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ABSTRACT

Soyabean meal (SBM), the major protein sourceedden sub-Saharan Africa, is
in short supply. The shortage is a major constramtintensified animal
production to meet increased demand hence the mided to search for
alternativesKigelia africang Mumisops zeyherTerminalia sericeandXimenia
caffra are indigenous fruit bearing trees (IFBTs) whoseds’ potential as
alternative protein sources in feeds were evaludted evaluation consisted of an
initial physico-chemical characterization of thedg followed by determining
vitro the safety of seed oils on cell lines. Based @nphysico-chemical anith
vitro evaluation, the most suitable seed was selecéddtted and its meal used as
a dietary substitute to SBM in the vivo trials using adult and weanling male

Sprague Dawley rats.

The T. sericeaseed yield was not viable. Chemically africana and X. caffra
seed demonstrated potential as protein sourcesedusf M. zeyheri seed
demonstrated potential as an energy source. Th&dlBeds oil yield surpassed
that of some traditional oilseed crops. Oleic andléic acid were the major fatty
acids contained in the oilk vitro, K. africang M. zeyheriandX. caffraseed oils

suppressed Caco-2 and HEK-293 cell proliferatioimanit causing cell death.

X. caffraseed, deemed the most suitable, was defattedtauisded meal used in

thein vivo trials. In mature rats, dietary substitution ofNbBith the defattedX.



caffra seed meal did not affed® & 0.05) dry matter intake, apparent digestibility
of nutrients and nitrogen absorption and retentlonveanling rats, the defatted
X. caffra seed meal had no effegh termination (body mass at the end of the
feeding trial) and empty carcass mass and lineawtyrof the rats. Metabolic
substrate storage, fasting blood glucose concemirand the general health
profile of the growing rats were not altered bytaig X. caffraseed meal. The
defattedX. caffraseed meal increased the mass of the stomach aidist@stine

(P = 0.0071;P = 0.0001) of rats on the test diet where a 100&tady crude
protein (CP) from SBM was substituted by CP frora ttefattedX. caffra seed

meal.

Defatted X. caffra seed meal could substitute SBM in rat and possibly
monogastrics feeds without compromising digestipilnitrogen balance, growth

and general health.
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CHAPTER 1: INTRODUCTION AND JUSTIFICATION



1.0 Introduction

Availability and access to nutritionally balancembd is one of the fundamental
tenets of the United Nations charter that is enslariin the constitutions of
member states signatory to the charter [Food anttélture Organisation (FAO),
1996]. In sub-Saharan Africa (SSA) the staple hurf@ods include cereals
(largely maize and small grain cereals), roots anwbrs (potatoes and cassava)
which are sources of energy and farmed legumesamdal products (sources of
protein) (Amuna et al.,, 2000; FAO, 2011). Amjadaét (2006) contend that in
excess of 170 million pre-school children and mgsnothers in the developing
Afro-Asian countries suffer from protein-energy matition. Although
malnutrition is a complex condition that can inwhmultiple, overlapping
deficiencies of protein, energy and micronutrienggrotein malnutrition
predisposes the population at risk to disease anmgported as the underlying
cause of one out of every two deaths of childredeurthe age of five in the
developing world (Murray and Lopez, 1997; Bryceakt 2005). The prevalence
of protein malnutrition is high in the SSA in retgrweaned children who are
subjected to inadequate cereal-based diets thapratein and micronutrient
deficient (Van de Poel et al., 2008). Proteinssamgrces of amino acids and they
(proteins) constitute 16.36% of the average human body massZz¢R et al.,
1963). They (proteins) are necessary for the sgith&f and maintenance of the
enzymes, hormones, neurotransmitters, the bloaal, siuscle and bone. Animal-
derived products (protein) supply essential amicidsa(EAAS) and essential fatty

acids (EFAs). A deficiency of EAAs in children leadb stunting, subnormal



mental development, kwashiorkor and a predispasiiiodisease. Essential fatty
acids (EFAs) constitute some of the omega-3 pobltumated fatty acids (n-3
PUFASs) that are a pre-requisite for normal foetalirb and visual development
(Neuringer et al., 1998). Omeg-3 polyunsaturatéty fzcids (n-3 PUFAS) play an
important role in the reduction of plasma triglydes, platelet aggregation, blood
viscosity and blood pressure, and are known to lwvehibitory effect on the

growth of prostate and breast cancer (SimopoloQ802Tample, 1996; Rose,
1997). Animal product-derived essential nutrierE\s and EFAs) are thus
critical for growth and development, and are vitalnormal early childhood

growth and maintenance of health in both the yoamgl elderly. In the

developing world, including the SSA, EAAs and EF#aild be easily supplied
from animal products if production met demand. Heosveit has been noted that
animal products (eggs, meat, milk, fats and oil€) ia short supply in human
diets in the least developed countries, includmg¢he SSA region (Amuna et al.,
2000). Ideally, human diets, particularly in theveloping world where most
communities cannot afford micronutrient-dense saimygnts to fortify foods, need
to have animal protein as a dietary component tetrtiee dietary protein and
essential micro-nutrient requirements of the notmdlly vulnerable groups

particularly pregnant women, nursing mothers, rdgemnweaned children,

adolescents, the elderly and the sick.



1.1 Protein sources for humans in sub-Saharan Africa

Forty-six percent of the dietary energy supply (DPB8r capita per day in SSA
comes from a combination of cereals, other graimd Egumes with 15.6%
coming from roots and tubers (Amuna et al., 2000)he former Western Europe
(part of the developed world), 33% of the DES inaarage diet comes from
animal products versus 7% of the DES from animaldpcts in Africa (FAO,
2011). Cereals, roots and tubers (maize, smalhgraieals, sweet potatoes and
cassava) thus form the major proportion of thesdt communities in SSA
supplemented with inadequate quantities of farnegirhes and protein from
animal products. The dominance of inadequate laatepn carbohydrates in the
diets of communities in SSA exposes the populatuamticularly the vulnerable
groups to protein malnutrition. Compared to plaatihced protein, animal-derived
protein is of high quality in terms of the balarmween amino acid composition
and proportion that leads to a higher protein Efficy ratio (PER) and
digestibility (Schaafsma, 2000; Table 1.1). Proteificiency ratio (PER) is
determined by dividing the gain in body mass (g}h®yquantity (g) of the protein
consumed (McDonald et al., 2002), thus it is a measf the efficiency of the

utilization of absorbed protein.



Table 1.1 Protein efficiency ratio and digestibility of senselected protein

sources

Protein Protein Efficiency Ratio Digedbility (%)
Egg 3.8 98
Cow’s milk 3.1 95
Beef 2.9 98

Soy 2.1 95
Wheat 1.5 91

Source: Schaafsma, 2000



Natural pasture land in the SSA region has givery w@a cropping and

urbanisation. The decrease in natural pasture lmml led to a concomitant
reduction in off-veld ruminant animal protein pration (Thornton, 2010). The
decrease in off-veld ruminant animal production remilted in a failure to meet
the increased demand of animal products. In SSAitbeeased demand for
animal products is driven by urbanisation, increaseomes (Tadelle et al., 2003)
a preference for a more nutritious diet by the easing urban middle class
(Delgado et al., 1999), and the heavy dependencgiebuas a result of the
HIV/AIDS pandemic. The decreased ruminant animaten production off-veld

(Thornton, 2010) coupled with increased animal pobdprotein) demand in the
SSA region (Tadelle et al., 2003), requires annisifecation of animal protein

production in order to meet the increased demahd.shortage of quality animal-
derived protein in SSA has compromised the nutréticstatus of the vulnerable
(recently weaned children and the aged) thus ergasiem to increased risk of

contracting diseases (Van de Poel et al., 2008).

1.2 Protein: a major feed ingredient in animal production

An intensification of animal product production 9és on the availability of
quality feed resources to fuel the process. Undtnsified animal production,
feed costs account for about 70-80% of the cosarmmal production (Brand
2000; Chipa et al., 2010 citing Henning; 1999BekadSahin, 2011). Feed costs

account for 80-90% in intensive broiler producti@f;80% in pig production and



75-85% in intensive dairy farming, respectively, thfe total variable costs
(Brookes, 2001). Protein and energy are vital eats for livestock. Energy is
important for normal functioning of the animal bo@afarnejad and Sadegh,
2011). Protein, a constituent of all bodily tissuedluences animal productive
and reproductive performance and is the most expematrient in broiler and

any intensified animal production enterprise (Kameaal., 2004).

1.2.1 Protein sources in animal feeds in sub-Saharan Afca

Plant-derived and animal-derived products consgtithe major sources of protein
in livestock feeds in the SSA region. Undecortidatal-seed cakes, largely
sunflower Helianthus annuys and cotton Gossypium hirstuin seed cakes
constitute the major conventional plant-derived t@ro sources in intensive
ruminant animal production (McDonald et al., 2008pyabean meal (SBM), a
by-product of oil extraction from soyabedalycine ma¥, decorticated sunflower
and cotton seed cakes and fishmeal (FM) are harthel conventional plant-
derived and animal-derived protein sources, respmdygt used in intensive
monogastric animal (broiler, pullet, piggery anduaculture) production in the

SSA region.



1.2.2 Nutritional characteristics of conventional protein sources

Sunflower and cotton seed cakes (SSC and CSC ctespg) are generated from
the pressing of oil from the seeds (Jabbar eR@09; McDonald et al., 2002). Oil
expulsion from the undecorticated sunflower andotoseeds generally produces
protein cakes that have a high content of diffefdémé fractions (McDonald et al.,
2002). The high fibre content of such oil seed sakand meals) lowers
digestibility and generally are not recommendedpesein sources in simple-
stomached (monogastric) animal feeds (McDonaldlet2802). The fibre in
protein cakes and meals produced from undecorticaiteseeds complexes with
protein making it unavailable to monogastric ansn&@uch “high-fibre” oilseed
protein cakes and meals are, in general, used temsive ruminant animal
production, such as dairy and pen-fattening of namis, that are physiologically
and anatomically more adapted to digest fibre (ézdle and hemicelluloses) and

thus can access some of the protein complexedtetfibre components.

