DM obtaingd&eman (2005).

According to Lopez-Garciet al. (2001) the ash content of cladodes varies froBdlkg to
401 g/kg DM while Nefzaoui and Ben Salem (2001)orégd an average content of 172 g
ash/kg DM in certain species. According to Nefzaaod Ben Salem (2001) this high ash
content may be ascribed to the high Ca content.aBhecontent of cladodes in the present
study (Table 3.1) is in close accordance with @inad values (Sirotet al., 1997; Tegegnet

al., 2007).

The gross energy (GE) of cladodes (Table 3.1) dase comparison with the 13.624 MJ/kg
DM reported by Zeeman (2005). According to McDongtldl. (2002), most common foods
contain about 18.5 MJ GE/kg DM. Minerals do nottatte to the calorific content of feeds
(McDonaldet al., 2002; Zeeman, 2005) and the low GEDpfintia could be the result of the
high mineral content or a low fibre content. Acdagdto Nefzaoui and Ben Salem (2001) the

energy in cactus cladodes is derived mainly froenhtigh soluble carbohydrate content.

According to Walters (1951) and Retanstlal. (1987), both as cited by Zeeman (2005),

there is a seasonal variation in the chemical caitipa of Opuntia cladodes. The CP, EE,
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ash and crude fibre (CF) content of cactus peantglancreases on a DM basis in winter

while the nitrogen-free extractive (NFE) conterdrgmses in the summer.

Spineless cacti cannot be regarded as a balande@rfarop or the only feed provided to
ruminants. It should be viewed as a good, cheapceamf energy and be utilized as such (De
Kock, 1980, 2001).

3.1.2 Chemical composition of lucer ne hay (Medicago sativa)

Sun-dried and coarsely grouf@buntia cladodes were used to progressively replace dgarse
ground lucerne hayMedicago sativa) in treatment diets T24 and T36. Therefore, the

chemical composition of lucerne used in the prestrdy is presented in Table 3.2.

Table3.2 Chemical composition of the lucerne hddeflicago sativa) used in this study

Chemical constituent Lucerne hay
Dry matter (g DM/kQ) 888.3
Organic matter (g OM/kg DM) 912.7
Crude protein (g CP/kg DM) 184.0
Ether extract (g EE/kg DM) 13.2
Acid-detergent fibre (g ADF/kg DM) 317.6
Neutral-detergent fibre (g NDF/kg DM) 480.3
Gross energy (MJ/kg DM) 17.743
Ash (g/kg DM) 87.3

The OM, CP, ADF, NDF and GE content of lucerne {iggble 3.2) is much higher than that
of Opuntia cladodes (Table 3.1). Conversely, the ash comte®puntia is much higher than

that of lucerne hay while the EE content varigkelibetween these two roughages.

It was assumed that differences in compositio@@intia and lucerne hay would also effect
the chemical composition of the treatment dietsar€ely ground lucerne hay was used as the
primary roughage in the diets because it is thet m@m®mmonly used roughage source with a

high CP and fibre content for ruminants in Southis.
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3.1.3 Chemical composition of thethreetreatment diets

The chemical composition of the three treatmensdigigure 3.1) is presented in Table 3.3.

Table3.3 Chemical composition of the three treatment drgth incremental inclusion

levels of sun-dried and coarsely groudplntia cladodes

Treatments

Chemical constituent TO T24 T36
Dry matter (g DM/kg) 913 905 902
Organic matter (g OM/kg DM) 900 879 862
Crude protein (g CP/kg DM) 171 177 177
Ether extract (g EE/kg DM) 24 24 22
Acid-detergent fibre (g ADF/kg DM) 214 178 159
Neutral-detergent fibre (g NDF/kg DM) 413 363 313
Gross energy (MJ/kg DM) 17.340 16.727 15.480
Ash (g/kg DM) 100 121 138

"Inclusion levels of sun-dried and coarsely gro@puintia cladodes: TO — 0%; T24 — 24%; T36 — 36%

The variation in the DM content of the three treaindiets was negligible and differs from
the findings of Zeeman (2005) who suggested thatrd¢lson for the higher water content of
T36 (118.3 g/kg) in comparison to TO (94.5 g/kgswdae to the mucilage content. Thus, the
groundOpuntia cladodes increased the water content of the tredtdiets as inclusion level
increased. In the present study, howeverQpentia cladodes did not have any real effect on
the DM content of diets (Table 3.3).

The OM, ADF, NDF and GE content of the three treattrdiets decreased as the inclusion
level of Opuntia cladodes increased (Table 3.3). This can be a&sttinthe lower OM, ADF,
NDF and GE content dDpuntia cladodes (Table 3.1) compared to lucerne hay €Tats).
The decreasing ADF and NDF content of the dietdl@&.3) with incremental inclusion
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Plate 2; Treatment diet T24.

Plate 3: Treatment diet T36.

Figure3.1  Treatment diets with incremental levels of sundreend coarsely ground

Opuntia cladodes.
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levels reflected the diluting effects of the lowbre content ofOpuntia cladodes. This

corresponds with the findings of Zeeman (2005).

The CP content of the treatment diets decreasedOpantia inclusion increased

incrementally. Therefore, feed grade urea was tsedaintain the final CP content of T24
and T36 (see 2.2). It was assumed that these @ levl promote live body weight gains in
the Dorper wethers.

The ash content of T24 and T36 increase@@mtia cladodes were incrementally added to
the treatment diets (Table 3.3). This can be asdrib the higher ash content (Table 3.1) of
the cladodes (Batistat al., 2003). Zeeman (2005) found similar results. Adow to
Tegegne (2002a) sheep that were fed @pyntia consumed more salt lick than any other
group and this may suggest ti@untia is deficient in some of the macro-minerals. Netdao
and Ben Salem (2001) explained that an excess ak @at problematic in itself, but an
unbalanced Ca:P ratio (35:1) requires correctibmals not expected that the EE content of
diets T24 and T36 would have been influenced byitlceemental inclusion oOpuntia
cladodes, due in part to the comparable EE cormié@puntia cladodes and lucerne hay

(Table 3.1 and 3.2, respectively).

3.2 Animal live weight changes

A major objective of this study was to evaluate thiee two treatment diets with incremental
levels of sun-driedDpuntia cladodes substituting lucerne hay will have theesaapacity as

the control diet to promote growth in sheep.

The average daily gain (ADG) and the live body weichange of the young Dorper wethers
are presented in Table 3.4. The average live baglghw of the wethers at weekly intervals is

illustrated in Figure 3.2.

