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Abstract

The medicinal properties of moringa (noringa oleifera lam) leaves and the effect of its use

as a supplement on goat growth performance and meaharacteristics

By

B. Moyo
The main objective of the study was to determinfeéding goats wittMoringa oleiferaleaves
would lead to an increase in productivity and ihugaof the meat. The proximate, van Soet,
atomic absorption spectrophotometric and soxhlgaetion methods were used to determine the
nutritional valueM. oleiferaleaves of the South African. Thie-vitro antimicrobial screening
methods were used to determine antimicrobial dm&/M. oleifera extracts whilen vitro and
invivo models were used to determine the antioxidantitie8 of M. oleifera leaves. An
evaluation of the potential ®fl. oleiferaleaf meal as a feed supplement in terms of iescefhn
helminth load, goat growth performance, carcassradberistics, meat quality attributes,
nutritional and consumer sensory characteristicgazt meat was done. A total of 24, eight
month old goats were randomly allocated to dieteggitments oM. oleiferaleaf meal (MOL),
sunflower seed cake (SC) and GH (grass hay) whahthve control. All the groups were fed on
basal diet of grass had libitum and 200g wheat bran per head per day. The MOLpgveas
given an additional 200 g of dridd. oleiferaleaves while the SC group was offered 170 g
sunflower seed cake per head/day. The study shdomadthe dried leaves had crude protein
levels of 30.3 %, polyunsaturated fatty acids (2@, Saturated fatty acids (43.3t)3 (44.57
%), n-6 (7.64 %), 19 amino acids, vitamin E (77 mg/10@)l Beta-carotene (18.5 mg/100 g).
The M. oleifera leaf extracts showed antibacterial activities aghiEscherichia coli

Enterobacter cloaceProteus vulgaris Staphylococcus aurewsnd Micrococcus kristinaeThe
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supplementation of goats with MOL and SC resultedacreased feacal larval count and lower
Haemonchus contortu3richostrongylus colubriformand Oesophagastum columbianweorm
burdens than those in the non-supplemented goaetsGupplemented with SC and MOL had
higher average daily weight gain and heavier caesmshan those in the GH group. Higher pH
scores were observed in chevon from GH diet thanstipplemented ones. The MOL and SC
supplemented goats had chevon with higher valuelggftness (L*) 24 hipost-mortenthan the
one from the GH grouplhe redness (a*) values of chevon 24pbst mortemwas highest in
MOL supplemented goats. Warner Bratzler shear f{0ABSF) values of SC (30.1 N) and MOL
(29.8 N) supplemented goats were lower than thasa GH diet (32.6 N). Chevon from goats
fed GH diet had significantly higher cooking los¢28.5 %) than that from MOL (25.4 %) and
SC (25.6 %) fed groups. It was observed that chéraom MOL and SC supplemented groups
had higher crude protein (23.57 and 22.95 %, res@dy) than the one from the GH group
(21.20 %). Cholesterol levels were higher in chefrom SC (42.84) supplemented goats than
those from MOL (38.76) and GH (35.63 mg). ChevamfrGH and MOL group had higher (P <
0.05) proportions of PUFAn-3, PUFA/SFA ratio and lowen-6/n-3 ratio. Mean consumer
scores for first bite, aroma, flavour and juicenesse higher in the MOL group than in the GH
group (P < 0.05). The acetone extract exhibitechdnigconcentrations of total flavonoids,
flavonols, phenolics. The acetone extracts depibiger percentage inhibition against DPPH,
ABTS and nitric oxide radicals which were compaeablith reference antioxidant (vitamin C
and BHT). TheM. oleifera leaf meal increased the antioxidant activity ofHzSOD and
catalase Moringa oleiferaleaves also exhibited medicinal properties by mganthelmintic,

antibacterial activities and showed antioxidantperties. It was also observed that protein



supplementation improved the animal growth perforoeathe physico-chemical characteristics,

nutritional and fatty acids composition of meat ¢temeeting the consumer needs.
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Chapter 1:  Introduction

1.0 Background

Goats play a vital role in the livelihoods of sudbsnce farmers by contributing significantly
towards food security and poverty alleviation thglouhe provision of animal protein, income
generation and as well as being used for socian@llpurposes (Rumosa Gwageal, 2009).
Nevertheless, goat production and productivity insmsubsistence farming areas which are
based mainly on extensive system, characterizepolby management and low productivity, is
faced with numerous challenges, such as inadequitiéion, diseases and parasites (Campbell,
2003; Rumosa Gwaz# al, 2009). Inadequate supply of nutrients such atepr, vitamins and
minerals causes nutritional deficiency diseases lerte impede animal growth performance
(Brisibe et al, 2008). This in turn could predispose animalgh® development of infectious
diseases as their immune system need adequateysapgdrotein, vitamins and minerals
(Jayarajan and Daly, 2011). Goats that are well desl better able to resist diseases when
exposed to infection than those which are alreadgk&ned due to malnutrition (Haet al,
2007). To mount the immune response, energy aniprare required in the manufacture of
antibodies and cells. Specific nutrients such asenals (calcium, zinc, copper and iron), fatty
acids and, vitamin A and E are also needed (Jayamjd Daly, 2011). In addition, improving
nutrition of goats, especially with protein and srals, increases their resistance to helminth

infection and improve digestibility of feeds (Bhsiet al, 2009).

Natural rangelands in South Africa can no longevte sufficient forage due to encroachment
by settlements, crop production, unpalatable pkemi grass species and frequent droughts
(Meadows and Hoffman, 2002). As a result, farmes®rt to supplementing their livestock with

1



the expensive concentrates, which are usually exyperand unaffordable to most resource-

limited farmers (Roland-Host and Otte, 2007).

Supplementation of livestock with diets high in fgfa is often important to improve livestock
performance, and this needs to be done accorditigetoequirements of the animal (Sarwettt
al., 2002). Various conventional protein supplemesush as soybean meal, sunflower seed
cake, cotton seed cake and fish meal have beeryddd successfully used (Reyes-Sanatiez
al.,, 2006). However, these protein sources are scamcetheir prices have been escalating
recently (Roland-Host and Otte, 2007). There igsaasing competition between humans and
livestock for these protein sources due to th@rdr@opulation growth. Furthermore, the grasses
are of low quality, with the crude protein rangiogfween 2- 6 % (Stapelbesgal, 2008) during
winter. The problem is further worsened by overgrgzand invasion of unpalatable,
nutritionally inferior grass and plant species whireduce the grazing value of the veld such as
Cymbopogon plurinodsSporobolus pyramidalis, Sporobolus natalensisd Pogonathria
squarrosa(Sarwattet al, 2002). There is need, therefore, to identify amglore use of non-
conventional feed sources that have the capaciietd the same protein output as conventional

feeds and perhaps at affordable prices.

Use of non-conventional protein supplements hastengpial to reduce livestock production costs
and improve livestock productivity, thereby ensgraineaper products such as milk and meat. At
the same time it will reduce the requirements afivemtional protein sources. The possible
alternative cheap protein sources are the forags tmany of these have long life spans and low
maintenance demands (Reyes-Sandteal, 2006). They are used in livestock production for

2



various purposes that include feeding. Forage @meesources of some essential nutrients such

as vitamins and minerals (Sarwettal, 2002).

Besides being natural supplements, forage trees baen explored recently as sustainable
alternatives for many diseases afflicting the gldivastock industry and they seem to be quite
efficacious (Brisibeet al, 2009). One such plant that is reported to haitdtional, therapeutic
and prophylactic properties Moringa oleiferaLam, commonly referred to as the drumstick tree
(Fahey, 2005; Reyes-Sanchet al, 2006). It is the most widely cultivated specigs a
monogeneric family, moringaceae, in the tropics aanbdtropics (Fahey, 2005; Moneeé al.,
2008). The plant is native to the sub-Himalayarctsraof India, Pakistan, Bangladesh and
Afghanistan (Fahey, 2009)loringa oleiferais a rapidly growing tree which is easy to esthli
making it easy for farmers to cultivate and hasdyooppicing ability, as well as good potential
for forage production. It can be used in the afiatesn and reforestation programmes, therefore,
it becomes an ideal tree to be grown because dfatsght resistance and ability to grow on poor
soils (Monereet al.,2008). It is reported to grow well in areas reaajvan annual precipitation

of 500 to 1 500 mm and annual temperatures from tt828.5°C (Marcu and Pharm, 2005).

All plant parts ofM. oleiferaare edible and have long been consumed by humahe a¢ant is
highly nutritive (Foidlet al, 2001; Amagloet al, 2010). The plant has also been used as
traditional medicine for centuries (Marcu and Pha2005). Furthermore, its leaves can be used
as a protein feed supplement for livestock (Fugi@)5). Research in other countries has shown
that this plant has important nutrients such asepre, which range from 16 to 40 % (Foddlal,
2001; Marcu and Pharm, 2005). Advantages of udihgoleifera for protein source are
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numerous, they include the fact that it is a peia@rplant, with coppicing ability, which can be
harvested several times in one growing season asdlso the potential to reduce feed cost. It
also has some tannins which play a significant ilée nutrition of animals, causing beneficial
effects on nutrient utilization, health and prodoct(Foidl et al.,2001; Marcu and Pharm, 2005;
Hosteet al, 2006). A feed with condensed tannins may affeet intake, digestibility and
rumen microbes’ growth and morphology (Louvandihal, 2006; Cencet al, 2007; Waghorn,
2008). However, consumption of condensed tannirsnioyals has been reported to suppress the
population of gastro-intestinal parasites (Minhal abdalla, 2007; Xhomfulanat al, 2009).
Considering that protein supplements are scarceegpensive, this underscores the necessity to
assesdVl. oleifera as an alternative supplementary livestock feed itgg\ghotential medicinal
effect on livestock production. Use BE. oleiferain communal areas has a potential to limit the

challenge of feed shortage especially during wiséasons.

Moringa oleiferahas been reported to possess both nutritionafreetticinal properties (Foidt

al., 2001; Marcu and Pharm, 2005). Such multi-purpaaats likeM. oleiferahave a potential
to reduce the dependence on expensive convenpooigin supplements and commercial drugs
(Okaoli, et al, 2002). Furthermore, some consumers now prefganac products; therefore the
use of such plants gives the resource-limited fargreater advantage in the production of

organic product (Muchengt al, 2010).

Animal products, such as meat quality or charagties are generally influenced by the type and
quality of feed consumed by the animal. Poor natriin animals, which characterizes many
communal areas of South Africa leads to meat of doslity. Use of supplementation has often

4



been suggested as an approach in improving godtioutand meat quality. Despite the shortage
of feed, farmers should aim at producing high dughroducts that are acceptable to modern
consumers who are concerned about safe meat withndesirable effects on their health

(Anderseret al, 2005).

In South Africa, most research has concentrategelgron the improved breeds such as Boer
goats, neglecting those kept by most rural farnfghssa lop eared and Nguni goats) (Malan,
2000; Campbell, 2003). These goats (Xhosa lop eaneldNguni) provide meat (chevon) which
is popular meat throughout South Africa, with gesat production and consumption in
subsistence farming areas (Abia and Fry, 20Ghevon is acceptable to consumers because of
its aroma and palatability. In addition, chevore@ner and contains less cholesterol and fat than
both lamb and beef (Baron and Anders2@02). Chevon has been reported to have lower
lightness and higher redness than lamb, mainly tduéhe lower intramuscular fat of goat

carcasses (Simela and Merkel, 2008).

However, no studies have been done Mn oleiferds nutritional composition, medicinal
properties and its effects as a supplement on thlewing parameters in goats: growth
performance, carcass and non-carcass traits, maagsco-chemical characteristics, fatty acid

profile and consumer sensory scores in South Africa

1.1  Justification of the Study
Despite the high crude protein contentMf oleiferaleaves, there is paucity of information on
the effect ofM. oleiferaleaf diet on goat growth performance, chevon plossharacteristics,
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and fatty acid composition. In addition, its antdant and anthelmintic information is lacking.
Such information is needed in devising alternafeeding strategies to improve goat meat yield
and quality in the subsistence farming areas. Ma@edeeding locally adapted breeds such as
Nguni, Xhosa lop eared and their crosses Witholeifera have the potential to produce more
acceptable and healthy goat meat with minimal dsanthelmintics and antibiotics. Most of the
research oM. oleiferahas been concentrated on human beings. Thereés®arch on the use
of M. oleifema and evaluation of its chemical composition, aibrial, anthelmintic,
antioxidants properties and its effect as a supgitgnfeed on growth performance, carcass
characteristics and meat eating quality traitsioestock is imperative. The widespread claims of
M. oleifera’s nutritional and medicinal properties on humansiasgiring to further investigate

some of these properties on livestock.

1.2 Main Objective
The main objective of the study was to determiniediding goats witltMoringa oleiferaleaves

would lead to an increase in productivity and itueaof the meat.

1.2.1 Specific Objectives
* To determine the nutritional value ®foringa oleiferaleaves of the South African
ecotype;
* To determine the antibacterial and antifungal @iy of theM. oleiferaleaf extracts;
* To determine the effect of supplementing goats Mttoleiferaleaf on helminth load;
* To determine the effect of supplementiN oleifera leaves on growth performance,

carcass and non-carcass characteristics of goats;
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* To determine the physico-chemical characteristicsh@von from goats supplemented
with M. oleiferaleaf meal;

* To determine the nutritional, fatty acid compositiand consumer sensory scores of
chevon from goats supplemented wiholeiferaleaf meal; and

* To investigate the antioxidant propertiedvbfoleiferaleaves.

1.3 Hypotheses
The following null hypotheses will be tested
* Moringa oleiferaleaves have no nutritive value;
* Moringa oleiferaleaf extracts have no anti-bacterial and antifliagavities;
* Moringa oleiferasupplementation to goats has no effect on helmio&d;
» Supplementing goats witkl. oleiferaleaf meal has no effect on growth performance,
carcass and non-carcass characteristics;
» Supplementing goats withM. oleifera has no effect on physico-chemical
characteristics of chevon;
* Supplementing goats wittM. oleifera has no effect on nutritional, fatty acid
composition and consumer sensory scores of cherah;

* Moringa oleiferaleaves have no antioxidant activities.
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CHAPTER 2: Literature Review

2.1 Introduction

Goats are important to resource-limited farmers,theesy fulfill multiple roles such as the
provision of meat, milk, manure, skins, cashmerehar (Haenlein and Ramirez, 2007), and
barter trade (Morand-Fehet al., 2004). Goats, together with other livestock, areduss
investments and status symbols in some societietheys generate income after their sales
(Sweet, 2008). In addition, goats play a pivotdé nm socio-cultural and ceremonial purposes
(Kosgey and Okeyo, 2007; Simela and Merkel, 2068)Vries and Pelant (2008) and Rumosa
Gwazeet al (2009) reported that goats can be exchangedametb to neighbours to enhance
kinship ties. They are also useful in controllingsb encroachment in natural rangelands of

Southern Africa (Saico and Abul, 2007).

Manure from goats is an invaluable source of omdertilizer for maintaining or improving
agricultural production especially for resource4pdarmers who cannot afford expensive
inorganic fertilizers. Manure is an alternative amg fertilizer which can be used for the
production of organic products (Hansson and Fredak, 2004). Therefore, goats are used to
meet food security needs and improve welfare amesgurce-limited farmers. However, the
productivity of goats is affected by shortage @dend high incidence of helminths and diseases
(Rumosa Gwazet al, 2009). There is, therefore, a need to find atitve feed supplements
which could alleviate feed shortages, and also ltavative properties, which could reduce the
disease incidence in goat production. This couldrowe the amount and quality of goat meat
produced to meet the consumer demand.
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One of the forage plants that could be used asltamative protein supplement is Moringa
(Moringa oleiferg. Moringa oleiferaLam is the most cultivated species of the monagefemily
Moringaceae (order Brassicales), it includes 1Xispeof trees and shrubs distributed in sub-
Himalayan ranges of india, Sri-lanka, North Eastnd South Western Africa, Madagascar and
Arabia (Anwaret al, 2007). It is believed to be native to sub-Hingalatracts of Northern India,
but it has become naturalized in many locationddwmade in the tropics and sub-tropics (Reyes-
Sanchezt al, 2006; Mendrieta-Araicat al, 2011). It is widely cultivated in Africa, Thaiid,
Burma, Singapore, West Indies, Sri-Lanka, Indiaxigl® Malaysia and the Philippines (Fahey
2005; Reyes-Sanchet al, 2006). It is a tree that is nutritious, havilmast all essential nutrients

in adequate amounts (Anwetral, 2007).

The tree ranges from 7 to 12 m in height, but isalkg trimmed to make it easier to harvest the
leaves and pods. It has tuberous roots, soft spawgg, thin slender trunk (24 cm thick), wide
spreading, drooping and fragile branches. The kaxe imparipinnate-rachis 3 to 6 cm long with 2
to 6 pairs of pinnules. Each pinnule has 3 toiptelal leaflets that are 1 to 2 cm long and 0.8.®

cm wide. The terminal leaflet is oval in shape #mel flowers are borne profusely in auxiliary,
drooping panicles 10 to 25 cm long. They are fraignahite or creamy-white with yellow stamens
and 2.5 cm in diameter. The pods, borne singlynopairs, are pendulous, brown, triangular,
tapering at both ends; 25 to 45 cm long and 1.8wede. Each pod contains about 16 seeds
embedded in the pith. The pod split length-wise thtee parts when dry. The seeds are round with
a brownish semi-permeable seed hull with three evpapery wings, embedded in dry, white,
tissue-like pithMoringa oleiferais propagated either by planting stem cuttings 2 i long or by
seeding (Aregheore, 2002).
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Moringa oleiferais drought tolerant and is reported to tolerateuamual precipitation of 500 to 1
500 mm and annual temperatures from 18.7 to 28.6°@rows in a wide range of soil types,
preferring neutral to slightly acidic soil (pH rangf 4.5 to 8.0)Moringa oleiferais a fast growing
tree which also has fast re-growth after prunimgl eapacity to produce high quantities of fresh
biomass per square meter even at high plantingtesn@-oidlet al, 2001). The dry matter (DM)
yield is high, from 4.2 to 8.3 tons/ha when hamdstvery 40 days (Aregheore, 2002). It is a typical
multipurpose tree of significant economic imporeareecause there are several industrial and
medicinal applications and various products to $dlas food and feed which can be derived from

its leaves and fruits (Anwat al, 2007).

2.2 Nutritional composition of Moringa oleifera Lam Leaves

Recent researches indicated that the leavit ofeiferaare concentrated sources of several macro
and micro nutrients including proteins, vitamins, @ C and E) and minerals (calcium, iron,
potassium and magnesium) as shown in Table 2.1l&@PO5; Odurcet al, 2008). There is
quite a lot of literature on the nutritional valoEM. oleiferaLam leaves; however, the literature
reports varying nutritional chemical composition.dddition, the information has been recycled
for a long time. The possible sources of variatiohshe available nutritional data are due to
factors, that include natural variation, sampleppration and analyses, physiological stage at
harvesting and lastly human errors. Natural vamattould be due to differences in genetic
background of the plant (ecotype, cultivar), theviemmment (soil, climate, pathogens) and
cultivation methods (inputs, harvesting frequendyariation due to sample preparation and

analysis may depend on the time between colleetnwhanalysis, the mode of preparation and
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Table 2.1:  Chemical composition of driedMoringa oleifera leaves

Reference

Nutrient Mean value for 100g Dry matter
Protein (g) 22.5-29
Minerals (g) 9-11

Lipid (g) 2.23-8
Carbohydrate s(g) 38.2-39
Fiber (g) 10-19.2
Calcium (mg) 2003-2009
Copper (mg) 0.57-1.0
Iron (mg) 28.2-28.3
Potassium (mg) 1324-1384
Magnessium (mg) 368-422
Phosphorus (mg) 204-267
Manganese (mg) 8.4-9.1
Zinc (mg) 2.5-3.29

Vitamin A —B carotene (mg) 16.3-18.9
Vitamin B1 oxalic acid (mg) 1.60-1.63
Vitamin B1 thiamin (mg) 2.54-2.64
Vitamin B2 riboflavin (mg) 19.8-20.5
Vitamin B3 nicotinic acid (mg) 8.2-8.6
Vitamin C ascorbic acid (mg) 17.3

Vitamin E tocopherol acetatell3
(mg)

Fahey, 2005; Rweyemamu, 200@inB
2008; Odurcet al, 2008

Aslaret al, 2005; Broin, 2008
Rweyemamu, 2006; odwbal, 2008
Aslanhal, 2005; Rweyemamu, 2006
Rweyemamu, 2006; Nuhu, 2010
Rweyemamu, 2006; Nuhu, 2010
Rweyemamu, 2006; Ockiral, 2008
Rweyemamu, 2006; Odetal, 2008
Rweyemamu, 2006; Oduab, 2008
Rweyemamu, 2006; Nuhu, 2010
Rweyemamu, 2006; Nuhu, 2010
Richtgral, 2003; Rweyemamu, 2006
Rweyemamu, 2006; Odatal, 2008
Rweyemamu,&Muhu, 2010
RweyemamuQ&00duroet al, 2008
Rweyemamu, 2006uroet al, 2008
Richtet al, 2003; Rweyemamu, 2006
Rweyemam008; Nuhu, 2010
Rweyemamu, 2006

Rweyemamu, 2006
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conservation between collection and analysis (dyyrefrigeration and freezing) (D’'Souza and
Kulkarni, 2004). These can seriously affect nutrieontent of the sample especially vitamin C
which is lost during the drying process (NewtonP@0 As far as errors of human origin are
concerned, they may be due to error of manipuladienng analysis, mis-calculation of results

and inappropriate botanical identification of tlaenple (Broin, 2008).

Moringa oleiferahas been reported to possess quality proteinsrute protein content varies
from 16 to 40 % (Foidkt al., 2001 Marcu and Pharm, 2005; Rweyemamu, 2006; Reyes-
Sanchezt al, 2006; Mendieta- Araicat al, 2011). According to Makkar and Becker (1997)
and Marcu and Pharm (2005), the amounts of essamtigo acids are comparable to those in
Soya beans. The number of amino acids found ineifemeal varies from 9-12 (Table 2.2) and
also their nutritional value varies (Richtet al, 2003). Leaves are a good source of beta
carotene and minerals (Rich&tral, 2003; Reyes-Sanchet al, 2006). The calcium content is
remarkably high for a plant with low phosphorusdisv(Rweyemamu, 2006). Also, the content
of iron is good as such it is used for anaemicepési (Anwaret al, 2007).Moringa oleifera

leaves have high nutritive value, as such it hastantial to be used as feed supplements.

2.3 Medicinal uses oMoringa oleifera

2.3.1 Antimicrobial activity

For a long period of time, plants have been a \@&isource of natural products for maintaining
human and animal health, with more intensive sttbe natural therapies which can be used to
combat serious diseases, especially in the lasadgeqZhang, 2004). The use of plant
compounds for pharmaceutical purposes has graduathgased world-wide. According to
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Zhang (2004), medicinal plants would be the besirs® to obtain a variety of drugs.
Approximately 60-80 % of the world’s population listielies on traditional medicines for
management of diseases (Zhang, 2004). Therefoch, @ants should be investigated to better

understand their properties, safety and efficigiidyff, 1998).

Bacteria are micro-organisms that have circularbtsgtranded DNA and cell walls. They are
classified by several criteria, including morphagtogrhey may be cylindrical (bacilli) or
spherical (cocci) (Mckayet al, 2009). Basically there are two groups of baateramely the
gram positive and gram negative bacteria (Tsatng., 2005). The gram positive bacteria retain
crystal violet dye after iodine fixation and alcoldecolaration, whereas gram negative bacteria
do not. Gram negative organisms have thinner callswand the cell wall composition is
different from that of gram positive organisms (igat al, 2005). This difference accounts for
general differences in how both virulence factand antigenic determinants are expressed. In

addition, difference accounts for some generalraiBons in susceptibility to antibiotic drugs.

Bacteria are controlled using antibacterial drudsctv have either bactericidal or bacteriostatic
properties (Maukoneret al, 2006). Antibacterial drugs have many mechanishsaction
including inhibiting cell wall synthesis, activagirenzymes that destroy the cell wall, increasing
cell membrane permeability and interfering with tpmo synthesis and nucleic acid metabolism
(Mckay et al, 2009). Other antibacterial drugs are bacterimstehich slow or stopn vitro and
in vivo bacterial growth but depend on body defenses ltobkicteria (Mckayet al, 2009).

According to Michelket al, (2008) quantitative methods are used to idemiti€&/minimumin vitro
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concentration at which an antibiotic can inhibibwgth (minimum inhibitory concentration or

MIC) or kill (Minimum bacterial concentration or MB.

Moringa oleiferais reported to reduce the activity of pathogeracteria and molds (Mehtt
al., 2003). Recent studies have demonstrated thételedacts have antimicrobial activity
including the inhibition of the growth dtaphylococcus aurewgrains isolated from food and
animal intestines (Mehtet al, 2003). Dahot (1998) and Mehga al (2003), also reported that
M. oleifera leaf extracts inhibited the growth of bacteri&taphylococcus aureus, Bacillus
subtilis, Pseudomonas aregingsand fungal species that includédpergillus fumigatesand
Aspergillus flavusAside from the antimicrobial activities of the Vem, the stem bark extracts
showed antibacterial effect agairtaphylococcus auren®lehtaet al, 2003; Garrityet al,
2006). It could be a potential bioceutical agensubstitute antibiotics in livestock production.
Yang et al. (2006) reported that the inclusion Mdf .oleifera leaves in broiler diet reduced the
population of the bacterigscherichia coliin the ileum. TheM. oleiferaleaves, stem bark and
roots are reported to contain compounds such aggagpermin, benzyl glucosinate and benzyl
isothiocyante and phytochemicals namely flavonadponins, tannins and phenolic compounds
which have powerful antibacterial and fungicidateefs (Nikkonet al, 2003; Fahey, 2005;
Anwar et al, 2007). According to Fahey (2005), the medicume ofM. oleiferais summarized

in Table 2.2.
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Table 2.2

Medicinal uses ofM. oleifera (Fahey, 2005) and Anwagt al., 2007)

Plant Parts

Traditional use/Effect

Leaves

Stem Bark

Roots

Exudate

Flowers

Seeds

Gum

Antibacterial infection, Urinary tract infection,grfpes simplex virus, Helminthes,
Trypanosomes, Bronchitis, External sores/ulcersjeFeAnti-Tumor, Prostate,
Radio protective, Anti-anemic, Antihypertensive, abBetes/hypoglycemia,
Diuretic, Colitis, Dysentry, Ulcer/Gastritis, rheatism, headache, Antioxidant,
Carotenoids, Iron deficiency, Protein and mineefialency, Lactation enhancer,
Antiseptic catarrh, Scurvy and Tonic.

Dental caries/toothache, Common cold, Externalsgoleer, Anti-tumor, Snake-
bite, Scorpion bite, Colitis, Epilepsy, Hysterisgatlache, Anti-nutritional factors,
Aphrodisiac, eye ointment, Splenomegaly, Pain kilBrth control and Scurvy

Dental decay/toothache, common colds, Externalsfdleers, Fever, Asthma,
Cardiotonic, Diuretic, Hepatorenal, Flatulence, iAgasmodic, Epilepsy,
Headache, Aphrodisiac, Gout, Hepatamegaly, Low Madkey pain, Anti-

inflammatory, Scurvy and splenomegaly.

Dental caries/Toothache, Syphilis, Typhoid, Earadhever, Asthma, Diuretic,
Dysentry, Rhematism and Headache.

Throat infection, common colds, antihelmintic, amiinor, diuretic, tonic,
hysteria, abortion.

Antihelmintic, Warts, antitumor, Ulcer, Skin cancant-hypertensive, diabetes,
joint pain.

Dental caries, astringent, asthma, syphilisraedmatism
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2.3.2 Anthelmintic Activity

In the tropics and sub-tropics, helminthes remaia of the most prevalent and economically
important parasites of goats (Torres-Acastal, 2008). Several authors have highlighted that,
gastrointestinal helminths are a major constramtetonomic productivity of goats as they

constitute the chief parasites responsible foradiseelated production losses arising from goat
mortality, severe weight loss and poor productidfalkden-Brown and Kahn, 2002; Githiaet

al., 2004; Torres-Acostet al, 2008).

Control of gastrointestinal anthelmintic infectioissthrough use of conventional anthelmintics.

However, these drugs are increasingly expensivén widme side effects and sometimes
unavailable or unaffordable to resource-limitedrfars in developing countries, who as a result
end up using adulterated drugs (Montestaal, 1998). Moreover, the widespread intensive use
of conventional anthelmintic drugs by most comnedréarmers has created multiple drug

resistance that has led to a failure in controlledminths (Wolstenholmet al, 2004; Jabbast

al., 2006). These constraints have necessitatechalieg strategies of helminth control (Jabbar

et al, 2006).

Supplementing livestock with condensed tannin-fieéds can be a cost-effective alternative
control strategy for reducing gastro-intestinalgsate burdens in livestock in communal areas
(Waller and Thamsborg, 2004; Alonso-Dietzal., 2008; Xhomfulanat al, 2009). Condensed
tannins directly affect the physiological functingiof gastrointestinal parasites, and may reduce
egg hatch rate and larval development in faecalpszsr(Nguyeret al, 2005). In addition, it is
thought that tannins could act indirectly by impgray response of the host to gastro-intestinal
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parasites (Waller and Thamsborg, 2004). On theroflaad M. oleifera leaves are rich in

nutrients, and its supplementation improves theyboohdition of animals fed on the plant.
Increased intestinal protein supply is known to iaye host homeostasis and its immune
response to gastro-intestinal parasites (Hestd., 2006). The improved utilization of nutrients
by hosts could thus contribute to the improvementesilience usually observed in infected

animals and could modulate host resistance (Ngayah, 2005; Minho and Abdalla, 2007).

Moringa oleiferahas been perceived to have anthelmintic effectseebgurce-limited farmers in
Uganda (Wasswa and Olila, 2006; Rastegial, 2009), however, there is little scientific
evidence on the claim. However, tinevitro work on ascaris worm, showed tiht oleiferawas

not all that effective as antihelmintic (Wasswa &lda, 2006). Its anthelmintic effect could be
attributed to the amount of condensed tanninséheds possess or it could be due to proteins.
The leaves also contain some copper which is re@dd have some anthelmintic effect (Burke

et al, 2007).

2.3.3 Antioxidants

Moringa oleifera has been reported to possess some antioxidanernuesp (Sreelatha and
Padma, 2009; Atawodst al, 2010). Antioxidants are substances that mayeptanimal cells
against the damage caused by free radicals thae @audation in the body (Tsamg al, 2005).
Free radicals are highly reactive molecules coimgione or more unpaired electrons and can be
formed when oxygen interacts with certain molecslash as peroxides (Naat al, 2003). Once
formed these highly reactive radicals can stahtarcreaction, like dominoes. Their chief danger
comes from the damage they can do when they radcimportant cellular components such as
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DNA, or the cell membrane. Cells may function pgart die if this occurs. In addition, free
radicals can damage cells, and may play a roleantldisease, cancer and other diseases (Tsang

et al, 2005).