The decortication of sunflower and cotton seedofedld by oil extraction
produces protein concentrates of low fibre contehich can be utilised in diet
formulation for monogastric animals. The degreedetortication determines
both the crude protein (CP) and fibre content efrgsultant seed cake (Jabbar et
al., 2009), for example, the CP content of decat#id sunflower seed cake ranges

from 24 to 40% (Jabbar et al., 2009). Comparech&45% CP in decorticated



CSC (McDonald et al., 2002), undecorticated CSC aadswer (23.1%) CP
content (Sharma et al.,, 1978), thus processingahasffect on protein quality
particularly when the cake is intended to be usednbnogastric animal feed

formulation.

Although decorticated CSC and SSC are generallgoofd quality, their major
disadvantage is the low concentration of lysine amadhionine (McDonald et al.
2002). Lysine and methionine are usually the fastl second limiting amino
acids, respectively, in monogastric feeds (McDorgtl@l., 2002). In mammals,
lysine and methionine are precursors of carnitit@ppel, 2003) Carnitinehas an
obligate role in the mitochondrial oxidation of pohain fatty acids through the
action of specialized acyltransferases (Hoppel 3208dditionally, methionine is
an essential component for protein synthesis, @upser for cysteine and a
methyl donor (Graber and Baker, 1971), thus us#eobrticated CSC and SSC in
monogastric animal feeds, despite their low fitwatent, requires methionine and
lysine supplementation. Research has demonstragegrotein sparing effect of
using synthetic lysine and methionine to balanocs ude protein diets of

monogastrics (Tuitoek et al., 1997).

Soyabean meal (SBM) is the major plant-derived ginosource used in animal
feeds for intensive animal production in the SSAioe and the world over

(Storebakken et al., 2000). It is one of the mastitnous of plant protein sources



in feeds (Lovell, 1988) with a high protein contemtd relatively well balanced
amino acid profile and as such is widely used edfeormulation (Storebakken et
al., 2000). Soyabean meal has a much higher caatient of the essential amino
acids chiefly lysine and methionine than other plrived protein concentrates
(McDonald et al., 2002). The high concentratiotlysine and methionine in SBM
is crucial in the formulation of least cost dieisce less of the costly synthetic

lysine and methionine is required to balance tle¢sdi

Although blood meal (BM) and meat and bone meal TMBO) are animal-

derived protein sources in feeds, fish meal (FMYhse major animal-derived
protein source in livestock feeds. On average Bindatter contains 90-95% CP
(Buraczewski, 1990) and is characterized by prot&ih in lysine and leucine.
Despite BM’s high concentration of lysine and lewgi routine processing of
blood from slaughter houses into quality BM in S&Auntries is bedevilled with
technological challenges. Furthermore, BM inclusiondiets is limited by its

unpalatability which negatively affects feed intaklbus is not routinely used.
Additionally, the outbreak ofBovine spongiformencephalopathy (mad cow
disease) has also limited (in some parts of thddy@nd / or resulted in a total
ban (in Europe) of use of BM and METABO as protegurces in animal feeds

(Brookes, 2001).
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Fish meal is regarded as the protein ingrediertt wie highest protein (60-64%)
concentration but the most expensive (Brookes, RODXFM) is produced by
pressing cooked fish in order to remove most ofvilager and oil; the residue is
then dried (McDonald et al., 2002). Well producéd 5 of high quality; contains
the ideal composition and proportion of amino acfoluding EAAS), with

digestibility ranging from 93-95% and is a good meeu of calcium and
phosphorus (McDonald et al., 2002). FM is generafigd in the formulation of

diets for younger animals, chiefly chicks (broilargd or pullets) and piglets.

1.2.3 Antinutritional factors in plant protein sources and effects in animals

1.2.3.1 Types of antinutritional factors

The use of legume and oil-seed derived cakes amdsrae well leaf protein meals
and concentrates as protein sources for livesteeld is limited by the presence
of a wide array of antinutritional factors (Franas al., 2001). Antinutritional
factors (ANFs) can be endogenous natural compotmaisd within the plant
material usually produced for purposes of defergaerest herbivory and or insect
pest attack or they can be secondary metaboliteduped during processing of
feeds and foods. Endogenous ANFs include, amongrstiprotease inhibitors
and phytohaemaglutinins found in most leguminousdsg chelating agents
(phytates and oxalates), gossypol, phorbol estesaponins, tannins,

oligosaccharides, lignin, cyanogenic glycosides txit amino acids (Francis et
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al. 2001). Process-generated ANFs include procfdtse browning and Maillard
reactions. Examples of toxic ANFs produced by briogrand Maillard reactions

include acrylamide anklydroxymethyl furfural (Capuano et al., 2009).

Soyabean, one of the three major protein sourcdivastock feeds in the SSA
contains protease inhibitors, Kunitz trypsin inkobi (KTI) and Bowman-Birk
inhibitor and phytohaemaglutinins (Mket al., 2009). It also contains saponins,
tannins and the oligosaccharides, stachyose afidaosd (Francis et al., 2001).
Some varieties of cotton seed contains the toxssymol while sunflower seed if

used undecorticated contains tannins in the seked hu

1.2.3.2 Effect of processing on antinutritional factors

The use of grain legumes (peanut, pea, beans ayambeans) and oilseeds
(rapeseed, sunflower and cotton) as protein ancygrs@urces in feeds and foods
is generally limited by the presence of thermoial@nd thermo-stable ANFs
(Hajos and Osagie, 2004). The ANFs need to be méited, inactivated and or
reduced to concentrations that do not elicit negateactions before use of the
grains and oilseeds for animal and human consumgiituzquiz, 2004). Protease
inhibitors and phytohaemoglutinins (lectins) arertho-labile, thus can be largely
inactivated via controlled heat treatment duringcessing of soybean seed into

soyabean meal and or cake. Moist heat treatmaepted as a more effective

12



method of inactivating thermo-labile ANFs when cargd to dry heating
(Carlini and Udedibe, 1997). While heat treatmemuces the effects of protease
inhibitors and phytohaemaglutinins in soyabean ather grain legumes, it does
not completely eliminate them (Carvalho et al., 89HHeat treatment causes a
decline in protein quality by making lysine unawbile and reducing protein
solubility and digestibility, hence the need foregr care when using thermal
treatment to inactivate thermo-labile ANFs. Therstable ANFs, for example,
saponins, gossypol and tannins present challemgeslisation of plant-derived
animal feed protein sources. However, dehulling dadortication of seeds has
been shown to reduce polyphenols such as tanniile wbaking, boiling and
washing was reported to reduce phytates, stachyadinose and saponins

(Muzquiz, 2004).

1.2.3.3 Effects of antinutritional factorsin animals

Antinutritional factors reduce the nutritional valwf feed ingredients either by
complexing with nutrients, forming insoluble conxds (precipitates) in the
gastrointestinal tract (GIT) thus making them imdiiole or unabsorbable
(Waghorn, 2008). They may also inactivate digestweymes hence reducing
their efficacy in catalysing hydrolytic reactiorigat are vital to digestion (Reyden
and Selvendran, 1993; Ravindran et al., 1995; Wagh2008). The negative

effects of ingestion of ANFs in grain legumes (utthg soyabean) and oilseeds
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on the physiology, productive and reproductive genfance of livestock has been
subject of many papers (Abou-Donia and Diecker74l®organ, 1989; Pusztai
et al. 1990; Lesake et al., 1995; Kensil, 19960¢igeira et al., 2001; Haridas et

al., 2001; Knight and Walter, 2003; Badawy et2007; Miki¢ et al., 2009).

1.3 Constraints to use of soybean meal and fish meal animal feeds

Intensive animal protein production (meat, milkgeagnd fish) depends heavily
on the availability of protein sources (oil seeespecially soyabean) and energy
sources (cereals) to formulate nutritionally bakhcand adequate feeds
(Thornton, 2010). In the SSA region, soyabean thgnprotein source in animal
feeds, is also used to a large extent as a digtgrgdient in foods. Consequently
this has created competition between humans anchadsi (Siddhuraju and
Becker, 2001). The demand for soyabean to satigiyjnam and animal
requirements in the SSA region is against a defitithe region’s combined
soyabean production making the region a net impaftd were to meet both
human and animal requirements for soyabean. Subar&ahAfrica currently
produces 1.4 million metric tonnes of soyabean éxjperiences a net SBM
shortfall of 1 million metric tonnes annually (HQuest Partners, 2011). As the
per capita gross domestic product increases in &®Athe current high demand
of animal protein continues, the shortfall of SBMSSA will grow substantially

(HighQuest Partners, 2011). The shortage of s@al®as resulted in an
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escalation of the price of livestock feeds (Barevsal., 2002), thus negatively
affecting animal protein production that translait@e reduced intake of animal

protein in the diets of communities in the region.

Droughts, recurrent mid-season dry spells (Kumagrlgt 2010) and the high
susceptibility of soyabean to insect pest attadkawiki et al., 2003) have
impacted negatively on efforts to intensify soyabgaoduction in the SSA
region. Mid-season dry spells and insect pest kataequire costly irrigation and
pest management interventions, respectively, thastnof the farmers in the
region cannot afford. The use of fishmeal as agmobase in animal feeds is
limited by problems of availability and its highstqForster et al., 2003) as well

as the odour-tainting it imparts to animal produttssed in finisher diets.