The ADG of the Dorper wethers did not differ (P>%).®etween treatments with increasing
inclusion levels ofOpuntia (Table 3.4) over the total trial period of 70 dagfhough the
ADG tended to decrease slightly. Similarly, change$ve body weight was not affected
(P>0.05) by the treatment diets, with total livedpaveight gained tending to decrease with
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increasing levels oDpuntia cladodes inclusion. These results suggest thabwbell effects
of the diets on the wethers were small as sugggstdously by Zeeman (2005) and that the
diets have been utilized well by the young Dorpethers.

Table3.4 Average daily gain (ADG) and live body weight charof Dorper wethers as
influenced by inclusion level of sun-dried and cedy groundOpuntia

cladodes (Mean = s.e.)

Treatments
TO T24 T36 P CV(%)
ADG (g/day) 118+ 13% 116+ 158 96 +7.9

. _ 0.3219 34552
Live body weight change (kg) 7.422 +0.861 7.333+0.982  6.020 + 0.497

2P Means in the same row followed by different supepss differ significantly (P<0.05)
“Inclusion levels of coarsely grou@puntia cladodes: TO — 0%; T24 — 24%; T36 — 36%

Atti et al. (2006) found differences in animal performancedose, among others, the energy
and fibre content of the various treatment dietledid as mor@®puntia was included in the
diets. In the absence of sufficient energy, theogén supply cannot be utilized efficiently by
ruminants and could have affected live weight dAitti et al., 2006; Ben Salerd al., 2004).
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Figure3.2  Average live body weight of Dorper wethers durihg trial period.
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Ben Salemet al. (2005) explained that whe@puntia-based diets are supplemented with
protein and energy sources, nutrient deficiendias may impact on rumen fermentation and
consequently result in a decreased growth rate, Ineagvercome. Thus, the weight gains
(Table 3.4) of the wethers were acceptable anddcimupart be ascribed to the maize meal

and urea (Table 2.1) included in the respectivisdie

According to Ben Salerat al. (2004) and McDonaldt al. (2002), one adverse consequence
of supplying the rumen with more than optimal corcations of ammonia-N is the energetic

inefficiency of rumen ammonia utilization by theambes and hence, conversion of excess
ammonia to urea in the liver and excreted via tliieeu Thus, by providing adequate energy

and protein usually leads to higher body weighhgai

Ben Salemet al. (2002a, 2004) explained that differences in thality of the nitrogen in
feeds may account for differences in animal pertoroe when supplemented wibpuntia.
Protein supplementation may be required in addtiofeeding prickly pear (McMillaet al.,
2002) and, according to Ben Salamal. (2002c), a further improvement may be expected

when by-pass proteins are used, supplying mos$teoéssential amino acids.

In conclusion, the inclusion of sun-dried and cebrsground Opuntia cladodes had no
marked effect (P>0.05) on animal performance.

3.3 Feed and water intake, faeces and urine excreted, and digestibility of diets

3.3.1 Voluntary feed and nutrient intake

The average daily dry matter intake (DMI) of therper wethers in the different treatment
groups during the production periods (see 2.4yasgnted in Table 3.5.

No significant difference (P>0.05) was observedveen the treatment diets (Table 3.5), but
the DMI increased slightly at a constant rate asttial progressed from Cycle 1 to Cycle 3,
irrespective of the dietary treatment. This mighggest that the wethers became more

adapted to the feeds. The data in Table 3.5 sugjugsthere is a slight positive link between
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DMI per day and ADG (Table 3.4), but a slightly agge relation with the inclusion level of

sun-driedOpuntia cladodes in the diets.

Table3.5 The average daily DMI of the Dorper wethers dutimg production periods as
influenced by inclusion level of sun-dried and cedy groundOpuntia

cladodes (Mean + s.e.)

Treatments
Feed intake TO T24 T36 P CV (%)
Cycle 1 (g DM/day) 990 + 93 945+6  830+118 02757 9.087
Cycle 2 (g DM/day) 1114 +88 1096+14 1056+118  0.5396 9.047
Cycle 3 (g DM/day) 1232 +55 1223+53 1176+114  0.8256 9.781

2P Means in the same row followed by different supepss differ significantly (P<0.05)
“Inclusion levels of sun-dried and coarsely gro@mintia cladodes: TO — 0%; T24 — 24%; T36 — 36%

The daily intake of DM and chemical constituentstbg Dorper wethers during the feed
intake and digestibility period of Cycle 3 are mneted in Table 3.6. The data of the last
Cycle of each Block (Block A week 10 and Block Beked; see 2.4) was used.

Table 3.6 The average daily intake of DM and chemical caustits by the Dorper
wethers determined during the feed intake and tigkty period of Cycle 3
as influenced by incremental inclusion levels af-slnied and coarsely ground

Opuntia cladodes (Mean * s.e.)

Treatments
Chemical constituent T0 T24 T36 P CV (%)
Dry matter (g DM/day) 1368 + 69 1345 + 46 1317 + 61 0.9039 13.858
Organic matter (g OM/day) 1235 +%2 1198 + 4% 1152 + 52 0.7405 13.704
Crude protein (g CP/day) 237 £%12 249+ ¢ 249 + 16 0.8067 13.264
Acid-detergent fibre (g ADF/day) 266 +34 243 + 12° 208 + & 0.0105 14.700
Neutral-detergent fibre (g NDF/day) 551 #28 505 + 26 419 +18% 0.0006 13.481
Gross energy (MJ/day) 23.724 +1.1992.804 + 0.695 20.697 +0.918 0.1701 13.292
Ash (g/day) 133 +3 148 + §° 165 + 16 0.0061 15.288

2P Means in the same row followed by different supepss differ significantly (P<0.05)
“Inclusion levels of sun-dried and coarsely gro@puintia cladodes: TO — 0%; T24 — 24%; T36 — 36%
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The attention of the reader is specifically drawnthie fact that only the data for the feed
intake and digestibility period of Cycle 3 is shownthis text. It was assumed that the data
relating to feed intake and digestibility, as waslwater intake and urine excreted during this
period would be representative of the first two Iégc Hence, if any significant (P<0.05)

differences of data were detected in Cycle 3, thia @f Cycle 1 and 2 would have been

analyzed as well.

No significant difference (P>0.05) was observedveen the DM, OM, CP and GE intake of
the Dorper wethers a@puntia incrementally substituted lucerne hay in two af treatment
diets (Table 3.6).