Antioxidants play an important role in inhibitingnéh scavenging free radicals, thus providing
protection to animals against infections and degdive diseases (Sreelatha and Padma, 2009;
Vermaet al, 2009). These antioxidants safely interact widefradicals and terminate the chain
reactions before vital molecules are damaged (Mial, 2003). Although there are several
enzyme systems within the body which scavenge fegkcals, the principle micronutrient
antioxidants are vitamin E, béta-carotene, andmiitaC (Nair et al, 2003). Additionally,
selenium, a trace mineral that is required for prdpnctioning of one of the body’s antioxidant
enzyme systems, is sometimes included in this oayedPeschekt al, 2006). The body cannot
manufacture these micronutrients and they neee teubplied in the diet (Peschetlal, 2006).

In nature antioxidants are grouped as endogenoasagenous. The endogenous group includes
enzymes (and trace elements as part-of) like symE®e dismutase (zinc, manganese and
copper), glutathione peroxide (selenium) and cagéland proteins like albumin, transferrin,
ceruloplasmin, metalliothioein and haptoglobin (Nait al, 2003). The most important
exogenous antioxidants are dietary phytochemiaath s polyphenols, quinines, flavonoids,
catechins, coumarins, terpenoids and the smalléeaules like ascorbic acid, beta-carotene and

vitamin-E (Nairet al., 2003).

Moringa oleiferaleaves have been reported to contain various phgtaicals, viz carotenoids,
vitamins, chlorophyll, xanthins, minerals, aminoida¢ sterols, alkaloids, flavonoids and
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phenolics (Siddhuraju and Becker, 2003; Anwtal, 2007; Vermaet al, 2009). The presence
of vitamins C, E, carotenoids, flavonoids and selenmakeM. oleiferaa potential antioxidant.
Aqueous and methanolic extractshdf oleiferaleaves have been reported to possess antioxidant
properties (Siddhuraju and Becker, 2003; SreelatithPadma, 2009; Khalafal& al, 2010).
Ashok Kumar and Pari (2003) reported that the adstration of M. oleifera extract decreased
hepatic marker enzymes and lipid peroxidation wstmultaneous increase in the level of
antioxidants. It was speculated that the extraxtsted its protective effects by decreasing liver
peroxide and enhancing antioxidants. In additioerivaet al. (2009) reported that the leaves of
M. oleifera have phenols, which are known to scavenge freealsd The investigation of
antioxidant polyphenols indicated the presencehainplic acids (gallic, chlorogenic, ellagic and
ferulic acid) and flavonoids (Kaempferol, quercetiaffeoylquinic acids and rutin). This also
corroborates the findings of Siddhuru and Beck@08) who reported that the major bioactive
compounds of phenolics were flavonoid group suctuesctin and kaempferol. Furthermolé,
oleiferaextracts have significant metal chelating propsrand have the ability to protect against
DNA nicking. In rats the extracts protected thesuss against oxidative stress (Vergtaal,

2009).

Selenium and zinc are minerals, not antioxidantiewts (Yazdanparast and Ardestani, 2007),
however, they are components of antioxidant enzyamesM. oleiferaleaves are reported to
possess selenium and zinc (Fugile, 2005). Theseralgare thought to help fight cell damage
by oxygen-derived compounds and thus may help gragainst cancer. It is best to supply
selenium through feeds in limited quantities, agdadoses of the supplement form can be toxic
(Beytutet al, 2002). Deficiency of selenium and vitamin E es18Vhite Muscle disease (Beytut
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et al, 2002). In addition, their deficiency resultslawer conception rates, dystocia, retained
placenta, reduced milk production, reduced semaealitgu poor growth rate and increased
incidence of periodontal diseases (Bewtal, 2002). Higher concentrations of other minerals
(calcium, sulphur and copper) and feed contaminémtsate, unsaturated fats) may decrease
absorption of selenium in the small intestines.aNiin E deficiency clearly reflects forage
guality. Prolonged storage of feeds results in aégtion of vitamin E activity. Plants can also be

a good source if grown in selenium-rich soils (Feig2005).

Vitamin A protects cells from free radicals andirtgportant sources are liver, dairy products and
fish (Peschekt al, 2006; Millset al, 2008). Vitamin C, also called ascorbic acidaisvater-
soluble vitamin found in all body fluids, so it méw one of the body’s first line of defence
(Peschekt al, 2006). This powerful antioxidant cannot be stidog the body, so it is important
that it should be fed regularly (Choegal, 2007). Vitamin E, a fat-soluble vitamin also kmo

as alpha-tocopherol, can be stored with fat inlithey and other tissues (Chomg al, 2007).
Furthermore, vitamin E is promoted for a range ofppse, from delaying aging to healing
sunburn (Chonget al, 2007). Important sources include wheat germs rfatmonds), seeds,
whole grains, green leafy vegetables, broccoli, goas, corn and soybean oil and fish-liver oil

(Mills et al., 2008).

Moringa oleifera,has also been reported to be rich in beta-sitostenich acts against some
forms of cancer. It has been found to reduce tbeir of prostate and colon cancer cells. Beta-
sitosterol is known to boost immunity, helps to malize the blood sugar and supports the
pancreas and has anti-inflammatory properties (Eug005). InterestinglyM. oleifera has
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cytokines like zeatin or kinetin which have a poteh anti-aging and protective effects in
animals (Fugile, 2005). Besides its antioxidanteptal, M. oleiferais documented for treating

diseases in humans (Anwetral, 2007). Some of the antioxidants are of dietargartance.

2.4 Uses oMoringa oleifera as a feed supplement

Protein is the most limiting nutrient especiallyridg the dry season (Devendra and Sevilla,
2002), therefore, protein supplementation is stypomgcommended when finishing goats on
rangelands (Marume, 2010). Supplementation witthdpigptein diets improves body weight
gains and consequently higher carcass weights atterkchevon quality than low-protein diets
(Baublitset al, 2006). Conventional protein supplements sucpragin blocks are expensive
and unavailable to resource-limited farmers; treeethey have resorted to the use of alternative
protein supplements (Devendra and Sevilla, 200@neof the supplements are highly fibrous
and low in protein, vitamins and essential mine(Algongoniet al, 2007). Legume trees such
as Dichrostychs cinera Julbernadia globifloraand Acacia karroo (Mlambo et al, 2004;

Marume, 2010), have been used as protein supplement

Moringa oleiferahas a greater potential as a protein supplemeisuse of its easy growth and
adaptability (Mendieta-Araciat al, 2011). The leaves dfl. oleiferaare readily consumed by
cattle, sheep, goats, pigs, rabbits, fish and emskBen Salemat al, 2004; Mendieta-Araicat
al., 2011). Foidlet al (2001); Lyet al (2001); Reyes-Sanchet al (2006) conducted some
trials usingM. oleiferaleaves as livestock feed for beef, dairy cowss gigd poultry. Both beef
and dairy cattle were fed 15-17 kg each per dafyesh M. oleiferaleaves and the beef cattle
gained up to 33 % while dairy cows’ milk yield ieased by 43-65 %. In the work done by
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Reyes-Sancherat al. (2006) the milk yield increased by 58 and 65 % nvtiee dairy cows were
fed 2 and 3 kg dried leaves per day, respectivielythermore, in an interesting experiment
performed with cross-bred dairy cowk oleiferaleaf meal was compared with cotton seed cake

as a concentrate component together with maizedrdmminerals (Sarwatt al, 2004).

The cows were fed a basal Elephant grass diethegetith one of three concentrate mixtures.
Moringa oleiferaleaf meal substituted 43, 73 and 100 % of theoooteed cake in these
mixtures. The cows that were fed higher proportiarisM. oleifera leaf meal vyielded
significantly more milk (Mendieta-Araciat al, 2011) indicating thal. oleiferaleaf meal can

be used as an alternative feed in dairy cow diets.

However, milking should be done at least three fiafter feeding to avoid the grassy tast&lof
oleiferain milk (Fugile, 2005). When it was fed to Jerseyws, the calf's birth weight averaging
22 kg increased by 3-5 kg which results in highgstacia cases in small cattle (Fugile, 2005).
Thus, it may be advisable to induce birth 10 daysmaturely to avoid dystocia problems. In
addition, frequency of twin births also increasgdlb %, withM. oleiferafeed (Richtert al,

2003).

Moringa oleiferais also reported to be used as poultry, fish avidesfeed (Richteet al, 2003;
Fugile, 2005; Kakenget al, 2006; Olugebemet al, 2010). However to increase the nutrient
value of moringa leaves to poultry and chickens, é¢hzyme phytase should be added to break
down the phytates, which lead to increased absorpbf nutrients such as phosphoric
compounds found iM. oleifera(Fugile, 2005). Richteet al (2003) suggested thit oleifera

26



Table 2.3:

Amino acids composition ofMoringa oleifera leaves

Name of amino acids Quantity Reference

Arginine (mg/g DM) 13.25-18.9 Rweyemamu, 2006; Qoetral, 2008

Histidine (mg/g DM) 5.1-6.13 Rweyemamu, 2006; Odetral, 2008

Lysine (mg/g DM) 13.25-20.5 Richtet al, 2003; Rweyemamu, 2006; Odwb
al., 2008

Tryptophan (mg/g DM) 4.25-7.53 Richter al, 2003; Rweyemamu, 2006; Odweb
al., 2008

Phenylanaline (mg/g DM)  13.8-13.9 Rweyemamu, 2@xjroet al, 2008

Methionine (mg/g DM) 3.3-3.5 Richtet al, 2003; Rweyemamu, 2006; Odwb
al., 2008

Threonine (mg/g DM) 10-12 Rweyemamu, 2006; Odaetral, 2008

Leucine (mg/g DM) 19.5-20.5 Rweyemamu, 2006; Odatral, 2008

Isoleucine (mg/g DM) 8.25-11.9 Rweyemamu, 2006; O& al, 2008

Valine (mg/g DM) 10.6-14.5 Rweyemamu, 2006; Odetral., 2008

Cysteine (mg/g DM) 3.87 Rweyemamu, 2006; Odetral,, 2008

Aspartate (mg/g DM) 15.8-20.5 Rweyemamu, 2006; Bemdvachadoet al,
2010

Glutamate (mg/g DM) 17.1-28.4 Rweyemamu, 2006; Oetial, 2008

Serine (mg/g DM) 9.4-9.7 Rweyemamu, 2006; Odetral, 2008

Glycine (mg/g DM) 10.3-10.8 Rweyemamu, 2006; SamdWlachado et al,
2010

Alanine (mg/g DM) 12.5-14.1 Rweyemamu, 2006; Odetral., 2008

Proline (mg/g DM) 12.4-14.3 Rweyemamu, 2006; Samd¥lachado et al,

2010

27



leaf meal can be used to substitute up to 10 %ietfary protein in Nile tilapia without

significant reduction in growth.

In the study done by Sarwadt al (2002), it was shown th#ll. oleiferameal could be used as

an alternative protein supplement because thereansgnificant increase in dry matter intake
and NDF digestibility of poor quality feed when lsgng Sunflower seed-cake. Also, Aregheore
(2002) reported that the inclusion Bf. oleiferaat 20 and 50 % levels of total daily forage
allowance could be used as a cheap protein supptameéatiki grass based diets for goats. Ben
Salemet al (2004) reported that dried leaves are rich intggroup to 40 %. In its use as

livestock feed, farmers should take note that taschmprotein in pig feed increases muscle
development at the expense of fat production, winileuminants it can be fatal as it alters the

nitrogen cycle (Fugile, 2005).

Use ofM. oleiferaleaves as feed seems to reduce the activity dibgahic bacteria and molds
thereby improving the digestibility of other feedbus enhancing the expression of natural
genetic potential by the animals (Anwedral, 2007). The other advantage of usMgoleiferais
that, it will be green especially when other plaate not green (Fahey, 2005; Trees for life,
2005). Feeding freshl. oleiferaleaves is convenient but there is a large vanaitioproduction
and chemical composition over the year. ThereftMe,oleifera leaf meal is an interesting
product as it can be produced during periods df lyiglds and later used for feeding during the
dry season when high quality feed resources arecesc@Mendrieta-Araicaet al, 2011).
Moreover, in-vitro protein digestibility of its leaves is high, rangi between 85-90 %
(Aregheore, 2002). Leaves have low or insignifickevels of anti-nutritive factors such as
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phenols, saponins, trypsin and amylase inhibitdestins, cyanogenic glucosides and

glucosinolates (Ben Saleet al, 2004).

Moringa oleiferaleaves contain some condensed tannins, howeveadkdaviand Becker (1997)
reported that they were negligible (12 g Kg Condensed tannins play a significant role in the
nutrition of animals, causing either adverse ordberal effects on nutrient utilization, health
and production (Waller and Thamsborg, 2004; Hasteal, 2006). Consumption of high
concentrations of condensed tannins (>7 % of DM) heen associated with detrimental effects
on ruminants, such as reduced feed intake, redutigdstibility, growth inhibition and
interference with the morphology and the proteolwittivity of microbes in the rumen (Nguyen

et al, 2005; Hostet al, 2006; Xhomfulana&t al, 2009).

However, the ideal (low or moderate) concentratiohsondensed tannins (< 6 % of DM) have
positive effects. Condensed tannins have the prdti@ding ability, which protects dietary
protein from degradation in the rumen by rumen obess, which increases protein availability in
the lower digestive tract (Nguyet al, 2005; Louvandinet al.,2006; Cencet al, 2007). Their
ability to form a complex with soluble proteins mag involved in bloat prevention. Condensed
tannins also stimulate the salivary flow in thenaai (Nguyenet al, 2005). Inclusions oM.

oleiferain diets have been reported to influence the guafimeat (Mahechat al, 2009).

2.5 Meat quality parameters
Supplementation of goats wi. oleiferahas a possibility of producing chevon of bettealiy
classified as organic meat, meeting both producsdt aonsumer expectations. However,
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information on meat quality from goats supplementétl M. oleiferais scarce. Modern consumers
are increasingly concerned about eating qualitytma no undesirable effects on their health
(Andersenet al, 2005). Meat quality parameters such as juicernenderness, taste, appearance,
colour, price and food safety all influence theswoner’s decision to purchase meat (Vatal,
2008). Meat should have a desirable colour thahitrm throughout the entire cut. The colour
is related to the level of the protein pigment, gigbin, present in the muscle. Good quality
meat should also have marbling (intramuscular tfagyughout the cut. The marbling increases

juiciness, tenderness and flavour of the meat {(Givet al, 2008).

Water holding capacity is a factor that also detees the juiciness of meat. It is defined as the
ability of meat to retain its water during applicat of external forces such as cutting, heating,
grinding or pressing (Lawrie, 2004). The quality meat may vary according to the feeding
system, which plays an important role in meat dualbecause changes in fatty acids
composition of body fats are primarily linked teethespective fatty acid contents in the diet. As
such farmers can manipulate animal feed to imptbeealietary quality of meat. Goats feeding in
pasture systems have an increase-B polyunsaturated fatty acids in meat in comparism
goats fed on grain-based diets (das Gracas Rddaé, 2006). Furthermore, the diets rich in
forage, favour the growth of fibrolytic microorgams responsible for the rumen production of
conjugated linoleic acids (Mahechktal, 2009). In addition, management practices suatieds
animal welfare and slaughter management may infee¢he meat pH and quality (Martinez-

Cerezeet al,, 2005).
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2.5.1 Meat pH and meat quality

The pH of meat measures its acidity. Both theaatkextent of postmortem pH fall influences meat
quality characteristics. Variation in pH influenagesat consumption characteristics such as colour,
juiceness, tenderness, taste and water holdingitgislartinez-Cerezet al, 2005; Mushiet al,
2009). The high ultimate pH of meat, as a consecpi@h depleted muscular glycogen reserves
prior to slaughter, greatly affects meat qualityaridus stress factors have been mentioned as
responsible for glycogen depletion: time and marmidransportation of animals from the farm
to the abattoir; diet restrictions; mixing animalsdifferent lots; lairage time; climatic factors;
pathological conditions and genetic factors (Mughest al, 2009a; Dinget al, 2010). In
practice, any situation which provokes a substhdgaletion of muscle glycogen reserves will
give rise to meat with a high ultimate pH, if theiraal is slaughtered before its energetic

reserves are restored (Blaretaal, 2010).

Meat with high ultimate pH is dark, is more susdaptto bacterial spoilage and has reduced
flavour. Nevertheless, this meat is associated willigher rate of tenderisation or with a better
ultimate tenderness (Sered al, 2008). Meats with low pH are lighter in colourdahave a
decreased water-holding capacity resulting in Jag® after preparation of meat (Musht al,
2009). On the other hand, more juice in preparedtmgires a juicer, more succulent and tender
eating experience (Dhaneaal, 2003; Vastat al,, 2008). Conversely, a higher pH gives a darker
colour and less drip loss (Vastaal, 2008). It can be noted that, some diets also imiiyence
the meat pH and colour. For example, sheep thaedranphalaris spphad higher meat pH and

the meat was darker with a rubbery texture (Sgtval, 1999).
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2.5.2 Colour and meat quality

Colour of carcasses after slaughter can be usddtesmine the quality of meat. Several factors
affect meat colour such as species/breed, age caexf meat, surface drying of the meat and
surface spoilage (Mushat al, 2009; Muchenjeet al, 2009a; Muchenjeet al, 2010). Meat
colour is largely determined by the content of mlgbgq and its derivatives, and meat
discolouration depends on the presence or absehe& ¢Baron and Andersen, 2002). For
instance, exposed meat changes colour due to aracbiccurring between myoglobin and
oxygen. In fresh meat myoglobin can exist in thoeferent forms: the reduced form of
myoglobin (deoxymyoglobin) is purplish, and the gggated form (oxymyoglobin) is bright red
whereas the oxidized form (metmyoglobin) is browinesh meat colour is affected by the
relative abundance of these three forms (Baron/Asmdkrsen, 2002)with more myoglobin in

meat resulting in darker meat.

Meat colour is also influenced by the enzymes,@dbe animal, the species, sex, diet, and even
the exercise it gets (Baron and Andersen, 2002)ekample, myoglobin, a protein, responsible
for the majority of the red colour in meat, does cicculate in the blood but is fixed in the tissue
cells and it is purplish in colour. When it is mika/ith oxygen, it becomes oxymyoglobin, and
produces a bright red colour which is measuredabivgy by a* coordinates (Priolet al.,
2001). The remaining colour comes from the haenmglovhich occurs mainly in the
circulating blood, but a small amount can be foumdhe tissues after slaughter (Pri@bal,
2001). According to Warri2010) during transportation, handling and pre-slaughtiesss there

is little lactic acid production that results inrkldirm dry (DFD) meat, and this condition is
measured by L* coordinates. The DFD meat is ofrinfequality as the less pronounced taste
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and the dark colour are less acceptable to theuoogisand it has a shorter shelf life, due to the
abnormal high pH value. Colour is also greatly etie by muscle pH. At high pH, muscles have
a closed structure and hence appear dark (Metsdli, 2009). Baron and Andersen (2002) added
that good quality meat usually has a pH of 5.4-emd muscle of a living animal has a pH of 7.1.
According to Kannaret al. (2006), dark colour shows animals that were expasesituations

that exhaust glycogen levels.

According to Mancini and Hunt (2005), changes ifr@dness) and b* (yellowness) values over
a period of time describe meat colour deterioratirom red to brown, and reflect the myoglobin
concentration and its redox state in meat (Muchengd, 2009). Moreover, it has been recently
shown that over a period of storage, while b* valugere positively related to sensory
appreciation of meat colour degradation, a* valuese negatively correlated to the sensory

degradation of colour (Insaust al, 2008).

Meat colour has great influence on the purchasesidecof consumers (Carrasebal, 2009). It

IS necessary to assess the effect of the feedstgrayon the meat colour in order to avoid meat
rejection. The colour of meat may be influencedhs/feed consumed by the animal (Boré&tn

al., 2005). Furthermore, Bortoet al (2005) reported that meat colour may be influenbg
diet, with grass fed animals having darker leantntiga@n grain fed ones. Also animals fed on
pasture have a yellow fat because of the high $ewdl beta-carotene contained in grass
(Muchenjeet al, 2009a). They acquire carotenoid pigments froeirtieed and these pigments
accumulate in the carcass fat. High pigment lewvefsed such as fresh forage may cause the fat
to become yellow at an early stage (Carrastcal., 2009).
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Consumers often perceive meat with yellow fat agrgacome from an old or diseased animal
(Mapiyeet al, 2010). In addition, forage-based rations, ad aedifferent forage and seasonal
changes, allow for carcasses with a darker leajappce or fat that is yellow in appearance
(Baublitis et al, 2004). The darker lean (Low L* values) may béilaited to increased
myoglobin, decreased muscle glycogen or both (@eotlal, 2001). According to Vasteat al
(2008), animals fed on tannin-containing feeds poedmeat of a lighter colour. Also, the
concentration of myoglobin increases as cattle gotdvand older animals tend to have dark
muscles. But young animals also may produce cakgisslark meat, if they have been severely

stressed or exhausted prior to slaughter (Carretsah 2009).

The amount of dietary iron consumed by the anirats influences the redness)(and colour
saturation. High iron levels increases haemogl@mnd myoglobin concentrations in meat and
subsequently increase the meat freshness (Magtiye, 2010). In addition meat may appear
dark because it has a high pH and scatters ldsstlign normal. It could be due to glycogen and
its effect on pH of meat (Baublitet al, 2004). Younger bulls that were fed forage—limhithet
had less glycogen, a higher pH, and darker leart (Mestergaarat al, 2000). It is speculated
that the decreased dietary energy on the foragéelindiet favoured an increase in oxidative
muscle metabolism. An increase in oxidative muscktabolism could possibly allow for the
decreased necessity to store comparable amougtgaoigen in muscle with a higher glycolytic
capacity (Baublitiset al, 2004). The resultant pH differences therefoaysed variations in

yellowness (b*).
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2.5.3 Meat tenderness

Tenderness can be attributed to a person’s peocepti meat, such as softness to tongue,
resistance to tooth pressure and adhesion. It mmagor factor affecting the consumer’s
assessment of meat quality (Mushial, 2009). The tenderness of meat is influencedrbgd of

the animal, age, sex, pre-slaughter treatment ssclvitamin D injections or medication,
handling, transportation to the slaughter place thedslaughtering method. Tenderness of meat
decreases with increasing age, which is due teltheging nature of collagen, connective tissue
protein of meat. Collagen is a contributing fadimvariation in meat tenderness and texture, it

becomes more complex and stronger with advancied @iyaet al, 1999).

Marbled meat is more tender than steaks whera fata layer around the outside (McMillin and
Brock, 2005). There is also a view that both stiesf®re slaughter in particular, and lack of
aging of the meat has more influence on toughnems most other factors, such as marbling
(McMillin and Brock, 2005). There is a complex imgklay between the effects of pasture species,
protein intake, calcium status, stress before ardleng, breed, the age of the animal, and how
the meat is treated after slaughter in affectingdéeness. Another factor that affects meat
tenderness is the diet (Sera al, 2008). Grain fed goats are usually slightly moeader
because they are slaughtered at a slightly youager(Scholtz, 2005). Most indigenous goat
breeds grow naturally without any growth suppleraexnich that by the time they reach slaughter
weight they are mature and their meat becomes &u@@choltz, 2005). The tougher the meat,
the more force required to shear it and this i®ctibjely measured by the Warner-bratzler shear
force (WBSF) test. Therefore this necessitatessiigating the effect of feedinigl. oleiferaon

the tenderness of meat.
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Meat tenderness and flavour appear to be the nmpbriant sensory characteristics that
determine meat quality (Tshabal&laal, 2003). Consumers tend to evaluate cooked metiteon
basis of tenderness, juiciness and flavour. Theertemder the meat, the more rapidly juices are
released in the mouth after chewing (Scholtz, 2006psumer choose the meat of higher quality
and as such there is need to supplement goatspldtits like M. oleiferato encourage fast

growth rate which will yield meat of better quality

2.5.4 Fatty acid profiles

Goats are good sources of lean meat with desifatile acids, due to the fact that they deposit
relatively higher proportions of polyunsaturatettyfaacids compared to other ruminants (Mushi
et al, 2008; Safaret al, 2009). Fatty acid composition of meat is affddby the fatness level of
the animal, which may be enhanced by the type e the animal consumed, age and genotype
(Alfaia et al, 2006; Bortoret al, 2005; Muchenjet al, 2009a). In turn, the fatty acid profiles

affect the meat eating quality traits such as flanand juiciness (Calkins and Hodgen, 2007).

The changes in fatty acid composition of body &ats primarily due to the respective fatty acid
content of the diet (Cividinet al, 2008; Muchenjet al, 2009b). Goats fed on pasture, present
meat with lower intramuscular fat and lower peragets of monounsaturated fatty acids in loin
subcutaneous fat (Warris, 2010). As such nutrissnare now focused on increasing omega-3
fatty acids; particularly eicosapentaenoic acid AERNnd docosahexaenoic acid (DHA) that
could have a profound influence on the health oisconers (Demiredt al, 2006). The fatty acid
composition and cholesterol levels in meat havesived increasing attention owing to their
implications in human health and product qualityu@enjeet al, 2009b; Warris, 2010). The
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ratios of PUFA/SFA ana-6/n-3 PUFA, and hypocholesterolaemic/hypercholesterola (h/h)
are widely used to evaluate the nutritional valtiéab (Orellanaet al, 2009). Health-conscious
consumers are preferring meat with higher ratiamdaturated fatty acids composition which
benefits in preventing cardiovascular and corondiseases (Calder and Deckelburn, 2003;
McMillin and Brock, 2005; Muchenjet al, 2009b). As a result consumers are advised taoceed
the intake of fat, especially saturated fatty gcid6 fatty acids (Orellanat al, 2009). Medical
officials recommend consumption of omega 3- fattids, which play a crucial role in brain

function as well as normal growth and developmBeipartment of Health, 1994).

Moreover the types of feed given to animals affbetr health. For instance feed with high level
of vitamin E protects myoglobin from oxidation (fa®t al, 2008). In addition, a feed with
conjugated linoleic acids (CLA) protects animalsiagt cancer, heart diseases; reduces animal
body fat, stimulates the immune system and boneldpment, and alleviates wasting away

diseases (Vaskt al, 2008).

2.5.5 Flavour and aroma

Flavour and aroma are attributes that are moslyedsiected and assessed by consumers as to
being either acceptable or not. In small stock, gamnsons have been between sheep and goats
with distinct species characteristics (Sheragtial, 2003; Tshabalalat al, 2003; Weblet al,
2005). Martinez-Cerezet al (2005) noted also that the muscle and the metiigeparation

had an effect on flavour and aroma. There appealg tan optimum subcutaneous fat thickness
for optimum flavour, since meat with 1-4 mm suboetaus fat is more acceptable than meat
with either more or less subcutaneous fat. Goat fteazour can be as acceptable (Babikesim
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al., 1990; Mushiet al, 2009) or not as desirable (Madruga al, 2008) as meat from
lamb/mutton. Age is another factor which affects flavour of meat. Marlinez-Cerezet al
(2005) reported that younger goats had a moreatdsiflavour. However, the flavour of very
young animals was found not to be as acceptabtddas ones (Madrugat al, 2008; Mushket
al., 2009). Branched chain fatty acids (BCFA) haverbspecifically implicated in sheep and

goat species related flavour (Ha and Lindsay, 1990)

Other BCFA implicated in goat-like flavour are 4ethyloctanoic, 4-methylnanoic (Madruga
al.,, 2008) and 4-ethylheptanoic (Ha and Lindsay, 199@drugaet al, 2008). Alkaloids,
pyridines and sulphur containing compounds areratb&&ble flavour compounds that have been
identified in goat meat, but are unlikely to playnajor role in the development of goat flavour

(Ha and Lindsay, 1990).

2 5.6 Juiciness

Juiciness of meat is directly related to the inaoular lipids and moisture content of the meat
(Calkins and Hodgen, 2007), but the water remainimghe cooked product is the major
contributor to the sensation of juiciness duringreg(Sheradiret al, 2003). Goat meat and its
products are reportedly less juicy (Tshabaktlal, 2003; Sheradiet al, 2003; Mushiet al,
2009), which is attributed to the lower fat contehggoat meat. The effect of age on juiciness is
not clear since Banskaliew al. (2000) found that kid chevon from 10 to 25 kg eages were
juicier than chevon from 15 to 30 kg carcasses)eMdiushiet al (2009) found the chevon of

older goats to be more juicy and palatable.
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2.5.7 Consumer perception on goat meat

Chevon is almost universally acceptable, but withuzal traditions and social and economic
conditions influencing consumer preference (Casal/\&ebb, 2010). Consumers tend to prefer
mutton and beef which could be attributed to resligiifects of habit and preferences for texture
(Casey and Webb, 2010). A cross culture-educafibni@ study in multicultural South Africa
revealed the perception that the use of goat medinked to (African) cultural activities
(Mahanjana and Cronj’e, 2000). However, it becal®ar¢hat consumer bias could change after

being exposed to and having tasted the meat (Xa2@l®).

Although chevon is not favoured in western coustrtbe demand for chevon exceeds supply in
many developing countries in subtropical and agdians (Casey and Webb, 2010). These
regions account for more than 90 % of the worldt gagoulation of approximately 650 million.

In most of these countries, the production of gasitbeleaguered with much inefficiency at

primary production and in post-production systeidevendra, 2001). The problems have led to
a product of inconsistent quality and a generdk laicsynchrony between market preferences
and product supply (Devendra, 2001; Simel@05). Mature animals above two years dominate
goat markets in the developing countries (Devend@fl). In such animals, the collagen in

connective tissue has a reduced ability to gekdininder the influence of heat and moisture
(Casey and Webb, 2010), a reason for chevon beinceived as stringy, tough and strongly

flavoured, which is typical of old animals in magtecies (Simela and Merkel, 2008).

From the preceding review it can be seen tatoleifera has great potential to be used in
livestock production as a livestock feed, as a deweo and for treatment of various livestock
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diseases. However, little is known abdlitoleiferds medicinal properties, its use as fodder and

the effect of feeding it on the meat eating quadityl consumer acceptance in South Africa.