1.4 Justification

Competition and drought-induced soyabean shortagése SSA region and the
limitation in the use of FM mean that there is eagmeed for scientific search for
non-conventional substitutes to soyabean and FMatteaadapted to the climatic
and edaphic environment of the region. The globatgase in the cost of fossil
fuels has resulted in an increased use of foodscasfeeder material for biofuels.

The use of food crops as feeder material for bisfugas exposed human
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populations to famine and has exacerbated the ajef plant-derived protein

sources in feeds.

Indigenous fruit-bearing trees (IFBTs) are adaptethe eco-environment of the
SSA region and generations of humans have harvestedimber-tree products

especially honey and fruit from them. The pulp ritffrom IFBTs has been and,
continues to be, used as food. The fruit seeds hwhre potential sources of
protein for animal feed, oils and essential oile generally discarded after
utilization of the fruit pulp. Currently, there dearth of information on the

chemical,in vitro andin vivo potential of the IFBTS’ seeds as protein souroes i
animal feeds despite their (i.e. IFBTs) ready amlity in the SSA eco-

environment and the lack of competition betweemmais and humans for the
IFBTs. To ensure wholesome use of the IFBTs seetlstas protein sources in
feeds, it is important that the lipids in their deébe quantified and profiled in
order to determine their potential applicationsctsa holistic approach would

result in IFBTs contributing more to human liveldds in a sustainable manner
leading to community based conservation of the gewous tree resources
(Akinnifesi et al., 2006). Research efforts to latexa the animal feed ingredient
base have focused on farmed grain crops and plamtptoducts and their by-

products. Some research on the contribution of beowpecies from trees
indigenous to the region has been done (Katjiua\@add, 2006). Research into
the potential of seeds from IFBTs opens up new @egrof finding alternative

sources of nutrients, especially protein, which lmilgad to a reduction of the

current burden of human-livestock competition footpin sources in foods and
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feeds. Such research has potential to generatéosaproducts in the form of oils,
fatty acid and essential oils) materials for indysiver and above generating

innovative livestock feed ingredients.

Kigelia africang Mimusops zeyheriTerminalia sericeaand Ximenia caffraare
IFBTs trees widely distributed in SSA. The treesldyia crop of fruit whose fruit
pulp M. zeyheriand X. caffrg is used as a foo&. africana fruit is used in
traditional beer brewing while the gum frofin sericeais consumed. While
research has focused on the ethno-medicinal patertd to some extent the fruit
pulp composition oK. africang M. zeyheri T. sericeaand X. caffrg there is a
dearth of information on the potential of their ge@s alternative protein sources

in feeds.

1.5 Statement of objectives

1.5.1 Broad objective

Broadly, the study sought to evaluate the potentidd. africana M. zeyher] T.
sericeaandX. caffraseeds as alternative protein sources in feedseVakiation
was planned to involve several stages: a deteriramat the physical traits of the
seeds and quantification of the oil yield from $ddehulled seeds and profiling

of the fatty acid content of the seed oils. Thisuldahen be followed by chemical
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characterization of the the nutrient, fibre (nelutad acid detergent fibre) and
phytate-phosphate composition of the shelled/detiideed meals. The seed oils
would then be testeih vitro for biological activity using established cell dm
After the in vitro assessment of the seed oils, iarvivo evaluation would be
executed to determine the effects of dietary stuligin of SBM with the defatted
IFBTs seed meal (most suitable seed on the bagmhydical, chemical anah
vitro evaluation results). Then vivo evaluation would be split into two
components: determination of the effects of diegrystitution of SBM with the
most suitable defatted IFBTs seed meal on appanetient digestion and
nitrogen balance in mature Sprague Dawley ratsaashetermination of the effects
of substituting SBM with defatted IFBTs seed meal growth performance,
gastrointestinal (GIT) morphometry, liver metabolgsubstrate storage and
function, and the general health profile in maleagpe Dawley rats weaned onto

the IFBTs seed meal based diets.

1.5.2 Specific objectives

Specifically, the study sought to:

I. physically characterize the seeds by determining shed mass, size
(length and width), shelling/dehulling percentage astimate the ease of

shelling/dehulling.
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Vi.

Vii.

extract and quantify oil from the four IFBTs seetw profile the fatty
acids (saturated, monounsaturated and polyunsetl)ratitamin E and

squalene content of the seed oils.

determine the proximate [dry matter (DM), organiatter (OM), crude
protein (CP), ether extract (EE) / lipid, ash amdsg energy (GE)] and

mineral (calcium, magnesium and phosphorus) comtietfie seeds.

determine the neutral detergent fibre (NDF), acétiechent fibre (ADF)

and the phytate-phosphate content of the seeds.

testin vitro the biological effects of IFBTs seed oils on ebsdied cell
lines (Caco-2 and HEK-293), then select on thesbakihe physical and
chemical traits andh vitro evaluations, the most suitable seed; de-fat it

and use its meal as a dietary substitute to SBNMh®twoin vivotrials.

determine, in the firsn vivo trial, the effects, in mature Sprague Dawley
rats, of dietary substitution of SBM with the dédakt IFBT seed meal on
apparent nutrient (DM, OM, GE and CP) digestibiléynd nitrogen

retention.

determine, in the second vivo trial in male Sprague Dawley rats weaned
onto the IFBT seed based diets the effects of gietabstitution of SBM

with the defatted IFBT seed meal on:

a. the growth performance (body mass gain, averadg gain, terminal

body mass, empty carcass mass and tibia and femgthl).
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b. gastrointestinal macroscopic morphometry (massddesgths).

c. liver metabolic substrate storage (liver glycogemd aotal lipid
content) and markers of liver function [serum at@niransaminase

(ALT) and alkaline phosphatase (ALP) activity].

d. fasting circulating blood metabolic substrate (elstérol, glucose and

triglyceride) concentration.

e. the general health profile (serum urea, creatiniphpsphorus,

calcium, total protein, albumin, globulin, totalihibin, and amylase).

1.6 Hypotheses

Physical and chemical evaluation of the nutritiadue ofK. africana M. zeyher,

T. sericeaand X. caffraseeds was planned to focus on simple characternzat
each seed without statistical comparisons betweerséeds from the four IFBTs.
However for thein vitro andin vivo studies comparisons were planned thus the

key hypothesis for thm vitro andin vivo studies were:

I. Ho: The IFBTs seed oils have no effect on the praiien and survival of

Caco-2 and HEK-293 cells in culture.

ii. Ho: The graded substitution of SBM as the proteirra®in the diet with the

most suitable defatted IFBT seed meakdwt reduce apparent nutrient
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digestibility and nitrogen retentionnrature male Sprague Dawley rats.

iii. Ho: The graded substitution of SBM as the proteirra®in the diet with the
most suitable defatted IFBT seed ndeals not reduce the growth

performance of weanling male Spragaw/ey rats.

iv. Ho: The graded substitution of SBM as the proteinre®in the diet with the
most suitable defatted IFBT seed meal does mhicesliver metabolic
substrate storage, does not causetbxeity neither does it alter fasting
blood metabolic substrate concentratioweanling male Sprague

Dawley rats.

v. Ho: The graded substitution of SBM as the proteinr@®in the diet with the
most suitable defatted IFBT seed ndeals not affect the macroscopic
morphometry of the GIT viscera andeothisceral organs in weanling

male Sprague Dawley rats.

vi. Ho: The graded susbstitution of SBM as the proteura®in the diet with the
most suitable defatted IBFT seed meakcot alter the serum
concentration and activities of the keas of the general health profile in

weanling male Sprague Dawley rats

21



CHAPTER 2: PHYSICAL AND CHEMICAL CHARACTERIZATION O F
KIGELIA AFRICANA, MIMUSOPS ZEYHERI, TERMINALIA SERICEA

AND XIMENIA CAFFRA SEEDS
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2.0Introduction

Indigenous fruit bearing trees supply fruit to tusacieties of the SSA region
(Saka and Msonthi, 1994). The fruits are sourcemioierals, vitamins, protein
and energy critical for maintenance of human hegékka and Msonthi, 1994).
Though undomesticated, the trees contribute toirtigrovement in household
food security of rural communities in the regionyaglding a crop of fruit, even
in years characterized by poor rainfall (Mojeremamsl Tshwenyane, 2004).
Apart from yielding edible oils, plant-derived oi{gcluding IFBTs seed oils)
have been and continue to be used in the produaifosoaps, cosmetics,
surfactants, lubricants and in the treatment ahailts among others dandruff,
wounds and varicose veins (Lee, 1973; Goldberg\illiams, 1999; van Wyk,
2002; van Wyk and Gericke, 2003 and Mohammad andhniad, 2005).
Additionally the IFBTs supply a habitat for the soei of honey, browse for both
game and domesticated ruminant animals. In sonms p&ISSA, for example in
Zimbabwe, IFBTs such aMimusops zeyheriParinari cuatelifolia Uapaca
kirkiana and Strychnogocculoids are left standing in crop fields where over and
above supplying fruit also help in the sustenarfcgod fertility through nutrient

recycling (Hilhorst and Muchena, 2000).
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2.1 The indigenous fruit bearing trees

The Sausage tre&igelia africang, the Red Milkwood Mimusops zeyheyithe
Silver leaf Terminalia sericep and the Large Sour PlunXifnenia caffra are
some of the IFBTs that are widely distributed inAS@anick and Paull, 2008).
Their fruit seeds’ potential as feed and food reses has not been explored

although currently the trees are put to multiplesusimber and non-timber

2.1.1Kigelia africana

K. africang family Bignoniaceae, is a tropical tree native dod widely
distributed in Africa where it grows in open woauls and wet areas including
river banks (Owolabi and Omogbai, 2007, Janick Radll, 2008). The tree, with
a smooth grey stem bark, has a rounded dense @oagrows to about 25 m in
height (Janick and Paull, 2008). The compound leav&. africanawith three to
four pairs of leaflets are hairy, yellowish gredsoee and pale green below and
are held on petioles that are about 15 cm longidaand Paull, 2008). The tree
flowers from June through to October in SSA. Thegdéacup-shaped dark red
asymmetric flowers have yellow veins on the outsatel hang approximately 90
cm from the canopy. The flowers are bisexual, enfidul smell and are pollinated
by bats (Janick and Paull, 2008). It. @fricang fruit, an indehiscent wooden
berry, 30-100 cm long weighs between 5-10 kg (JoP@03) and takes 4-9

months to mature (Janick and Paull, 2008). On aeerachK. africana tree
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yields about 184.5 kg of seed (Jackson and BecReft?). MatureK. africana

seeds are greyish-brown in colour and ovoid (Geaed., 2002).