The ADF and NDF intake decreased (P<0.05)0aantia incrementally increased and is
attributed to the lower fibre content Opuntia (see Table 3.1) in comparison to lucerne hay
(see Table 3.2). In contrast, the ash intake ise@aP<0.05) a®puntia incrementally
increased in the treatment diets. This was expettedto the high ash content ©puntia

cladodes.

Results reported by Zeeman (2005) and De Wzl (2006) are similar to the present study.
During the feed intake and digestibility study, @ea (2005) stated that there were no
differences (P>0.05) in feed intake of the Dorpethers. There was a general tendency for
DMI to decline slightly as the inclusion @puntia incrementally increased. According to
Zeeman (2005), voluntary feed intake would probdizlye increased once the animals have
adapted sufficiently to the coarsely ground suediOpuntia cladodes in the diets.
According to De Kock (1980) and Nefzaoui and Befe®a(2002) spineless cactus material
is ingested better in the form of a dried meal. Batemet al. (2004) and Tegegnet al.
(2005b, 2007) reported that the increased DMI @fhafs onOpuntia diets may be attributed
to the high soluble fraction in cactus pear, asigeech in fermentable components could

increase outflow rate.

According to McDonaldt al. (2002), one of the factors affecting feed intakeuminants is
the fibre content of the feed. Tegegtal. (2007) found that the increase in DMI following
cactus pear supplementation up to 600 g/kg (oeshfbasis) was due to the low fibre content

of cactus pear resulting also in a high passage rat
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According to Tegegnet al. (2002a, 2007) the high moisture content of cagear can
contribute to the relatively low voluntary DMI olfisep with 800 g/kg freshly cut cactus pear
inclusion in the diets. A similar effect was ob&dnby Gebremariarat al. (2006). There is
some evidence that feeds with a particularly hightent of water bound within plant tissues
promote a lower DMI than comparable feeds of lowater content (McDonalet al., 2002;
Gebremariangt al., 2006). This factor could not have played a molthe present study as the

cladodes were sun-dried and coarsely ground.

According to Tegegnet al. (2007) the general nutrient imbalance (deficieaty; Misraet

al., 2006) of a diet containing cactus pear couléafhippetite and contribute to a relatively
low DMI of sheep. In the present study an efforswaade to ensure that the diets were
balanced at the macro level, leading to a comparatake between treatment diets,

irrespective ofpuntia inclusion.

These results suggest that incremental inclusiosuatdried and coarsely grou@puntia
cladodes in experimental diets did not markedlyngeathe acceptability or voluntary feed
intake of the young Dorper wethers. The averaghy dail during the production periods
(Table 3.5) as well as in the feed intake and dilgisy period (Table 3.6) did not have any
marked effect on the ADG of the Dorper wethers (@&h4). Thus, the observed trend in
DM and chemical constituent intake (except thaADf, NDF and ash) followin@puntia

supplementation could be associated with animdbpeance.

3.3.2 Apparent digestibility of diets

The average apparent digestibility coefficientstlud treatment diets during Cycle 3 are
presented in Table 3.7. The data of the last Cydenely Cycle 3; see 2.4) of each Block
(Block A week 10 and Block B week 9; see 2.4) wsadl The reason for using only this data
set was discussed in 3.3.1.

The apparent DM digestibility for diets TO and Tdd not differ significantly (P>0.05), but
both treatments differed (P<0.05) from T36 (Tablg)3 The apparent OM and CP
digestibility increased significantly (P<0.05) @puntia inclusion increased. According to
Tegegneet al. (2007) this could be ascribed to an increased DiMctus pear.
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Table3.7 Apparent digestibility coefficients for DM and chi&al constituents during
Cycle 3 as influenced by inclusion level of suredriand coarsely ground

Opuntia cladodes (Mean + s.e.)

Treatments
Chemical constituent TO T24 T36 P CV (%)
Dry matter (DM) 0.714+0.064 0.732+0.007 0.756+0.002 <0.0001 2.055
Organic matter (OM) 0.734+0.0b5 0.757+0.006 0.783+0.003 <0.0001 1.878
Crude protein (CP) 0.724 +0.006 0.775+0.008 0.806 + 0.003 <0.0001 2.185
Acid-detergent fibre (ADF) 0.438+0.014 0.497 +0.015 0.541+0.012 <0.0001 8.052
Neutral-detergent fibre (NDF) 0.623 +0.608 0.649 + 0.008" 0.667 +0.010 0.0003 3.631
Gross energy (DE) 0.710 +0.005 0.738+0.009  0.758 + 0.002 <0.0001  2.579
Ash 0.528+0.01% 0.529+0.013 0.562+0.088 0.0296 5.879

abeMeans in the same row followed by different supepss differ significantly (P<0.05)
“Inclusion levels of sun-dried and coarsely gro@puintia cladodes: TO — 0%; T24 — 24%; T36 — 36%

The apparent ADF digestibility of treatment diet Was significantly lower (P<0.05) than
that of diets T24 and T36. The apparent digestybdi the NDF content of diet TO differed
significantly from diet T36 (P<0.05) (Table 3.7h tontrast, Zeeman (2005) obtained no
significant differences (P>0.05) between the apmadegestibility of both the ADF and NDF
content of all treatment diets. It was expected ttuéhe fact thaOpuntia is low in fibre
(ADF and NDF) and that the fibre present is maiobntributed by lucerne hay and will
therefore remain equally digestible. Ben Salknal. (2002c) explained that this low fibre
content of spineless cactus could negatively effectination and thus affect diet apparent
DM digestibility.

The apparent GE digestibility of the treatmentsliatreased significantly (P<0.05) from diet
TO to diets T24 and T36. The apparent digestibditash did not differ (P>0.05) between the
treatments, although it must be borne in mind thaterals are not digested but become
soluble to be absorbed from the digestive tracer&tore the results suggest that the minerals
present inOpuntia were not soluble (in an absorbable form) and cowt be absorbed
effectively enough. This was not expected due éoldéinge contribution of minerals made by
Opuntia. The mineral requirements of the wethers coulceHaeen satisfied by the other feed

ingredients.
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Similar to results of the present study as showmahle 3.7, Zeeman (2005) found that the
apparent digestibility of most chemical constitgemicreased significantly (P<0.05) in line
with increasedOpuntia inclusion and that the low fibre content Gpuntia is positively
correlated with DM digestibility. Hence, the DM d@sfibility increases with higher inclusion
levels ofOpuntia in the diets. Zeeman (2005) also ascribed theehidlgestibility to the fact
that Opuntia cladodes contain higher levels of easily digestitdrbohydrates (Ben Salestn
al., 1996, 2004, Batistet al., 2003). High mineral levels (Ben Salestnal., 1996; Misraet

al., 2006) in cactus may limit microbial growth inetlumen which could affect apparent

digestibility of nutrients, but was not the caséha present study.