2.6 Summary of Literature review

Goats play a vital role in communal areas; howéhenr productivity is hampered by inadequate
feeds and helminth infectiorMoringa oleifera which is now grown in many countries is
reported to have nutritional and medicinal benefitdh some useful mineral, vitamins, amino
acids. Despité/. oleiferds nutritional and medicinal properties, its potahés a supplementary
feed and its effect on chevon quality and medicpraperty has not been determined especially
in Southern Africa. The main objective of this stusvas to determine the effect of

supplementation of goats wiM. oleiferaleaf meal and its medicinal properties.
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Chapter 3: Nutritional characterization of Moringa oleifera Lam. leaves

(Accepted byAfrican Journal of Biotechnologly

Abstract

The objective of the study was to determine theithual value ofM. oleiferaleaves of the
South African ecotype. Proximate analyses and @asSmethods were used to determine the
nutritional value oM. oleiferaleaves. The dried leaves had crude protein lexfe3€.3 %. Dried
leaves had the following mineral contents: calci(8165 %), phosphorus (0.3 %), magnesium
(0.5%), potassium (1.5 %), sodium (0.164 %), suldbBue3 %), zinc (13.0 mg/kg), copper (8.25
%), manganese (86.8 mg/kg), iron (490 mg/kg), selen(363 mg/kg). Thes-Linolenic acid
(44.57 %) had the highest value followed by hersmooic (14.41 %), g-linolenic (0.20 %),
palmiteic (0.17 %) and capric acid (0.07 %). Vitankt had the highest concentration of 77
mg/100g. Beta-carotene had a concentration of h&BL00g in the dried leaves. The fiber
content levels were NDF (11.4 %), ADF (8.49 %), ADL8 %), and ADC (4.01 %). The
condensed tannins had a value of 3.2 % while f@d&tphenols were 2.02 %. The values of

amino acids, fatty acids, minerals and vitamin iesfreflect a desirable nutritional balance.

3.1 Introduction

Moringa (Moringa oleiferg tree is widespread, drought tolerant tree withogential high dry
matter in the tropics (Reyes-Sanchetzal, 2006). It is considered as one of the World'sstno
useful trees, which is under utilised with multirposes such as feed, medication and industrial
uses (Khafalleet al., 2010).Moringa oleiferahas a potential to improve nutrition, boost food
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security and foster rural development (Hsu, 2086)yever most people in South Africa, are not

aware of the potential benefits of this plant.

Recently a high degree of renewed interest has pleed on the nutritional properties Mt
oleifera in most countries where it was not native (ReyaseBezet al, 2006; Odurcet al,
2008). This could be due to the claims that iteases animal productivity as it has nutritional,
therapeutic and prophylactic properties (Fahey5208tudies from other countries indicate that
the leaves have immense nutritional value suchtasins, minerals and amino acids (Anvear
al., 2007). As such the leaves have been used toatomdinutrition, especially among infants
and nursing mothers. In addition, nutrition playsracial role in both humans and livestock as

short term alternative to chemoprophylaxis.

Nutrition plays a major role in animal’s ability tvercome the detrimental effects of parasitism
and diseases (Anwat al, 2007). A well nourished animal better resistsedses when exposed

to infection than the malnourished animal. Wheraaimal is exposed to pathogens, its immune
system mounts a response to fight off infectionisTihcludes raising antibodies to fight the

infection, as well as using white blood cells ttaek pathogens (FAO, 2002). To gain immunity
the animal needs energy, proteins for manufactueatibodies and cells, minerals (zinc, copper
and iron) and vitamins (A and E) in communicatingssages in parts of the animal’s body to

fight infections (Conroy, 2005).

There are considerable variations among the rutativalues oM. oleifera which depend on
factors like genetic back ground, environment amitivation methods (Brisibet al, 2009). As
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such it necessitates determination of the nutriiakeie ofM. oleiferaof South African ecotype,

which could assists in the formulation of diets@dig to nutrient requirements. The nutritional
composition ofM. oleiferaof the South African ecotypleas to our knowledge not previously
been evaluated,; this is the first report that idekithe profiling of chemical composition, fatty
acids, amino acids and vitamins fdr oleifera Amino acids, fatty acids, minerals and vitamins
are essential in animal feed. These nutrients aesl dor osmotic adjustment, activation of
enzymes, hormones and other organic molecules é¢hatnce growth, functioning and

maintenance of life process (Anjoet al, 2010).

Nutritional composition of the plant plays a sigraint role in nutritional, medicinal and
therapeutic values (Al-Kharuset al, 2009). Also, the chemical composition of therdib
fractions affects the digestibility of the feed winidirectly or indirectly affect the feed’s
utilization by animals. It was reported that nubrial content in the leaves bf. oleiferavaries
with location (Anjorinet al, 2010). This has prompted the study of nutriti@mnposition oM.
oleifera of South African ecotype. Therefore the objectofethe study was to determine the

nutritional composition oM. oleiferaleaves of the South African ecotype.

3.2  Materials and Methods

3.2.1 Plant collection and preparation

The plant leaves were collected from Sedikong seatbein Tooseng village Ga-Mphahlele
(24°26°57.10°S, 29°33°47.02"E), Limpopo Provincé&ofith Africa. The mean annual rainfall of
the area is approximately 300 mm and the mean ariemgerature is 15 °C. The plant was
authenticated at the University of Fort Hare, Dapant of Botany and a voucher specimen (BM
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01/2009) was prepared and deposited in the Gifferb&tium of the University of Fort Hare.
The leaves were harvested green, air-dried undeteshnd milled into powder through 1 mm
sieve using Restch Cross Beater Mill SK 100, Mamtyp and Control laboratories (Pty) Ltd,
Parkhurst, South Africa. They were stored in weiéd black plastic containers inside the

storeroom at room temperature of 25 °C.

3.2.2 Nutritional composition determination

Dried powderedM. oleiferaleaves were assessed for dry matter (DM), crudeejpr (CP), crude
fat, calcium (Ca), magnesium (Mg), potassium (Kjpgphorus (P) zinc (Zn), copper (Cu), iron
(Fe), manganese (Mn), selenium (Se) and sodium (Ne DM (967.03) and CP (988.05) were
analysed according to the standard methods of Assmt of Official Agricultural Chemists
(AOAC, 2005) procedures. Minerals were determimedried macrofungi samples by an atomic
absorption spectrophotometer (Varian Techtron Médeb 1 000, Varian Associates, Palo Alto,
CA). Minerals (Fe, Cu, Zn, Mn, Mg, Ca, and K) wedetermined by atomic absorption
spectrophotometric (AAS) method. Neutral deterdéme (NDF), acid detergent fibre (ADF),
acid detergent lignin (ADL), acid detergent celkdq ADC) and hemi-cellulose were determined
following the techniques established by Van Saastl (1991) using an Ankom200 fibre
analyzer and Ankom F57 filter bags (Ankom Techngldgorp., Fairport, NY) and were

expressed including residual ash.

3.2.3 Condensed tannins and total phenolics detextiain
Condensed tannins (CT) assays were performed wadbically with butanol-HCI method
(Bate-Smith, 1981) using purified CT froBesmodium intortunas a reference standard. This
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method is based on oxidative cleavage of the iateah bonds in the presence of mineral acids
in alcoholic solutions at about 95 °C to yield pictdoured anthocyanidins, which are measured

at 550 nm.

Total phenolics were assayed calorimetrically agicqy to Price and Butler (1977). In this
method 6 ml of aqueous solution of phenolics, 5Cofdlistilled water were mixed and 0.1 ml
ferric chloride were added, immediately followed taywed addition of 3 ml of 0.008 M of
ferricyanide solution. The absorbance at 720 nm vea&l after 10 min standing at room
temperature. Distilled water was used as a blamhie Method exploits an oxidation-reduction
reaction in which the phenolate ion is oxidizedeTarric ions are reduced to the ferrous state
and detected by the formation of the Prussian Baraplex (Fg{Fe(CN))]s) with a potassium

ferricyanide-containing reagent.

3.2.4 Fatty acid profile determination

Total lipids from plant material were quantitatiyextracted, with a Soxhlet extraction (AOAC,
2005). The extracted fats were stored in a polybgss vial, with a push-in top) under a blanket
of nitrogen and frozen at —20 °C, pending analysggroximately 10 mg of extracted lipids
were transferred into a Teflon-lined screw-top teske by means of a disposable glass Pasteur
pipette. Fatty acid methyl esters (FAME) were pregdor gas chromatography by methylation
of the extracted fat, using methanol<sBEhristieet al, 2001). Fatty acid methyl esters were
qguantified using a Varian GX 3400 flame ionizatiB&, with a fused silica capillary column,
Chrompack CPSIL 88 (100 m length, 0.25 mm ID, Q@ film thickness). Analysis was

performed using an initial isothermic period (40 f&€ 2 minutes). Thereafter the temperature
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was increased at a rate of@minute to 230 °C. Finally, an isothermic peridd280 °C for 10
minutes followed. Fatty acid methyl estersithexane (ful) were injected into the column using
a Varian 8200 CX Autosampler with a split ratiol@f0:1. The injection port and detector were
both maintained at 250 °C. Hydrogen, at 45 psictioned as the carrier gas, while nitrogen was
employed as the makeup gas. Varian Star ChromatgraSoftware recorded the

chromatograms.

Fatty acid methyl ester samples were identifie¢dyparing the retention times of FAME peaks
from samples with those of standards obtained fBupelco (Supelco 37 Component Fame Mix
47885-U, Sigma-Aldrich Aston Manor, South Afric&he following fatty acid combinations
and ratios were calculated: total saturated fatigisa(SFA), total mono-unsaturated fatty acids
(MUFA), polyunsaturated fatty acids (PUFA), PUFA/SHtio (P/S) andh-6/n-3 ratio. All other
reagents and solvents were of the analytical gaadeobtained from Merck Chemicals (Pty) Ltd

Halfway House, South Africa.

3.2.5 Amino Acid Determination
The samples were hydrolyzed with 6 M HCL at 100f6€24 hours under vacuum and amino

acids were analyzed using an amino acid analysess{Br and Buchholz, 1993).

3.2.6 Beta-carotene and Vitamin E determination
Beta-carotene was measured according to AOAC (20@hods 974.29, 992.04 and 992.06 and
the method of Thompson and Duval (1989). Vitamiw&s measured according to the methods

of McMurrayet al.(1980), Coret al. (1983) and Speedt al. (1985) on dried leaves.
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3.2.7 Statistical analyses
Each nutrient analysis was done in triplicate. Daltdained was processed using SAS proc

means (2003) which computed the means and stapdand.

3.3  Results

The dried leaves dfl. oleiferahad a CP content of 30.3 % (Table 3.1) with 19nanacids
(Table 3.2). The highest value of the amino acids alanine which had a value of 3.033 % and
the least content was cysteine with 0.01 %. Caldiawh the highest value of 3.65 % followed by
potassium (1.5 %) and phosphorus had the leasevailD.30 % among the macro-elements
(Table 3.3). The highest value among the micro-naisewas iron with 490 mg/kg followed by
selenium with 363 mg/kg. Copper had the least vaiu®&.25 mg/kg (Table 3.3). Drie.
oleiferaleaves were found to contain 17 fatty acids; adnolenic acid had the highest (44.57
%) value followed by heneicosanoic (14.41 %), @lemic (0.20 %) palmiteic (0.17 %) and
capric acid (0.07 %) (Table 3.4). Vitamin E had thghest level with 77 mg/100g while Beta-
carotene had 18.5 mg/100g. The fiber content biib§g, ADF, ADL, and ADC of the leaves
were 11.4, 8.49, 1.8 and 4.01 %, respectively. ddrelensed tannins had a value of 3.2 % while

Total polyphenols were 2.02 % (Table 3.1).
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Table 3.1 Chemical composition of dried leaves of MoringaMloringa oleifera Lam.)
Nutritive value Dry leaves Standard error
Moisture (%) 9.533 0.194

Crude protein (%) 30.29 1.480

Fat (%) 6.50 1.042

Ash (%) 7.64 0.433

Neutral detergent fibre (%) 11.40 0.425

Acid detergent fibre (%) 8.49 0.348

Acid detergent lignin (%) 1.8 0.204

Acid detergent cellulose (%) 4.01 0.101
Condensed tannins (mg/g) 3.12 0.104

Total polyphenols (%) 2.02 0.390
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Table 3.2:  Amino acids composition of dried MoringagMoringa oleifera Lam.) leaves

Name of Amino acid Quantity (Mean+/-%) Standard error
Arginine 1.780 0.010
Serine 1.087 0.035
Aspartic acid 1.430 0.045
Glutamic acid 2.530 0.062
Glycine 1.533 0.060
Threonine* 1.357 0.124
Alanine 3.033 0.006
Tyrosine* 2.650 0.015
Proline 1.203 0.006
HO-Proline 0.093 0.006
Methionine* 0.297 0.006
Valine* 1.413 0.021
Phenylalanine* 1.640 0.006
Isoleucine* 1.177 0.006
Leucine* 1.960 0.010
Histidine* 0.716 0.006
Lysine* 1.637 0.006
Cysteine 0.010 0.000
Tryptophan* 0.486 0.001

*General Essential amino acids
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Table 3.3: Mineral contents of dried Moringa (Moringa oleifera Lam.) leaves

Mineral Dry leaves Standard error

Macro elements (%)

Calcium % 3.65 0.036
Phosphorus % 0.30 0.004
Magnesium % 0.50 0.005
Potassium % 1.50 0.019
Sodium % 0.16 0.017
Sulphur % 0.63 0.146

Micro-elements (mg/kg)

Zinc (mg/kg) 31.03 3.410
Copper (mg/kg) 8.25 0.143
Manganese (mg/kg) 86.80 3.940
Iron (mg/kg) 490.00 49.645
Selenium (mg/kg) 363.00 0.413

Boron (mg/kg) 49.93 2.302
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Table 3.4: Fatty acids composition of dried MoringagMoringa oleifera Lam.) leaves

Name of Fatty acids

Quantity (mean+/- “8tandard error

Ether extract

Capric (C10:0)

Lauric (C12:0)

Myritic (C14:0)

Palmitic (C16:0)

Palmitoleic (C16:1c9)

Margaric (C17:0)

Stearic acid (C18:0)

Oleic (C18:1c9)

Vaccenic (C18:1c7)

Linoleic (C18;2c9,12(n-6)
a-Linolenic (C18:3¢9,12,15(n-3)
g-Linolenic (C18:3¢6,9,12 (n-6)
Arachidic (C20:0)
Heneicosanoic (C21:0)
Behenic (C22:0)

Tricosanoic (C23:0)

Lignoceric (24:0)

Total Saturated Fatty Acids (SFA)

6.50
0.07
0.58
3.66
11.79
0.17
3.19
2.13
3.96
0.36
7.44
44.57
0.20
1.61
14.41
1.24
0.66
291
43.31

Total Mono Unsaturated Fatty acids (MUFA4.48

Total Poly Unsaturated Fatty Acids (PUFA)

Total Omega-6 Fatty Acids+{6)
Total Omega-3 Fatty Acid$1{3)
PUFA: SFA (PUFA:SFA)
n-6/n-3

PUFA: MUFA (PUFA:MUFA)

52.21
7.64
44.57

1.21
0.17
14.80

0.041
0.064
0.402
1.633
0.625
0.056
0.155
0.406
2.000
0.038
0.014
2.803
0.013
0.105
0.194
0.383
0.025
0.000
0.815
1.984
9.7
0.012
2.805
0.096
0.016
7.168
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3.4  Discussion

Moringa oleiferaleaves have been reported to contain nutritiomspoands (Sanchez-Machado
et al, 2010). Noteworthy is the crude protein contdn3@3 % observed in this study although
lower than Sunflower cake’s CP of 35.88 % whicmisstly used as protein concentrate (Mapiye
et al, 2010). This makes thd. oleiferaleaves a good potential source of supplementagior

in animal diets. Other studies have reported véighotein content ranging between 16, 22.42,
23.27, 27.4 and 40 % (Gidame$ al., 2003; Sarwatet al, 2004; Noualget al, 2006; Reyes-
Sanchezt al, 2006; Odurcet al, 2008; Sanchez-Machadx al, 2010). This level of crude
protein content is of particular nutritional sigonénce as it may meet animal’'s protein and
energy requirements and boost the immune systemsagéiseases (Kyriazakis and Houdijk,
2006; Brisibeet al, 2009). General growing ruminants like goats neqd6 % CP for their
growth (Liginbuhl and Poore, 1998). The CP supplBsdM. oleifera is above the protein

requirement of goats making it ideal for use asoaigin supplement for such ruminant animals.

Moringa oleiferais reported to have high quality protein whichemsily digested and that is
influenced by the quality of its amino acids (Foetl al, 2001). In this study, the dried.
oleiferaleaves contained 19 amino acids which slightlfedivith findings of Foidlet al (2001)
and Sanchez-Machadst al (2010) who reported 18 and 16 amino acids resmdygt In this
study only glutamine was not detected from the comr®0 amino acids, however, glutamine
can be derived from glutamic acid (Misner, 2008ut @f 19 amino acids observed 10 are
classified as essential amino acids namely Threpnityrosine, methionine, valine,

phenylalanine, isoleucine, leucine, histadine,ngsand Tryptophan. Alanine had the highest
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value of 3.03 % which differed with Sanchez-Machati@l (2010) who reported the value of

1.25 %.

In their work Sanchez-Machad al. (2010) reported leucine having the highest value. 75 %
which is lower than our findings of 1.96 %. Findsnigom this study showed the presence of Ho-
proline, cystine and tryptophan which was dete@te8anchez-Machadet al (2010)’'s work.
Cystine and Ho-proline had the least values foldws® methionine which is commonly
deficient in green leaves. Methionine and cystine powerful antioxidants that help in the
detoxification of harmful compounds and protect ioely from radiation (Brisibet al, 2009).
Ho-proline is a major component of the protein agdin, it plays a key role in collagen stability.
The variations in the amino acid composition cootdinfluenced by protein quality; the origin
of the plant (cultivated or wild) and physiologicsthge of the plant leaves. Usually cultivated

plants are fertilized, which could influence theality of proteins (Sarwatt al, 2004).

Amino acids are organic compounds that combineotm fproteins; as such they influence the
guantity and quality of protein. Amino acids arasdified as essential and non-essential which
vary according to animal species and their prodactiystem (Swanepoet al, 2010). Rumen
microbes synthesise the essential amino acids fobner amino acids or from nitrogen
containing substances. The efficiency of rumen olial growth and activity in the rumen is
enhanced by the presence of adequate amino aejoliscigs and most macro and micro minerals
(Alfaia et al, 2009). Each amino acid has a specific functiothe animal’s body. In general,
amino acids are required for the production of emzy, immunoglobulins, hormones, growth
and repair of body tissues and form the structtdireed blood cell (Brisibeet al., 2009). Also,
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they contribute to the formation of glucose, act&sga buffer when other precursors are in short
supply (Swanepoeét al, 2010). Amino acids affect the function of othmutrients in the
animal’s body such as presence of lysine, whiclhiessadequate calcium absorption and aids in

antibody production.

The dried leaves could serve as a protein suppl@mesource in animal and human diets.
Proteins are also essential for continuous reglement of the endogenous protein that is lost due
to infections with gastro-intestinal helminthes ¢Poand Holmes, 1996). The current study
identified 17 fatty acids in the dried leaves Mf oleifera, of which 11 were classified as
saturated fatty acids, however, these had lowaregalHenicosanoic had the highest value of
14.41 % followed by palmitic (11.79 %) and capribigh had the least value of 0.07 %. Three
polyunsaturated fatty acids were detected namédlinolenic, linoleic and g-Linolenic withu-
Linolenic having the highest value of 44.57 %. d@zcMachadoet al (2010) reportedi-
Linolenic having a higher value of 56.87 %. Of net&t waso-Linolenic which is am-3 fatty

acid that belongs to the group of the essentig} atids.

Our findings differ with SGnchez-Machaeb al. (2010) who found 14 fatty acids, which could
be attributed to age of the leaves, soil type didatic conditions. Sanchez-Machado al

(2010), however, reported that caprylic acid (098P palmitic acid (3.66 %) and arachidonic
acid (0.12 %) had the lowest in value, whereashm ¢urrent study we found that capric,
palmiteic and g-Linolenic had the lowest valuestli@ise three fatty acids, only lauric was found
in our analysis. As observed in this studyl. oleifera leaves contain more dietary
polyunsaturated fatty acids than the saturateg &atids. A higher content of PUFA and lower
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amount of SFA is desirable (Hoffman and Wilklun®@08), as such, its inclusion in the diet is
recommended as it prevents the occurrence of @iseéhsreby promoting good health. Waeid
al. (2008) recommended more consumptiom-diholenic acid which promotes the endogenous

synthesis of long chaim3 fatty acids.

Polyunsaturated fatty acids are important for huraad animal health. They are of interest
because they are precursors of long clmaBlPUFA in the eicosanoids biosynthesis, which are
viewed as important bioregulators of many cellyevcesses (Khotimchenko, 2005). They are
linked to the development and functionality of themune system. Consumers have preference
of food low in saturated fatty acids (SFA) becatisey are associated with an increased risk of
cardio-vascular diseases and some cancers (Gri#d8; Alfaia et al, 2009). Human
nutritionists urge consumers to increase intake pofyunsaturated fatty acids (PUFA),
particularly then-3 PUFA at the expense o6 PUFA (Hoffman and Wiklund, 2006; Alfart

al., 2009). The quantity and composition of fattydacin the animals’ body are related to the

presence of some of their precursors in the dietqi¢ét al, 2003).

The observed low concentration of acid detergdmme$ and neutral detergent fibres in the study
compared with most forage plants is of interesehee, fibre fraction defines the extent and rate
of feed digestibility (Rubanzat al., 2005). The values of NDF and ADF of 11.4 and 849
differed with the findings of Foidét al (2001) that showed NDF and ADF values of 21.9 and
11.4 %, respectively, suggesting that the leavesd us this study could be of high digestibility.
These variations of NDF and ADF values may be dudifferences in agro-climatic conditions,
physiological stage of trees, and possibly due ifferént stages of maturity of leaves. The
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observed concentrations of Acid detergent ligniDIA in the current study were however,

consistent with values reported by Faadlal (2001).

Another interesting aspect of the results repohect is the low percentages of anti-nutritional
factors in the leaves, which though present wegdigible. The value of condensed tannins was
3.12 % while Foidlet al, 2001 reported 1.4 % of tannins and did not detlee condensed
tannins. Drying is reported to reduce or removeaetable condensed tannins by 15-30 %
relative to fresh foliage (Vittet al, 2005). The decrease of condensed tannins aftargdmay

be due to decomplexation between tannins and pstand depolymerisation and oxidation of
tannins (Makkar, 2003). The content of total phen@.02 %) in this study was lower than
previously reported values of 2.7 and 4.3 % (Gugital, 1989; Foidlet al, 2001). At these
concentrations simple phenols do not produce amgrad effects when consumed by animals
(Foidl et al, 2001). However, these phenols have been repdotdthve multiple beneficial
biological effects that include antioxidant actyyiainti-inflammatory action, inhibition of platelet

aggregation, antimicrobial activities and antituraotivities (Thurber and Fahey, 2009).

It is also of remarkable interest that the dréddoleiferaleaves have high deposit of mineral
elements. Calcium was observed to be higher cordparether plant sources (Nkafamigtal.,
2010). It is required for formation and maintenarae bones and teeth thus preventing
osteoporosis. It is also needed for normal bloottiolg and nervous function. Interestingly, even
iron, which is commonly deficient in many plant-bdsdiets, was found in abundance in this
plant's leaves. Iron is a necessary component @mioglobin and myoglobin for oxygen
transport and cellular processes of growth andsuhimi (Kozat, 2007). Iron is also an essential
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trace element for normal functioning of the centnarvous system and in the oxidation of
carbohydrates, proteins and fats (Uratal, 2007). Iron also has a role in energy metaboism
it facilitates transfer of electrons in the eleattbansport chain for the formation of Adenosine

triphosphate (ATP) (Kozat, 2007).

The presence of zinc in fairly high amounts iséaal interest in view of the importance of the
inclusion of zinc in the diet of animals and humaRssults from this study had higher levels of
zinc (31.03 mg/kg) than the findings of Barmirsal (1998) who reported 25.5 mg/kg in dried
M. oleiferaleaves. Zinc is essential for the synthesis of DRAA, insulin and function and/or
structure of several enzymes (Brisiteal, 2009). Zinc is also required for cell reprodantand
growth especially sperm cells. In addition zindkieown for its anti-viral, anti-bacterial, anti-

fungal and anti-cancer properties (Brisdial., 2009).

The M. oleiferadried leaves contained copper which is considadthve strong effects on the
immune system (Anwaegt al, 2007). Copper is involved in stimulating bodyedee system, as

it is active in neutrophil production and affecteagocyte killing ability. It is required for
antibody development and lymphocyte replication ri@u and Miller, 2006). Copper in
combination with zinc, plays a significant rolesaperoxide dismutase activity and the removal
of oxygen free radicals. It is, therefore, a kepnponent in the protective mechanism of cellular
membranes against superoxide free radicals dantagedt al, 2010). In addition, the copper
containing enzyme, ceruloplasmin has been showexkobit antinflammatory activity, which
may prove beneficial in mastitis cases (Gatoal, 2010). Copper has been found to reduce
internal parasite namelyaemonchus contortuead in sheep and goat (Burke and Miller, 2006).
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Moringa oleiferaleaves have sulphur that is necessary for effogierf rumen microbial growth
and activity (Brisibeet al, 2009).Moringa oleiferas mineral composition plays a significant

role in nutritional, medicinal and therapeutic \v&dUyAl-kharusket al, 2009).

The results showed that the dried powdévkealeiferaleaves have high levels of vitamin E and
Beta-caroteneMoringa oleiferapowder has been reported to be rich in beta-caepthiamine,
riboflavin, niacin, pyrodixine, biotin, ascorbic id¢ cholecalciferol, tocopherol and vitamin K
(Broin, 2006). As such in our study we investigaiee presence of Beta-carotene and vitamin E
in the dried leaves. The reason being that undenaloconditions, healthy ruminants synthesise
adequate amounts of B vitamins as well as vitamin@ K (Rinehart, 2008). Beta-carotene is
the most potent precursor to vitamin A. The animais able to convert beta-carotene into
vitamin A within their body (Panday and Tiwari, Z)0OMoringa oleiferais reported to be rich
in vitamin C which increases iron absorption in &memal’s body (Anwaet al, 2007). Vitamin

A is necessary for many functions in the ruminam¢tuding vision, bone growth, immunity and
maintenance of epithelial tissue. In addition, wita A also maintains adequate levels of iron in
plasma that supply the different body tissues uhiclg the bone marrow (Thurber and Fahey,
2009). Supplementation of diets with both iron aftdmin A may increase the iron status as

measured by haemotological indices like haemoglahohhaemocrit (Babu, 2000).

Beta-carotene ricM. oleiferaleaves can thus be an important source of vitaliand can be

used for releasing the bound iron status and tel{sih reducing anaemia as well as prevalence
of vitamin A deficiency. Vitamin A and E are somietloe specific nutrients that assist animals to
develop disease resistance. Our findings are ieemgent with Fuglie (2001) where the amount
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of vitamin E was 113 mg/100g in dried leaves. Vitau is known to help maintain and increase
the storage of vitamin A and iron in the bodyoringa oleiferapowder is, however, rich in

vitamin such that it is one of the richest planirses of vitamin (Anwaet al., 2007).

Vitamin E with selenium contain antioxidants thabriv co-dependently in the body to help
destroy free radicals (Thurber and Fahey, 2009f irteraction of selenium and immune
function focuses around the selenoprotein, glubaihi peroxidase. Glutathione peroxidase
inactivates oxygen radicals such as hydrogen peeoxind prevents them causing cellular
damage. Also supplementing dairy cattle with adeguevels of selenium (0.3 ppm of dry
mater) reduce the prevalence, severity and durafiomastitis (Roclet al, 2001). Looking at all

the properties of the plant leaves, this probabiglans the traditional use of the plant as a
herbal tonic in India, because of its high levefsreadily available essential nutrients and
mineral resources which may be required for thenteaance of electrical potential of nervous
tissues and cell membranes. It can as well be fogetthe treatment of blood related disorders

that is necessary for the improvement of the oVerall-being of the body.

The nutritional variations observed among the swmidcould be attributed to the genetic
background of the plant, in terms of ecotype arltivau, environmental factors that include the
soil and climate (Sanchez-Machadb al, 2010). Also, the cultivation method used which
encompasses the frequency of harvesting and pbygstal stage of the plant or leaves. Mode of
conservation between collection and analysis (dyynefridgeration, freezing) might influence

the leaves’ nutritional composition (Barmirgtsal, 1998; Broin, 2006).

75



3.5 Conclusion

In conclusion, the results derived from nutrientarecterization ofM. oleifera are clear
indications that the plant leaves are rich in muts and have a potential to be used as a feed
additive with multiple purposes. These include seyvas a protein, fatty acid, mineral and
vitamin resource for animal and human feed formaret High nutritional content found in the
dried leaves are important nutritional indicatofsle usefulness of the plant as a likely feed
resource. Given thaM. oleiferaleaves contain some compounds such as tanninghmsiols

and proteins speculated to have antimicrobial ptase it is therefore imperative to determine

the microbial effects df. oleiferaextracts.
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Chapter 4:  Antimicrobial activities of Moringa oleifera Lam leaf extracts

(Submitted toAfrican Journal of Biotechnology

Abstract

The objective of the study was to determine théanterial and antifungal activities of tiv
oleifera leaf extracts usingn vitro antimicrobial screening methods. The acetone extBM.
oleiferaleaves at a concentration of 5 mg/ml showed aciidvel activities againdgEscherichia
coli, Enterobacter cloaceProteus vulgaris Staphylococcus aurewsmnd Micrococcus kristinae
Micrococcus kristinaavas the most susceptible as its growth was irddbét 0.5mg/ml. On the
other handM. oleiferaacetone extract did not exhibit any inhibition $tmeptococcus faecalis
Bacillus pumilus Klebsiela pneumonjaBacillus cereusand Pseudomonas aeruginasdhe
acetone extract was bactericidal Bncoli andMicrococcus kristinaelt was also bacteriostatic
on S. aureusEnterobacter cloacandProteus vulgarisHowever, the water extract showed no
activity at the highest concentration (5 mg/ml}ees Furthermore both the acetone and aqueous
extracts did not exhibit any antifungal activityaagst the fungal species @fandida albicans
Pennicillium notatumAspergillus flavusandAspergillus nigereven at the highest concentration
of 10 mg/ml. The ability of acetone extract to imhthe growth of some strains of bacteria is an
indication of its antibacterial potential which mhg employed in the management of microbial

infections.
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4.1 Introduction

Over the years, plants have been used as valuabtees of natural products for maintaining
animal and human health. Plants have been repootetbntain large varieties of chemical
substances that possess important preventativelaatve therapies (Nascimengo al, 2000).
About 80 % of individuals from developed countrigse traditional medicines which have
compounds derived from medicinal plants (Igbin&taal, 2009). Despite the presence of
various approaches to drug discovery, plantsrstiiain the main reservoir of natural medicines

(Mahomed and Ojewole, 2006).

Interest in plants with antimicrobial propertiesshaeen revived as a result of antimicrobial
resistance to conventional drugs. This resistammeddcbe attributed to indiscriminate use of
commercial drugs or not taking an antibiotic prggmn according to the instruction for
example not taking all the prescription in the tmeent of infectious diseases (Aliero and
Afolayan, 2006). In addition, certain antibioticsepent the undesirable side effects such as
nausea, depression of bone marrow, thrombocytogmmgaura and agranulocytosis leading to
the emergence of previously uncommon diseases (Maecand Shito, 2001; Poole, 2001). This
has given scientists the impetus to search for newwd alternative microbial compounds from
medicinal plants (Aliero and Afolayan, 2006). Besid the high cost of conventional drugs,
particularly in resource-limited communities hasl l® the increased use of plants as an
alternative for the treatment of infectious dissaselant extracts and phytochemicals with
antimicrobial properties are of great significanceherapeutic treatments. Their antimicrobial

properties are due to compounds synthesized irséisendary metabolism of the plant. The
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screening of plant extracts and plant productsafttimicrobial activity has shown that plants

represent a potential source of novel antibiotatypes (Afolayan, 2003).