K. africanais widely used in African ethnomedicine (OlalyedaRocha, 2007).
Ogbeche et al. (2002) indicated that an alcohol @ndqueous mixture of.
africana leaves and fruit is used to alleviate fertilityoplems while Kokwaro
(1976) cited by Azu et al. (2010) reported thabaaoction of roastel. africana
seeds mixed with beer enlarges male sexual orgapsgbable folklore legend in
SSA. Root and bark extracts of the tree contairydtisocoumarin, kigelin,
lapachol and naphthoquinone (Grace et 2002); phyto-chemicals that may
explain the widespread use of the tree in ethnocimeali The antibacterial fatty
acids isolated fronkK. africanafruit and the cytotoxic gamma-sitosterol from the
root bark support the tree’s use in the managenoénbacterial infections
(Asekun, 2007). While unripK. africanafruit pulp is said to be poisonous (Azu
et al., 2010), roasted rige. africanafruit is used to flavour beer and aid in the
fermentation process (Coates-Palgrave, 1988). Dw@riods of famine, in some
parts of SSAK. africana seeds are roasted and eaten (Janick and Pau8; 200
Azu et al., 2010). In Ghana young K. africana |lsagee used to make palm-nut
soup consumed as an accompaniment to staple foctisas yams and maize by

lactating mothers (Glew et al., 2010).
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2.1.2 Mimusops zeyheri

M. zeyheri family Sapotaceae, also known as the Red Milkwoisd an
indigenous fruit bearing tree native to Africa aisdwidely distributed in SSA
though found in other parts of the globe. In SSAdistribution stretches from
Tanzania and Angola through Botswana, Zimbabwe, davtdrdque, the north-
eastern regions of the republic of South Africa &whziland (Lemmens, 2005,
Janick and Paull, 2008). Evergred&, zeyheri,grows to 6-10 m in height when
mature and has a dense spreading cravinzeyhers rough grey to brown
coloured stem bark exudes white latex (Janick andlP2008). Its leaves (10-15
cm long; 3-6 cm wide) that form clusters at the ehdhoots are pointed at both
ends and are glossy but generally darker greenmard paler below. The sessile
clusters ofM. zeyheriflowers occur along branches between the shooartigh
trunk (Janick and Paull, 2008). The round to epitel!. zeyherifruit (weighing
50-250 g) is surrounded by a green leathery skitheimmature fruit which
(skin) turns light yellowish when the fruit ripenSach fruit on maturity has 1-5
shiny brown to black seeds and contains a sweatyfitasting white fruit pulp
(Janick and Paull, 2008; Motlhanka et al., 2008)hilé/ flowering occurs
throughout the year, the major flowering seasonucdrom September to
November with pollination thought to be facilitatbg bees (Janick and Paull,
2008). In Zimbabwe, the tree is left standing liapcfields where in addition to
supplying fruit for human consumption, it is remattto improve soil fertility

(Wilson, 1989).
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Ripe, freshM. zeyherifruit gathered from communal areas is sold in arbpen
markets. While the tree is well known for produciedjble fruit, Amusan et al.
(2002) pointed out that in Swaziland, a root inbusof M. zeyheriis used in the
treatment of candidiasis. In Botswana, after exiwacof the seed from the ripe
fruit, the seedless fruit pulp is sun-dried and tig residue is eaten in winter
(Motlhanka et al., 2008). According to Janick arallP (2008),M. zeyherifruit
pulp with an ascorbic acid content of 50-80 mg #8Culp is a good source of
vitamin C. Lemmens (2005) also highlighted the hgiamin C content (90 mg
per 100 g) ofM. zeyherifruit pulp and observed that the fruit pulp is gely
low in protein, fat and carbohydrate. The vitamirri€h M. zeyherifruit pulp is

used in jams, jellies and production of fermentedgs (Lemmens, 2005).

2.1.3 Terminalia sericea

T. sericeaalso known as the Silver leaf tree or Silver Tewahia, family
Combretaceae, is widely distributed in tropical iédr and in some warm
temperate regions (Hutchings et al., 1996)sericeas found scattered in most of
the Savannah woodlands of east, central and soufifeéca where it occurs as a
dominant or co-dominant species in mixed forestse free thrives in most soll
types with proper drainage but is more abundardr@as with deep sandy soils
and moderate rainfall (Coates-Palgrave, 1988). @aknd Pitman (1972) point
out that the tree is drought tolerant, moderatedppted to saline soils and
tolerates some degree of frobt.sericeanccurs as a shrub and or bush that grows

on average to a height of 6 to 9 m although soemstmy reach a height of 23 m
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(Coates-Palgrave, 1988). The stem and branch laaekeeddish-brown in colour
(Drummond, 1981).T. sericealeaves, covered in silvery hairs, are obovate-
elliptic, crowded at the end of the branch, aredbhgreen above and paler below
(Drummond, 1981). The pale-yellow to creamy-whitewkers are in axillary
spikes.T. sericea’swinged oval fruit is pinkish on maturity turningaigk with
advancement in age and contains one seed. In coitiesunhere it is found, the
tree is of multipurpose value. It is used as a fueirce (fuel wood and charcoal),
fencing posts, and carving of hand tools and instrotion (Eckman and
Deborah, 1993). The tree contributes to both damestd wildlife production
through provision of browse especially during tloe ¢iry season in SSA (Katjiua
and Ward, 2006)T. sericeais widely used in ethnomedicine: root bark exsact
are used to treat diarrhoea, colic, pneumonia dhdrbia while its leaf extract is
used in the management of stomach disorders (GPalgsave, 1988). The use of
T. sericeain ethnomedicine is premised on its reported lglal activities that
include antifungal and antibacterial activity (Fghist et al., 2004) and ability to
inhibit topoisomerase Il (Wall et al., 1996). Thezeme topoisomerase Il is
critical for chromosome structure and segregatiod plays a role in DNA
replication, recombination and transcription inlge(Osheroff et al., 1991).
Phytochemicals including resveratrolBp-rutinoside, a stilbene glycoside, and
oleanane-based pentacyclic triterpenes and thgoogides have been isolated
from T. sericea(Joseph et al.,, 2007). A. sericeaderived sericoside has been
patented and is used in skin lightening preparationlapan (Maeda and Fukuda,

1996). Resveratrol and its derivatives including wine derive@-D-glucoside of
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resveratrol are considered protective against @goneart disease (Jeandet et al.,

1991).

2.1.4 Ximenia caffra

The large Sour PlunXimenia caffravar. caffra (X. caffrg, family Olacaceae, is a
Southern African plant species whose distributipans across Tanzania, Zambia,
Zimbabwe, Botswana, Namibia, Mozambique and Soutic# (Lee, 1973)X.
caffrais small tree or shrub that grows to about 6 nsparsely branched with a
shapeless crown. Its stem bark is brown to palg, gmooth to slightly scaly and
has thick axillary spines (Janick and Paull, 2088)caffraleaves (2.5-9 cm long;
1.2-5 cm wide) are simple, alternate, and ellipgitanceolate (Orwa et al., 2009).
The leaves are leathery, blue-green and hairy wioaimg and turn shiny green
when older.X. caffraflowers towards the end of the dry season (Septenabe
October) giving greenish, creamy-white blossomg #tatimes have a reddish
tinge (Orwa et al., 2009). Fruiting occurs in Debemto January in southern
Africa (Orwa et al., 2009) with immature fruit grean colour while the ripe fruit
is orange or red (Janick and Paull, 2008). Eacih fwhen ripe) contains a single
yellowish-brown to reddish oval-shaped seed thaibisut 2.5 cm long and 1 cm
wide (Janick and Paull, 2008; Orwa et al., 2009)he tree can withstand
moderate frost and is drought resistant when matndeis largely common in the
dry bushveld and wooded grasslands particularlyramky soils (Orwa et al.,
2009). The flesh of the fruit &f. caffraimmediately around the stone is sour. The

fruit pulp has a high protein value and is richacorbic acid at 27mg100nig
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(Roodt, 1998). People add the dried flesh or teshfijuice to porridge to add taste
and protein. The fruit also produces good quaktyyjthat is useful in making
tarts (Roodt, 1998). The kernel is edible and $® alsed to make jam. Sixty-five
percent of the kernel is oil (Venter and Venter9@® the oil, which is yellow,
viscous and non-drying, is used as biofuel in laf\psnter and Venter, 1996).
Roodt (1998)indicated that ximenic acid, an unsaturated acgl heen isolated
from the kernel oil. The Khoi San tribe uses thHdai softening skin and also rub
it on chapped hands and feet. van Wyk and Geri28@3) indicated thaX. caffra
seeds contain tannins and that oil extracted froenseed is used in softening
clothing leather such as for leather boots andisk&. caffraroot extracts are
used to treat abscesses, colic, malaria, coughbdhdrzias (Janick and Paull,

2008; Orwa et al., 2009).