Urea is utilized very quickly and virtually compdé¢ by the micro-organisms in the reticulo-
rumen (McDonaldet al., 2002), therefore, it was expected that the ORert of treatment
diets containing urea (T24 and T36; Table 2.1) wohbave reflected a higher apparent
digestibility (Zeeman, 2005). Ben Saleeh al. (2002a,c,d) explained that by enhancing
microbial activity with a soluble nitrogen soureethe rumen (and P supplementation; Misra
et al., 2006) encouraged microorganisms to degrade fitmee This was probably the case
in the present study. Ben Saleshal. (2002c) explained that a further improvement in
apparent digestibility and animal performance mayelzpected when by-pass proteins are
used in these diets. The resulting essential amanbs and peptides may have a stimulatory
effect on the growth of micro-organisms and willbsequently increase the nutrient
digestibility, highlighting the importance of estiahamino-acids in ruminant nutrition for
favourable production (Misret al., 2006).

According to Gebremariamt al. (2006), the tannin content of cactus could hdfexted CP
digestibility negatively as the cactus inclusionirisreased in diets. This is ascribed to the
precipitation of the feed proteins into tannin pintcomplexes. According to Ben Salen
al. (2002b,c, 2005), the presence of oxalates inodasl could also effect diet apparent
digestibility by forming insoluble complexes witaveral minerals (Ben Saleehal., 2002c).

It may be hypothesized that there is a positiveetation between increased inclusion of sun-
dried and coarsely groun@puntia (up to 360 g/kg) in sheep diets and diet apparent
digestibility (P<0.05). The increased digestibityas not reflected in DMI or sheep growth.
Thus, the observed trend in diet apparent digdisyitiollowing cactus supplementation level

could not be associated with animal performance.
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3.3.3 Digestible nutrient intake

The average daily digestible DM and chemical camstit intake of the Dorper wethers
during Cycle 3 are presented in Table 3.8. The eoedbdata of the last Cycle (namely Cycle
3; see 2.4) of each Block (Block A week 10 and Bl&week 9; see 2.4) was used. The

reason for using only this data set was discuss8d3il.

Table 3.8 The average daily digestible DM and chemical damstt intake by the
Dorper wethers during Cycle 3 as influenced byusidn level of sun-dried

and coarsely groun@puntia cladodes (Mean * s.e.)

Treatments
Digestible chemical constituent TO T24 T36 P CV (%)
Dry matter (g DM/day) 977 + 51 983 + 29 995 + 44 0.9414 13.421
Organic matter (g OM/day) 907 +%48 905 + 28 902 + 46 0.9934 13.502
Crude protein (g CP/day) 17249 192 + 6° 201+ 8 0.0782 12.888
Acid-detergent fibre (g ADF/day) 117 £#8 121+ 8 112 + 4 0.4577 17.962
Neutral-detergent fibre (g NDF/day) 344 £20 328 + 18" 279 + 1% 0.0017 13.606
Digestible energy (MJ/day) 16.851 + 0.89716.794 + 0.44D 15.682 +0.682 0.4897 13.075
Ash (g/day) 70+% 78+ 2 92+7% 0.0001 13.319

2P Means in the same row followed by different supepss differ significantly (P<0.05)
“Inclusion levels of sun-dried and coarsely gro@puintia cladodes: TO — 0%; T24 — 24%; T36 — 36%

No significant differences (P>0.05) were observetiieen the digestible DM, OM, ADF and
energy intake by the Dorper wethers (Table 3.8)s Mmas not expected as the apparent
digestibility of DM and most chemical constituertd$fered (P<0.05), except that of ash
(Table 3.7).

The digestible CP intake increased (P<0.05) froet di0 to T36 a¥Opuntia inclusion
increased, but the digestible NDF intake decre#&Be&@.05). This could be due to the more
soluble CP and lower fibre content ©puntia cladodes than lucerne hay (Zeeman, 2005).
The difference (P<0.05) in digestible ash intakaldde ascribed to the difference in ash
intake (Table 3.6; P<0.05), but is not commensuvéth the ash digestibility (Table 3.7;
P>0.05).
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Tegegneet al. (2007) stated that the nutrient imbalance (aectfd by low fibre content,
high passage rate, high moisture and ash contk, df fermentable N, lack of lignified
material to elicit adequate rumination, presencexaflates and the wide Ca:P ratio) in cactus
pear could be associated with unparallel nutrietigestible nutrient) intake. Other
researchers (Ben Salesnal., 1996; Tegegne, 2002a; Gebremariral., 2006; Misraet al.,

2006) came to the same conclusion.

The digestible CP intake recommended by Mgtral. (2006) for maintenance requirement
of adult sheep is 40 g/day. In the present stutydigestible CP intake within all treatments

was well above this value.

According to De Waalet al. (1981) the maintenance energy requirement of gshee
estimated at 22 g digestible OM intake per kg ®day. Therefore, with a digestible OM
intake of 57, 58 and 60 g/kg WF/day for treatment TO, T24 and T36 (respectivaty)ould

appear that the sheep consumed sufficient digest@ to allow for both maintenance

requirement and considerable growth.
3.34 Water intake and excreted in urine and faeces

The daily water intake of the Dorper wethers durthg production periods (see 2.4) are
presented in Table 3.9.

Table3.9 The daily water intake of the Dorper wethers dgiime production periods as
influenced by inclusion level of sun-dried and cedy groundOpuntia

cladodes (Mean + s.e.)

Treatments
Water intake T0 T24 T36 P CV (%)
Cycle 1 (ni/day) 2004 + 311 2360 + 138 2134 +322 0.3805 12.437
Cycle 2 (ni/day) 2200 +297 2782+172 3005+260 0.4145  13.690
Cycle 3 (ni/day) 2758 +161 3196 + 228 3559 + 367  0.4662 13.481

2P Means in the same row followed by different supepss differ significantly (P<0.05)
“Inclusion levels of sun-dried and coarsely gro@puintia cladodes: TO — 0%; T24 — 24%; T36 — 36%
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The reader is reminded that water intake duringptioeluction periods was determined on a
group basis and not individually. No significantfelience (P>0.05) was observed between
the treatments in the production periodsOasintia inclusion incrementally increased within
Cycles 1, 2 and 3 (Table 3.9). Only a slight inseean water intake was observed, except the
water intake of Cycle 1 from treatment T36 that \ess than that of T24 in the same week.
This could be due to the competition effect betwédesn sheep within the groups. These
results suggest that the overall effect of thettneats on the water intake within the groups
were small in the production periods. Of interesthe fact that, as the production periods
progressed from Cycle 1, to 2 and 3, the waterkentaf the Dorper wethers increased
slightly, irrespective of dietary treatment. Thisgght be the result of a higher environmental
temperature or the higher DMI (see Table 3.5);h&swethers aged, more water was drunk
according to their relative body weights.