Bacteria and fungi are of both human and veterinargortance as outlined beloBacillus
cereushas been implicated in food-borne intoxicationgi@m and Lund, 1997Escherichia
coli, S. aureusand P. aeruginosacause diseases like mastitis, abortions and umggspiratory
complications (Fraser, 198@treptococcus faecalis a pathogenic bacteria commonly found in
the intestines of birds (Granum and Lund, 19%8perqillus nigethas been reported to cause
lung diseases aspergillosis and otomycosis. Sipila: flavusis a human and livestock
pathogen associated with aspergillosis of the luargb sometimes causing corneal, otomycotic
and nasoorbital infection&spergillus flavugproduce significant quantity of aflatoxin (Samson
et al, 2001: Klich, 2007).Penicillium notatuminduces hypersensitivity and pneumonitis in
animals (Klich, 2007)Candida albicanss reported to cause vaginitis and yeast Magtdigrib-

Fakim, 2006). These necessitate searching foriatitib that could be used against microbes.

Moringa oleiferaLam leaves have been reported to possess antlmatnoroperties and this
explains the reason for its wide use in the treatnoé human diseases (Lockett al, 2000;
Anwar et al, 2007). To the best of our knowledge, there tidelior no information on the
antimicrobial activities of the South African ecpgyofM. oleifera.The objective of the current
study was, therefore, to determine the antibadtemal antifungal activities oM. oleifera

extracts usingn vitro antimicrobial screening methods.
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4.2 Materials and Methods

4.2.1 Plant material and extract preparation

The M. oleiferaleaves were collected at Sedikong sa Lerato ins@og village Ga-Mphahlele
and a detailed description was given in Sectionl3Phe two solvents acetone and water were

used and in all cases equal volumes of solvents uszd.

4.2.2 Plant extracts preparation

One hundred grams of powdered leaves were soaks@Diml of high analytical grade acetone,
which is less lethal to the test organisms (EIa®98). Another plant sample (100 g) was
extracted in distilled water. They were left shakon the orbital shaker for 48 h at 30 °C (Stuart
Scientific Orbital shaker, UK) and later filteredparately through Whatman no.1 filter paper.
Thereafter the acetone extract was evaporatedytesls under reduced pressure at 40 °C using a
rotary evaporator (Laborator 4000-efficient, Heplgl Germany). The water extract was freeze-
dried using Savant refrigerated vapor Trap, (RVE410SA) and stored at 4 °C. The percentage
yields of acetone and water extracts were 16 anéblBespectively. They were stored in air-
tight glass bottles before use and later re-diggbla their respective solvents to give the desired

concentrations for the various experiments.

4.2.3 Antibacterial activity assay

The bacteria strains used were those recommendetthebWational Committee for Clinical
Laboratory Standards. The selection of organisnpenlged on availability and was as follows-:
Staphylococcus aureU®&TCC 6538), Streptococcus faecall@TCC 29212),Bacillus cereus
(ATCC 10702),Bacillus pumilus(ATCC 14884),Micrococcus kristinagAl5). Pseudomonas
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aeruginosa ATCC (19582), Escherichia coli (ATCC25922), Enterobacter cloace(ATCC

13047),Klebsiela pneumonigATCC 10031) andProteus vulgarifATCC 6830) The bacteria
were obtained from the Department of Biochemistigt Microbiology, University of Fort Hare,
South Africa. Organisms were chosen based on epofttheir human and Livestock

pathogenicity.

4.2.4 Minimum Inhibitory Concentration (MIC)

The bacteria species were maintained on nutrieat plates and recovered for testing by sub-
culturing in nutrient broth (Oxoid) and incubated3¥°C for 18 h. Before use, each bacteria
culture was diluted 1:100 with fresh sterile nuttibroth (Grierson and Afolayan, 1999). The
bacteria were streaked in a radial pattern on ¢fa plates (Meyer and Afolayan, 1995), which
were incubated at 37 °C under aerobic conditiorss @amined after 24 and 48 h. Complete
suppression of growth by specific concentratiommfextract was required to be declared active
(Mathekgaet al., 2000). Each extract was tested at a concentratiob.0, 1.0, 0.5 and 0.1
mg/ml. Streptomycin and chloramphenicol were usedtandard (positive) controls with pure
solvents (acetone and water) and sample free spkitas blank controls. Each test was
replicated three times. Acetone has been repoxedlet non-toxic to the organism at the

concentration used (Meyer and Afolayan, 1995).

4.2.5 Minimum Bactericidal Concentration (MBC)

The Minimum bactericidal concentration (MBC) of th&ant extracts was determined by the
modified method of Spencer and Spencer (2004). Sdmeples were sub-cultured from MIC
plates that showed no growth after 24 h on to shfrextract-free solid medium and incubated
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further for 18-24 h. The highest dilution (leastncentration) that yielded no single bacterial
colony on a solid medium was taken as MBC. The MB& not determined for the water
extract since it did not exhibit antibacterial ait§i. It should also be noted that the condition of

evaluation for extract effectiveness was similardib the bacterial and fungal species used.

4.2.6 Antifungal activity assay

The antifungal activity oM. oleiferawas investigated using four fungal speci@spergillus
niger (ATCC 16404), Aspergillus flavus(ATCC 9643), Pennicillium notatum(LIO) and
Candida albicangdATCC10231), which were obtained from the DepartmainBiochemistry
and Microbiology, University of Fort Hare, Southrish. The selection of fungi used in the
study was based on history of being pathogenicutmans and livestock. The fungal isolates
were allowed to grow on a Sabouraud dextrose &faA] (Oxid) at 25°C until they sporulated.
Thereafter the fungal spores were harvested byigparmixture of sterile glycerol and distilled
water to the surface of the plate. Later the sporese scraped with a sterile glass rod. The
harvested fungal spores were standardized to ansgglRof 0.1 before use. The standardized
fungal spore suspension (1000ul) was evenly spraatie SDA (Oxoid) using a glass spreader.
Wells were bored into the agar media using a sté&imm cork borer and the wells filled with
the solution of the extract (0.2 ml) taking care twallow spillage of the solution to the surface
of the agar medium. Acetone and water extract auragons used were of 0.1, 0.5, 1.0, 5.0 and
10 mg/ml. The plates were allowed to stand on #mratory bench for 1 hour to allow for
proper diffusion of the extract into the media.t®awere incubated at 25 °C for 96 h and later
observed for zones of inhibition. The effect of theract on fungal isolates was compared with
amphothericin B and miconazole at a concentratfdnrag/ml (Igbinosaet al,, 2009).
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4.2.7 Statistical analyses
Diameter of fungal growth was measured and expdesse means of percentage growth
inhibition of three replicates. They were analyssthg General Linear Model procedure of SAS

(2003).

4.3 Results

4.3.1 Antibacterial activity

The leaf acetone extract bf. oleiferaat 5 mg/ml showed antibacterial activities agakasctoli
(ATCC 25922),E. cloacae(ATCC 13047),P. vulgaris (ATCC 6830) andS. aureus(ATCC
6538) and M. kristinae 8§ at 0.5 mg/ml while reference antibiotics strepyoin and
chloramphenicol had antibacterial activity at 2rmplg{Table 4. 1). As indicated in Table 4. 2, the
M. oleiferaacetone extract was bactericidalBncoli (ATCC 25922) andM. kristinae while it
was bacteriostatic o%5. aureus(ATCC 6538),E. cloacae(ATCC 13047) andP. vulgaries
(ATCC 6830). Although the MBC value for ti\. oleiferaacetone extract against kristinae
was higher (1.0 mg/ml) than its MIC value of 0.5/mj it is interesting to note that the MIC
and MBC values (5 mg/ml) against the inhibited baatwere the same. The water extract did

not show any activity at the highest concentraf{®@mg/ml) tested.

4.3.2 Antifungal activity

Both theM. oleiferaacetone and agueous extracts did not exhibitueng#l activity against the
fungal specie. albicans(ATCC10231),P. notatum(LIO), A. flavus(ATCC 9643) andA.
niger (ATCC 16404).
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Table 4.1:  Antibacterial activity of the leaf extracts ofMoringa oleifera

Minimum inhibitory concentration (MIC) and Minimubractericidal concentration (MBC)

(mg/ml)
Bacteria species Gram Water Acetone Streptomycin  Chloramphenicol
/ml
Reaction extract extract pg/ml HO
Bacillus cereuATCC + na na <2 <2
10702)
Bacillus pumilugATCC + na na <2 <2
14884)
Staphylococcus aureus + na 5 (5) <2 <2
(ATCC 6538)
Streptococcus faecalis + na na <2 <2
(ATCC 29212)
Micrococcus kristinae § + 0.5(2) <05 <2
Escherichia col(ATCC - na 5(5) <2 <2
25922)
Pseudomonas aeruginosa - na na <5 <20
(ATCC 19582)
Enterobacter cloacae - na 5(5) <2 <2
(ATCC 13047)
Klebsiella pneumoniae - na na <2 <2
(ATCC 10031)
Proteus vulgarigATCC - na 5(5) <2 <2

6830)

na= not active; MBC values in bracket

8= Environmental strain
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Table 4.2: Bacteriostatic and Bactericidal oMoringa oleifera acetone extract

Bacterial species

Gram +/- Bacteriostatic mg/ml Bactericidal

mg/ml
Staphylococcus aure(dTCC + 5.0 na
6538)
Micrococcus kristinae § + na 1.0
Proteus vulgarigATCC 6830) - 5 na
Escherichia col(ATCC 25922) - na 5
Enterobacter cloacae (ATCC - 5 na

13047)

na= not active

8= Environmental strain
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4.4  Discussion

The susceptibility of some bacteria strains to ékract ofM. oleiferamay be a pointer to its
potential as a drug that can be used against thiegseeptible bacterial strains. Furthermore,
antibacterial resistance, especially, among Gragatinee bacteria is an important issue that has
created a number of problems in the treatmentfettious diseases and necessitates the search
for alternative drugs or natural antibacterial rdme (Khosravi and Behzadi, 2006). The
difference in bacterial response was possible duké nature of the bacterial species. It is noted
that the acetone extract bf. oleiferaleaves exhibited antimicrobial effect against bGttam-

positive and Gram-negative bacteria (broad spectctmities).

The M. oleiferaacetone extract, however, showed greater antebat@ctivity against Gram-
negative bacteria than Gram-positive bacterialirsdrarhese contrasts with most researchers’
findings who reported that most plant extracts haweee activity against Gram—positive bacteria
(Aiyegoroet al, 2008; Boussaadeat al, 2008; Ashafa and Afolayan, 2009). Noteworthyhis
ability of theM. oleiferaacetone extract to inhibit the growthMf kristinaeat 0.5 mg/ml. which

is the lowest MIC value in comparison to other baat strains. This suggests thdt kristinae
was more sensitive tol. oleiferaacetone extract and therefore could be used ast#racteria
against diseases that are causedvb¥kristinae This observation can best be explained by the
fact thatM. kristinae which is an environmental strain, has a low m@tentibiotic resistant
genes compared to most clinical bacterial strdiesce its susceptibility to the extract at a lower

MIC value compared to clinical strains (Aiyegabal, 2010).
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The non activity of the water extract against mi@® investigated in this study is in agreement
with previous works, which showed that agueousaexsr of plants generally exhibited little or
no anti-microbial activities (Aiyegoret al, 2008; Ashafaet al, 2008). Masika and Afolayan
(2002) reported that Gram-negative bacteria areemesistant to water extracts. Furthermore,
most researchers (Pat al., 1995; Vlientincket al, 1995; Martin and Eloff, 1998) have
generally reported that water extracts of plantsxdbhave much activity against bacteria. The
lesser effectiveness M. oleiferaleaf water extracts compared with those of acetoag be due

to differences, in polarity of the two solventsdahus of the extracted constituents (Boussaada
et al, 2008). It is also suggested that the activecgrlas from plant materials are not readily
extractable in water; in this study acetone wasttebsolvent than water in extracting the active

constituents from the leavesMf oleifera

Compounds like tannins and polyphenol which arenfoin M. oleiferaare soluble in acetone
(Makkar and Singh, 1992) and have been report@ad$sess antibacterial activity (Khosravi and
Behzadi, 2006). Our findings, however, differ froine study by Dahot (1998) who reported that
M. oleiferawater extracts had antimicrobial activity agaiBstoli, S. aureusandB. subtilis The
difference could be attributed to variation in #revironment where the plant was collected, the
season and the physiological stage of the planihwbkaves were harvested (Taylor and van
Staden, 2001). This affects the chemical compastiod the amount of compounds in the plant.
In general water extracts are the commonly usedaam@ffordable to resource-limited farmers.
The curative advantage is that consumers includimignals tend to consume the plant material in
large quantities and in high concentrations. Thiggests its ability to meet the required
physiological levels to inhibit the pathogen growrhsitu. Yanget al. (2006) reported that the
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inclusion ofM. oleiferaleaf meal in Broiler feeds reduced tBecoli bacteria count in the ileum.
In addition, M. oleifera leaf water extracts exhibited antimicrobial prdjgsr through the
inhibition of the growth ofS. aureusstrains isolated from food and animal intestinéang et
al., 2006). This point to the potential . oleifera as an antimicrobial peptides to replace

antibiotics in feeds.

In our study theM. oleiferaacetone extract had bactericidal properties ag&nsoli, which is
mostly known to be multi-resistant Afolayan (2008Bhe ability of the acetone extract to il
coli is noteworthy even though it was at the highesteatrations (5.0 mg/ml) tested. Moreover,
Gram-negative bacteria have been reported to hstaese to antibiotics (Boussaads al.,
2008). According to several authors, these bactgagenerally less sensitive to the activity of
plant extracts (Pintoret al, 2002; Wilkinsonet al, 2003; Boussaadat al, 2008). Such
resistance could be due to the permeability bapievided by the cell wall or to the membrane

accumulation mechanism (Adwanal, 1998).

The bactericidal and bacteriostatic activitiesh& M. oleiferaacetone extract agairist coli, M.
kristinag S. aureus, E cloacandP. vulgariswas established. Compounds like pterygospermin,
benzyl glucosinolate and benzyl isothiocynate hdmyever been isolated froM. oleifera
leaves and these compounds have been reportedrd¢cahtimicrobial properties against a wide
range of bacteria which could partly explain theerved bacteriostatic and bactericidal activity
(Fahey, 2005). It should be noted that for planttemals, there is actually no standard

concentration agreed upon as a model measure terndaing the antibacterial activity but
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according to Aliero and Afolayan (2006); Ashafaal (2008); Aiyegoroet al (2009), they

considered 5 mg/ml as their highest concentraseosl|

The leaves oM. oleiferahave also been known to contain a number of phgimicals such as

flavonods, saponins, tannins and other phenolicppamds that have antimicrobial activities
(Satoet al, 2004; Cushine and Lamb, 2005; Mbetoal, 2009). This would suggest that, the
antimicrobial activities observed in this study kbie attributed to such compounds. The
mechanisms of actions of these compounds have bemred to be via cell membranes
perturbations (Esimonest al, 2006). This coupled with the action @flactams on the

transpeptidation of the cell wall could lead to anhanced antimicrobial effect of the

combinations (Esimonet al, 2006).

According to Dahot (1998)M. oleiferaleaf extracts contain small peptides which cou&y @an
important role in the plant’s antimicrobial deferssestem. The proteins/peptides are believed to
be involved in a defense mechanism against phytoganic fungi by inhibiting the growth of
micro-organisms through diverse molecular modesh @s binding to chitin or increasing the
permeability of the fungal membranes or cell wa@lhganget al, 2007). Antimicrobial peptides
probably interact with the membranes in two stagestly, cationic amino acids are attracted by
negative charges such as phospholipid head groupkeosurface. Secondly, hydrophobic and
positively charged patches of the peptide intevath the aliphatic fatty acids and the anionic
components, respectively (Zasloff, 2002; Koczulfad &8als, 2003). This induces membrane
destabilization, and bacteria are thought to bekiby the leakage of cytoplasmic contents, loss
of membrane potential, change of membrane permigaaiid of lipid distribution, the entry of
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the peptide and blocking of anionic cell componenmtsthe triggering of autolytic enzymes
(Zasloff, 2002). Another strategy followed by plad thwart invaders is based on the localized
production of antimicrobial; low molecular weiglgc®ndary metabolites known as phytoalexins
(Maher et al, 1994; Dahot, 1998). The antibacterial activity M. oleifera acetone extract

validates some medicinal uses\df oleifera(Fahey, 2005; Fugile, 2005).

In our study none of the extracts showed any amgil activity. Similar to our results is the
report by Dahot (1998), whereby thve oleiferawater extracts were found inactive against the
growth of Aspergillus fumigatesA. flavus and Penicillium expansunand moderately active
againstA. niger(Dahot, 1998). Variation in the antimicrobial &dy of M. oleiferawater extract
could be attributed to the plant’s ability to predua wide range of selective antimicrobial
compounds. This could be either in a constitutiv@m inducible manner to protect themselves
against pathogens (Cammeieal, 1992; D'Haeze and Holsters, 2004). Moreover sihrghesis

of many presumed defense related compounds areadduhen plants are exposed to pathogens
(Linthorst, 1991). Antibacterial activity showed the acetone extracts might justify the reports
thatM. oleiferahave medicinal properties. Interestingly the pganutritional compounds assist
the consumer to enhance their immune system agaidst range of pathogens (Odueb al,
2008). Moreover, its ability to inhibit the bactdrgrowth enables the antibodies generated to

destroy the invading pathogens.

4.5 Conclusion
The acetone leaf extracts M. oleifera exhibited some antibacterial activities againgnso
strains such aB. coli, E. cloace P. vulgaris S. aurensandM. kristinae However, both acetone
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and aqueous extracts did not exhibit any fungavigtagainst fungal species. The ability of
acetone extracts to inhibit the growth of someirssraf bacteria is an indication of its potential
which maybe employed in the management of micrabfaktions in livestock production, and
henceM. oleiferaleaves has a potentially to be used as a feedesuppt due to its high protein
and at the same time having the medicinal effecthenanimal. It can be expected to have an
anthelmintic effect. It is, therefore, of paramoumfportance to determine the effects of goat

supplementation witM. oleiferaon helminth load.
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Chapter 5 Effects of supplementing cross-bred Xhosap eared goats withMoringa oleifera
Lam on helminth and coocidian-oocyst loads and coesponding body condition score,
packed cell volume

(Submitted toTropical Animal Health and Productipn

Abstract

The objective of this study was to determine tHeatfof supplementing indigenous goat with
oleifera leaf on helminth load. A total of 12 castrated 8mifis old goats, with a mean body
weight of 14.63 £0.26 kg were randomly allottedhoee dietary groups with 4 goats in each. All
groups (MOL, SC and GH) were fed on basal dietrabg hay (GHad libitumand wheat bran
(200 g/head/day) for 60 days. In addition, the M&nid sunflower cake (SC) groups were fed
200 g of driedV.. oleiferaleaves and 170 g of SC, respectively. On day @é4abcal larval count
started to decrease significantly, in the MOL ar@l ssipplemented groups until the end of the
experiment. Goats supplemented with MOL and SCsdnetd lowerHaemonchus contortus
Trichostrongylus colubriformand Oesophagastum columbianurorm burdens than those on
the GH diet. Goats supplemented with MOL had loeaacidian- oocyst (P < 0.05) count of the
Eimeria spp.The mean BCS and PCV in the GH group started ttirdeafter day 14, while
increasing in the MOL and SC groups until the ehthe experiment. It can be concluded that
supplementing goats witlkl. oleiferaimproved the BCS, PCV values and suppressed deecid

oocysts and helminth load.
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5.1 Introduction

The productivity of goats is affected by helmintbsvhich goats are highly susceptible (Hoste

al., 2008; Hoste and Torres-Acosta, 2011). Interrsmhgitism can cause major health issues,
which have a major effect on the animal’s perforogaand cause great economic loss to the goat
farmer (Hoste and Torres-Acosta, 2011). Grazingnats are always exposed to helminths of
mixed species. The most common helminths &@emonchus contortusBunostomum
trigonocephalum Ostertagia Trichostrongylus Nematodirus Cooperia species (Hostet al,

2008).

High helminth infestations, coupled with low managat levels of goats by resource-limited
farmers culminate to considerable deleterious &ffand economic losses to goat productivity
(Arsenos et al., 2009). Infection with helminths generally reduceedeconsumption and
utilisation, growth performance, fertility, meaeld and quality (Arsenost al, 2009; Marume,
2010) and result in loss of blood and consequenibath (Hosteet al, 2008). The greatest
economic losses associated with helminthosis drelisical (Marume, 2010), as growth rate is

compromised and the animals take a long time tohre@arket weights.

Helminths in small ruminants are generally coneollby use of broad-spectrum synthetic
anthelmintics (Hoste and Torres-Acosta, 2011). &tfiectiveness of synthetic anthelmintics are
strongly questioned because of wide spread devaoprof helminth resistance to these
compounds (Hoste and Torres-Acosta, 2011). Ottiectefe drugs have long withdrawal period
which often make them unsuitable for use in meat @ik goats (Hoste and Torres-Acosta,
2011).
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Alternative grazing, nutrition and sanitary managetrstrategies are needed to control helminth
infestations in livestock because of the increasiegand for safe food and the development of
drug resistance in several helminth species (Hestg Torres-Acosta, 2011). Among the
alternative methods to anthelmintics currently klde is the manipulation of the host nutrition.
This is done to improve the host resistance antdamse to helminth infection and seems to be
one of the promising options (Hosteal, 2008). Protein and energy supplementation ao&vkn

to improve goat resistance and resilience agaiasagtic infections (Hosteet al, 2008;
Xhomfulanaet al, 2009). Furthermore, recent studies have revdadeeficial effects of some
plant secondary compounds such as tannins on thé&otoof gastrointestinal nematode
infections (Hosteet al, 2008). Supplementation with tannin-containingafe Calluna vulgaris
Erica spp,Acacia karroQ has been proven to reduce parasite burden andxaggtion in goats,

thereby increasing animal performance (Arsestaa., 2009; Marume, 2010).

Another plant with a potential to reduce internatgsitic load while being used as a feed is
Moringa oleifera(Mendieta-Araicaet al, 2011). The nutritional value of the leaves atel i
antimicrobial activity are discussed in Chaptend 4, respectively. It is presumed its nutritional
and medicinal values could have an impact on thmiheh load in goats, especially in the
communal areas where farmers generally keep theslored goats due to indiscriminate
crossbreeding (Rumosa Gwaee al, 2009). Bakare and Chimonyo (2011) affirm thaatgo
crossbred with the Xhosa lop-eared are large fraameddhave a potential to increase meat yield
per animal. Communal farmers have also shown rethéwterest on the genes of the Xhosa lop-
eared goats (Bakare and Chimonyo, 2011). Howeler dietary impact of usinlyl. oleifera
leaves on helminth load of these crossbred Xhgs##wed goats is unknown. The objective of
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this study was to determine the effect of suppldingngoats withM. oleifera leaves on

helminth load.

5.2 Materials and Methods

5.2.1 Study site

The study was conducted at Honeydale Farm, Uniyss$iFort Hare, Alice, South Africa which
lies along longitude 378' E and latitude 285' S at an altitude of 450-500 m above sea-lével.
is located in the False Thornveld of the EasterpeCRrovince which is characterized by mean
annual rainfall of 480 mm and mean annual tempegaifi18.7C, respectively (Muchenjet al,
2008). Most rain falls in summer during the montifsNovember to March. Goats at the
Honeydale farm graze on natural pastures mainlyposed of the following grass species;
Aristida congestaCymbopogon plurinodjsCynodon dactylon, Digitaria eriantha, Sporobolus
africanus, Sporobolus fimbriatus, Themeda trian@dnad Eragrostis species Acacia karroo,

Scutia myrtineandMaytenus polyacanthare the dominant tree species (Muchetjal, 2008).

5.2.2 Collection of feeding materials

Harvesting ofM. oleiferaleaves was described in Section 3.2.1. The |leaxs air-dried by
spreading them on clean plastic under shade ftvou®s and turned several times. The grass hay
consisted of mainlyPennisetum clandestinynsporobolusafricanus and Cynodon dactylon
which was mowed (harvested) at an early tendeedtagn the University of Fort Hare grounds
in the month of February to March 20Ithe most dominant grass species Waslandestinum.
Harvesting of grass was done at a frequency of ays,dpre-dried in the sun for 24 hours by
spreading on a concrete floor and turned severeddj thereafter air-dried in a shaded place and
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kept until use. Wheat bran was bought from UMtizankers Corp, Alice South Africa, while

sunflower cake was bought from Monti Feeds (PTYPL. East London South Africa.

5.2.3 Chemical analysis of the feeding diets
The formulated diets were assessed for nutrienfposition as described in Section 3.2.2 (Table

5.1).

5.2.4 Management of experimental Animals

Twelve castrated 8 months old crossbred Xhosa éopeegoats with a mean initial body weight
of 14.63 £0.26 kg bought from the University of £btare’s Honeydale farm were used in the
study. They were treated against external paraditesiightly using Drastic Deadline
(Flumethrin 1%- Bayer (Pty) Ltd Isando, South AfjicThe goats were individually housed in
open sided, slatted floor cages (1.5 m X 1.5 m) ¢baplied with welfare standards. The goats
were given a 21 day acclimatisation period to faad housing before commencement of the
experiment. The animals were randomly allotted iBtdreatment groups of 4 goats each,
balanced in terms of live weight and body conditsmores. Then, the three feeding treatments:
Sunflower seed cake (SC), the positive conthdl,oleifera leaf (MOL) and grass hay (GH)

negative control were randomly assigned to onéetliree groups.

Goats were fed two equal amounts, one in the mgrair98:00 h and the other at 15:00 h in the
afternoon. Goats in negative group (GH) were fedji@ss hay and 200 g per head/day of wheat
bran. The positive control group was fed sunflowake as a protein source at a level of 170
g/head/day while the group fed on MOL diet was gi&®0 g per head per day of dribtd
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oleiferaleaves. In addition all the groups were given gtaagyad libitum plus 200 g of wheat
bran per head/day as an energy source. The expaah(®OL) and positive (SC) diets were
formulated at the beginning of the experiment tadmmitrogenous and isocaloric as shown in
Table 5.1. Estimation of nutrient requirements Wwased on Langston University Goat Research
for a local goat weighing 17 kg and growing 100ay/dinder tropical conditions according to
Paulet al (2003). The energy and protein requirements wstienated to be 6.4 MJ ME and 80
g per day to feed the goats for a 60 day periodGNEO7). The goats were individually fed in
feeding troughs. The quantity for each diet wasngkd fortnightly according to changes in

mean body weights of the goats in each treatment.

5.2.5 Measurements

Goats weights were measured at the beginning oke¥periment and then fortnightly in the
morning (08: 00 h) using a commercial scale (Rud@scDurbanville, South Africa).
Concurrently, body condition scores (BCS) were sss@ using the 5 point scale (1=very thin to
5=0bese) (Aumonet al, 1994). Body condition assessment was conducjednie assessor
throughout the experimental period for consistetiopugh palpation of the lumbar vertebrae

area between the back of the ribs and the frotliepelvic bones.
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Table 5.1: Nutritional composition of the experimetal supplements (% DM basis)

Component Grass  hay Sunflower Moringa
(GH) Meal (SC) oleifera leaf
Meal (MOL)
Dry matter (%) 89.33+0.221 89.00+0.221 88.93+0.221
Crude protein (%) 14.08+0.374 23.27+0.37%4  23.76+0.374

Acid detergent lignin (%) 4.77+0.295 1.91+0.298  2.06+0.298
Neutral detergent fibre (%) 52.67+0.59342.04+0.293 34.77+0.293

Acid detergent fibre (%) 24.36+0.75618.5+0.756  17.15+0.758
Acid detergent cellulose (%) 12.46+0.4327.04+0.432  7.93+0.432
In-vitro digestibility (%) 61+0.53 67+0.53 70+0.53
Phosphorus (%) 0.50+0.042 0.62+0.012  0.64+0.012
Calcium (%) 1.81+0.074 1.98+0.074  2.78x0.074
Potassium (%) 1.74+0.024 1.92+0.044  2.03+0.044
Sodium (mg) 0.01£0.0f2 0.01+0.012  0.02+0.012
Zinc (mg) 77.03+3.384 88.92+3.384 89.17+3.384
Copper (mg) 12.67+0.632 19.67+0.632 21.00+0.632
Iron (mg) 286+2.201 325.73+2.201 356+2.201%
Polyphenols (%) 0.43+0.023 0.67+0.028  0.77+0.028

3 Means in the same row, with different supersatiffer significantly (P< 0.05)
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5.2.6 Packed Cell Volume determination

At the time of weighing, about 3 ml of blood waslected by jugular venipuncture from each of
the goats every fortnight into vacutainer tubestaiming ethylenediamine tetra-acetic acid
(EDTA) anticoagulant for the determination of PCBlood was drawn into non-heparinized
microhaematocrit capillary tubes (1.40 x 1.60x75nasec Pty Ltd Cape Town, South Africa)
by capillary action, one end of each tube was seahel centrifuged in a haematocrit centrifuge
(MSE, London, Great Britain) for 3 minutes at 1200pm. The PCV was estimated as a

percentage using the micro-haematocrit reader (ML8&glon, Great Britain).

5.2. 7 Faecal egg count

The goats used in the study were naturally infeoteth gastro-intestinal worms (mixed
infection), during grazing before supplementatibaecal worm egg counts were taken before
the commencement of the experiment, to assistangtbuping of goats according to helminth
loads. Subsequently faecal samples were colleaddidghtly to estimate coccidian- oocyst
levels. However, coccidian-oocyst were not clasdifinto different eimeria species due to
technical challenges. The faecal samples were rplaiieled screw cap bottles that had 3 %
formalin and were filled to capacity to ensure esedn of air from the container.. The samples
were packed and dispatched in a cool box. On &ravahe laboratory, the samples were
immediately stored in a refrigerator at 4 °C foegmrvation before laboratory analyses. Faecal
worm egg counts were performed using the modifieMisister technique as described by Sloss
et al (1994). The obtained values were expressed aspagggram of fresh faecal samples, with
lower limit detection of 50 eggs per gram. The n&ma eggs and coccidian-oocyst were
identified using a combination of keys given by Sby (1982).
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5.2.8 Faecal culture and larval count

Ten grams of faecal samples were collected evetyifit throughout the study period, from the
rectum of the goats. The faecal samples were pilneimabeled screw cap bottles that were filled
to capacity to ensure that air is excluded from d¢betainer. On arrival at the laboratory, the
samples were immediately stored in a refrigeratod dC for preservation before laboratory
analyses. Faecal cultures were prepared for ing@idgoats in each treatment for faecal larval
counts (FLC). Due to difficulties associated witistohguishing different helminth eggs, faecal
larval counts were used to approximate the levelsetminth infection. The faecal matter was
spread into a plastic pan less than 3 cm deepedfier, the faecal matter was covered with peat
moss which was autoclaved to avoid cross contammand misted with tap water to a moist
consistency and covered with a lid. Pans were iataefor 7 — 10 days at 27 °C. To reduce the
discrepancies the faecal cultures were maintairtethe same environment throughout the
experiment. The faecal cultures were then placén anBaermann apparatus to extract larvae
according to the Baermann method (Slessal, 1994). Larvae were counted using a dissection
microscope at 7.5 magnification and averaged oweeet counts to determine the final

concentration level.