2.1.5Gaps in IBFTs research

Research oK. africang M. zeyheri T. sericeaand X. caffrahas focused on the

ethno-medicinal and pharmacological potential & thot, bark, leaf and fruit

extracts (Coates-Palgrave, 1988; Olalye and RA&0@/; Janick and Paull, 2008;
Orwa et al., 2009) and to some extent on the fruip composition (Lemmens,

2005; Janick and Paull, 2008). Research on IFBEslssdas been neglected
despite their being potential sources of macro- miato-nutrients, essential oils
and protective phytochemicals. There is a dearthfofmation on the potential of

K. africang M. zeyheri T. sericeaand X. caffra seeds as feed anibod

ingredients. The shortage of feed ingredients i $&jion, especially protein,
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exacerbated by the competition for feed/food ingmeid between humans and
livestock in SSA, justified my evaluation of thetntive potential (alternative

protein sources in feeds) Kf africang M. zeyheri T. sericeaandX. caffraseeds.

2.1.6 Study objectives

The specific objectives of the study were to:

I. physically characterize the seeds from the folBT¥ by determining
their seed mass, size (length and width), shetieiglling percentage and

estimate the ease of shelling/dehulling.

il. extract and quantify oil from the four IFBTs seetw profile the fatty
acids (saturated, monounsaturated and polyunsati)ratitamin E and

squalene content of the seed oils.

iii. determine the proximate [dry matter (DM), organiatter (OM), crude
protein (CP), ether extract (EE) / lipid, ash amdsg energy (GE)] and

mineral (calcium, magnesium and phosphorus) comtietfie seeds.

iv.  determine the neutral detergent fibore (NDF), acétiechent fibre (ADF)

and the phytate-phosphate content of the seeds.

31



2.2 Materials and methods

2.2.1 Seed source and processing

The seedsK. africana M. zeyher; T. sericeaand X. caffrg were imported into
the Republic of South Africa (permit number PO03®6Bom Zimbabwe for the
analyses. Before harvesting the fruit for the expents, branches and fruit
samples of each of the four IFBTs were collected submitted to the National
Botanical Gardens of Zimbabwe for verification awcdnfirmation of their
identity. RipeK. africanafruit falls to the ground (Janick and Paull, 20€8)s it
was picked from the ground. Harvestihg zyheri and X. caffra fruit was
executed by initially shaking the trees wtih ripeaitf followed by picking fruit
from the ground. Ripe fruit in was collected thraudgrmer field groups organised

by the local agricultural extension services office

2.2.1.1 Kigelia africana seeds

Ripe K. africana fruits were harvested from trees in Gutu DistriChitsa
Communal area, Zimbabwe. The area which lies withtitude and longitude
19°41S, 31°0& is characterized by granitic soils, and has anraiafall and
temperature ranges of 650-800 mm and 20.5-30.@¥pectively (Government of

Zimbabwe, 2000). Fifty fruit bearing. africanatrees, within an area of about
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two square kilometres, were randomly identified @ivhich a subset of ten trees
was selected as a source of ripe fruit. From e&¢heotenK. africanatrees, ten
ripe fruits were harvested. Fruits from ten trem# ©Of the fifty randomly selected
trees) were used as a source of seeds for theiegmer The seeds were manually
extracted and dried in the shade. The seeds wenealhcomposited into a single
sample, thoroughly mixed and stored in dark sesdedple bottles for 3 weeks, at
4°C in a refrigerator until the time of assayingoPto assaying, the seeds were
dehulled by hand via an initial cracking the seedl hsing side-cutting pliers
which was followed by extraction of the seed froaoll.hThe dehulled seed was
then crushed using a blender (Waring; Lasec Pty Utwhannesburg, South

Africa) to produce a composite meal from which vheous assays were done.

2.2.1.2 Mimusops zeyheri seeds

The fruits from whichM. zeyheriseeds were harvested were from two different
locations in the republic of Zimbabwe. The firstdimof fresh ripeM. zeyheri
fruits were harvested from trees in Matopos NatidPark, Zimbabwe [latitude:
20°28S, longitude: 28°28, altitude: 1320 m, rainfall: 609 mm, mean maximum
temperature: 25.9°C, mean minimum temperature:°COad soil type: shallow
sandy lithosol (Mushove et al., 1995)]. The secbatth of fresh rip@&l. zeyheri
fruit was harvested from trees in Gokwe distri¢8°3'S and 28°56JEin North
West Zimbabwe, in the Machakata Community Foresa af the Mapfungautsi

Plateau. The area is characterized by granitic desp sandy soils, an average
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annual rainfall of 819 mm and an annual averageéeature of 26°C (Gwimbi,
2009). Two kilograms of ripe fruit was harvesteahireach of ten random

ly selected trees out of a sample of fifty idaatifM. zeyheritrees in each area.
The seeds were manually extracted, dried in thdeshad stored in dark sample
bottles at 4°C in the refrigerator until the tinfeagsaying. Prior to assaying, the
seeds were hand shelled and then crushed usiremddnl(Waring; Lasec Pty Ltd,
Johannesburg, South Africa) to produce a compaos#al from which the various

assays were done.

2.2.1.3 Terminalia sericea seeds

Fresh ripeT. sericeafruit were collected from farms surrounding Fletcl#gh
School, in Gweru District, Zimbabwe (latitude 19%H3ongitude 299&). Gweru
District is characterised by an average annuafathiof 643 mm and an average
annual temperature of 28°C (Moyo, 2006). The swiésbasalt and granitic. Two
kilograms of ripe fruit was harvested from eachesf randomly selected trees out
of a sample of fifty identified’. sericearees. The seeds were manually extracted
from the tough fruit coat, dried in the shade atwtesl in dark sample bottles at
4°C in the refrigerator until the time of assayiBgfore the chemical assays, the
seed were crushed using a blender (Waring; LasettBf Johannesburg, South

Africa) to produce a composite meal from which vheous assays were done.
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2.2.1.4 Ximenia caffra seeds

Fresh ripeX. caffra fruit were collected from Zhombe District, Zimbabw
(latitude 14°4%5; longitude 26°58) in the Agricultural and Rural Development
Authority’s Fare Acres estate and the surroundiogimunal areas of Silobela.
Zhombe district is characterized by low annualfedifmean 550 mm per annum)
and a mean annual temperature of 26°C. Xheaffrafruit for chemical analyses
were harvested from twenty trees randomly seledtech a sample of one
hundred identifiedX. caffratrees. One hundred ripe fruit were picked fromheac
of the twenty trees. Out of the 100 fruit pickednfr each tree, twenty were
randomly selected. The fruit pulp was removed fribia selected fruit and the
fruit stones (containing the seeds) were driedhénsghade and stored separately in
dark sample bottles at 4°C in the refrigeratorluh time of assaying. Prior to
assaying, the seeds were manually extracted frenfraiit stones/shells, and were
crushed using a blender (Waring; Lasec Pty Ltdadobsburg, South Africa) to

produce a composite meal from which the variouaysswere done.

Figure 2.1 shows photographs of the seeds andudrdf the K. africana, M.

zeyherj T. sericeaandX. caffraused in the study.
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panel E paRel

Figure 2.1: Photographs of the IFBTs fruit/seeds wed in the study.Panel A:
undehulledK. africana seeds; panels B and C: unshelled and sh&lledeyheri
seeds, respectively; panel D. sericeafruit; panel E:X. caffrafruit stone; panel

F: shelledX. caffraseed.
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2.3 Physical characterization of the seeds

The shape and colour &. africang M. zeyheri T. Sericeaand X. caffraseeds
was determined by visual inspection. In batched®fseeds and in triplicate,
seeds of each species were weighed prior to spedimd or dehulling. After
shelling/dehulling the mass of the 50 seeds mifngs ghell and or hull was
determined. Mean seed mass (before and after reffeiihulling) was computed
for each seed batch. Shelling and or dehullinggdravas computed as shown in

the formula below:

Shelling/dehulling % = _ Mass of 50 shelled/d&duiseeds x 100

Massc0f seeds before shelling/dehulling

Seed size (length and width) was measured with aedfe calliper (Servier
Nederland b.v., Leiden, Netherlands). The degreeecade of seed shelling
(extrication from the fruit stone/shell by hand)daaehulling (removal of hull by

hand) was determined subjectively.

2.3.1 Chemicals and reagents for assays

All the chemicals and reagents used were of amalygrade. The chemicals and
reagents were obtained from Sigma-Aldrich ChemigeifBeim, Germany),

unless otherwise stated.
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2.3.2 Proximate determinations

The proximate, mineral, amino acid, fibore and pteAshosphate determinations
were performed at the Agricultural Research Cotsbiene Analytical Services
Laboratories, South Africa. The proximate composgetitat is, dry matter (DM),
ash, crude protein (CP), and ether extract (EEpwetermined as outlined by the
Official Methods of Analysis of Analytical ChemistAOAC) (2005: method
numbers 934.01, 942.05, 954.01, and 920.39 respgti Organic matter was
estimated as the difference between dry matteraashd The gross energy (GE)
value of the seeds was determined using an MC-1a6@ular Calorimeter
(Energy Instrumentation, Centurion, South Adjicequipped with a PC and

MC1000 software.