The results of the daily water intake and urineretton of the Dorper wethers during the
feed intake and digestibility period of Cycle 3 aresented in Table 3.10 and illustrated in
Figure 3.3. The data of the last Cycle of each Blwas used as discussed in 3.3.1.

Table3.10 The average daily water intake and urine excréiethe Dorper wethers as
influenced by inclusion level of sun-dried and cedy groundOpuntia
cladodes during the feed intake and digestibilitgrigd of Cycle 3

(Mean £ s.e.)

Treatments
TO T24 T36 P CV(%)

Water intake (fiday) 3031+ 278 3597 +208° 3927 +272 0.0683 21.748
Urine excreted (iiday) 1147 +133 1254 +100 1301 +87 0.7188 26.936

2P Means in the same row followed by different supepss differ significantly (P<0.05)

“Inclusion levels of sun-dried and coarsely gro@puintia cladodes: TO — 0%; T24 — 24%; T36 — 36%

A significant increase (P<0.05) in the voluntarytevaintake of the wethers was observed
between treatment diets TO and T36 (Table 3.10)cdntrast, there were no significant
differences (P>0.05) in the urine excretion. Thigswiot expected given the considerable
increase in water intake (P<0.05). With increa®pdntia inclusion in diets a proportionate
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amount of water was expected to be voided in threewsOpuntia inclusion in the treatments

increased (Zeeman, 2005).

These findings concur to a large extent with thsults reported by Zeeman (2005).
According to Zeeman (2005) the daily voluntary waitetake of the wethers increased
(P<0.05) withOpuntia inclusion level, but the differences in daily w@iaxcretion were much

smaller and not significantly (P>0.05) different.
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Figure3.3  Average water intake and urine excreted by wethrerthe feed intake and

digestibility period of Cycle 3.

The increased water consumption by the sheep inptesent study, following cactus
supplementation, resulted in wetter faeces excrdtgdthe wethers in the respective
treatments (Figure 3.4). Zeeman (2005) postuldtatithe wetter faeces may be ascribed to
the fact thatOpuntia cladodes contain a complex carbohydrate, mucilagt) a great
capacity to absorb water (Sudzuki Hills, 1995; Tgge 2002b; Saena al., 2004). Since
mucilage binds strongly to water, it is quite plales that this may render some of the water
in the digestive tract of the wethers unavailalge dgbsorption (Zeeman, 2005; De Waal
al., 2006). Hence, the sheep may have needed to orank water (P<0.05). Tegegseeal.
(2007) stated that insensible water loss via faeiceseased at higher cactus pear

supplementation levels and it cannot be fully eixad.
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Plate 3: Sheep faeces from treatment diet T36.

Figure3.4  Faeces excreted by the Dorper wethers as influebgedietary treatment
during Cycle 3.

Some authors ascribe this wet faeces to a laxatfeet (Ben Salenet al., 2002d), or a result
of diarrhoea (Ben Salemt al., 2002a; Le Houérou, 2002) (a chronic symptom afemal
imbalances and/or rapid fermentation; Tegegrat., 2007).

According to Nefzaoui and Ben Salem (2001) the laigtount of oxalates present@puntia
cladodes may explain this laxative effect when tednimals. But, according to Zeeman
(2005) and De Waatdt al. (2006), this wetter faeces (reminiscent of dieed) could be
ascribed to the water-binding capacity of mucila@eher researchers (De Kock, 1980;
Tegegneet al., 2007) reported that there was no indicationeoiiosis digestive disturbance in
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animals fed cactus pear; hence, it is not a disggsptom and has no detrimental effect on

the animal.

De Kock (1980) and Ben Saleghal. (1996, 2002d) reported that supplementation ofusa

based diets with fibrous foods (straw and hay) @ve weight; Le Houérou, 2002) may
prevent such digestive disturbance by improvingrati@l activity in the rumen. According
to McDonaldet al. (2002), mucilage, that is almost completely imdigole by non-ruminant
animals, can be broken down by the microbial pamraof the rumen. Therefore, small

amounts of mucilage could pass through the digestact and cause the wetter faeces.

Zeeman (2005) provided a dietary prophylactic @f@kaolin (hydrated aluminium silicate;

Al,03 2SiQ, 2H,0) to all the wethers at every feeding to prevaetdxcretion of wet faeces.

This measure had no visible effect in reducing eéReretion of wet faeces. Hence, it was
postulated that the wet faeces could not have lbaarsed by diarrhoea. It is important to
stress the fact that the wet faeces also lackedctiseomary foul smell associated with
diarrhoea (De Waa al., 2006).

3.4 Carcasscharacteristics

According to Attiet al. (2006) there is a paucity of references concerriire effect of

spineless cactus as a dietary supplement on apiodilicts, particularly meat quality.

34.1 Carcassweight

The mean carcass weight of the Dorper wetherssepted in Table 3.11.

Table3.11 Carcass weight as influenced by inclusion levelsoh-dried and coarsely

groundOpuntia cladodes (Mean + s.e.)

Treatments
TO T24 T36 P CV (%)

Carcass weight (kg)19.567 + 0.73% 19.111 + 0.868 17.770 +0.729 0.4178 12.881

2P Means in the same row followed by different supepss differ significantly (P<0.05)
“Inclusion levels of sun-dried and coarsely gro@mintia cladodes: TO — 0%; T24 — 24%; T36 — 36%
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No significant difference (P>0.05) was observedveen the treatments &puntia inclusion
incrementally increased from 0, 240 to 360 g/kgthe diets (Table 3.11). Only a slight

decrease in carcass weight was noted.

According to Tien and Beynen (2005) the two groofsheep supplemented with cactus pear
in their study had a significant (P<0.025) higharcass yield than the control group. This
was not the case in the present study. Accordingttioet al. (2006) the carcass weight of
goat kids decreased significantly (P<0.05) withteasupplementation.