5.2.9 Worm identification and count at necropsy

At the end of the experiment, goats were humanklyghtered and dressed at an abattoir.
Twenty-four hours before slaughter the goats weprided of feed and provided with fresh
water ad libitum. Goats were weighed before slaughter to get theal fslaughter weights.
Evisceration was conducted immediately after slgrghThe abomasums, small and large
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intestines were ligated at their respective jumgito avoid movement of contents from one
gastro-intestinal tract organ to another. Thesamsgvere individually opened and their contents
emptied into a bucket. The mucosa of the respedrgans was washed gently with running
water. The contents and washings of each organ mvad® to a total volume of two litres. Then
the contents of each bucket were thoroughly mixddereafter, two aliquots of 200 ml were
collected from each bucket and the number of wommeach aliquot counted following the
procedures by (Hansen and Perry, 1994). The nuoflbveorms counted was multiplied by 20 to

obtain the total worm burden (Hansen and Perry4)199

5.2.10 Ethical issues

The experimental protocol was specifically approaad was in compliance with the University
of Fort Hare’s Ethics Committee (Clearance numbeCR70710-028) on research in animals,
and internationally accepted principles for aninmsg and care. The goats were examined by the
local state veterinarian on a weekly basis througlibe entire experimental period to ensure

compliance to welfare requirements.

5.2.11 Statistical analyses

The differences in FLC, PCV, BCS, and body weighttween the treatment groups were
analysed using mixed model procedures for repeatedsures of SAS (2003). Faecal larval
counts and worm count data were log transformedylr10)] and the resulting transformed

variables were tested for normality using probabilplots, skewness and kurtosis. The
transformed data were reported as back-transformeans. Worm count data were analysed
using the RANDOM statement in the mixed model pdoce. The model used was:

114



Yijk =pu+T+ Pj + (T x P); +Eijk
where:

Yijk = observation (body weight, BCS, PCV, FLC) of egolt;

u = population mean constant common to all obsemst
T = fixed effect of diet (MOL, SC, GH);

P = fixed effect of week;

(TxP); =dietand infection interaction;

Eijk = random error term, assumed to be normally addpandently distributed with mean 0

and variance equal t62. Mean separations were determined using the PDB[#BN in SAS
(2003). The effect of varying worm counts on PCVthé goats was examined using the

guadratic response surface model (SAS, 2003).

5.3 Results

Diet influenced the level of helminth infection ¢re 5.2). The FLC decreased significantly (P
< 0.05) from day 14 when the sampling was doneouthhé¢ end of the experiment in the MOL
and SC fed groups. In contrast, FLC in the GH tnegit group increased continuously
throughout the experimental period as shown in féigu2. Lower values (P <0.05) of mean
coccidian- oocyst counts were recorded in goatplsapented with MOL diet while higher (P <
0.05) values were observed in goats supplementidG@H and SC groups (Figure 5.2). Changes
in the mean BCS and PCV are summarized in Figl8eabd 5.4 respectively. The BCS in GH

group started to decline after day 14; howeve@L and SC groups it increased in a linear

115



pattern up to the end of the experiment. The GHigiwad the lowest (P < 0.05) PCV compared

to the MOL and SC groups.

Four helminth species namel{Haemonchus contortusTrichostrongylus colubriforms
Oesophagostomum columbianand Monieziaspp were observed. Cestode infection was not
evenly distributed within and among the groups. t6saipplemented with MOL and SC diets
had lowerT. colubriformisandO. columbianunworm burdens than those on GH (control) diet
(P < 0.05)Haemonchus contortusorm counts were significantly influenced by dithie group
supplemented with MOL had the lowest (P < 0.05)n¢avhich compared well to that of the SC
group (Table 5.2). Overall mean total helminth dswvere significantly low for goats which

were supplemented with MOL and SC diets comparélddse on the GH diet (P < 0.05).
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Figure 5. 1: Least square mean changes in Faecalival Count (FLC) of goats in
different dietary groups (GH, MOL and SC)

GH = Grass hay
MOL = Moringa oleiferameal

SC = Sunflower seed cake meal
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Figure 5. 2: Least square mean changes in coccidimcyst count of goats in different
dietary groups (GH, MOL and SC)

GH = Grass hay
MOL = Moringa oleiferameal

SC = Sunflower seed cake meal
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Figure 5. 3: Least square mean changes in body catidns scores (BCS) of goats in
different dietary groups (GH, MOL and SC)

GH = Grass hay
MOL = Moringa oleiferameal

SC = Sunflower seed cake meal
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Figure 5. 4: Least square mean changes in PCV of @ts in different dietary groups (GH,
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GH = Grass hay
MOL = Moringa oleiferameal

SC = Sunflower seed cake meal
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Table 5.2  Worm counts at necropsy in different dietary groups(GH, MOL and SC)

Helminth spp Diet S.E
GH MOL SC

Haemonchus contortus 933.75 258.7% 288.75 36.93

Trichostrongylus colubriformis 138.78 41.25  45.00 8.48

Oesophagostomum columbianum 157.50 48.75  45.00 9.92

3 Means in the same row, with different supersatiffer significantly (P< 0.05)
GH = grass hay
MOL = Moringa oleifera leaf meal

SC = Sunflower seed cake
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5.4  Discussion

The low helminth infection in goats supplementethiilOL and SC diets suggests that nutrition
has an effect on the response of goats to helnsimiienge. Arsenost al (2009) reported that
the responses to helminth challenge vary with thgitron offered to animals. Diets high in
protein and energy have been reported to have gadhon the resistance and resilience to
helminth infections (Hoste and Torres-Acosta, 20Thjis has also been shown in the current
work where better FCL and BCS were observed in M@t SC supplemented goats. Resistance
describes the ability of the host to prevent oritliestablishment or development of infection
while resilience refers to the ability of the htsmaintain a reasonable level of production when

subjected to helminth challenge (Arserbsl, 2009).

Moringa olieferadecreased helminth infection most likely due shigh crude protein levels.
Dietary supplements high in protein have been tepgoto improve the immune response of
animals, which acts to decrease helminth infec{@rsenoset al, 2009). Any increase in the
intestinal protein supply is known to improve hbetneostasis and its immune response against
helminths (Rastoget al, 2009). Arsenost al (2009) suggested that improvement in the dietary
protein improves the capacity of infested goatsldéwelop effective immunological response to
infection and enhanced the onset of parasite rejedturthermore, MOL and SC diets contained
considerable amount of protein (23.76 and 23.27ré&pectively) that could have increased
availability of protein for digestion and absorptioesulting in the improvement of body

condition and improving host-resistance to the hatns.
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The results of the present study were similar wséhreported by Arsenas al (2009) and

Marume (2010) who concluded that supplementaryifgeiticreased the performance as well as
the resilience of goats against natural helminttedtons. This minimizes any reliance on
synthetic anthelmintics. The use of forage plandwirlg anthelmintic effects promote the

production of organic meat which is preferred bgsuamers for health reasons.

The MOL diet contained considerable amount of plémwlic compounds that may have
anthelmintic effect. Polyphenolic compounds havenbeported to bind feacal egg proteins and
inhibit egg hatching and larval development (Toressta and Hoste, 2008; Xhomfulagiaal.,
2009). This is supported by lower FLC count in gogd MOL diet observed in this study,
which agrees with Torres-Acosta and Hoste (2008) feland reduced FEC and worm burden in
grazing kids supplemented with high energy feedepaAmagloet al. (2010) reported that dry
M. oleifera leaves contain 1.4 % condensed tannins while iap@&n 3, 0.3 % of condensed
tannins value was reported. The amount of condetssetdns in MOL is negligible; however it
could be responsible for its anthelmintic effetthas been reported that condensed tannins are
able to counteract the effects of helminths in manis (Xhomfulanaet al, 2009). It is
speculated that its anthelmintic effect is throtigé improvement of protein supply to the host
animal (Xhomfulanaet al, 2009). It is hypothesized that condensed taningd to free protein
that could be available to larvae nutrition, thgrelepriving the larvae nutrients. This could lead
to larvae starvation and death (Watkins, 2003). Taécle of worm larvae is high in
glycoproteins and could bind with condensed tancsussing the death of the larvae (Hoste

al., 2008).

123



Copper oxide wire particles have been reportecdoceH. contortusloads in sheep and goats
(Watkins, 2003). Watkins (2003) reported that wlempper dissolves in the abomasum, it
provides an environment not conducive for the saivof theH. contortus As such the higher
dietary copper content in MOL diet could have restlid. contortusin the current study, if they
have the same antihelmintic effect as copper owinle particles? Several mechanisms can be
postulated from the presence of high copper conagms in the abomasums; its ability to alter
the reproductive capability dfl. contortusand the ability to penetrate the cuticle of tHe
contortustogether with lowering of abomasal pH (Watkins02p These could explain the
observed effect of the MOL diet in this study ovler FEC, possible reduced ability to feed and
overall functions which could lead to its expulsemmd/or death, and overall unsuitable habitation
for H. contortus respectively. The acidic environment reducesgatogenic potential ofl.
contortus Presence of copper in adequate amounts assikts maintenance of immune system
(Watkins, 2003; Solet al, 2010), hence goats supplemented with MOL diet the ability to
mount an enhanced immune response which, we spedoldnave caused the reductiontof
contortusfrom the host. However, more research needs ttbhe to ascertain the mechanism of

action.

The goats supplemented with MOL, had a decreaseah m@ccidian-oocyst count while in other
SC and GH the mean coccidian-oocyst count was isteadreasing. Lower values of mean
coccidian-oocyst count might indicate that MOL, hea anti-coccidial effect. There are few
plants such a®ithania somniferaArtemisia annuaand Azadirachta indicathat have been

reported to possess anti-coccidial effect (Briséteal, 2008). Further research needs to be
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undertaken to determine whether the lower oocyshtwas due to improved immunity of the

animals or to reduced fecundity of the coccidia.

Contrary to other helminth species, th®onieziaspp infestation was not evenly distributed
within and among the groups as such the impacteaifah Monieziaspp load was difficult to
assessMonieziaspp have been reported to be less pathogenic unléssh levels (Hostet al.,
2008). In the current study tiMonieziaspp were low and did not have any significantften

the various parameters in this study.

Low PCV is indicative of anaemia, haemorrhage, boaerow failure, leukaemia, malnutrition
or specific nutritional deficiency, multiple myel@nand rheumatoid Arthritis (Rumosa Gwaze

al, 2009). As such PCV is one of the major indicatofshelminth infection especially.
contortus (Hoste et al, 2008). Changes in these values from normal maiepend on the
severity of helminth infection. In this current dyugoats fed on MOL and SC had higher PCV
values which could be due to high plane of nutnitidlso, the high iron levels in MOL diet
could have assisted to reduce anaemic levels itsghance high PCV values. The high PCV
values in the MOL (38.5) and SC (38.8) groups #se aonsistent with the observed high body
weight and high body condition scores comparedhto GH group. It is suggestive that the
suppression of helminth infection, elicited by M@hd SC diets means that more protein was
portioned towards growth resulting in increasedaghorate of the goats. It should be noted that
the faecal larval counts were used instead of fasg@ count because the interest was on worm

larva that could develop to the next generationyéwer, it was noted more information could be
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obtained if faecal egg count was done and theeddst egg hatchability. Due to the limitations

of goats in the farm we used 4 animals per group.

Ethanolic and Methanolic extracts i oleiferaleaves and seeds have been reported to possess
anthelmintic activity against the non parasiticitmdearthworm Rherima posthumaRastogiet

al., 2009; Girlet al, 2011). Amaglcet al (2010) and Girkt al. (2011) have documented the
anthelmintic activity oM. oleiferabut its anthelmintic activity was not clarified ether it was
through feeding or drenching the extracts. In aoldjtthey did not indicate the helminth species
that were affected. Results from feeding trials lsannfluenced and confounded by the presence,
in plants, of other unknown bioactive compound<tbgr with differences in nutritional values.
This necessitates the isolation of compounds itsdied individually assessing the anthelmintic
property. It should be noted however, that isofatid individual compounds does not always
result in bioactive compounds because most timescttmpounds activity are by synergism

effect.

5.5  Conclusion

Results from this study have shown that supplemgntross-bred Xhosa lop-eared goats with
MOL diet significantly lowered the FLC, mean codalebocyst count and worm counts at
necropsy. In addition, the BCS and PCV values smed in the MOL supplemented goats.
Besides having anthelmintic effects improving gbatly condition,M. oleiferaleaves showed
high nutritional content (Chapter 3), it is impérat to evaluate its potential as a protein

supplement in goat production and its impact orctireass characteristics.
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Chapter 6: Effect of supplementing crossbred Xhoskop-eared goat castrates wittMoringa
oleifera leaves on growth performance, carcass and non-cass characteristics

(Published byTropical Animal Health and Productipn

Abstract

The objective of the study was to determine theatfbf supplementiniyloringa oleiferaleaves
(MOL) on growth performance, carcass and non-carcharacteristics of crossbred Xhosa lop-
eared goats. A total of 24 castrated goats agedrghs, with a mean initial weight of 14.63 *
0.26 kg were randomly divided into three diet growpth 8 goats. The duration of the trial was
60 days. All goats received a basal diet of grass(fbH)ad libitumand wheat bran (200 g/day
each). The MOL and sunflower cake (SC) groups eaieadditional 200 g of driell. oleifera
leaves and 170 g of SC, respectively. The thirdigr@H) did not receive any additional ration.
The crude protein (CP) of MOL (23.75 %) and SC ZZ30) were higher (P <0.05) than that of
grass hay (GH) diet (14.08 %). The attained avedagy weight gain for goats fed MOL, SC
and GH were 103.3, 101.3 and 43.3 + 7.85 g, resdgt(P <0.05). Higher (P <0.05) feed
intakes observed were in SC (491.5 + 1.00 g) and_.N#90.8 + 1.00 g) compared to GH (404.5
+ 1.00 g). The hot carcass weight was higher (BXfor SC (10.5 £ 0.62 kg) and MOL (10.3 =
0.62 kg) than for the GH group (8.6 + 0.62 kg). Tmessing percentage in SC (55.8 £ 0.63 %)
and MOL (55.1 £ 0.63 %) were higher (P <0.05) thizat of the GH (52.9 + 0.63 %). Feeding
MOL or SC had a similar effect on growth performam@nd carcass characteristics of goats and

henceM. oleiferacould be used as an alternative protein supplemegaats.
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6.1 Introduction

Goats are among the major economically importavestiock species in the Eastern Cape
Province of South Africa (Bakare and Chimonyo, 2014 2009, there were about 2.3 million
goats in the province, which contributes about 370f4he goat population in the country
(Bakare and Chimonyo, 2011). They play a significake in the livelihoods of resource-limited
farmers. Goats are a source of animal protein andnme. In addition to provision of tangible
products, goats contribute to the livelihoods @f ploor through risk mitigation and accumulation
of wealth (Rumosa Gwazt al, 2009; Casey and Webb, 2010). The demand forrgeat is on
the rise throughout the world, especially in depelg countries due to increased human
population, income growth and great need for leaatn{Sanoret al, 2008). To meet this
demand there is need to improve the productivitgaxts, which is relatively low at the present

moment, for resource-limited farmers (Solonatral, 2008).

Regardless of their attributes the productivitygoats in many tropical countries is low and has
been related to diseases, nutrition, genotype amdagement (Sanoet al, 2008; Simela and
Merkel, 2008; Oniet al, 2010). The limitations of nutrition could be rddtited to seasonal
fluctuations in feed quantity and quality (Gatial, 2010). The notable effect of feed scarcity is
observed patrticularly in dry seasons when natumatyses are mature, dry and inadequate (Oni
et al, 2010), with as low nutritive value as 2 % crydetein (Mendieta-Araicat al, 2011).
Supplementary feeding with high nutritive feedsldaherefore be a prerequisite for viable and

sustainable good goat production in such instances.
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Supplementing goats with nutritious feed could @ase the average daily gain, carcass weight
and dressing percentage resulting in the improvemethe meat quality (Safagt al, 2009).
Usually farmers feed their animals with crop ressland low quality standing hay which are
low in nitrogen, high in ligno-cellulose, in shatipply of vitamin and mineral content which
leads to low digestibility and reduced voluntargdentake (Gebregiorgist al, 2011). More so,
some of the crop residues require expensive inguth as urea to provide alternative nitrogen.
Urea is known to have toxic effects to animals, #mete is a high incidence with improperly
mixed feed (Antonelliet al, 2004). Consequently the energy and nitrogerkentaf animals
raised on these feeds cannot sustain adequates lef’/gderformance leading to low growth,
delayed animal sexual maturity, poor reproductigggrmance, poor meat quality and low milk

yield (Gebregiorgi®t al, 2011).

Evaluation of alternative protein and energy sumgets that could be grown locally with
limited resources for sustaining livestock and stfe human consumption are essential. A
potential strategy for increasing the quality andilability of feeds for resource-limited
livestock farmers in the dry season may be the afstodder trees and shrub forages. The
advantages of most fodder trees and shrub foragebat they are easily propagated and do not
require high management input (fertilizer, pestsidetc) or advanced technology (Mendieta-
Araicaet al, 2011). The trees provide a good and cheap saifingetein and micronutrients at
the same time alleviating the effect of global wengnas they can be used for afforestation and
reforestation programmes. In recent years, these deen increased research on alternative
protein sources from forage trees and shrubs thatbe fed to goats such Bs$errocarpus
lucens Acacia SenegalSanonet al, 2008),Acacia etbaicaDichrostachys cinerefYayneshet
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et al, 2008),Acacia karroo(Marume, 2010) anManihot esculentd&Oni et al, 2010). The merit
of using forage trees is that the leaves can beektad, sun dried and used to compound protein
supplements. The replacements of conventional dagnés by trees will make such supplements

cheaper than the commercial concentrates (Mendietaet al, 2011).

Another potential nutritious forage plantv®ringa oleiferawhich grows throughout the tropics.
It is reported to have nutritious (Chapter 3), #peutic and prophylactic properties (Chapter 4,
and 9; Marcu and Pharm, 2005) with a crude pratemge of 23-40 % (Marcu and Pharm, 2005;
Mendieta-Araicaet al, 2011; Chapter 3). In ChapterN\d. oleifera supplementation improved
goat body condition scores. This makes it an igeatein supplement. This is of particular
interest to animal nutrition since dietary protsmurces are becoming increasingly expensive
and difficult to access (Gebregiorgs al, 2011). The leaves can be fed fresh or dry. Dxed
oleiferaleaves can be stored for longer period withougmitation in nutritive value (Mendieta-
Araicaet al, 2011). As such leaves can be harvested durmgeniods of high yields and later

used for feeding during the dry season when thétgaad quantity of feed is low.

Despite,M. oleiferaleaf’s nutritive value, its use as a livestock ementary feed to improve
the growth and carcass characteristics of indigergmats, such as Xhosa lop-eared goats, in
South Africa is unknown and there are a limited banof studies done worldwide (Mureo al.,
2003; Mendieta-Araciat al, 2011). However, growth performance and carchssacteristics

of the crossbred Xhosa lop-eared goats when supepliet withM. oleiferaare unknown. The

objective of the current study was therefore teeduaine the effect of supplementing crossbred
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Xhosa lop-eared goat castrates witholeiferaleaves on growth performance, carcass and non-

carcass characteristics.

6.2  Materials and Methods

6.2.1 Management of experiment animals

Twenty-four, 8 months old castrated crossbred XHopeeared goats with a mean initial body
weight of 14.78 £0.57 kg were used in the studyaiversity of Fort Hare’s Honeydale farm
from May 2010 to August 2010. The details of thadgt site where the experiment was
conducted, collection of feeding materials and alamcomposition of feeding diets were
described in Sections 5.2.1, 5.2.2, 3.2.1 and 5.Be8pectively. The details on animal
management, body weights and body condition scareslescribed in Section 5.2.4 and 5.2.5,

respectively.

6.2.3 Chemical analysis of the feeding diets

The formulated diets were assessed for nutrienfposition as described in section 3.2.2 (Table
5.1).

6.2.4 Slaughter weights

At the end of the feeding trial, the final live wht (FLW) of each animal was obtained by
averaging live weights recorded for two consecutlags, and then the goats were fasted for 16
h. The goats were weighed again prior to slaugiataget slaughter live weights (SLW). They
were stunned using the electric stunning metho€ly lugular veins severed, fully bled and
skinned thereafter. The heads were removed atldnr@@occipital joint and the hooves were cut
off at the proximal end of the cannon bones, leqtire carpal and tarsal bones on the carcass.
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Gut fill was calculated as the difference betwesa weights of full and empty digestive tract.
Empty body weight (EBW) was computed as the difieeebetween slaughter weight and gut
fill. The carcass was split into two halves through mid-ventral line and the entire alimentary
tract removed (with adhering omental and mesenfatjcafter tying the oesophagus and rectum
to prevent loss of gut contents. The pluck (respigatract, heart and liver) were removed and
weighed. The carcasses with kidneys and pelviavéie immediately weighed after slaughter to

determine the hot carcass weight (HCW).

The carcasses were scored for conformation ancedatibased on the South African Meat
industry conformation scale (SAMIC) (2006). Theazas fatness was graded on a scale of 0 to 6
(0= no visual fat cover, 1 = very lean, 2 = leanz 3nedium, 4 = fat, 5 = over fat and 6
=excessively over fat). The carcasses were alstedrbased on dentition using a scale of A: No
permanent incisors, AB: one to two (1-2) permanBnfThree to six (3-6) and C; More than six
(> 6) permanent incisors (SAMIC, 2006). The SAMREDQ6) conformation scale of 1 — 5 (with
1= a very flat carcass, 2= a flat carcass, 3= nmediarcass, 4= a round carcass, and 5= very

round carcass) was used.

After 24 h of refrigeration at 0 °C weights wereageled to obtain cold carcass weights (CCW).
These recordings were later used to calculate idgeg®ercentage and chilling losses. Dressing
percentage was calculated as the hot carcass weightssed as a proportion of slaughter live

weight. Chilling loss was calculated as the welghkt after chilling the carcass at 0 °C for 24 h.
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6.2.5 Statistical analyses
Experimental data were analysed using the Generaat Model Procedure of SAS (2003).
Dietary treatments were considered as fixed effantsthe residual as the random effect. Each
individual served as an experimental unit for @tgmeters assessed. Pair-wise comparisons of
the least square means were performed using thERPRbcedure of SAS (2003). The statistical
model used was
Yik =p+T; +ej
Where Yjx = dependant variables (Average daily gain, EBWeISng %,);

p= overall mean;

T, = effect of supplementsMOL, SC, GH);

Eijx = Random error.
A chi-square test (SAS, 2003) was used to test lvélneainy association existed between

treatment, body condition score, carcass fatnessartass conformation grades.

6.3  Results

6.3.1 Growth performance

Goats supplemented with MOL and SC consumed thdendwily feed ration, which translated
into daily dry matter intake of 490.75 and 491.tegpectively (P > 0.05) as shown in Table 6.1.
The GH group had significantly lower dry matteralké compared to that of the treatment group
(MOL). The effect of different diets on growth pamihance is shown in Table 6.1. The two
diets, MOL and SC led to similar daily body gaingafats. However, goats on both diets gained

more weight (P<0.05) than those on the GH diet.
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There was an association (P < 0.001) between tezdfnbody condition score, carcass
conformation and carcass fatness. The body condgemre of goats supplemented with MOL
and SC were higher (P < 0.05) and had a higher@®@&l) frequency of body condition score 4
than GH at slaughter (Table 6.2). At the same tineecarcass conformation of MOL and SC
groups were better (P < 0.001) than GH group (Tél8¢& The carcass fatness for MOL and SC
groups were classified as 4 and better (P < 0.0t GH (Table 6.4). Goats on SC and MOL
diets were heavier at slaughter and consequentiyhigher empty body weight (EBW), warm
carcass weight and dressing percentages than thosbe control diet (GH). The dietary
treatments significantly influenced the weight grdportion (in %) of EBW of the fresh non-

carcass organs such as lung, heart, fat, bloodyedigtstive tract and liver (Table 6.2).

The effect of diet on the weight of fresh non-cascargans and their proportions of empty body

weight are summarized in Table 6.5.
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Table 6. 1:  Effect of supplement on growth, carcasand non-carcass measurements

Perfomance Treatment SEM
(Parameter) Grass hay Sunflower Moringa oleifera

(GH) meal (SC) Meal (MOL)

n =8 n =8 n =8
Initial body weight 14.9 14.7 14.4 0.80
Final body weight 175 20.8 20.6’ 1.16
EBW 14.6 19.7° 18.4 1.19
HCW 8.5 10.8 10.3 0.62
CCW 8.T 10.7 9.9 0.60
Chilling loss (%) 5.3 4.1° 4.3 0.36
Dressing % 443 50.8 50.0° 0.63
Average daily gain (g) 433 101.3 103.3 7.85
DM Feed intake (g) 4045  491.8 490.78 1.00

@ Means in the same row, with different supersdtiffer significantly (P< 0.05)

EBW- Empty body weight
HCW- Hot carcass weight

CCW- Cold carcase weight
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Table 6. 2:  Frequency of body condition score (BSGlalues in goats supplemented with
grass hay (GH),Moringa oleifera lesf meal (MOL) and sunflower seed cske (SC)

Supplement Frequency (%) body condition score Total P- value
2 3 4

GH 20.8 (5) 12.5 (3) 0.0 (0) 33.3(8) 0.001

MOL 0.0 (0) 0.0 (0) 33.3(8) 33.3(8)

SC 0.0 (0) 0.0 (0) 33.3(8) 33.3(8)

Total 20.8 (5) 12.5 (3) 66.7 (16) 100 (24)

Values in parentheses indicate the number of cases
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Table 6. 3:  Frequency of carcass conformation valgan goats supplemented with GH,
MOL and SC

Supplement Frequency (%)carcass conformation value Total P- value
2 3 4

GH 16.7 (4) 16.7 (4) 0.0 (0) 33.3(8) 0.001

MOL 0.0 (0) 0.0 (0) 33.3(8) 33.3(8)

sC 0.0 (0) 0.0 (0) 33.3(8) 33.3(8)

Total 16.7 (4) 16.7 (4) 66.7 (16) 100 (24)

Values in parentheses indicate the number of cases
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Table 6. 4:  Frequency of carcass fatness valuesgnats supplemented with GH, MOL

and SC

Supplement Frequency (%) carcass fatness value

| Tota P- value

2 3 4
GH 25.0 (6) 8.3 (2 0.0 (0) 33.3(8) 0.001
MOL 0.0 (0) 0.0 (0) 33.3 (8) 33.3(8)
sC 0.0 (0) 0.0 (0) 33.3 (8) 33.3 (8)
Total 25.0 (6) 8.3 (2) 66.7 (16) 100 (24)

Values in parentheses indicate the number of cases
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Table 6. 5:  Effect of diet on weight of fresh nondarcass organs and proportion of empty

body weight
Organ weight GH SC MOL SEM
n =8 n =8 n =8
Lung-trachea-diaphragm (g) 247.4 261 256 5.98
Heart (g) 91.0 96.6 96.9 2.75
Omental and kidney fat (g)  69.5 240.0 243.0 9.15
Liver (g) 259.4 401.6 398.6 24.34
Kidney (g) 41.9 45.4 45.8 0.91
Empty digestive tract (kg) 2’9 1.8 1.9 0.08
Gut content (kg) 34 1.6 2.2 0.10
In % of empty body weight
(EBW)
Lung-trachea-diaphragm 1.7 1.4 1.4 0.08
(%)
Heart (%) 0.6 0.5 0.5 0.03
Omental and kidney fat (%) @.5 1.3 1.4 0.08
Liver (%) 1.7 2.1° 2.7 0.02
Kidney (%) 0.3 0.3 0.2 0.02
Empty digestive tract (%) 148 10.0° 10.8 0.92
Gut content (%) 2273 9.1° 12.7 1.29

3 Means in the same row, with different supersdtiffer significantly (P< 0.05)
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The proportional weights of the liver of goats fed SC diet and MOL was almost similar
having 2.12 and 2.16 %, respectively (P > 0.05)weicer, they were significantly higher than

that of GH diet.

6.4  Discussion

The CP content of grass used in this study wasehig¢fiian most grass hay which has 9 %
(Babayemi, 2009). As such the results from theeestudy differed from others where goats
fed on grass had a decline in body weight (Mestal, 2009; Safaret al, 2009). An increase in
body weight could be ascribed to grass having heghh content depicting higher percentage of
minerals, protein and greater energy value (Babgy2009). The high nutritive value was
influenced by harvesting grass at early stages@ividp. The NDF and ADF in the MOL diet
were the lowest suggesting it was highly digestibkding to higher feed intakes compared to

other studies (Babayemi, 2009; Mushial, 2009).

Among various chemical components of a feed, NDd-lieeen proposed as a reliable predictor of
voluntary consumption under certain conditions (@glorgiset al, 2011). The goats on SC and
MOL diets had similar feed intake, however highex (0.05) than goats on GH diet. This could
be because the SC and MOL diets contained morelyeadidestible NDF fraction and high
amounts of crude protein resulting in high nutridigiestibility (Babayemi, 2009). Feed lower in
NDF has higher dry matter intake resulting in highedy gains (Gebregiorget al, 2011). In
addition, low levels of protein in the diet causeguction in carbohydrate digestion in the rumen

leading to reduced feed intake (Babayemi, 2009¢ gbats on the GH diet had less selective
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feeding opportunities as they only fed on grass hagl wheat bran and this could have

negatively affected feed intake.

Moringa oleiferaleaves have been reported to have high minerdaenbfSanchez-Machadsi
al., 2010; Chapter 3) as such it influenced the naineontent of MOL diet, which was
significantly higher than the other diets. The amtanf calcium (1.5 %), zinc (50 mg/kg), copper
(5 mg/kg) and iron (80 mg/kg) in MOL diet were haggtthan the daily requirements while others
were within the range (McDonaldt al, 2002). No sign of toxicity was observed in the
experimental goats, which could be attributed ® akailability of minerals to the animal as a
number of minerals interact with each other fomth® be absorbed or utilized by the animal
(Solomonet al, 2008). The higher mineral content in the MOL & diet is advantageous to
the farmers because they would reduce their feperakture on buying mineral supplements,
which are generally expensive. Adequate minerastiqularly copper, zinc and iron help to
maintain the animal in good health, by boostingahenal’s immunity system (NRC, 2007). The
proportion of phosphorus to calcium (1:3.6) in M@let was within the range (1:4). Lower

ratios below 1: 1.5 predispose male goats to winalculi (McDonaldet al, 2002).