2.3.3 Calcium, magnesium and phosphorus determination

Prior to the determination of the mineral concdrdrain the seed samples, 0.5 g
the milled samples was digested in concentratett @itid and perchloric acid at
200°C to generate the digest solution (Zasoski and BUt77). From the digest
solution an aliquot of the digest solution was ugadthe inductively coupled
plasma optical emission spectrometric (ICP-OES)eme@nation of calcium,
magnesium and phosphorus on a Varian Liberty 2@8tepmeter (Varian, Perth,

Australia) as described by Huang and Schulte (1985)
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2.3.4 Amino acid assay

The concentration of each of the assayed aminosawids determined as
described by Einarsson et al. (1983). Briefly, #lssay involved acid hydrolysis
with 6M HCI at 110°C for 24 hours and pre-columumoflescence derivatization of
amino acids with 9-flourenylmethyl chloroformatehel amino acids were
extracted with pentane, and separated by gradiahibe on a chromatograph.
The chromatograph consisted of a SpectraSystemOR@0aternary HPLC (Rigas
Labs S.A., Thessaloniki, Greece) equipped with a&c8pSystem FL3000
fluorescence detector and Rheodyne 7125 valve 20thul injection loop. The

eluent was varied with a concave curve from sodaitrate buffer (pH 2.95)-

acetonitrile (70:30) to sodium citrate buffer (pH5@methanol-acetonitrile
(14:6:70) and a flow-rate of 1.4 ml/min. An Omni$EeC18 150x4.6 analytical
column and guard-column were used for separationthgf amino acids.

Identification of the amino acids was done at acitakon wavelength of 264nm
and an emission wavelength of 340nm. A PC equippéld TSP software was
used for quantification. Quantification was perfednby using an external

calibration procedure.

2.3.5Fibre determinations

The neutral detergent fibre (NDF) and acid deterdéne (ADF) components of

the seeds were determined, inclusive of ash, asrided by Van Soest et al.
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(1991). In summary, NDF determination involved ugihg a 0.5g sample for 1
hour in 100mL of neutral detergent solutions of isod lauryl sulphate and
ethylenediamine-tetraacetic acid to which hedbistalpha-amylase (20 350
IU/ml) (dietary fibre kit, Sigma-Aldrich) was addedfter refluxing for 1 hour,
the mixture was filtered; the residue was dried #imeh weighed. ADF was
determined by refluxing for 1 hour a 0.5g sampleaicid detergent solutiof20g
cetyl-trimethyl ammonium bromide dissolved in 1LHNSOy). After refluxing,

the mixture was filtered and the residue was daied then weighed.

2.3.6 Phytate-phosphate determination

Phytate-phosphate content of the seeds was dettmiolorimetrically as
described by Wheeler and Ferrel (1971) using aiP&kner Lambda25 UV/Vis
Spectromete(PerkinElmer, California, USA) equipped with a désg computer
and Lambda25 software. In summary, samples weratette with 3%
trichloroacetic acid followed by addition of ferrahloride (2mg ferric iron per ml
in 3% trichloroacetic acid) and the precipitatesdiged in 3.2Nnitric acid. After

addition of 1.5M potassium thiocynate the absorbamas read at 480nm.
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2.3.7 Fatty acid profile determination

Fat was extracted from the respective seeds byakiglet method as described by
AOAC (2005; method number 920.39). Methyl esters fwmpillary gas

chromatography were prepared according to the rdetidChristopherson and
Glass (1969). Briefly, the fat extracts were tramsthylated with 2M methanol-

sodium hydroxide. The resulting fatty acid methgtees were extracted in
heptane, filtered and dried under nitrogen. Theyfatids were separated by a
temperature gradient over 45 min on a GC with g#roas carrier gas on a DB-23
capillary column (90cm x 250 um x 0.25 p(®upelco, Sigma-Aldrich). The gas
chromatograph consisted of a HP6890 @dkwlett Packard, Bristol, United
Kingdom) with flame ionization detector (FID). Bothe detector and injector
temperatures were set at 300°C. A PC equipped @limstation software was
used for quantification. Nonadecanoic acid (C194@s used as an internal

standard.

2.3.8Vitamin E and squalene determination

The lipid extracts used in the assays were prepasid) standard lipid extraction
procedures (Bligh and Dyer, 1959). After evaporatio dryness, the lipids were
re-dissolved in an equal volume of the respectivaing solvent; methanol:water

(95:5) for vitamin E and, hexane:propan-2-ol:wg@8:2:0.02) for squalene prior
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to injection into the HPLC system. Assays for vitark were done as described
by De Leenheer et al. (1985) and Gratzfeld-Huesgeml (1992) whereby,
following dissolution of the lipid extracts into ghrunning phase solvent, the
sample was injected into the HPLC system (LKB Bran2i50 HPLC; LKB,
Bromma, Sweden). The mobile phase ran at 2 m*mititamin E was separated
using methanol:water (95:5) and a C18, 15 cm xmm6 ID, Jum particle size
column; and detection at 290 nm by a Lambda-Max é&fod81 LC
spectrophotometer (Millipore Water Corporation, &, Canada) with vitamin
quantification using an HP 3390A integrator (Hewleackard, Bristol, United
Kingdom). Squalene was assayed as described byc8upd Ferezou (1984).
The sample was injected into an HPLC system (LKBnBna 2150 HPLC). The
mobile phase ran at 5 ml mirwith squalene separation using hexane:propan-2-
ol:water (98:2:0.02) and a silica gel C18, 25 c.& mm ID, um particle size
column (Phenomenex, Torrance, USA); and detectiadl& nm by a Lambda-
Max Model 481 LC spectrophotometer (Millipore Watéorporation, Ontario,
Canada) with squalene quantification using an HB0A3integrator(Hewlett
Packard, Bristol, United Kingdom). Authentic vitamit and squalene standards

were used to identify and to quantitate the vitaBiand squalene, respectively.

2.3.9 Statistical analysis

For each of the chemical component assayed fdreis¢éeds, mean values (assays
done in triplicate) and standard deviations wermamated. Results are reported as

means and standard deviations.
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2.4 Results

The physical characteristics of the four IFBTs seae shown in Table 2.1.
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Table 2.1: Physical characteristics of the IFBTs s&ls

Parameter K. africana M. zeyheri T.sericea  X. caffra

Seed mass (mg) 125.07+2.97 351.18+13.1d n 1634.96+157.67
Shelled seed mass (mg) 61.18+5.33 186.05%10ryd 1019.37+£92.84
Seed length (cm) 0.97+0.05 1.38+0.08 nd 1.48+0.18

Seed width (cm) 0.59+0.04 0.4980 nd 0.97+0.18
Shelling/dehulling (%) 48.92+4.09  52.9641.7 nd 62.42 +2.14
®Shelling/dehulling ease difficult easy very difficult very easy

nd: not determined, seeds broken to fragméstselling/dehulling ease: refers to
arbitrarily determined degree of easiness by wiighd was manually extricated

from the shell/fruit stone/hull.
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K. africana seeds were greyish-brown, coloured kidney/ovoapsh with
whitish kernels.M zeyherihad shiny brown oval shaped seeds with creamish-
white kernels.T. sericeahad winged brown coloured fruit with tiny yellowis
seeds inside whilX. caffraseed was oval shaped, brown coloured which when

shelled gave cream-yellowish coloured kernels.

The toughness of th&. sericeafruit stone made it difficult to extricate intact
seeds, thus it became impossible to determineetb@ size (length and width) and
mass from the broken seed pieces after using acsitiag pliers to extricate the

seed.

Table 2.2 summarises results on the proximate, nainébre, and vitamin E

content of the seeds.
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Table 2.2 Proximate, mineral, fibre and vitamin E and squalere content of the IFBTs seeds

K. africana

M. zeyheri T. sericea X. caffra

Proximate component (g kg' DM)
Dry matter (DM)

Organic matter (OM)

Crude protein (CP)

Lipid/oil yield

Ash

Mineral composition (mg 100g' DM)

Calcium

964.27+3.46

915.23F

357.35+3.39

492.20+1.68

49.05+4.55

56.05+1.53
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911.00+1.41 953.03+0.92 955.13+0.78

883.39+2.11 884.08+3.22 934.69+1.97

93.45+ 0.54 462.32+5.49 182.55+0.52

212.50+ 5.19 325.61+14.00 484.47+0.08

27.61+0.70 68.95+ 2.30 20.44+1.19

587.40+10.11 7951082  17.85+0.74



Table 2.2 continued

Magnesium 531.09+4.41 102.30+ 2.33 B6H6.68 207.90+£5.94
Phosphorus 1123.20+23.53 110.37+ 0.00 21T7b+10.39 45.45+5.94
Vitamin and squalene content (g g DM)

Squalene nd nd nd nd

Vitamin E 0.94+0.25 1.97+0.75 48.708.0 0.53+0.12
Fibre content (g kg%

Neutral detergent fibre (NDF) 132.84+2.65 362 6.61 23.30+£2.16 213.31+5.45

Acid detergent fibre (ADF) 87.71+2.13 153.4156 90.27+ 4.68 51.17+1.70

nd = not detected, Data presented as mean + sthddwaiation, n = 3 composite samples of seeds thanifruit of 10 trees foK. africang

M. zeyheriandT. sericearespectively, and 20 trees #r caffra
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The seeds’ DM, OM and CP ranged from 91.10-96.48%33-93.47% and 9.35-
46.23%, respectively (Table 2.2). Shelled full-tat africang M. zeyheri T.
sericeaand X. caffra seed had gross energy values of 29.6+0.06, 24.38;0
21.96+0.01 and 32.1+0.04MJ kg*, respectively and phytate-phosphate content
of 0.09, 0.03, 0.10 and 0.04%, respectively (Tab®. Neutral detergent fibre
and acid detergent fibre ranged from 13.3-33.24% 302-15.34%, respectively

(Table 2.2).