To conclude, the average carcass weight did négrdsignificantly (P>0.05) between the

treatments. Thus, the mean carcass waighhot be associated widpuntia inclusion.

3.4.2 Fat thickness

The fat thickness between the™and 18 rib on the left side of the Dorper wethers are

presented in Table 3.12.

Table3.12 Fat thickness between the™and 13 rib as influenced by inclusion level of

sun-dried and coarsely grou@puntia cladodes (Mean * s.e.)

Treatments
Fat thickness measured TO T24 T36 P CV (%)

35 mm from spinal cord (mm)  3.731 + 0.4753.502 + 0.518 3.054 + 0.559 0.8007 47.479
110 mm from spinal cord (mm) 6.102 + 0.83(%.091 + 0.69%5 5.540 + 0.820 0.8437 44.015

2P Means in the same row followed by different supepss differ significantly (P<0.05)
“Inclusion levels of sun-dried and coarsely gro@mintia cladodes: TO — 0%; T24 — 24%; T36 — 36%

No significant differences (P>0.05) were observedhie thickness of the fat layer between
the 12" and 13" rib, as measured 35 and 110 mm from the centtheobpinal cord (Table
3.12). Only a slight decrease in fat thickness 3B from the centre of the spinal cord was

observed a®puntia inclusion incrementally increased in the experitakdiets.

43



The average thickness of the fat layer betweenldftel?" and 1% rib, as measured at
distances of 35 and 110 mm from the centre of piveas cord was not affected and cannot be

associated witlopuntia inclusion between the treatments.
3.4.3 Surface area of musculuslongissmus dors

The cross-sectional surface area of the longissimuscle (. longissimus dorsi) between
the 12" and 13' rib on the left side of the Dorper wethers is prisd in Table 3.13.

Table3.13  Surface area of the longissimus musaofel ongissimus dorsi) as influenced by

inclusion level of sun-dried and coarsely groudpuntia cladodes (Mean *

s.e.)
Treatments
TO T24 T36 P CV (%)
Area of eye muscle (i 1488 +54 1549+ 131 1431+87 0.6253  19.609

2P Means in the same row followed by different supepss differ significantly (P<0.05)
“Inclusion levels of sun-dried and coarsely gro@puintia cladodes: TO — 0%; T24 — 24%; T36 — 36%

No significant difference (P>0.05) on the surfaceaaof the eye muscle was observed

between the treatments @puntia inclusion incrementally increased (Table 3.13).

Thus, the surface area of the eye muscle cannaisbeciated with the inclusion level of

Opuntia in the experimental diets.
3.4.4 Carcasstissue deter mination

The carcass tissue coefficientd” @rough 1Y rib sections on the left side) of the Dorper

wethers are presented in Table 3.14.

No significant difference (P>0.05) was observednsy of the dietary treatments on either the

fat, meat or bone composition of the carcassesléTah4).
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Table3.14 Carcass tissue coefficients as influenced by 8sictulevel of sun-dried and

coarsely groun®puntia cladodes (Mean + s.e.)

Treatments
Carcass fractions TO T24 T36 P CV (%)
Fat 0.243 +0.023 0.202 +0.015 0.214 +0.023 0.3502 28.797
Meat 0.521 +0.0%6 0.545+0.013 0.526 +0.014 0.0608 7.535
Bone 0.227 +0.0f8 0.243 +0.008 0.246 +0.015 0.7361 18.607

2P Means in the same row followed by different supepss differ significantly (P<0.05)
“Inclusion levels of sun-dried and coarsely gro@mintia cladodes: TO — 0%; T24 — 24%; T36 — 36%

Tien and Beynen (2005) observed significant (P<®).@f#fferences between the percentage
of carcass yield of sheep in the control group tnde supplemented with cactus pear. The
meat percentage of the control group (61.6%) waelqP<0.025) than those supplemented
with cactus pear (67.6 and 64.4%). In contrast,ldbee percentage of the control group
(38.4%) was higher (P<0.025) than those supplerdentth cactus pear (33.1 and 35.8%).
Cactus supplementation resulted in an increasezepge of meat at the expense of bone.
This was not the case in the present study. Tieth Baynen (2005) concluded that
supplementing diets with cactus pear not only iaseel weight gain, but also improved

slaughter characteristics.

According to Atti et al. (2006) cactus supplementation increased (P<0tB&) bone
percentage of goat male kids during a total triztiiqul of 74 days. Goats receiving cactus
padsad lib. had a higher (P<0.05) bone percentage (26.9%)tth@se of the control group
(22.9%). The fat percentage decreased (P<0.05) #®BP6 in the control group to 10.5% in
the cactus supplemented group. Hence, cactus iméakeced carcass adiposity (Adtial.,
2006). Nevertheless, both the bone and fat pergestanentioned were not in accordance
with the results obtained in the present studyi. dtal. (2006) noted no statistical difference
(P>0.05) in the muscle percentage (mean of 59.4%yd®en the dietary treatments. This was

also the case in the present study.
Muscle and fat depots depend on nutrient consumpatnal utilization (Attiet al., 2006). The

DE intake of the Dorper wethers (Table 3.8) wag/\@milar (P>0.05) and could not have

effected the carcass composition of the sheepeiptésent study.

45



Atti et al. (2006) mentioned that due to treatment effectslanghter body weight and hence,
carcass weight, body muscle and fat weights wefiectad. This was not the case in the
present study as live body weight change (Tabl¢ i&dhained the same (P>0.05) between
the treatment groups.

In conclusion, the average tissue coefficients lo¢ tDorper wethers did not differ
significantly (P>0.05) between the treatment dastshe inclusion level @puntia increased.
Thus, the mean carcass composition coefficientes@Dorper wethers observed in this study

cannot be associated wiBpuntia inclusion.
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4, Conclusions

The long-term goal of this research programme atthiversity of the Free State is to utilize
and characteriz®puntia ficus-indica as a feed source when incorporated at substéatilbs

as a major ingredient in balanced diets for livelsto

The present study investigated to what extent sieddand coarsely groun@®puntia

cladodesan be incorporated in balanced sheep diets wittgoluicing sheep performance.