The EBW, warm carcass weight and dressing percertagend on FLW at slaughter (Musti

al., 2009) and were consequently affected by treatsndime positive average daily weight gain
in the GH diet group in the present study indicaheg the grass hay satisfied the maintenance
requirements of the goats. This was expected, shmeeCP (14.08 %) content in GH diet was
higher than the maintenance requirement (9.2 %gyazts (NRC, 2007). Van Soest (1994)
demonstrated that body weight gain is not impaiféae level of CP in a given diet is more than
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8 %. Similarly, rumen function is impaired whenragen content of the diet is less than 1.2 %
(Solomonet al, 2008). Diet of MOL had the highest polyphenol9di7 %, which seemed not
to have caused any side effects. It has previdusiy reported that diets containing less than 4.5
% have no adverse effects on ruminants (Soloetal. 2008). It can be suggested that the low
levels of polyphenols in these diets may not bdigaht to affect protein metabolism in the

rumen and have effect on growth and carcass peafocen

The goats fed on MOL and SC diets had similar ayermaily weight gain (ADG) and body
condition scores, both of which were higher (P 85).than those on GH diet. This could be
chiefly attributed to high dietary protein and higimergy intake observed throughout the
experimental period. It has been reported thatement in protein intake increases the feed
intake, digestibility and consequently growth ré&ebregiorgiset al., 2011). In addition, the
presence of adequate amino acids, peptides andmaasb and micro minerals containedMn
oleiferaleaves enhances the efficiency of rumen micradpialth and activity (Gebregiorgest

al., 2011). Mendieta-Araicat al (2011) reported that inclusion ®&f. oleifera in the diet
significantly increased the feed intake and NDFediipility of poor quality feed. The lower
ADG recorded for goats fed on the GH diet couldehbgen due to lower nutrient intake (Safari

et al, 2009).

The ADG values (103.3 = 7.85 g/day) of goats suppleted with MOL diets were higher than
those obtained in previous studies in goats feddifierent levels ofM. oleifera leaf diets
(Aregheore, 2002; Murret al, 2003). This could be attributed to differenae$eied quality and
the breed type used in the various studies. Theehi§DG and body condition scores of goat on
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SC and MOL diets were higher than those on GH detlld be partly due to the higher fat
content in SC and MOL diets. Fats have been repddeboost protein nutrition by coating
proteins, thus preventing ruminal microbial degtemg thereby, increasing post-ruminal protein
supplies (Safaret al, 2009). In addition, the higher ADG observed aaig fed MOL diet could
also be partly ascribed to high mineral contentciwliould have increased live-weight gain by

improving nutrient utilization efficiency.

The findings, that supplementation with oleiferaincreases slaughter and carcass weights of
goats were consistent with literature (Yayneshetl, 2008; Safaret al, 2009). Since the goats
that were supplemented with MOL diet had higher AD@ey were expected to have greater
tissue deposition and consequently high slaughtghts and heavy carcasses (Saéral.,
2009). Body condition scores and live weight oftgaa the time of slaughter have been reported
to influence the carcass quality and yields (Mwethal, 2009). The observed higher empty body
weights (EBW) for SC diet than MOL and GH diet,|eefs greater gut fill content in goats with

higher intake of fibrous feed than higher intakeoncentrates (Musleit al, 2009).

Goats fed on GH diet had lower dressing percentdgeh could be due to higher gut fill content
and lower weights which accordingly reduced thessiregy percentage. Similar results were
reported by Mushet al (2009) who found gut fill to be 20.1 - 22.3 %EBW in goats fed grass
hay. The relatively higher gut fill content in gedéd hay is associated with their high intake of
hay which is bulky in nature leading to both higbastro-intestinal tract (GIT) development and

content (Safaret al, 2009). Lower gut fill resulted in higher EBW ahdt carcass weights for
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SC and MOL diets. Findings from the current studyia agreement with those of Musdtial

(2009) working with pasture, stalled-fed kids.

In the present study, chilling losses decreasekl widreasing carcass weight; carcasses from GH
had higher (P < 0.05) chilling losses than of S@ &MOL supplemented goats which are
comparable. Chilling loss was higher in goats fadle GH diet probably due to their lower fat
content. The amount of fat has a large impact eoasa chilling loss, it is reported that fat acts
as an insulation which slows down moisture evapmma{Safariet al, 2009). Our findings
coincide with those of Mushet al (2009) who assessed the effect of concentrateldesn
carcass attributes. Chilling losses ranging frod t8. 8.7 % were reported for different goat

genotypes and different feeds (Mushal., 2009).

The higher carcass conformation scores for goatslOh and SC diets than GH diets could be
associated with higher intakes of DM, energy anatgin, which could have led to increased
muscle weight (Safaset al, 2009). This also suggests that goats respondttdgional treatment
by accretion of more muscle protein and fat (Yahegst al, 2008). The minimal difference in
carcass fatness among dietary groups could béwtd to the unique fattening pattern of goats;
they deposit most of the fat around the visceralasd of it in the carcass (Casey and Webb,
2010). Omental and kidney fat were heavier andlamn goats fed on MOL and SC diets
compared to those fed on GH diet and this couldttréuted to high energy and protein intake
from SC and MOL diet. An association between suppletary diet, body condition score,
carcass fatness and carcass conformation was expbetause as the body condition score
increases, it results in the increment of carcassets and conformation (Aumaettal, 1994).
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Supplementation of goats with nutritive feeds, Hssin the improvement of body condition

score, carcass fatness and carcass conformation.

The organ weights of kidneys, liver, lung-trachéagptiragm and heart in goats on SC and MOL
diets were not significantly different and were Viea (P < 0.05) than those from goats fed on
GH diet. This was in agreement with results of $egioal (2008), who found that such organs
were heavier in animals fed high energy and prodéh compared to those fed on low quality
diet. Heavier liver weights of goats offered SC afi@L diets could be attributed to high
fermentative products such as volatile fatty acgigygesting inefficient use of dietary nitrogen
for rumen microbial protein synthesis and thuseatgr amount of nitrogen being metabolized in
the liver (Sanoret al, 2008). Similar results were also reported by ddaégo-Konéet al
(2009). On the other hand, the lighter liver weggim goats fed on GH diet would be in
accordance with decreasing plane of nutrition,itelig a reduced metabolic rate and mass of

metabolically active tissue such as liver (Westeal, 1995).

6.5  Conclusion

The results of the current study show thlatoleiferaleaf meal is a potential source of protein to
supplement grass hay of low quality. The goatsdiedMOL diet had improved growth rate and
carcass measurements, which compared well withopednce of goats fed with the
conventional sunflower seed cake. It is, therefomecial to determine the effects of MOL

supplementation on the quality of chevon from gsatsplemented witM. oleifera
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Chapter 7: Physico-chemical characteristics of medtom goats supplemented with
Moringa oleifera Lam leaves
(Submitted toSouth African Journal of Animal Sciejce
Abstract
The objective of this study was to determine thgspo-chemical characteristics and consumer
sensory scores of chevon from cross-bred Xhos&#opd goats supplemented with oleifera
leaf meal (MOL). Supplementation influenced initidfl (pH;) and chevon colour. Higher pH
scores were observed in chevon from GH diet. Chéramm MOL and SC supplemented goats
had higher values for lightness (L*) 24 hqost-mortemThe redness (a*) values of chevon 24
hr post mortenmwere higher in MOL supplemented goats. Warner Zzatshear force (WBSF)
values of chevon from SC (30.1 N) and MOL (29.8Wére lower than those for meat from GH
diet (32.6 N). Chevon from goats fed GH diet (2% ) had significantly higher cooking losses
than that from MOL (25.4 %) and SC (25.6 %) fedup® Supplementing crossbred Xhosa lop-

eared goats with MOUHiet produced chevon with higher physico-chemitaracteristics.

7.1  Introduction

Goat meat (chevon) is an important protein soufm®ughout the world, especially in
developing countries (Dingt al, 2010; Bakare and Chimonyo, 2011). However, umuaished
goats tend to produce poor quality meat (Madregaal, 2008; Mushiet al, 2009). The
differences in meat composition may affect flavand texture of meat and consequently,
consumer preferences (Font i Furnetsal, 2009). Chevon has been reported to have lower
lightness and higher redness than lamb, mainly tdulwer intramuscular fat (Gragt al,
1996).
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The colour of meat depends upon several indiviflaetbrs and their interactions. According to
Insaustiet al (2008) and Muchenjet al (2010),oxidative processes have a negative effect on
both colour and flavour, while lipid oxidation prects contribute to the development of off-
flavours, especially during storage. It has bedabdished that differences in meat colour are
associated with variations in intramuscular fat andisture content (Lawrie, 1991). Higher
ultimate pH (pHu) of muscle is associated with eaid dark red cuts and vice versa (Baron and

Anderson, 2002; Muchengt al, 2008).

In addition, ideal pHu results in meat that is @tably tender with normal colour (Gray al,
1996) and high pHu leading to reduced meat sHelfsjpan (Knoet al, 2008; Muchenjet al,
2009a). This is because high pHu promotes micrawsgagrowth leading to the development
of off-odours. On the other hand, lower pHu resitpale coloured meat (Baron and Anderson,
2002).Mancini and Hunt (2005)eported that meat colour may be influenced by; djetss fed
animals usually has darker meat with lower intracoles fat than grain fed animals (Diazal,
2002; Prioloet al, 2002). Furthermore, pasture feeding yields yellat due to higher levels of
beta-carotene in grass (Muchegjeal, 2009b). Supplementing goats with forage treessheen
observed to improve body weight and general hedlthe goats, hence yielding a positive effect

on meat quality characteristics (Gatial, 2010).

Supplementation witiM. oleiferaimproved the growth rate and carcass measuremgats/tt
et al, 2002; Chapter 6)In addition, M. oleifera has high levels of antioxidant compounds
(Siddhuraju and Becker, 2003), which have a patéti modulate meat quality (Mielnit al.,
2003). Chevon has quality attributes that are cateard with present day consumer demands
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(Webbet al.,2005; Simela and Merkel, 2008). In South Africeeio50 % of the goats are reared
under the communal farming system, as describé&thapter 5. The detailed description of the
crossbred Xhosa lop-eared goat is in Chapter 5effeet of supplementing sunflower seed cake
on chevon physic-chemical characteristics has loeee (Marume, 2010), while the effect of
supplementing withM. oleiferaleaf meal on chevon physico-chemical charactesdtas not
been studied. Therefore, the objective of the mtestudy was to determine the physico-
chemical characteristics of chevon from cross-bfkdsa lop-eared goats supplemented Wth

oleiferaleaf meal.

7.2  Materials and Methods

7.2.1 Animal, feeding and slaughter management

The study was conducted at university of Fort Haaem, Alice in the Eastern Cape province of
South Africa. The detailed description of the stsdg was given in Section 5.2.1. Details of the
collection of feeding materials and chemical analysf the feeding diets were described in
Section 5.2.2 and 5.2.3, respectively. Managemérgxperimental and Ethical issues were
described in Sections 5.2.4 and 5.2.10, respeygtivBbdy weight and slaughter weight

measurements were described in Sections 5.2.5.ar Gespectively.

7.2.2 Determination of meat quality

The pH measurements and colour were taken fromMthiengissimuss thoracis et lumborum
Carcass pH was measured 1 hourfg@ifter slaughter and 24 (pk hourspostmortenusing a
digital pH meter (Crison pH 25 instruments S.A.elld, Spain) equipped with a penetrating
electrode. The pH meter was calibrated using pptH47 and pH 9 standard solutions (CRISON
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Instruments, SA, Spain) before each measurementakas. A Minolta colour guide 45/0 BYK-
Gardener GmbH machine, with a 20 mm diameter measemt area and illuminant D65-day
light, 10° standard observer, was used to measwramnuscle coloufL* = Lightness, a* =
Redness and b* = Yellowness), 24 hopostmortemThree readings were taken by rotating the
Colour Guide 90° between each measurement, in ¢odebtain a representative average value
of the colour. The areas of connective tissue aihmuscular fat were avoided. The colour

guide was calibrated before measurements were taieg the green standard.

Blocks of M. longissimuss thoracis et lumboryiiTL) muscle measuring approximately 7 x 4
cm long were used for determining cooking loss ahdar force values. The muscle was
weighed, placed in a water-tight PVC plastic bad anoked in a water bath at 85°C for 45
minutes, until an internal temperature of 70°C vedisined. The samples were cooled and
reweighed. Cooking loss (CL) was calculated ushig following formula: Cooking loss % =
[(weight before cooking — weight after cooking) eight before cooking] x 100

as described by Dingt al (2010). After measurement of cooking loss, coogathples were
used to determine meat Warner Bratzler shear forbeee sub-samples (cut parallel to the
muscle fibres with a cross section of 1 x 1 cm antkast 3 cm long) were removed from each
cooked muscle. The sub-samples were sheared p&plamdio the fibre direction using an
Instron Universal Testing Machine (Moddel 3344, tidos Industrial Products, GC, USA)
equipped with a Warner Bratzler (WB) shear forcpaaptus (cross head speed at 400 mm/min,
one shear in the centre of each core). The codkisg and Warner-bratzler shear force were
conducted at the University of Fort Hare, South@fMeat Science laboratory while colour and
pH measurements were conducted at Adelaide abattoir
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7.2.3 Statistical analyses
The PROC GLM procedure of SAS (2003) was used #dyana the effect of diet on slaughter
weight, cold dressed weight, dressing percentaggkieg loss, WB shear force, L*, a*, b* and
pH values. Mean separations were determined uss&DIFF option in SAS (2003).

The model used was:

Yix= M+ Ti+ Eik

WhereY;i = slaughter weight, cold dress mass, cooking lossa*, b*, WB shear force

values, pH;
M= overall mean common to all observations;
T = effect of dietary supplementation (GH, SC and MOL

Eijx= random error

7.3  Results

Table 7.1 shows the effect of diet on physico-clwamicharacteristics of chevon. Goats
supplemented with GH had higher (P < 0.05) pH ht fiost-mortenthan all other treatments.
There was no difference in the effect of dietagm@amentation on pH 2dost-mortemDiet had
an effect on chevon colour with meat from goatgtempented with MOL and SC having higher
(P < 0.05) values for lightness (L*) at 24 hgast-mortenthan the GH group. Chevon from the
MOL diet had the highest (a*) values (P < 0.0524thourpost-mortemThe yellowness (b*)
values for meat from goats supplemented with MOl 8& were similar (P > 0.05) but higher
than those supplemented with the GH diet (P<0.@3)dur post slaughter. Shear force values of
chevon from SC and MOL were higher (P< 0.05) tHagvon from GH diet (Table 7.1). Chevon
from goats supplemented with the GH diet had hidRet0.05) cooking losses than MOL and
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SC supplemented groups. The intramuscular fat obrde chevon from goats supplemented

MOL (2.4 %) and SC (2.4 %) were higher than the @élp (1.1 %).
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Table 7. 1.  Effect of diet on meat pH, colour, shedorce values and cooking loss

Diets

Variables

GH (negative control) MOL SC (positive control)
Meat pH
pH;1 6.6+0.08 6.3+0.08 6.4+0.08
pH24 5.7+0.05 5.6+0.05 5.6+0.05
pPH1-24n 0.9+0.16 0.7+0.16 0.8+0.18
Colour after 24 h
L* 41+0.4 45+0.4 43.60.2
a* 11+0.2 13+0.2 13+0.2
b* 7.1+0.04 8.40.04 7.9+0.04
Shear force (N) 32.6+0.20 29.8+0.16 30.1+0.16
Cooking Loss (%) 29.5+0.48 25.4+0.48 25.6+0.48

3¢ means with different superscripts in a row aréedéit @ < 0.05)
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7.4  Discussion

The lower decline in pH of chevon from goats supm@ated with MOL compared to GH could
be attributed to the effect of high polyphenolienpounds in the MOL diet. Anwaat al. (2007)
reportedM. oleiferaleaves to be a rich source ptarotene, vitamin A, B and @;tocopherol,
riboflavin, nicotinic acid, folic acid, pyridoxineamino acids, minerals and various phenolics
compounds, which have antioxidant properties. Addiants are reported to reduce the effect of
stress and meat colour, as they reduce the rdig@dbxidation (Robbingt al, 2003; Anwaret

al., 2007).

The phenolic compounds have enzymatic reactionstwégmable the conversion of glycogen into
lactic acid resulting in decreased pH (Marume, 20T8e ultimate pH was within the acceptable
range (5.6 -5.8) reported for goat carcasses (Hrati al, 2007; Mushiet al, 2009). A high
ultimate pH generally reflects depletion of musglgcogen due to pre-slaughter stress or other
factors (Dhanda&t al, 2003; Mushet al, 2009; Muchenjet al, 2009a; 2009b). As such Priolo
et al (2002), reported that high energy-diets protextg from potentially glycogen-depleting
stressors. Goats in the present study were exptusdthndling when collecting blood and
weighing during their management. They had a lair@me of 5 hours. In addition, goats from
the three different dietary treatments were trartgploto the abattoir in the same vehicle, and
kept in similar lairage and pre-slaughter condsioas such, no variation in ante-mortem

management among the groups that could influereeetults.

In this study castrates were used, which are lemsepto stress than entire males (Mustal,
2009). The observed higher plbr GH goats can, therefore, be associated withdbycogen
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reserves due to nutritional deficiency. Generadlhe supplemented goats (MOL and SC) had
lower pH than the GH goats because GH goats wiezy lto have less glycogen levels than the
supplemented ones. Dhanefaal (2003) and Mushet al (2009) reported that nutritional stress
can result in dehydration, electrolyte imbalancegative energy balance, glycogen depletion in
muscle, and catabolism of protein and fat, ultilyat@creasing the pHp. Unfortunately,

glycogen concentration was not measured in thdystim future studies it should be measured.
Mushi et al (2009) reported that higher pHu for goats cowdalsociated with low glycogen

reserve.

The higher redness (a*) values for goats suppleadewith the MOL diet could be attributed to
high levels of dietary iron in MOL used in this dyu The dietary iron could have influenced the
concentration of myoglobin and its chemical stétecording to Prioloet al. (2002), high iron
levels can increase haemoglobin and myoglobin adratons in meat of grazing animals and
also increases meat freshness. The high b* vatugeats supplemented with MGind SCdiets
could be attributed t@-carotene, which is obtained from plants dvd oleifera leaves are

reported to be a good sourceetarotene (Anwaet al, 2007).

The values for Lightness (L*) and redness (a*) regmbin this study were lower than those of
Ding et al (2010) for chevon from Guanzhoung Dairy goatscakding to Kadimet al (2003),
the paleness of chevon could be due to its low eaination of muscle pigments. In the current
study, the effect of supplementation on lightnésy ¢alue ofM. longissimus dorsmuscles at
24 hrpost-mortenwere apparent with goats in the M@toup having more pale chevon than the
other two groups. High* values observed in the MOL group compared to tinwerogroups
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could be attributed to the increased marbling assalt of supplementation (Dirgg al, 2010).
The variation or discrepancy in meat colour mightdue to diet, age and breed (Kaditmal,

2003).

The colour of meat is used to judge the freshnedsgaality of meat by consumers at the point
of purchase (Martinez-Cerert al,, 2005; Ekizet al, 2010). Meats which are more yellow and
dark in colour are usually perceived by consumearsnaat obtained from old or sick animals
(Ekiz et al, 2010), hence consumers prefer to purchase mpaltyto pink meat (Kosuret al.,
2003). The high L* values in goats supplementedwdH (40.7), MOL (44.9) and SC (43.6)
could be due to low pH levels since the pH levesrdases with storage. Meat with higher pHu
usually exhibit lower L* values and have a tendemayyield tougher chevon evidenced by
higher WB shear force (Simela, 2005). Chevon framatg supplemented with MOL showed
greater a* and b* values, this could be attribui@dhe influence of polyphenolic compounds
which have antioxidant properties. Dietary anti@xit indirectly modifies the chevon colour,
probably by decreasing hemoglobin oxidation andvatthg mechanisms that modify pigment
distribution in animal tissues (Simitzist al, 2008). Dietary antioxidants also, minimize
rancidity, retard lipid peroxidation, without anwardage to sensory or nutritional properties of
meat, resulting in maintaining quality and enhagcshelf life (Janget al, 2008). The rate and
extent at which muscle pH declinpsst-mortemare both variable and have a greater impact on

meat colour and tenderness affecting its physicatacteristics.

In this current study, diet influenced the variatiof the mean WB shear force values. Goats
supplemented with MOL and SC had lower values fd3 ¥hear force suggesting they were
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tender than chevon from goats supplemented withGHediet. Generally, the dietary energy
intake and consequent carcass fatness affecteténiderness of chevon (Musét al, 2009).
Chevon from MOL and SC supplemented goats had malbeutaneous and intramuscular fat
compared to the GH group, which could have prevktite carcasses from drying (Kannan
al., 2006). The WB shear force values (29.8 to 32.@dyprted in this study, are lower than
those (between 29.8 to 35.6 N) for Marume (201Qweler, they were within the normal
ranges reported elsewhere (Dhaetlal, 2003; Kadimet al, 2003). The variation in WB shear
force with other results, could be attributed tdfedlences in the cooking temperature and
cooking method, ultimate pH, the type of muscle age of the goats (Dhandd al, 2003;
Kadim et al, 2003; Webbet al, 2005). In general, chevon with WB shear forcéues
exceeding 55 N would be considered as objectionthlgh both by trained sensory panel and

by consumers (Abdullah and Musallam, 2007; Mwlal, 2009).

Cooking losses ranged from 25.4 to 29.5 %, whickiikin the normal range for chevon (Webb
et al, 2005; Kannaret al, 2006; Madrugat al., 2008). Cooking losses were lower in chevon
from goats supplemented with a high protein disthsas MOL and SC. The observed lower
cooking loss in the MOL and SC are contrary to Muthal (2009) and Mapiyet al (2010),
who reported that cooking loss increased with iaseein protein content. They linked lower
cooking loss to higher meat pH scores (Pragtvial, 2007; Mushiet al, 2009). High pH
promotes high water binding (low cooking loss) daehigher net charges and greater space
between myofilaments (Huff-lonergan and Lonerag®iQ5; Mushiet al, 2009). Variation in
cooking losses are often linked to differencesaoking time and temperature, ultimate pH and
muscle fat content (Madrugs al., 2008).
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7.5  Conclusion

It was concluded that supplementing cross-bred Xlas-eared goats witd. oleiferaleaf meal
produced chevon of comparable quality to sunflogeed cake with higher physico-chemical
characteristics. While supplementation of goat$1Wt oleiferahas shown to improve physico-
chemical charasteritics, further research needbetalone to determine the influence Mf

oleiferaon nutrient, fatty acid profiles and cosumers egnscores of goat meat.
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Chapter 8: Nutrient composition and consumer sensg@rscores meat (chevon) from goats
supplemented with Moringa Moringa oleifera) leaf meal

(Submitted taJournal of Food Composition and Analysis

Abstract

The objective of the study was to determine thdedterol levels, fatty acid, protein and mineral
compositionand consumer sensory scores of chevon. Twentydmssbred Xhosa lop-eared
goat castrates supplemented witbringa oleiferaleaves (MOL), sunflower seed cake (SC) and
grass hay (GH) were used. After slaughter, Mhescularis longissimus thoracis et lumborum
(LTL) of the right hand side was sampled for chtdes levels, fatty acid, protein and mineral
composition. The chemical composition of chevorfeddd (P < 0.05) among the three diets.
Chevon from MOL-supplemented group had higher crotgein (23.57 %), zinc (34.37 mgQ)
and iron (18.57 mg) levels than the other groug®l€sterol levels were higher in SC (42.84)
compared to MOL (38.76) and GH (35.63 mg). ChevomfSC and MOL supplemented group
had higher (P < 0.05) C18:1c9 than GH group. Thielegafor C16:0 and C18:0 were not
significantly different among the three dietary gps. Chevon from GH group had higher (P <
0.05) proportions of PUFA (18.93 %), SFA (47.91 &\dn-6 (11.35 %) fatty acids than the
MOL and SC group. The highest (P < 0.05) PUFA/SBR#orwas recorded in GH group (0.40)
while then-6/n-3 ratio was higher in SC (2.17) and MOL (1.39)ntlaH group (1.5). Diet also
influenced the consumer sensory scores of chevan §oats supplemented with MOL having
higher first bite, aroma, flavour and juicenesse Tatty acid cholesterol, protein, mineral

compositions and consumer sensory scores varidddiat.
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8.1 Introduction

Taste and nutritional composition are important liggaattributes of meat for the modern
consumers and they affect the characteristics af geat (Tshabalakt al, 2003). Chevon is an
important protein source throughout the world esdlgcin developing countries (Simela and
Merkel, 2008; Dinget al, 2010). However, chevon composition and qualig lenown to be
influenced by genotype, age, sex, diet and prodaatiethods (Tshabala& al, 2003; Todaro

et al, 2004; Dinget al, 2010).

Recently, consumers have increased preferenceatorgelean meat that does not adversely
affect their health (Mapiyet al, 2010; Muchenjet al, 2010). This has led to the increase in the
consumption of goat meat which is leaner and haserdocholesterol content than beef and
mutton (Mahgoulet al, 2002; Mushet al, 2010). Chevon has low levels of lauric, myristia
palmitic acids, which are associated with the hitisgsis and deposition of cholesterol (Adrizzo,
1999). This has generated increased interest irs Wwagnanipulate the fatty acid and cholesterol
composition of meat so as to produce healthier mat a higher ratio of polyunsaturated to

saturated fatty acids and lower cholesterol (Webal., 2004).

Health conscious consumers use ratios of polyureatl fatty acids to saturated fatty acids
(PUFA/SFA) anch-6/n-3 to evaluate the nutritional value of fat (Alfagal, 2006; Muchenjet
al., 2009a; 2009b). Recently the emphasis has sHifted fat quantity to fatty quality due to
health concerns (Laaksonet al, 2005; Ohlundet al, 2008). Diets with high levels of

cholesterol and low ratio of PUFA/SFA have beenoeaisted with cardiovascular diseases
172



(American Heart Association, 2011). In additionyIBUFA/SFA ratios are undesirable as they
induce an increase in cholesterolaemia (Webdl, 2004). In contrast, some monosaturated
fatty acids (MUFA) and polysaturated fatty acid&/HA), in particular long-chain-3 PUFA has

favourable effects on human health by its abiliby reduce arteriosclerosis and thrombotic

tendency of blood (Department of Health, 1994; ®astl, 2009; Mushet al, 2010).

Manipulation of the supplementary feeding resuitthie change of meat composition which has
a potential to improve fatty acid profiles and cemsently healthiness of meat (Mapigeal,
2010). In cases where the farmer attempts to #teffatty acid composition to a more desirable
one (increasing the proportion of unsaturated fatyds), the growth parameters may be
influenced negatively (Vas&t al, 2009). It has been reported that pasture fedusga positive
effect on fatty acid composition of meat, at thmsaime having lower growth performance of
the animal (Muchenijet al, 2009; Vastat al, 2009). Some farmers supplement their goats with
multi- purpose forage trees, suchMsringa oleifera(Sarwattet al, 2002; Murroet al, 2003;

Chapter 5 and 6).

In Chapter 6 and 7, it was observed that supplestient of goats with MOL or SC diet
influenced the growth rate, carcass measurememgtsiavon physico-chemical characteristics,
respectively. Then, it becomes imperative to deteenthe effect of MOL supplementation of
goats on chevon’s nutritional, fatty acid profil@sd consumer sensory perceptions. Generally,
there is paucity of information on the effectshbf oleiferasupplementation on protein, mineral,

fatty acids and cholesterol composition of chevad aonsumer sensory scores. Therefore, it
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becomes essential in improving the meat quality @mbkequently, health of consumers mostly
communal farmers. The objective of the current wtwds therefore to determine the effect of
supplementing goats witll. oleiferaon chevon cholesterol levels, fatty acid, protemneral

composition and consumer sensory scores.

8.2  Materials and Methods

8.2.1 Study site

The study was conducted at University of Fort Hien, Alice, South Africa. The detailed
description of the study site was given in Secbdhl, while details of the collection of feeding
materials are described in Section 3.2.1 and 5Ph2. experimental diets were described in
Section 5.2.3, while the proximate compositiongha diet are given in Table 5.1. Details on

animal management are described in Section 5.2.4.

8.2.2 Measurements

The measurements of body weights and BCS wereibdeddn Section 5.2.4.

8.2.3 Slaughter procedures
The slaughter procedures were described in Se&i@m. TheM. longissimus thoracis et
lumborum(LTL) of the right hand side was sampled, 24 hoaifter slaughter and vacuum-

packaged at 3°C, pending meat chemical and faitlg analysis.
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8.2.4 Chemical composition of meat
A 50 g sample of LTL was ground and freeze driedHe determination of protein, fat, moisture

and ash contents, as described by AOAC (2005).

8.2.5 Determination of fat, fatty acid profilesfeéd ingredients and meat samples

Total lipid from MOL, SC and GH were extracted acling to AOAC (2005) procedures for
determination of fatty acids as described by Mamyeal (2011). Total muscle lipids were
guantitatively extracted, according to the methédralch et al (1957), using chloroform and
methanol in a ratio of 2:1. An antioxidant, butg@dt hydroxytoluene was added at a
concentration of 0.001 % to the chloroform: methanixture. A rotary evaporator was used to
dry the fat extracts under vacuum and the extnaete dried overnight in a vacuum oven at 50
°C, using phosphorus pentoxide as a moisture aesbribotal extractable intramuscular fat was
determined gravimetrically from the extracted fatl @xpressed as percent fat (w/w) per 100 g
tissue. The extracted fat from feed and muscle sta®d in a polytop (glass vial, with push-in

top) under a blanket of nitrogen and frozen at>Q@ending analyses.

Approximately 10 mg of extracted lipid was transéer into a Teflon-lined screw-top test tube.
Fatty acid methyl esters (FAMES) were preparedgs chromatography by methylation of the
extracted fat, using methanol-BF3 (Christeal, 2001). The FAMEs were quantified using a
varian GX 3400 flame ionization GC, with a fuselitai capillary column, Chrompack CPSIL 88
(200 m length, 0.25 mm ID, 0.2 pum film thicknes&palysis was performed using an initial
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isothermic period (40 °C for 2 minutes). Thereaftemperature was increased at a rate of 4
°C/minute to 230 °C. Finally an isothermic periofi 2B0°C for 10 minutes followed. The
FAMEs n-hexane (1u1) were injected into the column usingraan 8200 CX Autosampler with

a split ratio of 100:1. The injection port and a¢te were both maintained at 250 °C. Hydrogen,
at 45 psi, functioned as the carrier gas, whileoggén was employed as the makeup gas. Vas star

Chromatography Software recorded the chromatograms.