Table 2.3 shows the amino acid composition of tee seeds.
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Table 2.3 Amino acid composition (g 100 DM) of the IFBTs seeds

Amino acid K. africana M. zeyheri T. sericea X. cHra
Alanine 0.97+0.06 0.79+0.05 3.68+1.70 1.17+0.04
Arginine 5.43+0.37 0.80+0.16 7.56+0.21 1.85%0.16
Aspartic acid 2.57+0.16 0.75+0.01 3.49+0.26 1.2120
Glutamic acid 6.14+0.31 1.29+0.02 8.07+0.13 2.3480
Glycine 1.72+0.10 0.38+0.02 2.14+0.01 0.58+0.05
Histidine 1.15+0.25 0.37+0.06 1.25+0.09 0.47+0.07
Hydroxyproline 0.11+0.06 0.04+0.01 0.32+0.08 0.24040
Isoleucine 1.46+0.10 0.38+0.01 1.59+0.23 0.62+0.02
Leucine 1.95+0.05 0.58+0.01 2.43+0.19 1.03+0.05
Lysine 1.49+0.25 0.64+0.04 1.60+0.21 1.03+0.09
Methionine 0.49+0.08 0.21+0.01 0.65+0.11 0.16+0.02
Phenylalanine 2.09+0.17 0.34+0.01 1.19+0.03 0.9%40
Proline 0.94+0.04 0.57+0.06 1.88+0.13 0.79+0.00
Serine 1.41+0.13 0.36+0.04 1.62+0.01 0.64+0.04
Threonine 1.42+0.00 0.44+0.00 1.76+0.26 0.73+0.08
Tyrosine 1.69+0.39 0.71+0.13 2.34+0.02 0.75+0.13
Valine 1.72+0.08 0.49+0.00 1.79+0.31 0.71+0.04
Total 32.75 9.05 44.08 14.87

Data presented as mean * standard deviation, oomposite samples of seeds

from the fruit of 10 trees fdf. africang M. zeyheriandT. sericearespectively,

and 20 trees faX. caffra
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Of the assayed 17 amino acids, glutamic acid wasitjhest concentrated amino
acid in the seeds (Table 2.3) and constituted ahot®2%, 1.38%, 1.75% and
1.28% of the crude protein content of the full Kt africang M. zeyher; T.

sericeaandX. caffraseed, respectively (Table 2.3).

The fatty acid profile of the tree seed oils iswshan Table 2.4 below. While
squalene was not detected in any of the seedyjtdrain E concentration of the
tree seeds ranged from 0.50 to 48.70 [tgAll the tree seed oils contained oleic
acid (OA) and the essential fatty acids (EFAs)lkimacid (LA) anda-linolenic

acid (Table 2.4).
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Table 2.4 Fatty acid profile (% of total lipid yield) of the tree seed oils

Parameter K. africana M. zeyheri  ?M. zeyheri T. sericea X. caffra
Fatty acid

Saturated

C12:0 (lauric acid) 0.03+0.00 nd 0.15+0.12 040. nd

C14:0 (myristic acid) 0.05+0.02 nd 0.13+0.02 0.12 0.02+0.01
C15:0 (pentadecanoic acid) nd nd 0.04+0.01 nd nd

C16:0 (palmitic acid) 7.54+0.25 15.25+0.97 54001 9.22 1.47+0.20
C17:0 (margaric acid) 0.11+0.01 nd 0.12+0.01 0.15 nd

C18:0 (stearic acid) 4.56+0.15 nd 6.92+0.01 .186 0.45+0.10
C20:0 (arachidic acid) 0.89+0.02 nd 0.73+0.00 0.57 nd

C21:0 (heneicosanoic acid) 0.22+0.28 nd 0.0B3-0. 0.04 nd

C22:0 (behenic acid) 0.43+0.02 nd 0.32+0.01 150 0.56+0.24
C23:0 (tricosanoic acid) 0.03+£0.02 nd 0.03+£0.01 nd nd
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Table 2.4 continued

C24:0 (lignoceric acid)
TSFA

Monounsaturated

C14:1n7 (myristoleic acid)
C16:1n7 (palmitoleic acid)
C17:1n8 (8-heptadecenoic acid)

C18:1n9 (oleic acid)

C20:1 (11-eicosenoic acid)

C22:1n9 (erucic acid)
C24:1n9 (nervonic acid)
TMUFA

Polyunsaturated

C18:2n6 (linoleic acid)
C18:3n3 g-linolenic acid)
C18:3n6 {-linolenic acid)

0.23+0.02
14.10+0.23

nd

0.10+0.07
0.03+0.00

17.58+0.59

0.27+0.03
nd
nd
17.99+0.69

12.88+0.61
54.29+1.08
0.28+0.02

nd
15.25+0.97

nd
nd
nd

84+:06.90
nd

nd

nd

84.59+0.90

nd

nd
nd
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0.18+0.00

22.738)

0130.00
0.08+0.01
0.02+0.00
54.41+0.76
0.02+0.00

0.0060
0G0
54.85312

21.86+1.37
0.4464
0.0230

0.04
16.51

0.04
0.11
0.04
14.05
0.14

nd

nd

14.38

68.63
0.41
nd

17.84+1.46
20.19+1.07

0.03+0.01
nd
nd
62.84+2.05
nd
nd
8.64+2.76
71.48+0.99

nd
7.80+0.84
nd



Table 2.4 continued

C20:2n6 (11,14-eicosadienoic acid)
C20:3n3 (11,14,17-icosatrienoic acid)
TPUFA

Cis fats

Omega-3 fats

Omega-6 fats

Omega-9 fats

TPUFA:TSFA

n3PUFA:n6PUFA

0.33+0.39
0.08+0.00
67.83+0.91
30.46+1.19
54.38+1.08
13.20+0.57
17.60+0.61
4.81:1
4.13:1

nd
nd
nd
nd
nd
nd

nd
nd
22.47+1.12
76.27+0.61
0.54%0.
21.88%#1
54.43&0
0.99:1
0.02:1

0.06

nd
69.10
82.68
0.41
68.63
14.05

Aa:1
0.01:1

nd
nd
7.80+0.84
nd
7.80+0.84
nd
62.84+2.05
0.39:1

Fatty acid profile determined with seed batch frbtatopos National Park, Zimbabw&Fatty acid profile determined with seed batch
from Gokwe District, Zimbabwe; TSFA: Total satukhtéatty acids; TMUFA: Total monounsaturated fattgids; TPUFA: Total
polyunsaturated fatty acids; n3PUFA: Omega-3 padaiurated fatty acids; n6PUFA: omega-6 polyunstdréatty acids; nd = not
detected. Data presented as meatandard deviation; n = 3 fatty acid assays dongplicate except foll. sericeawvhere each value is a

mean of assays done in duplicate. Samples of catepgeed meals from the fruit of 10 trees Korafricang M. zeyheriandT. sericea

respectively, and 20 trees fr caffra
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2.5 Discussion

The discussion for the chapter focused on the prate, mineral and fibre
composition of the seeds viz potential as feedfand resources. Additionally it
(discussion) also focused on the seed fatty aaniecd and potential as sources of
industrial raw materials. Lastly, the anti-oxidafitamin E and squalene)
concentration in the seed oils was discussed inpanison to other plant sources

of anti-oxidants.

2.5.1 Proximate, mineral and fibre composition

K. africana, M. zeyheri, T. sericea and X. caffeeds’ lipid content (range: 21.3-
49.2%) was comparable to that @fycine max(Soyabean: 15-25%%;0ssipium
hirstum (cotton seed: 35-40%) arttkelianthus annuugsunflower seed: 35-40%),
three of the major traditional oil seed crops (@dledind Cheftel, 1977; Manga et
al., 2000). Oil derived from conventional oilseefits, example, soyabean is used
for culinary purposes and in the manufacture otiamds of industrial products
(Fabiyi, 2006). In comparison to conventional akd crops, oil yield from the
four tree seeds is high enough to warrant theisiptescommercial exploitation as
available plant oil sources for the manufacture imdustrial products. The
industrial use of the oils from the trees would eothe cost of processing of

seeds into feed ingredients.
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M. zeyheriseed’s CP content of 9.3% was low in comparisahéocCP of legume
seeds (major protein sources in feeds), but wagaaable to the CP content of
ordinary maize varieties, that, according to thed~and Agriculture Organization
(FAO) (1992) range from 8-11%. The low CP contenilo zeyheriseed was in
agreement with reported low CP contentMf zeyherifruit pulp (Lemmens,
2005). Due to its low protein content, as is theecwith ordinary maize grain,
full-fat M. zeyheriseed cannot be used a protein source in the fationl of
animal feeds. Even M. zeyheriseed were to be defatted, its CP content is not
likely to increase substantially considering thatseed had the least oil content.
The shelled/dehulled full-fat seeds Kf africang T. sericeaand X. caffra (CP:
35.7, 46.2 and 18.2%, respectively) could potdwgtlz used as protein sources in
animal feeds. Sunflower seeHdlianthus annuysand soyabeanGlycine max
are major protein concentrates used in the fornumadf animal feeds. Solvent-
extraction produced SBM accounts for 80% of thaltptotein supplements used
in non-ruminant feeds (Herkelman and Cromwell, 7980 africana seed’s CP
content (35.7%) is higher than the 18.8% CP contepbrted for undefatted
sunflower seed (Wahlstrom, 1985 as cited by FAO3)13hd the 26.4% CP in
sunflower kernels (Sistach and Diaz, 1974 as dite@AO 1993) as well as the
30.3% CP of raw cowped&/igna unguiculatareported by FAO (1993). Although
the CP content of full fakK. africana seed (35.7%) is lower than the 45% CP
content of solvent-extraction produced SBM (FAM®93), the potential oK.
africanaas a protein concentrate in feed formulationsgs keonsidering that the

seed has a high fat content. Defattiigafricanaseed is likely to increase its CP
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content to a value higher than the CP content leksab extracted SBM. Full fak.
sericeaseed’s CP (46.2%) was comparable to the 45% Glersoéxtracted SBM
(FAO, 1993) thus making the seed a potential swistiand or compliment to
SBM. DefattingT. sericeaseed could result in a seed meal that has CP rdonte
much higher than that of SBM. Although the 18.3% iG@Rull fat X. caffraseed
was lower than the CP content of SBM, it was coraplar to the 18.8% CP
content reported for undefatted sunflower seed (®¥iadm, 1985 as cited by FAO
1993). Sunflower seed is used as one of the majdeip sources for animal feeds
in SSA. The potential oX. caffraseed as a protein source in animal feeds could
be high considering that the seed had a high fatieid (48.4%). DefattingX.
caffra seed would most likely increase its CP conterat ¥@lue much comparable
to the CP content of solvent extracted SBM. Addailby, of the four tree seeds,
X. caffra seed was the largest in terms of mass and size rast likely its
exploitation as a potential alternative protein reeuin feeds could be more

economic.