Opuntia ficus-indica is a high yielding plant that is well-adapted tagamge of soils and
climatic regions. Whe®puntia plants are pruned to stimulate fruit productiongéavolumes

of plant material (cladodes) are wasted and justdedry and rot. In many countries these
freshly pruned material is gathered and fed diyett|ruminants. The need arose in South
Africa to convert this ‘waste material’ with itsgh water content of about 890 g water/kg
into an attractive feed that can be put to greaserin formulated diets. However, the high
water content makes transport and storagepdntia difficult. Therefore, if sheep can
maintain or better still gain live weight ddpuntia-based diets without deleterious effects,
this “waste” material can be cut, dried, milled atdred as a feed and utilized during drought
or fed directly to sheep as part of a total mixed ¢hs for treatment diets T24 and T36 in the
current study). By sun-drying and grinding cladqdeslue is added to the product partly
because it can be stored or transported over latig&ances and incorporated in production

diets.

Based on the experience from this study, as wethagrevious study by Zeeman (2005), it
is recommended to c@puntia cladodes into strips of about 15 to 25 mm wide &ndry it

in the sun on a corrugated sink roof or wire meBhe cladode strips must be turned
frequently with an appropriate implement such a®ay fork or rake to facilitate air
movement and prevent moulding or rotting of thedatie strips in those places where air
circulation is restricted. Thereafter, the sun-diiéadode strips with its DM content of about
700 to 850 g/kg can be further processed by gripdirtoarsely in a hammer mill to pass
through a 20 mm sieve and store it before being usdiets. Although the cladodes were cut

by hand and sun-dried in a very simple way for thad, these processes can be mechanised.
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When sheep is offered diets containing sun-d@edntia, it is recommended to allow for an
adaptation period of one to two weeks which hefmdifate higher voluntary intake of dried
cladodes as the wethers progressively become aocedtto it. It was also observed that
sheep will select the other diet ingredients if @muntia fraction is discernibly coarser than
the main coarse roughage component of the dietselyalucerne hay. To reduce this
selective feeding behaviour the dried cladodesbsaground finer than the proposed 20 mm
[using a 6 mm sieve recommended by De Kock (1980,12and Nefzaoui and Ben Salem
(2001)] or by processing the diets into feed pglletowever, this would increase the cost of
processing th@©puntia cladodes but ensure a more constant and non4seléeed intake. It
would seem that particular attention must be paiérisure uniformity in the coarseness of

the roughage fractions.

As the inclusion ofOpuntia in the experimental diets increased from 0, 24860 g/kg, the
DM content decreased due to the lower DM conterDmintia cladodes compared to the
roughage component it substituted, namely luceme fihe same was observed for OM,
ADF, NDF and GE. In contrast, the ash content &®ee withOpuntia inclusion. The
decreasing ADF and NDF content of diets T24 and fiE3lected the diluting effects of the
low fibre content oOpuntia cladodes. The CP and EE content varied slightlabse of the
inclusion of feed grade urea and the low lipid emmtof bothOpuntia cladodes and lucerne
hay.

Dietary treatment had no effect (P>0.05) on shéep Weight gains. The moderate but
satisfactory weight gain of the Dorper wethers ddug the result of the supplemented maize
meal and urea in the respective diets. This inegk#ise energy and CP content, respectively.
It should be noted that the control diet (TO) usethis study was similar to the formulation
used by Zeeman (2005) and this diet was only dedigm promote moderate growth. A slight
decrease in ADG (P>0.05) was noted in the pregadiyssuggesting that the overall effects
of the diets on the wethers were small. Based enddta obtained in this study, it is
recommended thapuntia-based diets be supplemented with additional prcaeid energy
feed sources. This would likely overcome any natrigeficiency that could affect rumen

fermentation and consequently prevent an incregseath rate.

Opuntia inclusion had no effect on DM feed intake. Theak&t of OM, CP and GE also

remained the same between treatments and couldiexphy animal live weight gain was
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not affected by dietary treatment. The ADF and NiDtake decreased (P<0.05) and ash
intake increased (P<0.05) followin@puntia inclusion in diets. This can be associated with
the lower proportion of a fibrous feed source (lmeehay) high in ADF and NDF in the diets
or the high ash content Gfpuntia cladodes.

Opuntia inclusion had a marked effect on the apparent stiigjgty of most chemical

constituents, except for ash. It increased the rappaigestibility (P<0.05) of the diets when
incorporated in the dried and ground form. Thisifpas effect could be ascribed to the higher
levels of easily digestible carbohydrates in @mntia and the addition of a source of non-
protein nitrogen (NPN; feed grade urea) that igcigffitly utilized by the rumen microbes and

enhances digestion.

The digestible CP intake for all treatments washéighan the maintenance requirement of
sheep and the Dorper wethers consumed sufficigygstible OM to allow for satisfactory

live weight gain.

The voluntary water intake increased (P<0.05) viitblusion of sun-dried and coarsely
groundOpuntia cladodes in diets during the feed intake and diigéty period. In contrast,
the urine excreted by the sheep remained the sBr®Q5) in all treatments, but the faeces
excreted was much wetter than the expected normasistency of sheep pellets. It is
suggested, as was also the case in a previous bjudgeman (2005), that the mucilage
present in the digestive tract of the wethers nesigder some of the water associated with the
digesta unavailable for absorption. The precise enlodwhich theOpuntia interacts with
water and prevents it from being extracted fromdigesta or being absorbed from the colon
is not known and is currently investigated in ddatup trial. Nevertheless, the wethers were
compelled to drink more water to compensate fa& #xtra water loss in the faeces. The wet
faeces typically produced by sheep@ountia diets were mostly assumed to be the result of
diarrhoea, but the wet faeces lacked the custofoatysmell associated with diarrhoea.

None of the carcass characteristics (carcass weagba of eye muscle, tissue composition
and subcutaneous fat layer) measured in this stadyaffected (P>0.05) by the inclusion of
Opuntia in the experimental diets. These results suggestthe overall effect dDpuntia on

the carcass weight and quality of the Dorper wetknagre small.
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From the results of the present study, it seemg tiraspective of the dietary treatment,
adequate nutrients for maintenance and productieheep were supplied by the treatment
diets. Sun-dried and coarsely grouDguntia cladodes is an alternative feed source that can
be included successfully in sheep diets to meatimeapents for maintenance or production

diets without any detrimental effects on animaf@enance or carcass quality.

Treatment diet TO was formulated as a basal diengure moderate growth of sheep. The
same objective was set in formulating treatmentsdi®4 and T36. It is recommended that
research should focus on the formulationQguntia-based production diets with a high

energy content to be used in feedlots.