Fatty acids methyl ester samples were identifiedctyparing the retention times of FAME
peaks from samples with those of standards obtaireed Supelco (Supelco 37 Component
Fame Mix 47885-U, Sigma-Aldrich Aston manor, PretpSouth Africa). Conjugated linoleic
acid (CLA) standards were obtained from Matreya IfRleasant Gap, United States). These
standards includeccis-9, trans11; cis-9, cis-11, trans9, trans-11 andrans-10, cis-12-18;2
isomers. All other reagents and solvents were @fytical grade and obtained from Merck
chemicals (Pty Ltd, Halfway House, Johannesburgitséfrica). Fatty acids were expressed as
the proportion of each individual fatty acid to ttetal of all fatty acids present in the sample.
The following fatty acid combinations were calceldt omega-3n-3) fatty acids, omega-6+6)
fatty acids, total saturated fatty acids (SFA),atotnonosaturated fatty acids (MUFA),

polyunsaturated fatty acids (PUFA), PUFA/SFA rdiéS) anch-6/n-3 ratio.
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8.2.6 Consumer Sensory assessments

Meat samples that were used for consumer sensatyation were obtained from the hind
guarters of each carcass and were cut 24 hoursstédigghter. The meat samples were cut into
cubes (about 2 x 2 cm) which were placed in wagttPVC plastic bags and cooked in a
boiling water bath at a temperature of 85 °C fordihutes(Babikerm,et al, 199Q. Salt was
added to taste. Fifty-four trained consumer pateelid different gender, age and tribe were
drawn from the University of Fort Hare students tloe consumer sensory assessment of meat.
The panelists were taught how to infer and recaates for each variable tasted. The waiting
period between meat sample tasting was 10 min@gk.water was served to panelists to
freshen their mouth between each sub-sample assessmavoid crossover effects. Eight point
descriptive scales were used to evaluate aromasitye(1= extremely bland to 8= extremely
intense), initial impression of juiciness (1 = extrely dry to 8 = extremely juicy), first bite (1 =
extremely tough to 8 = extremely tender), sustaingatession of juiciness (1 = extremely dry to
8 = extremely juicy), overall tenderness (1 = axiey tough, to 8 = extremely tender), amount
of connective tissue (1= extremely abundant tor®re), overall flavour intensity (1= extremely
bland to 8 = extremely intense), a-typical flavantensity (1= none to 8 = extremely intense)

and off-flavour indicators were also assessed.

8.2.7 Statistical analyses
The nutritive content of the supplementary dietdH(@IOL and SC), were analysed using
General Linear Model procedure of SAS (2003). Aikimmodel was used to determine the

effect of diet on overall slaughter weight, chodest, mineral, protein content, and fatty acid
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composition. Differences between least-square me@ns compared using the PDIFF option in

SAS (2003).

The effect of diet on the meat sensory scores wadyzed using the general linear model
procedure of SAS (2003). The data was tested famality and was normal distributed. The
model used was as follows:

Yij = + D + Gj +T« + Ej

WhereY; = response variable (aroma intensity, initial ieg®ion of juiciness, first
bite, sustained impression of juiciness, fibre aadrall tenderness, amount of connective tissue,

overall flavour intensity and relevant a-typica\vbur)

M= overall mean common to all observations;

Di= effect of dietary supplementation (GH, SC and MIOL
Gi- effect of gender on consumer sensory scores;

Ty= effect of tribe on consumer sensory scores;

Ejw=  random error.

PDIFF option in SAS (2003) was used for comparisbmeans.

8.3 Results
The slaughter weights and body condition scoregoats supplemented with GH, MOL and SC
were discussed in detail in Chapter 6. The fattg aompositions of the diet are shown in Table

8.1. The most abound fatty acids in grass hay Wé&tl. and SC were C16:0, C18:1¢9 and
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C18:2¢9,12¢-6), which accounted for 23.63, 63.4 and 58.0 %, eesgely. The highest
concentrations of total SFA amd3were observed in the GH diet while MOL had thghlesst
MUFA. Sunflower seed cake had the highest total RUF6, PUFA/SFA ratio ana-6/n-3 ratio

compared to GH and MOL diets.

The chemical composition of chevon differed (P 85).among the three diets (Table 8.2) with
chevon from MOL having lower moisture content. Aldzevon from MOL and SC groups had
higher (P < 0.05) crude protein, zinc and iron tiiam GH group. However, cholesterol levels

were higher in SC group.
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Table 8. 1:

composition (% total fatty cid) of GH, MOL and SC diet

Least square means and standard errorfaneans (s.e.m) for fatty acids

Fatty acid (% total fatty acid) GH MOL SC

N 4 4 4

C13:0 0.40+0.01  0.06+0.012 0.00

C14:0 0.77+0.01  0.33+0.038 0.18+0.012
C15:0 0.31+0.040  0.02+0.0160 0.10+0.008
C16:0 23.63+0.271 8.93+0.309 17.77+0.41%
C17:0 0.52+0.030  0.09+0.008 0.13+0.016
C18:0 5.22+0.136  3.71+0.088 1.87+0.052
C20:0 3.70+0.139  2.18+0.068 0.49+0.036
C21:0 0.25+0.035  0.03+0.008 0.04+0.008
C22:0 6.26+0.343  4.47+0.138 0.67+0.066
C23:0 0.59+0.049  0.08+0.000 0.09+0.012
Total saturated fatty acids (SFA) 41.65+0.72519.90+0.565  21.34+0.602
C15:1c10 0.44+0.170 0.07+0.026 0.06+0.018
C16:1c9 0.08+0.076  0.38+0.588 0.07+0.021
C17:1c10 0.00 0.01+0.015  0.04+0.00%
C18:1c9 9.20+0.609 63.40+2.196  18.76+0.12%
C20:1c11 0.16+0.025 0.05+0.008 0.00
C24:1c15 0.36+0.036  0.00+0.000 0.22+0.008

Total monounsaturated fatty acids (MUFA)  10.24+6239 63.91+0.845 19.15+0.09%
C18:2c9,12¢-6) 23.44+0.48D 11.86+0.55% 58.00+0.557
C20:2¢11,14(n-6) 0.00 0.00 0.08x0.003
C20:3c8,11,141-6) 0.12+0.018 0.08+0.016 0.15+0.018
Total omega-6 fatty acids-6) 23.56+0.49%5 11.94+0.558  58.23+0.57%
C18:3¢9,12,15(-3) 18.50+0.380 1.64+0.050 0.67+0.008
C20:5¢c5,8,11,14,173) 5.37+0.240  1.07+0.058 0.59+0.057
Total omega-3 fatty acid®-3) 23.87+0.195 2.71+0.15% 1.26+0.056
Total polyunsaturated fatty acids (PUFA) 47.43+0%7 14.65+1.238 59.49+0.522

PUFA/SFA 1.14+0.035 0.74+0.081 2.79+0.104
PUFA/MUFA 4.67 0.23 3.17PF
n-6/n-3 0.9940.012  4.41+0.39% 46.21+2.399

a¢Means in the same row, with different supersdiffer significantly (P < 0.05)
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Table 8. 2:  Chemical composition and standard err@ oflongissimus thoracis et

lumborum muscle of goats supplemented with MOL, SC and GHielts

Nutrients Diet

GH MOL scC S.E
N 8 8 8
Moisture (%) 76.73 74.33 74.53 0.389
Protein content (%) 21.20 23.57 22.98 0.411
Fat content (%) 1.3 2.39 2.47 0.154
Cholesterol (mg/100g)  35.83 38.76 42.84 2.96
Ash (%) 1.29 1.6% 1.3¢ 0.142
Phosphorus (%) 0.20 0.21 0.21 0.007
Calcium (%) 0.01 0.01 0.01 0.008
Iron (mg) 13.93 18.57 14.93 0.484
Copper (mg) 1.08 1.31 1.22 0.06
Zinc (mg) 28.03 34.37 31.98 0.791

acMeans in the same row, with different supersdiffer significantly (P < 0.05)
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The least square means of fatty acid compositibtiseoL TL muscle of goats supplemented with
GH, MOL and SC diets are presented in Table 8.2vGh from MOL and SC supplemented
groups had higher (P < 0.05) C18:1c9 than the GidmrThe values for C16:0 and C18:0 were
not significantly different among the three dietgrpups. Chevon from GH group had higher (P
< 0.05) proportions of PUFA}-6 andn-3 fatty acids profiles than MOL and SC groups. The
amount of PUFA in GH group was almost double comgao SC group. The SC and MOL
groups had higher (P < 0.05) amount of MUFA than Gtdup. The higher (P < 0.05)

PUFA/SFA ratio was recorded in GH group whité/n-3 ratio was higher in SC group.

The effects of diet on various consumer sensoripates are shown on Tables 8.4. Diet had an
influence (P < 0.05) on chevon sensory charactesis€hevon from goats supplemented with
the MOL and SC diets had higher (P < 0.05) arontansity (A.l) scores than of goats

supplemented with GH diet. Other sensory charastiesiscores differed (P < 0.05) with the diet
offered to goats. Female respondents gave higher QFR5) scores than male respondents on
chevon aroma intensity. Xhosa consumers gave |gwer 0.05) aroma intensity scores than the

Ndebele, Shona and the Zulu consumers.
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Table 8. 3:

Least square means and standard errof fatty acid compaosition in

percentage fatty acids from thdongissimusthoracis et lumborum muscle of cross-bred
Xhosa lop eared goats given three different diets

Fatty acid (% total fatty acid) GH MOL SC

N 8 8 8

C12:0 0.10£0.021  0.07+0.159  0.06+0.121
C14:0 1.78+0.128 1.80+0.107 2.52+0.10%
C15:0 0.62+0.033 0.42+0.028 0.49+0.028
C16:0 21.72+0.545 21.55+0.472 21.64+0.470
C17:0 1.40+0.079  1.28+0.680  1.38+0.068
C18:0 19.21+0.838 18.23+0.726  17.30+0.726
C20:0 0.21+0.007 0.08+0.008 0.06+0.008
C21:0 1.94+0.068 0.64+0.059 0.70+0.059
C22:0 0.93+0.024 0.42+0.021 0.49+0.021
Total saturated fatty acids (SFA) 47.91+1.152 4404998 44.64+0.998
C14:1c9 0.06+0.008  0.06+0.007  0.07+0.007
C16:1c9 1.67+0.097 1.87+0.084 2.13+0.084
C17:1c10 0.02+0.126  0.23+0.109  0.09+0.009
C18:1c11 0.17+0.016  0.15+0.011  0.18+0.011
C18:1c9 33.45+1.572 41.24+1.319 46.12+1.319
C18:1t11 1.25+0.026  1.16+0.021  1.18+0.021
Total Monounsaturated Fatty Acids (MUFA)  36.62+53544.71+1.1784 49.77+1.174
C18:2c9,126-6) 5.11+0.252 3.52+0.219 3.02+0.219
C18:3¢9,12(-6) 0.03+0.004  0.03+0.003  0.04+0.003
C18:2c9t114-6)(CLA) 0.15+0.007 0.12+0.008 0.11+0.008
C20:2c11,14¢-6) 0.55+0.027  0.51+0.024  0.49+0.024
C20:3c8,11,14(-6) 0.03+0.003  0.02+0.002  0.01+0.002
C20:4c5,8,11,14(6) 5.45+0.212 3.59+0.184 1.65+0.184
C22:2c13,16¢-6) 0.03+0.212  0.02+0.01 0.01+0.01
Total omega-6 fatty acids{6) 11.35+0.928 7.81+0.802 5.33+0.802
C20:3c11,14,17-3) 0.55+0.021 0.32+0.018 0.23+0.018
C20:5¢5,8,11,14,173) 3.13+0.151 2.79+0.13% 1.01+0.131
C22:6c4,7,10,13,16,18(3) 0.62+0.037 0.23+0.032 0.21+0.032
C22:5¢7,10,13,16,18{3) 3.28+0.096 2.29+0.083 1.01+0.083
Total omega-3 fatty acids-3) 7.58+0.712 5.63+0.617 2.46+0.617
Total polyunsaturated fatty acids (PUFA) 18.93+0%5313.44+0.463 7.79+0.467
PUFA/SFA 0.41+0.01% 0.30+0.014 0.17+0.014
PUFA/MUFA 0.52+0.012 0.30+0.028 0.16+0.014
n-6/n-3 1.50+0.092 1.39+0.080 2.17+0.088

¢ Means in the same row, with different supersdtiffer significantly (P < 0.05)
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Table 8. 4.  Effect of diet on sensory characterists

Treatments Sensory characteristics

Al N] FB SJ oT CT OF ATF

Control (GH) 4.2+0.12 4.5+0.1Ff 5.1+0.1f 4.4+0.17 4.6+0.1f 4.1+0.0f 4.2+0.0f 2.6+0.18

Sunflower 4.5+0.12 4.9+0.12 5.0+0.1F 4.9+0.1F 6.1+0.1f 4.8+0.09 4.8+0.16 1.9+0.18

M. oleifera 4.740.12 5.1+0.1f 5.4+0.1F% 5.5+0.1f 5.7+0.1F 4.7+0.0§ 4.7+0.0f 1.8+0.18

abe y/alues within the same column with different supepss are significantly different
(P <0.05)
Key = Al- Aroma intensity, 1J= Initial juiciness,B= first bite, SJ= sustain impression of juicine®§,= overall tenderness, CT=

connective tissue, OF= overall flavour, ATF= atygpittavour
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8.4  Discussion

It is established that diet and age of the animaal affect meat chemical composition (Dieg
al., 2010). The lower moisture content in the LTL elasrom goats supplemented with MOL
and SC diets could be attributed to higher fat @ohin muscle in these groups compared to GH
group. This is consistent with the report by legeal. (2008) who also found that chevon with
higher fat content had lower water content whiclatisibuted to the amount of space between
myofilaments (Omojola, 2007). Goats that were saip@nted with higher protein diets (MOL
and SC) had higher meat protein values, which iagreement with Frencét al (2001) and
Geayet al (2001), who reported that higher protein contanneat is related to higher dietary
protein. The higher iron and zinc values of meatrfrgoats supplemented with MOL could be

attributed to dietary origin (Yalciat al, 2005).

The chevon cholesterol concentrations in this stwdye lower from goats supplemented with
GH and MOL than SC diet. The observed values arsiderably lower than 63.8 mg/100 g
reported by Casey (1992). Variation of cholest&wetls may be due to the diet offered to goats
(Vastaet al,, 2009). For example, the human consumption ofédhemmended 200 g per day of
meat (Greene and Feldman, 1991) from goats supplech&ith GH, MOL and SC represents a
cholesterol intake of 71, 78, 86 mg per day, retspaly. This would correspond to 24, 26 and 29
%, respectively, of the recommended maximum (300 dagly cholesterol intake (American
Heart Association, 2011). This makes chevon a hesirable food. Interestingly, the slaughter
weight of MOL and SC group were the same, howetver,diet MOL lowered the cholesterol
level which is of health benefit (Alfakt al, 2006). Lower levels of cholesterol in GH and MOL
group could assist to lower blood cholesterol thgreeducing the risk for atherosclerosis and
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coronary heart diseases in consumers. Human bodysgathesize its cholesterol as such
consumption of diet high in cholesterol result @@ tmuch cholesterol circulating in the blood
stream leading to the cholesterol deposition inatieries (Mensink, 2005). This increases risk
for blood vessel damage, heart failure, stroke laddey failures (Greene and Feldman, 1991).
The amount of cholesterol in GH and MOL group cdudde been influenced by the amount of
C18:0 (stearic) in the diets (Mucherge al, 2009a). The C18:0 has been shown to exert a

neutral or hypocholesterolemic effect on blood ebtdrol levels (Mensink, 2005).

The finding that C18:1c9, C16:0 and C18:0 were dami across different groups is consistent
with previous reports (Leet al, 2008; Arsenogt al, 2009; Muchenjeet al, 2009; Marume,
2010). The presence of C18:1c9 having higher vailnddOL and SC group is in agreement
with Lee et al (2008), who reported high values in protein comde diet. The higher SFA
level in GH could be attributed to the greater @téheir tissue biosynthesis or production in the
rumen from the dietary unsaturated fatty acids {&easal, 2009). The diet supplemented to GH
group also had higher levels of SFA (41.65 %). Higher forage intake in GH group also
contributed to the higher total SFA values. D&zl (2002) and Mushet al (2010) reported
that higher forage intake increases rumen activitynsequently increasing the extent of
biohydrogenation of dietary PUFA by rumen microb&se higher SFA in chevon from GH
group corroborate with the report of Letal (2008) who found that Boer X Spanish intact male
goats fed hay alone had higher proportion of SHée figher MUFA level content in chevon
from MOL group might be partially related to highdietary fatty acids. This is in agreement

with the report by Vastat al (2009).
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The SC group had lower total3 than MOL and GH groups, which could be attriloutie lower
levels of C20:3c11,14,1h{3), C22:6¢4,7,10,13,16,183) and C22:5¢7,10,13,16,18-8). The
n-6/n-3 ratio in this study was lower in MOL and GH gpsy however the ratio in all groups was
quite lower than the value 4, which is considersdttee limit threshold in human diets for
preventing cardiovascular diseases (Ertenl, 1996; Webbet al, 2005, Muchenjeet al,
2009a). Chevon is a healthy food for human consiampApart from improving the slaughter
weight of goats, MOL had an added advantage of limgehe n-6/n-3 ratio. The lown-6/n-3
ratios are desirable for chevon consumers’ hea#sans (Department of Health, 1994). The
ratios betweem-6 andn-3 fatty acids have important roles in reducingrisk of coronary heart
disease (American Heart Association, 2011). Humatnitionists recommend a low intake of

saturated-6 and high intake af-3 (Department of Health, 1994).

Mushi et al. (2010) reported that animals may have higher gmtaggns of long chain PUFA,
which is often associated with membrane phosplddimttributed to low neutral lipids. Chevon
from SC group had low proportion of3 and PUFA which could be due to dilution of such
PUFA by triacylglycerols that increase with carcésess (Muchenjet al, 2009a; 2009b). It
was also observed that chevon from GH group haldehigroportions of C18:2¢9,126) and
C20:4¢5,8,11,14(6) long chain fatty acid, which might be due teithleaner carcass. In
contrast to the observed results from the currertys Mushiet al (2010) found that goats fed
on hay alone had higher proportions of C18:3c9,4:5)(and C15:0 than goats fed on
concentrates diet. The ratios of PUFA/SFA were loiwneSC group than MOL and GH. These
results are similar to those reported by Taktual (2008) for longissimus thoracic muscle from
pateri goats fed under traditional feeding systéhis could be attributed to the hydrogenation of
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dietary unsaturated fat in the rumen which is raespgae for a decrease in the PUFA to SFA ratio
in muscle of all ruminants compared to non rumisgiinseret al, 1996; Talpuret al, 2008).
The higher PUFA/SFA is desirable (Hoffman and Widu2006). The PUFA/SFA ratio for all
the three groups were below the minimum recommendéce of 0.45 (Wooet al, 2004) and

were also below 0.73 reported by Marume, (2010).

Aroma intensity is related to the amount of fatteomed in meat (Calkins and Hodgen, 2007).
Chevon from goats supplemented with MOL and SCHigher intramuscular fat content which
attributed to high aroma intensity scores. Animigtsl have an influence on the organoleptic
characteristics of meat. Chevon from goats suppkedewith MOL and SC had higher Al
scores, which corroborates with findings of Calkamsl Hodgen, (2007) that animal diets have a
noticeable effect on aroma. Diet influences initialpression of juiciness and sustained
impression of juiciness. Findings from this studyee with those of Muchengt al (2008) that

diet influences initial impression of juiciness aubtained impression of juiciness.

Chevon from goats supplemented MOL had higher firs# (FB) scores which is related to
tenderness. When the animal is supplemented wélggrand protein it accumulates more intra-
muscular fat than non-supplemented animals (Xaatedd, 2011) which could affect the sensory
characteristics. Generally, juiciness of meat iedly related to the intramuscular fat and
moisture content (Muchenjet al, 2008). Protein and energy supplementation ise®dhe
intra-muscular fat thereby increasing marbling (@azt al, 2011). McMillin and Brock (2005)
also observed that high-energy intake increaseddatent of chevon and hence, the juiciness,
tenderness and texture.
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Chevon from goats supplemented with MOL and SCthgber flavour scores which could be
attributed to quantity and composition of intramulac fat, meat pH and antioxidant content.
Antioxidants are reported to retard developmentoxiflation and exert a synergic effect in
preventing rancidity (Kanner, 1994). Bortenal (2005) and Priol@t al. (2002) also found that
flavour was more intense in chevon from animals Wexe fed concentrates than in chevon from
animals that grazed pastures. Tshabaktlaal (2003) reported lower flavour intensity in
indigenous goat meat which is attributed to lowepprtions of unsaturated fatty acids in meat
samples of indigenous goats. Generally, meat flai®affected by a number of factors such as
animal age and genotype, feeding regime, carcassst level and slaughter weight (Fremeth
al., 2001; Martinez-Cerezet al, 2005; Muchenjeet al, 2009a). Flavour can be influenced by
the type of diet through the deposition of nutrieminponents in the fat and animal species. Meat
with a desirable flavour tends to have higher Igvef intramuscular fat and more intense
marbling (McMillin and Brock, 2005). Furthermoreegence of specific flavour compounds or

flavour precursors derived from the diet have dectfon flavour (Rescorat al, 2009).

Consumer perceptions on the acceptability of meatimked to socio-cultural factors, especially
in the African context. Although chevon and meatdurcts are also of satisfactory eating quality,
factors such as gender, tribe and age tend totat®eptability of chevon from one community
to the next (Mahanjana and Cronje, 2000; Dyuletleal, 2010). Female consumers in this
current study were observed to give higher scomemost sensory attributes, hence finding
chevon more acceptable. Similar observations wése made by Simel&t al (2008) and

Xazelaet al (2011). The reason why female consumers gaveehigbores is not yet fully

understood. Therefore, further research need tobe to find why the female consumers have
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high acceptability scores. Also tribe had an inficee on chevon acceptability, the Xhosa
generally gave low scores in all the sensory atted compared to the other two tribes. This
could be due to the fact that generally Xhosa pe@péfer mutton over goat meat because of

cultural reasons as observed by Xazatlal (2011).

8.5  Conclusion

Chevon from goats that were supplemented with SCMOL had higher protein, fat and ash
levels than the one from those supplemented with Gt¢ amount of iron and zinc were higher
in chevon from MOL supplemented group. Chevon fgmats supplemented with GH and MOL
diets had desirable fatty acids especiallyrtt@n-3 ratio than goats supplemented with SC diet.
Consumer sensory scores were shown to be highgoats supplemented withl. oleifera
Therefore chevon from goats supplemeted with MOldatde a healthy nutritious food from a
human nutrition perspectiv®loringa oleiferaleaf diet had better pH, colour and flavour scores
and desirable fatty acids which were attributedtite dietary antioxidants. Therefore, it

necessitates the determination of the antioxidetntiges of M. oleiferaleaves.
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Chapter 9: Antioxidant activities of Moringa oleifera leaf extracts and liver from goats
supplemented withMoringa oleifera leaves or sunflower seed cake

(Submitted tavieat science

Abstract

The study investigated antioxidant potencyMf oleiferaleaves. Differentn vitro systems of
standard phytochemical methods were used. The xaohiat effect on the activities of
superoxide dismutase (SOD), catalase, lipid pesatdad and reduced glutathione (GSH) were
investigated in goats supplemented wih oleifera(MOL) or sunflower seed cake (SC). The
acetone extract exhibited higher concentration®ta flavonoids (295.01+1.89 QE/g) followed
by flavonols (132.74+0.83 QE/Q), phenolics (120336 TE/g) and proanthocyanidins (32.59
+0.50 CE/g) than the aqueous extract. The redupmger of both solvent extracts showed
strong antioxidant activity in a concentration degent manner. The acetone extract depicted
higher percentage inhibition against DPPH, ABTS amttic oxide radicals which were
comparable with reference antioxidant (vitamin Cd aBHT). The MOL increased the
antioxidant activity of GSH (186 %), SOD (97.8 %)dacatalase (0.177 %). Lipid peroxidation
was significantly reduced by MOL followed by SC amaly grass supplements, respectively. The
present study suggedts. oleiferais a source of compounds with antioxidant actigitand its

inclusion in the diet was effective in enhancingdative stability of goat liver.

9.1 Introduction
Plants and their products are potential sourcephytochemicals that have been found to
counteract free radicals due to their antioxidastivdy (Khalafallaet al, 2010). Free radicals
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are molecules that cause oxidative stress as i odsbalance between the antioxidant defense
system and the reactive oxygen species (ROS). T generated induce oxidative damage to
essential biomolecules such as proteins, DNA, liptgins and lipids (Yazdanparast and
Ardestani, 2007). This damage is a crucial eti@alifactor implicated with various human
diseases including aging, cancer, cardiovasculaeadie, diabetes, stroke, liver cirrhosis,
atherosclerosis and Alzheimer’s diseases (Heetogl, 1997; Adedapet al, 2008). In meat,
lipid peroxidation of fats has been reported toseachemical spoilage due to generation of ROS
such as peroxyl, superoxide anions, singlet oxyged hydroxyl radicals (Siddhuraju and
Becker, 2003). The accumulation of peroxides in theat of animals may result in the
development of rancid flavours and changes in tleur of the meat. This could affect protein

solubility and reduced nutritional value of meat{lfet al, 2006).

There is growing interest in the free radical bgylavhich warrants the usefulness of natural
antioxidants for the purpose of improving the dyasiuch as texture, colour, flavour, nutritive
value and possibly improving the shelf life of me@ihese antioxidants are molecules that
prevent uncontrolled formation of free radical audivated species by quenching or chelating
their catalytic metal ions (Yazdanparast and A@st2007). The use of synthetic antioxidants
such as butylated hydroxylanisole (BHA) and busdat hydroxyltoluene (BHT) are

commercially available but restricted due to theixicity to some vital organs in the body

(Siddhuraju and Becker, 2003).

Nowadays, natural antioxidant agents from plants®are safe and have received a remarkable
attention due to their ability to preserve foodstudnd prevent rancidity caused by oxidation.
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Consumption of plant products with antioxidant pdjes by animals has been reported to pass
antioxidant compounds to meat (Middleteinal, 2000; Lahuckyet al, 2010). Example of these
compounds include phenols, flavonoids, proanthadyas, flavonols, vitamin C, vitamin BB-
carotene, zinc and selenium which have been dodathén possess strong antioxidant potential
(Caiet al, 2004; Okwu, 2004; Aqiet al, 2006). Feeding of animals with plants contairtimgse
compounds can serve as a route to pass antioxatdivity to their bodies. This has been
confirmed in experiments conducted in broilers (&ga&t and Garcia Regueiro, 1999; Kuli-sic

al., 2004). Feeding with antioxidant has shown tatlyeextend colour shelf-life of meat (Kuli-

sicet al, 2004).

Moringa oleiferaLam is a highly valued plant in tropic and subtecap countries where it is
mostly cultivated (Khalafallat al, 2010). The leaves are highly nutritious (Cha@erbeing a
good source of proteirfi-carotene, vitamins A, B, C and E, riboflavin, riioa acid, folic acid,
pyridoxine, amino acids, minerals and various phesocompounds (Anwaet al, 2007;
Khalafallaet al, 2010). Besides, its compelling nutritional vaitieas curative and prophylactic
properties (Khalafalleet al, 2010). Sunflower seed cake has been used agstdck feed
(Chapter 5 and 6; Mapiyet al, 2010; Marume, 2010), however, its antioxidanteptal have

never been determined.

Research has revealed the potentidflobleiferagrown in India and other parts of the world as
a source of antioxidant agents (Siddhuraju and 8e@003; Khalafallat al, 2010). However,
there is little or no data on the polyphenolic ems$ and antioxidant activity &fl. oleifera of

the South African ecotype and its antioxidant impaben supplemented to goats. Therefore,
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there is need to investigate the antioxidant agtivi M. oleiferain South Africa considering the
influence of geographical location and abiotic éacon the phenolics content of this plant
(Siddhuraju and Becker, 2003). The present studgrefore investigated the polyphenolic
content and antioxidant properties d#l. oleifera and diet supplemented withM.

oleiferasunflower seed cake in Xhosa lop-eared goat csosse

9.2 Materials and methods
9.2.1 Plant material and extract preparation
The detailed description ®. oleifera leaves collection was given in Section 3.2.1. &teacts

preparation was described in detail in Section2. .2

9.2.2 Management of experimental animals

The detailed description of the study site was mjiwe Section 5.2.1, while details of the
collection of feeding materials were described acthn 5.2.2. The experimental diets were
described in Section 5.2.2, while the proximate positions of the diet are given in Table 5.1.
Details on animal management and slaughter proesdare described in Section 5.2.4 and 6.24,
respectively. A 10 % w/v of liver was cut immedigtafter slaughter and homogenized in 0.001

M phosphate buffer (pH 7.0).

9.2.3 Polyphenolic antioxidants assays

9.2.3.1 Determination of total phenolics

Total phenolic contents of aqueous and acetonedsgtiof moringa were determined by the
modified method of Wolfeet al (2003) using Folin-Ciocalteu reagent. The extiaas mixed
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with 5 ml Folin-Ciocalteu reagent (previously dédtwith distilled water 1:10 v/v) and 4 ml of

sodium carbonate (75 g/lI). The mixture was vortefa@dl5 sec and allowed to stand for 30
minutes at 40°C for colour development. Absorbawes then measured at 765 nm using the
Hewlett Packard UV-VIS spectrophotometer. Extraetse evaluated at a final concentration of
1 mg/ml. Total phenolics content was expressed @g tannic acid equivalent using a derived
equation from the calibration curve: Y= 0.1216X=R.9365, Where x is the absorbance and Y

is the tannic acid equivalent (mg/q).

9.2.3.2 Determination of total flavonols

The total flavonols were estimated according to thethod described by Kumaran and
Karunakaran (2007). To 2.0 ml of solvents extraesvadded 2 ml of 2 % Algprepared in
ethanol and 3 ml of sodium acetate solutions (30 dghe absorbance of the mixture was
measured at 440 nm after incubation at 20 °C f8h?s. Plant extracts were evaluated at a final
concentration of 1 mg/ml. Total flavonol contentsa@alculated as quercetin (mg/g) using the
following equation derived from the calibration eer Y = 0.0255x, R=0.9812, Where x is the

absorbance and Y is the quercetin equivalent (mg/qg)

9.2.3.3 Determination of total proanthocyanidins

The procedure reported by Se al (1998) was used to determine total proanthocyanid
content inM. oleifera Aliqouts of 0.5 ml of 1 mg/ml of the extract wasxed with 3 ml of 4 %
vanillin-acetone solution and 1.5 ml hydrochlor@da The absorbance was measured at 500 nm
after the mixture was allowed to stand for 15 masutThe extract was evaluated at a final
concentration of 1 mg/ml. Total proanthocyanidimtemt was expressed as catechin equivalents
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(mg/g) using the following equation based on thébcation curve: Y= 0.5825x, = 0.9277.