The effect of mucilage on the wetter faeces exdréte sheep o®puntia-based diets and
what happens in the alimentary canal also neeti® turther investigated. This is currently
being done in a comparative slaughter trial withiksir Dorper wethers. It is of particular
interest to understand the precise mode of interadietweenOpuntia and water in the
alimentary tract. This improved understanding &f thode of interaction would enable the
development of procedures to reduce the wet faprmfuced by sheep, makif@puntia a

more attractive feed source.
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Abstract

Incremental levels of sun-dried and coarsely grocactus pear(puntia ficus-indica var.
Algerian) cladodes were used to substitute patti@iucerne hay in balanced diets and fed to
28 Dorper wethers. The extent to which sun-driedl @arsely groun®puntia cladodesan

be incorporated in balanced sheep diets withoetgffg sheep performance was investigated
over a period of 70 days. The three treatment dieds T24 and T36) used in this study
comprised respectively (air-dry basis) 0, 240 am® /kg sun-dried, coarsely ground
Opuntia; 660, 410 and 285 g/kg coarsely ground lucerne 8@ g/kg yellow maize meal; O,
10 and 15 g/kg feed grade urea; and 40 g/kg mdass&al. The dry matter intake (DMI)
varied little between diets but the apparent digésgy increased [P<0.05; 71.4% (TO) vs.
75.6% (T36)]. The average daily gain (ADG) of thethers decreased slightly @puntia
inclusion increased. This suggests that the oveffdtts of the diets on the performance of
the wethers were small. As the inclusion levelOpiuntia increased in the diets, the water
intake of the wethers also increased (P<0.05; TO'86), while urine excretion showed little
increase (P>0.05). The faeces DM excreted remainedame for all diets, but with the
higher levels ofOpuntia inclusion the DM content of the faeces excretesibly decreased
considerably. It is suggested that the mucilagestey via théOpuntia and present in the
digestive tract of the wethers may have interaet@ti the water fraction in the digesta,
rendering some of the water unavailable for absmmpHence, the wethers were compelled
to drink more water to compensate for this extréewknss via the faeces. The wetter faeces
were assumed to be the result of diarrhoea by sessarchers, but the wet faeces lacked the
customary foul smell associated with diarrhd®puntia inclusion in the diets had no effect
on carcass characteristics of the wethers (weiiglhitthickness, surface area wiusculus
longissimus dorsi and relative tissue coefficients). This suggdsas the effect oDpuntia in

the treatment diets on the carcass weight andtyu#lithe wethers were small. From these
results, it seems that, irrespective of the dietaeatment, adequate nutrients for sheep
maintenance and production was supplied by thes.di®un-dried and groun@puntia
cladodes can be seen as an alternative feed supmiémsemi-arid and arid regions of most
countries that can be included in sheep maintenamc@roduction diets without any
detrimental effects on animal performance or carcamlity. It is recommended that research
should focus on the formulation @puntia-based production diets with a high energy

content, to be used in feedlots. The effect of tagei on the wetter faeces excreted by sheep
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on Opuntia-based diets and what happens in the alimentaral calso needs further

investigation.

Keyterms: carcass characteristics, digestibifiagces, mucilageQpuntia, urine, water

intake
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Opsomming

Toenemende vlakke van son-gedroogde en grof gemaaltsvyblaaie Qpuntia ficus-
indica var. Algerian) is gebruik om ‘n deel van lusernhimogebalanseerde diéte te vervang
en is aan 28 jong Dorperhamels gevoer. Tydens taletoproefperiode van 70 dae is
ondersoek ingestel tot watter mate son-gedroogdegreh gemaaldeOpuntia blaaie in
gebalanseerde skaapdiéte ingesluit kan word sondemenswaardige invioed op die
prestasie van die skape. Die drie behandelingsdiée T24 en T36) het onderskeidelik
(lugdroé basis) 0, 240 en 360 g/kg son-gedroogad,ggemaaldedpuntia; 660, 410 en 285
g/kg grof gemaalde lusern hooi; 300 g/kg geel ramekel; 0, 10 en 15 g/kg voergraad ureum,;
en 40 g/kg molasse meel bevat. Die inname van chat&riaal (DM) het min tussen diéte
verskil, maar die skynbare verteerbaarheid heteioegm [P<0.05; 71.4% (TO) vs. 75.6%
(T36)]. Die gemiddelde daaglikse toename (GDT) g#anhamels het effens afgeneem soos
Opuntia insluiting vermeerder het. Dit dui daarop dat digemene effekte van die diéte op
die prestasie van die hamels klein was. Soos dikiiiimgsviak vanOpuntia in die diéte
verhoog het, het die waterinname van die hametwdieenkomstig verhoog (P<0.05; TO vs.
T36), terwyl uitskeiding van urine min toename getdet (P>0.05). Uitskeiding van die mis
DM was onveranderd vir alle diéte, maar met dier métkke vanOpuntia insluiting het die
DM-inhoud van die mis uitgeskei sigbaar aansieafigeneem. Daar word vermoed dat die
slymgom-inname vi®puntia in die verteringskanaal van die hamels op 'n oebek wyse
met water inmeng en 'n deel van die water nie bgaspsie beskikbaar stel nie. Gevolglik het
die hamels meer water gedrink om te kompenseehigidie ekstra water wat in die mis
uitgeskei is. Meeste navorsers skryf die nat mesaan diarree, maar die kenmerkende stank
wat met diarree geassosieer word het in die natomilsreek. Insluiting va®puntia in die
diéte het geen effek op karkaseienskappe van dieelsa(massa, vetdikte, oppervliak van
musculus longissimus dorsi en relatiewe weefselkoéffisiénte) gehad nie. Ditadharop dat
die effek vanOpuntia in die behandelingsdiéte op die karkasmassa dma&lawvaliteit van die
hamels klein was. Hierdie resultate dui daarop alageag die dieet wat in die studie gebruik
is, voldoende voedingstowwe vir onderhoud en preaukan skape deur die diéte voorsien
is. Son-gedroogde en gemaal@guntia blaaie kan as ‘n alternatiewe voerbron in senedwi
en ariede omgewings van meeste lande benut wodiEtes vir die onderhoud en produksie
van skape sonder noemenswaardige nadelige effekeopprestasie of karkaskwaliteit. Dit

word aanbeveel dat navorsing behoort te fokus epgf@mulering varOpuntia-gebaseerde
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produksiediéte met ‘n hoé energie-inhoud vir gdbmivoerkrale. Die effek van slymgom op

die natter mis wat deur skape Opuntia-gebaseerde diéte uitgeskei word en veral waten di

verteringskanaal gebeur benodig verdere navorsing.

Sleutel terme: karkaseienskappe, m@puntia, slymgom, urine, verteerbaarheid, water

inname

63