Where x is the absorbance and Y is the catechiivalgat (mg/g).

9.2.3.4 Determination of total flavonoids

Total flavonoid content was determined using théhoe described by Ordonez al (2006). An
aligout of 0.5 ml of 2 % Alel prepared in ethanol solution was added to 0.5 msashple
solution, followed by measuring the absorbance 2t Am, after 1 hr of incubation at room
temperature. A yellow colour indicates the preseotcdavonoids. The extract samples were
evaluated at a final concentration of 1 mg/ml. Tdtavonoid contents was calculated as
guercetin equivalent (mg/g) using the following atjon from the calibration curve: Y = 0.025x,

R?=0.9812, Where x is the absorbance and Y is tleecgtin equivalent (mg/g).

9.2.4 In-vitro antioxidant assays

9.2.4.1 ABTS radical scavenging assay

The method of Ret al. (1999) was adopted to determine 2,2'-azino-béh§tbenzothiazoline-
6-sulphonic acid (ABTS) radical scavenging activity M. oleifera The stock solution
containing equal volumes of 7 mM ABTS salt and r2M potassium persulfate was allowed to
stand in the dark for 16 hrs at room temperatuhe fesultant ABTS solution was diluted with
methanol until an absorbance of 0.70 £ 0.01 washegh at 734 nm. Varying concentrations of
the plant extracts with an aliquot of 1 ml were edxwith 1 ml of ABTS solution and the
absorbance was measured at 734 nm after 7 minusesy the Spectrophotometer (Thermo
Spctronic, BioMate 3 Rochester, New York, USA). TABTS scavenging capacity of the
extract was compared with that of BHT and rutine Percentage inhibition was calculated as:
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ABTS radical scavenging activity (%) = [(ARSo— AbSampid]/ (AbScontro) * 100
Where Absonirol is the absorbance of ABTS radical + acetone extAdussampieis the absorbance

of ABTS radical + extract/standard.

9.2.5.2 DPPH radical scavenging assay

The effect of extracts on 1,1-diphenyl-2-picrylhgeyl (DPPH) radical was estimated using the
method described by Liyana-Pathiranginal (2006). A solution of DPPH (0.135 mM) was
prepared and 1 ml of this solution was mixed witimllof acetone or aqueous extract (0.02-0.1
mg). The reaction mixture was vortexed thoroughlg &ft in the dark at room temperature for
30 minutes. The absorbance of the mixture was medsat 517 nm using rutin and BHT as
reference drugs. The radical scavenging activity ealculated from the equatidPercentage of
radical scavenging activity = (ARsiroi- AbSsampld/ AbScontror* 100

Where Absonol is the absorbance of DPPH radical + acetone; ARsis the absorbance of

DPPH radical + sample extract/standard.

9.2.4.3 Determination of reducing power

The method of Yen and Chen (1995) was adopted terrde the reducing power ofl.
oleifera. A volume of 1.0 ml of the extract was preparedhieir respective solvents of distilled
water and acetone (0.02-0.1 mg/ml) and were mixed/idually to the mixture containing 2.5
ml of 0.2 M phosphate buffer (pH 6.6) and 2.5 mlpatassium ferricyanide gke(CN}), (1
%w/v). The resulting mixture was incubated at 50620 minutes, followed by the addition of
2.5 ml of trichloroacetic acid (10 % wi/v), which svahen centrifuged at 3000 rpm for 10
minutes. The upper layer of the solution (2.5 mé}swpipetted into another test tube containing
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2.5 ml of distilled water and 0.5 ml of ferric chide (0.1 %, w/v). The absorbance was
measured at 700 nm against the mixture without ek&ract (blank sample). Increased

absorbance of the reaction mixture indicated higbéucing power of the plant extract.

9.2.4.4 Scavenging activity of nitric oxide

The nitric oxide (NO) radical scavenging activity the aqueous and acetone extractsvViof
oleiferawas determined according to the method of Gati@64). A volume of 2 ml of 10 mM
sodium nitroprusside prepared in 0.5 mM phosphatiebsaline (pH 7.4) and later reacted with
0.5 ml of plant extract or BHT or rutin at varioagncentrations (0.02-0.1 mg/ml). The mixture
was incubated at 25 °C. After 150 minutes, 0.5 minoubation solution was withdrawn and
mixed with 0.5 ml of griess reagent [1.0 ml sulfemniacid reagent (0.33 % prepared in
naphthylenediamine dichloride (0.1 % w/v)]. The tane was incubated at room temperature for
30 minutes, followed by measurement of the absadan 540 nm. The amount of nitric oxide
radical inhibited by the extract was calculatedhgghe following equation:

NO radical scavenging activity = {(ARSntrorADS sampid / (ADS contro)} X 100

Where; Abscontrol IS the absorbance of NO radical +methanol; Ahgieis absorbance of NO

radical + sample extract or standard.

9.2.5 In-vivo antioxidants assays

9.2.5.1 Determination of catalase activity

Catalase activity was assayed using the catalesey &t (CAT 100) purchased from Sigma-
Aldrich St. Louis MO, USA. The reaction mixture sted of 0.4 ml of 0.2M $D,, 1 ml of
0.01 M phosphate buffer (pH 7.0) and 0.1 ml of dil®emogenate (10 % w/v) was added in a
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total volume of 1.5 ml. The reaction was stoppedabging 2 ml of dichromate-acetic acid
reagent (5 % KCr,O; prepared in glacial acetic acid). Catalase agtwias then determined by
measuring changes in the absorbance at 620 nnmimdte interval for 5 minutes and recorded.
Liver was homogenized in 0.01 M phosphate buffdd (f0) and centrifuged at 5000 rpm.
Percentage activity was calculated using the eguati

% catalase activity = [(hormal activity — inhibitedtivity)] / (normal activity)] * 100 %.

9.2.5.2 Determination of superoxide dismutase #agtiv

Superoxide dismutase activity was measured usia¢®D kit (19160) purchased from Sigma-
Aldrich (Chemie GmbH, Germany). The activity wasedmined by following the manufacturer
instruction. Liver homogenate (2d) was added to 20@l of the kit working solution. The
mixture was incubated at 37°C for 20 min after ggeshaking and added 20 of the kit enzyme
working solution. The absorbance of the mixtures weeasured spectrophotometrically at 450
nm (Thermo Spctronic, BioMate 3 Rochester, New YddSA) and the SOD activity was
calculated using the following equation:

% SOD activity = {[(blank 1 — blank 3) — (sample-Asample A’s blank 2)] / (blank 1 — blank
3)} x 100

Where blank 1 was a mixture of the working solutasmd enzyme working; Blank 2 contained
the liver homogenate with working solution and tida buffer, while water was added to the

liver homogenate in the blank 3.
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9.2.5.3 Determination of reduced glutathione atjivi

Reduced glutathione was determined using the Giiota¢ assay kit catalog number CS0260
purchased from Sigma-Aldrich. (St. Louis, MO, USAjver samples were washed twice with
PBS immediately after excision and homogenize Vighid nitrogen to fine powder. An aliquot

of the powder (0.1 g) was added to 3 ml of 5 % Isesalicyclic Acid (SSA) solution (0.5 ml) to
deproteinize and vortex to remove the precipit@edein. The working mixture of 15d of 1X
assay buffer (8 ml) was added to 22®f the diluted enzyme solution (6 units/ml) arBzl of
DTNB stock solution (1.5 mg/ml) and re-suspendedterAincubating for 5 min at room
temperature, 5@l of the diluted NADPH solution was added and thmeixed to generate a
yellow colour. The absorbance of reduced glutathas measured at 412 nm and calculated by
subtracting the final absorbance from the blanke Values of the glutathione standard solutions
were used to determine the standard curve andA#d.2/min equivalent was calculated to 1
nmole of reduced glutathione per well. The activfythe enzyme was expressed as percentage

(%).

9.2.5.4 Estimation of lipid peroxidation

Lipid peroxidation in the liver was estimated caimetrically by Thiobarbituric acid reactive
substances (TBARS) using malondialdehyde (MDA) astamdard. In brief, 0.1 ml of liver
homogenate (10 % w/v) was treated with 2 ml of :@l:tatio) TBA-TCA-HCI reagent
(thiobarbituric acid 0.37 %, 15 % trichloroacetmdand 0.25 N HCI). All the tubes were placed
in a boiling water bath for 30 min, and allowedctwl. The amount of malondialdehyde formed
in each of the samples was assessed by measueiradpsorbance of clear supernatant at 535 nm
using a spectrophotometer at 1 minute interval$forinutes against reference blank. Percentage

207



activity was calculated using the equation: % irtloh of lipid peroxide = {A- A1}/A, x 100,

where A is the absorbance of the control andig\the absorbance of the sample extract.

9.2.6 Statistical analyses

All data were expressed as mean = SD. The data amamb/zed using General linear Model
Procedure of SAS (2003). Pair-wise comparison efl#fast square means was performed using
the PDIFF test.

The model used was

Yi=H+Ti+Ej

WhereYj = antioxidant parameters;

p=is the overall mean;

T=is the effect of dietary supplementation or exttra

E;j= is the random error.

In the model the data was tested for normality\wad normally distributed.

9.3 Results

9.3.1 Total polyphenolic contents

The amount of flavonoids, flavonols, phenols andapthocyanidins in acetone extract were
found to be 295.01 QE/g, 132.74 QE/g, 120.33 Th/gl 32.50 CE/g, respectively (Table 9.1)

which are greater than the aqueous extract.
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9.3.2 ABTS radical scavenging activity

The acetone extract ™. oleiferaleaves was fast and effective scavengers of thESARdical
and its activity compared well with BHT, but difeeit as compared with the aqueous extract as
shown in Figure 9.1. The percentage inhibition aétane and aqueous extracts, BHT and rutin
were 95.27, 72.89, 98.47 and 73.8 %, respectively eoncentration of 1.0 mg/ml. Thes|C

values of acetone and aqueous extracts were Oritb@.665 mg/ml, respectively.

9.3.3 DPPH radical scavenging activity

The scavenging effects of acetone and aqueouscexiva the DPPH radical are illustrated in
Figure 9.2. Acetone extract &fl. oleifera leaves significantly reduced the DPPH radical in
concentration dependent manner with higher actithgn the aqueous extract. In comparison,
acetone and aqueous extracts had percentage imhibft98.24 and 83.56 %, respectively while
BHT (98.62) used as positive control showed siméletivity with acetone extract at 1 mg/ml

(Figure 9.2). The activity was concentration depsmd

9.3.4 Reducing power

The reducing power oM. oleifera extracts increased with an increase in conceatrati
Antioxidant activity of acetone extract was fourtdlte strongly effective on reducing power
when compared with the aqueous extract but sigmiflg lower than vitamin C and BHT used as

reference drugs at 0.5 mg/ml (Figure 9.3).

209



Table 9. 1:  Total polyphenolic contents of the leagxtracts of M. oleifera (n =3)

Solvent extracts Phenolics Flavonoids Flavonols Proanthocyanidin
(TE/Q) (QE/g) (QE/g) (CE/q)

Acetone MOL 120.33+0.76  295.01+1.9% 132.74 +0.83 32.59 +0.50

Aqueous MOL 40.27 +0.99 45.1 +0.47 18.10+0.18 16.91 + 0.87

2D Means with different superscript in the same caludiffer significantly (P< 0.05)
QE = Quercetin equivalent
TE = Tannic acid equivalent

CE = Catechin equivalent
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9.3.5 Nitric oxide radical scavenging activity

The effect of both solvent extracts ™. oleifera leaves against nitric oxide radical was
evaluated. Both solvent extracts appreciably rediube release of nitric oxide radicals, but
significantly lower as compared with BHT the posticontrol, in a concentration dependent
manner (Figure 9.4). The aqueous extract moderatdyenged the formation of nitric oxide
radical. At 1 mg/ml, the percentage inhibitionsN® radical by BHT, acetone and aqueous

extract were 98.47, 65.77 and 59.4, respectively.

9.3.6 In-vivo antioxidant

The effect of MOL, SC and GH supplement on thevésds of antioxidant enzymes assays in
this present study are shown in Table 9.2. Diepkupented with MOL and SC significantly
increased the activity of GSH as compared withGl€ group. In comparison, the activities of
CAT and SOD of diet supplemented with MOL and SGewnecreased appreciably than the
goats fed with ordinary GH. However, the activitesthe GSH, CAT and SOD of the goats
supplemented with MOL showed higher activity. MOhdaSC inhibited the amount of MDA
generated in liver homogenate of goats while beitérity was observed in group supplemented

with MOL as presented in Table 9.2.
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Figure 9. 1: ABTS radical scavenging activities ahe acetone and aqueousl. oleifera
leaf extracts

BHT = 2,2-azinobis (3-ethylbenzothiazoline-6-sulpbacid) diammonium salt,

MOW = M. oleiferawater extract,

MOA = M. oleiferaacetone extract,

RTN = Rutin
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Figure 9. 2: DPPH radical scavenging activity of agtone and aqueous leaf extract d¥l.
oleifera

BHT = 2,2-azinobis (3-ethylbenzothiazoline-6-sulpbwacid) diammonium salt

MOW = M. oleiferawater extract

MOA = M. oleiferaacetone extract

RTN = Rutin
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Figure 9. 3: Reducing power of acetone and aqueoleaf extract of M. oleifera

BHT = 2,2-azinobis (3-ethylbenzothiazoline-6-sulpbacid) diammonium salt

MOW = M. oleiferawater extract

MOA = M. oleiferaacetone extract
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Figure 9. 4: The nitric oxide radiical scavenging etivity of acetone and aqueous leaf
extract of M. oleifera.

BHT = 2,2-azinobis (3-ethylbenzothiazoline-6-sulpbacid) diammonium salt,

MOW = M. oleiferawater extract

MOA = M. oleiferaacetone extract

RTN = Rutin

QCTN = Quercetin
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Table 9. 2.  Effect of diet (MOL, SC and GH) on LPO antioxidant and GSH in goat liver

Treatment GSH (%) CAT (%) SOD (%) TBARS (%)
n=8 n=8 n=8 n=8

M. oleifera 186.0+ 1.6 0.177 £+0.006 97.80+1.29 81.33+0.99

Sunflower 135.0+% 0.145+0.009 89.15+1.58  38.76 +0.48

Grass hay (control) 119.0+839  0.027 +£0.02 745+ 1.48 1.99 +0.02

3 Means with different superscripts in the same mwlliffer significantly (P < 0.05)

GSH = Reduced glutathione activity
CAT = catalase activity
SOD = Superoxide dismutase activity

TBARS = Thiobarbiuric acid reactive substances
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9.4  Discussion

Polyphenolic compounds exist widely in the plamgdom and are common in leaves, flowering
tissues and pollens (Siddhuraju and Becker, 200%)se compounds are used to modulate lipid
peroxidation involved in atherogenesis, thrombasid carcinogenesis due to their antioxidant
activity and anti-inflammatory action (Frankel akig@yer, 2000; Siddhuraju and Becker, 2003).
The present study revealed higher values of phendlavonoids, flavonols and
proanthocyanidins in acetone extract Mf oleifera leaves than the aqueous extract. The
observed result could be due to different degrgmotdrity of the solvents used for the extraction
of polyphenolic compounds and thus could contrisigmificantly to the antioxidant and free
radical scavenging activity. Similar observationsw@gemonstrated by Siddhuraju and Becker
(2003) who reported antioxidant activity of methiamadeaf extract ofM. oleifera from three

different agro-climatic origins due to high phecaind flavonoid content.

The phenolic content d¥l. oleiferaleaves observed in this study corroborated wiéhfhdings

of Frum and Viljoen, (2006) and Sreelatha and Paf#889) on different fractions of this plant.
The synergistic effect of phenolic compounds mantitioute significantly to the ability of the
extracts to adsorb and neutralize free radicaldemompose peroxides (Adedagbal, 2008).
Their ability as free radical scavengers could e tb their redox properties, presence of
conjugated ring structures and carboxylic group clwhhave been reported to inhibit lipid

peroxidation (Atawodet al, 2010; Oyedemet al, 2010).

The reaction of antioxidant compounds presentMn oleifera leaves with DPPH radical
discolourized the visible deep purple colour by sugmg the changes in absorbance at 517 nm.
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The degree of discolouration indicates the scavengotential of the extract due to hydrogen
proton donation (Vermat al, 2009). In this study, both solvent extracts scaed DPPH
radicals in a concentration dependent manner Whgker activity was observed in the acetone
extract (Figure 9.2). The acetone extracts coutdesas free radical inhibitors acting possibly as
primary antioxidants. Lu and Foo (2000) reportdagh correlation between DPPH scavenging
potential and total phenolic content of plant estisa Sreelatha and Padma (2009) demonstrated
that methanol extract d¥l. oleiferaleaves significantly reduced DPPH radicals tholaywer
than our observed results. Variation could be dudifferences in polarity of the solvents and

geographical location of the plant (Sreelatha aadinia, 2009).

The acetone extract had strong activity to quenBf & which may be ascribed to the presence
of phenolic compounds with hydroxyl group attachedhe aromatic ring structures (Vinseh

al., 1998). The findings in this study was compardbléhat of DPPH radical but contradictory
to the findings of Oyedemet al (2010) who found that scavenging ability $f henningsii
extract against DPPH was greater than ABadicals. This observation opposes the fact that
different test and solvent system could affect cangon of antioxidant activity based on
different assays methods ((Frankel and Meyer, 200@ observed result could be attributed to
the high phenolic contents especially flavonoidstlie acetone extract. The present study
reported the ABTS radical scavenging activityMbfoleiferaleaves in acetone for the first time

despite various antioxidant assays carried ouhsnpiant.

Nitric oxide is a key signaling in the physiolodicand pathological conditions and when
reacting with macromolecules may induce inflammaitactivities. It has been reported to play
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an important role in various inflammatory processesh as carcinomas, muscle sclerosis,
arthritis and ulcerative colitis (Hazet al, 2009). The percentage inhibition displayed bthbo
acetone and aqueous extracts showed a potent gesv@mitric oxide and thus confirmed the
use of this plant for the treatment of anti-inflaatory diseases caused by nitric oxide formation.
In this study, acetone extract df oleiferaleaves depicted a significant inhibitory effect iaga
nitric oxide generation which is comparable to geén but lower to BHT and rutin used as

reference drugs.

Siddhuraju and Becker (2003) reported that the agedupower of bioactive compounds was
associated with antioxidant activity. As a resitlis imperative to determine the reducing power
of this plant in order to elucidate the relatiomshetween their antioxidant effect and the ability
to transform FE€to FE2 The reducing power of the plant extracts was founbe concentration
dependent. The antioxidant activity of both solvextracts is correlated with their total
polyphenolic contents. Several studies have shbwrcorrelations between reducing power and
polyphenolic contents in plant extracts (Pourmoeadl, 2006; Thirugnanasampandahal,,
2008). The findings obtained from this study agreetth Siddhuraju and Becker (2003) who
showed that antioxidant properties were concomadtit the development of reducing power.
Therefore, phenolic compounds presentinoleiferaleaf extracts are good electron donors and

could terminate the radical chain reaction by cotmveg free radicals to stable products.

The consumptiof M. oleiferaleaves by both humans and animals have been stwopossess
high nutritive value and antioxidant compounds (#ddi et al, 2010; Khalafalleet al, 2010;
Mendieta-Araicaet al, 2011). Ingestion of this plant as animal diehibited the medical and
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therapeutic activities in the body (Fahey, 200%ipeoxide dismutase has been reported as one
of the most important antioxidant defense enzyrhas $cavenge superoxide anion in order to
lessen toxic effects caused by this radical (Cwtial, 1972; Liyana-Pathiranagt al, 2006).

The present study revealed the high percentagbiiitm of superoxide anion in the goats fed on
MOL diet than the GH diet. This observation impleas efficient protective mechanism gk
oleifera leaves against scavenging superoxide anion whiely be attributed to the high

concentration of phenolics and flavonoids contéRtsbak and Glyglewski, 1998).

Reduced glutathione (GSH) is a non enzymatic bioddgantioxidant present in the liver. It
protects cellular proteins against reactive oxygjegcies in the body (Arivazhaganhal, 2000).
The activity of GSH was significantly increasedgmats supplemented with MOL diet which is
associated with a decrease in the level of lipixyieation. Results on plant materials have been
observed in rats that were given plant extracts idose dependent manner though not fed
(Badamiet al, 2005; Chokt al, 2010; Oyedemet al.,2010). Generally, high phenolic contents
of the acetone extract correspond with antioxidantivity due to the combined effect of these

compounds.

Catalase is another antioxidant enzyme widely idisted in the animal tissues (Oyedesnial.,
2010). The enzyme is reported to protect the sydtem highly reactive hydroxyl radicals
through hydrogen peroxide decomposition (Chaeteal, 1952). Reduction of this enzyme
activity may promote the cellular damage causethbyassimilation of superoxide and hydrogen
peroxide. However, in this study the ingestionMbf oleiferaleaves by the goats had a higher
inhibition of catalase activity than SC and GH diétis indicates the hepato-protective ability of
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this plant against liver damage. The study showet the antioxidants present in the leaves had
the ability to be transferred to the animal. They la role in modifying the concentration of
antioxidants, pro-oxidants in muscles. Dietdy oleiferacould have assisted to counteract the
action of pro-oxidants in muscle tissues bothvimfj goats and also after slaughter. In Chapter 7
it was observedM. oleifera diet influenced the colour and flavour of meatedence of
antioxidants in meat assists in the preservatiomeét. Further research needs to be carried to

find the antioxidant potential of meat from goatpglemented witiM. oleiferaleaves.

9.5 Conclusions

The present study suggested that the aqueous atchacextracts oM. oleiferaleaves, have
potent antioxidant activities but at different degr The antioxidant potential may be attributed
to the presence of polyphenolic compounds. Thuswoption of diet supplemented wil.
oleifera leaves could protect the animals against diseaskesed by oxidative stress and also
assist in the preservation of meat. The protectitect of M. oleiferamay explain its extensive

use in life and possible health benefits.
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Chapter 10: General Discussion, Conclusion and Regonendation

10.1 General discussion

Goats play an important role to resource-limitednixs by providing animal protein, income
and are essential for socio-cultural purposesthmeit production and productivity in developing
countries is constrained by many challenges. Themthallenge being the inadequacy of feed
especially protein, during the winter or droughtipgs. The presence of helminths, also brings
in a lot of challenges to the goat production sys(€ampbell, 2003). Inadequacy of feed slows
goat growth as well as predisposes goats to clyggkenof helminthes. Increasing goat
productivity requires the provision of diets rich proteins (Sarwatet al, 2002). However,
commercial protein supplements are expensive aadlailable to the resource-limited farmers.
This calls for need to look for alternative feedslsas forage plants, which have nutritional and
medicinal properties, which could be offered totgoso as to improve goat productivity for
resource limited farmers. The objective of thisdgtwas to determine the effect bf. oleifera
leaf meal supplementation on goat performanceasarand meat quality, as well as evaluate its

medicinal properties.

In Chapter 3, the nutritional value bf. oleiferaleaves was determined. From the study, it was
found that the dried moringa leaves had 30.3 % enquatein and 19 amino acids. This is in
agreement with Sanchez-Machaetoal. (2010) and Fadiyimet al (2010), who reported high
crude protein content dfl. oleiferaleaves that varied from 17.9 to 29.68 %, whichne of the
highest found in forage plantsloringa oleiferaleaves had high values of minerals especially
iron and selenium. It was imperative to initiallysass the nutritional value M. oleiferaleaves,
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which could assist in formulating diet for goatsngstheM. oleiferaleavesMoringa oleiferas
nutritional properties encouraged investigation itsf medicinal properties and use as an
alternative protein supplement in animal productionChapter 4 and 9 thd. oleferaextracts
exhibited some antibacterial and antioxidant atéisj respectively. This is in agreement with
Sreelatha and Padma (2009) who reportedihatleiferahave some medicinal properties. The
antioxidant and antibacterial activities M oleiferacould be beneficial to animals as it could
improve their health and overall productivity. BessM. oleiferds antibacterial and antioxidant
properties, supplementation with MOL suppressediriternal parasite load on goats (Chapter

5).

In Chapter 6 it was hypothesized that supplememtati goats withMl. oleiferaleaf meal has
similar growth performance, carcass and non-carchasacteristics with those supplemented
with Sunflower seed cake or Grass hay. Goats somieed with the MOL diet had higher
ADG, BCS, slaughter weight, warm carcass weighd, @rcass conformation scores than those
that received the GH diet (Chapter 6). The goapplemented with MOL compared well with
those supplemented with SC diet. Similarly, Mued al (2003), reported that sheep
supplemented witM. oleiferahad higher growth performance, suggesting khabdleiferacould

be used as an alternative protein source (Mendigdcaet al, 2011) and therefore, can be used
as supplementary feed to improve growth performaarue carcass characteristics of goat. It
could be an ideal feed supplement for resourcedunifarmers, who in most cases have

inadequate financial resources to buy conventisnpplementary feeds.
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Results from Chapter 7 showed that chevon from M@t SC supplemented goats had higher
values for lightness (L*) 24 hoyvost-mortemwhich could be due to the dietary antioxidant
properties (Sreelatha and Padma, 2009 redness (a*) values of chevon 24pbst mortem
were higher in MOL supplemented goats. This cogl@ttributed to high dietary antioxidant and
iron consumed by the goats on the MOL diet, whiokld have increased haemoglobin and
myoglobin concentrations (Priolet al, 2001; Sreelatha and Padma, 2009). Warner Bratzle
shear force values of chevon from SC were lowen thase for meat from GH diet which could
be ascribed to the high amount of intramusculaTatpuret al, 2008). The observation that
chevon from goats supplemented with MOL or SC hgtidr protein content than those on GH
diet was attributed to higher dietary protein italSupplementing wittv. oleiferaleaf meal
produced chevon of comparable quality to SC buh wésirable fatty acid composition (Chapter
8). Then-6/n-3 PUFA ratio was lower in chevon from goats tlesteived MOL and GH and this
was related to dietary fatty acid composition. Wabdal (2004) reported that the quality and
composition of fatty acids in chevon are relateth®presence of some of their precursors in the

diet.

The antioxidant and antibacterial activities Mf oleifera could be beneficial to animals as it

could improve their health and overall productivity

10.2 Conclusion

Findings from the study showed thdt oleiferaleaves have high nutritive values, especially
crude protein, minerals and desirable fatty acldee high nutritive value maked. oleiferaan
ideal alternative protein supplement. THe oleiferaleaf meal (MOL) improved the dry matter
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intake, growth performance, and the carcass clarsits of goats. Furthermore, MOL diet
improved the physico-chemical characteristics odimi was noted that MOL produced similar
economic benefits as sunflower seed cake mMdakinga oleiferaleaf meal also produced
chevon of good quality which had higher proteinteoth Interestingly, it reduceat6/n-3 fatty
acid ratio and increased PUFA/SFA ratio in chevomparatively to the goats fed on grass hay,
which is of health benefit to the human consumepgementing goats witM. oleifera leaf
meal reduced the cholesterol levels in chevon, kwhig desirable to healthy conscious
consumers. It also reduced helmintic load of gdats.speculated that it impacted the resistance
and resilience of the goatgloringa oleiferaleaves are of therapeutic and medicinal valueesinc
they exhibited antimicrobial and antioxidant prdp. It was therefore, concluded thdt
oleifera has got multiple beneficial effects. Its use apratein supplement brought a lot of
desirable characteristics of improving goat perfamce, meat quality and at the same time
suppressing the effect of helminth infection. HyiaM. oleifera meal could be used as an
alternative protein supplement with a potential $abstitute the conventional protein
supplements, notwithstanding the present high @it oleiferameal. If the cultivation is done

at a wide scale, its price might be cheaper.

10.3 Recommendations

Although findings from the study showed thdt oleiferaleaves have nutritive and medicinal
properties and can be used to improve goat growtfopnance and meat quality, its potential
use as a feed supplement is affected by curreht frige (DryM. oleiferaleaves cost R25.00
per kg which is equivalent to US $ 3.5). The feedustry is yet to explore the potential Mf
oleiferaleaves and similarly few farmers are aware obésefit as a livestock feed supplement.
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Secondly, it is found in few localities in Southrigh making it a scarce resource, which results
in its high prices.
It is recommended that:

1. Farmers should be made aware of the propertidd. adleiferaand encourage them to
plant it at large scale. This could enable farnmerproduce the meal at lower cost for
economic use in animal supplementation.

2. Further research should be done to determine feeteadf feedingM. oleiferaleaf meal
to monogastric animals, such as pigs and chickerieer meat fatty acids.

3. There is also need to determine the effect of fegl. oleiferaseed cake on livestock
performance and meat quality characteristics.

4. Further research is also recommended to deterrhireding withM. oleiferaleaf meal

affects the hatchability of worm eggs.
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Appendix 1: Meat sensory evaluation form

Sensory analysis of chevon

Please evaluate the following samples of chevoat(geat) for the designed characteristics.

Characteristics Rating scale 1 2

1 | Aroma intensity 1= Extremely bland
Take a few short sniffs as soon as yds Very bland
receive the piece of meat. Typiga=Fairly bland
chevon aroma 4= Slightly bland
5= Slightly intense
6= Fairly intense
7= Very intense

8=Extremely intense

2 | Initial impression of juiceness 1= Extremely dry
The amount of fluid exuded on the gu2= Very dry
surface when pressed between |[tBe Fairly dry
thumb and the forefinger 4= Slightly dry
5= slightly juicy
6= Fairly juicy

7= Very juicy
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8= Extremely juicy

First bite
The impression that you form on t

first bite

1= Extremely tough
n@= Very tough

3= Fairly tough

4= Slightly tough

5= Slightly tender

6= Fairly tender

7= Very tender

8= Extremely tender

Sustained impression of juiceness
The impression of juiceness that vy

form as you start chewing

1= Extremely dry
o= Very dry

3= Fairly dry

4= Slightly dry

5= Slightly juicy

6= Fairly juicy

7= Very juicy

8= Extremely juicy

Muscle fibre and overall tenderness
Chew sample with a light chewin

action

1= Extremely tough
®= Very tough

3= Fairly tough

4= Slightly tough

5= Slightly tender
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6= Fairly tender
7= Very tender

8= Extremely tender

Amount of connective
(Residue)

The chewiness of the meat

tissue

1= Extremely abundan
2= Very abundant

3= excessive amount
4= Moderate

5= Slightly

6= Traces

7= Practically none

8= None

Overall flavour intensity

1= Extremelybland

This is the combination of taste whil@= Very bland

chewing and swallowing referring f{

the typical chicken flavour

3= Fairly bland

4= Slightly bland
5= Slightly intense
6= Fairly intense
7= Veryintense

8= Extremely intense

A- Typical flavour intensity

1= None
2= Practically one

3= Traces
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4= Moderate

5= Slightly intense
6= Fairly intense
7= Veryintense

8= Extremely intense

TICK RELEVANT A-TYPICAL FLAVOUR/S

1 | Liver/bloody Metallic

2 | Cooked vegetable Sour

3 | Pasture/grassy Unpleasant

4 | Animal like/  kraal other
(manure)
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