Fagbenro, (1999) reported that maize grain hasssgnergy value of 17 MJ kg
DM. Maize is one of the major sources of energyerds and foods, (Fagbenro,
1999). The gross energy values of the full-fat teeeds (range: 24.34+0.56-
32.1+0.04MJ kg' DM) was 30-47% higher than that of maize graine FHigh
energy content of tree seeds opens up potentigtheiv possible utilization as
dietary energy sources, particularly in energy-defigestock fattening diets.
However, utilization of high lipid/oil content seeduch as theK. africana T.

sericeaandX. caffraseeds as dietary energy sources would require seqgree
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of defatting prior to seed meal utilization in ord® guard against possible

rancidity of the resultant feeds.

Soyabean, a major protein source in animal and hanfaeds and foods,
respectively, has a mineral content of content d@8% (Hadjipanayiotou and
Economides, 2001). In comparison, the mineral (asimtent ofK. africang M.
zeyheriand X. caffraseed, at about 5, 3 and 2%, respectively, wasrlovide
that of T. sericeaseed (6.89%) was comparable. However when congparin
individual mineral elements, the tree seeds’ caicicontent except that foX.
caffra seed was much higher than the 48.3+12.9 mg 1@6ported by the FAO
(1992) for maize. Maize grain has a phosphorusertnif 299.6+57.8 mg 100g
DM (FAO, 1992). While the phosphorus contentvbfzeyheriseed at 107.9+9.40
mg 100¢' was lower than the phosphorus content of maisecdntent in the
other three tree seeds (range: 345.45+5.94 to 20233.53 mg 1008 was
higher compared to that of maize. WhKe africana T. sericeaand X. caffra
seed’s magnesium content was higher (531.09+4.480.76+6.68 and
207.90+5.94 mg 100y respectively) compared to that of maize at 107.6%
100g* (FAO, 1992) M. zeyheriseed’s magnesium content, 102.30+2.33 mg 100g
! was comparable to that of maize. Thus, if used asbstitute to maize grain in
feeds, M. zeyheri seed could provide adequate calcium. However,adiet
supplementation with phosphorus would be requiedngke up for the low
phosphorus content in the se&d.africang T. sericeaandX. caffraseed if used
to substitute maize in feeds could result in saviag the phosphorus component
of the mineral supplement due their higher phospha@ontent compared to that

of maize grain. Similarly, us&. africang T. sericeaand X. caffra as energy
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sources in place of maize could result in savingghe magnesium component of
the mineral supplement due to the higher conceotratf the mineral in the

seeds.

Soyabean meal has a reported neutral detergeet (MIDF) and acid detergent
fibre (ADF) content of 15.74% and 10.70%, respedyi(Hadjipanayiotou et al.,
1985). The respective NDF and ADF content of magizen is 10.80% and 2.8%
(FAO, 1992). Compared to that of SBM, the NDF canhtef K. africana seed
(13.38%) was slightly lower while the NDF conteritTo sericeaand X. caffra
seed (22.33 and 21.30%, respectively) was modgrhaigher compared to that of
SBM. The ADF content oK. africang T. sericeaandX. caffraseed (8.77, 9.03
and 5.12%, respectively) was lower compared toARE concentration in SBM.
The fibre content ofM. zeyheriseed (NDF and ADF:. 33.2% and 15.3%,
respectively) was higher compared to its conceotrah maize and SBM. High
fibre content usually limits inclusion levels ofopein and energy sources in
monogastric animal feeds (due to physiological titmon to digest highly fibrous
feeds). The medium fibre contentM zeyheriseed could be useful in providing
the necessary bulk for the facilitation of normasgointestinal motility, while the
relatively lower fibre content (NDF and ADF) & africana T. sericeaand X.
caffra seed could mean that their use in monogastric @nfeeds could be

without challenges of the fibre content.
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2.5.2 Amino acid content

When compared to the amino acid profile of soyal&apsiotis, 1968; Cerny et
al., 1971) the concentration of both non-esseatia essential amino acids Kn
africang M. zeyherj T. sericeaand X. caffraseed was lower. In comparistm
the amino acid profile of SBM, the individual amiaoid concentration (essential
and non-essential) iQ. africana, T. sericea and X. caffeeed was in the range of
50-80%, 70-90% and 30-60%, respectively, of thasalvent extracted SBM
(FAO, 1993). The concentration of the essentialnamacids (EAAS) arginine,
histidine, isoleucine, leucine, lysine and valinesolvent extracted SBM were
reported to be 3.45%, 1.41%, 1.98%, 3.29%, 2.908d, 215%, respectively
(FAO, 1993). The respective concentrations of thaesponding EAAs irK.
africana T. sericeaand X. caffra were generally lower compared to their
concentration in SBM except arginine that was higimeK. africana and T.
sericeaseed. While full fafl. sericeaseed could be a better source of the stated
EAAs compared to SBM, based on the fact that disgsformulated from several
ingredients, full fatk. africana seed could supply a significant amount of the
EAAs in animal and human diets. The high oil/limidntent of full fatX. caffra
seed (48.4%) could be masking the potentiaKotaffraseed to supply EAAs.
Defatting X. caffraseed to about 1% residual lipid could produce almdose
CP content and hence both non-essential and EAAseotration could be
substantially higher and probably comparable td oh&sBM. The EAAs content
of M. zeyheriseed was also lower compared to that of the FAGDANEference

protein (FAO, 1992)From a nutritional stand pointfilization of M. zeyheriseed
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as a feed or food ingredient would require its $eipentation with a protein
concentrate to mitigate against protein malnumitsince it is inherently poor in
both essential and non-essential amino acids. Botsdracted. africanaandX.

caffra seed meals could be used as protein sourcesnmhfeeds with minimal

supplementation with synthetic lysine and methienin

K. africanaandT. sericeaseeds had a high concentration of arginine (5.03F
and 7.560.21 g 100d) compared to the 3.45% arginine in soyabean meal
(CNPSA, 1991 as cited by FAO, 199K).africanaandT. sericeaseed, due their
high concentration of arginine, when used as a fioggdedient or supplement,
could potentially increase the body's physiologigabol of L-arginine, a
physiological precursor of nitric oxide (NO), thudfering some degree of
cardiovascular protection. An improvement in endbthm-dependent
vasodilation subsequent to exogenous administrabbnthe physiological
precursor of NO (L-arginine) has been noted (Creageal., 1992). L-arginine
administration restored endothelium-dependent atiax in
hypercholesterolemic humans (Creager et al., 1988) decreased aortic lesion
formation in cholesterol-fed rabbits (Jeremy et, dl996) all indicative of
cardiovascular protection. However, the potentiaKo africanaand T. sericea
seed to offer cardiovascular protection when usedbad supplements requires

further investigation.
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2.5.3 Fatty-acid profile

The fatty acid profiles of thK. africang M. zeyheri T. sericeaandX. caffraseed
oils were interesting from a nutritional, healthdaindustrial view point (Table
2.4). The OA content of the two batchesvbfzeyheriseed oil was 54% and 85%
for the Gokwe and Matopos National Park sourbedzeheriseed, respectively.
The OA content of the Matopos National Park sourbédzeyheriseed was
comparable to the 70-80% OA reportedsiclerocarya birregdMarula tree) kernel
oil (Burger et al., 1987) an IFBT that flourishesthe same eco-environment as
M. zeyheriin southern Africa. Similarly, virgin olive oil edains 70-80% OA
(Terés et al., 2008), thus making ti. zeyheri (Matopos National Park
provenances) seed oil a comparable source ofkOAfricanaandT. sericeaseed
oils had lower OA content comparedNb zeyheriseed oil and to that reported in
Sclerocarya birreakernel oil (Burger et al., 1987) and virgin olied (Terés et
al., 2008). TheX. caffraseed oil OA content (63%) was intermediate betwibah
reported for Gokwe sourcdd. zeyheriseed andSclerocara birrea kernel oils,
respectively. The differences in the OA contenthef Matopos National Park and
Gokwe District sourcedl. zeyheriseed could be probably due to differences in
the microclimates (environmental effects) surrongdihe plants (Ladipo et al.,
1996). Plant micronutrient content is influenced differences in the moisture
content and nutrient status of the soils in whigé plants grow (Ladipo et al.,

1996).
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Long term intake of olive oil with its high OA camit has been reported to
attenuate blood pressure and the risk of developiymertension (Alonso and
Martinez-Gonzalez, 2004; Ruiz-Gutierrez et al., 9%t a molecular level OA
and olive oil have been shown to regulate G preéssociated signalling both-
vivo (humans) and in cell culture (Yang et al., 200fmany et al., 2004). The
potential use oK. africang M. zeyheri T. sericeaand X. caffra seed oil as
alternative dietary sources of OA in the attenuatad hypertension and the
development of cardiovascular disease requires hdurt investigation.
Additionally, oils with high oleic acid content hahigh oxidative stability which
(high oxidative stability) is a vital characterestf lubricants (Cahoon, 2003). The
potential ofK. africang M. zeyheri T. sericeaand X. caffra seed oils as raw
materials for industrial lubricants (due to theigth OA content) needs further
investigation. The possibility of the tree seedsodenerating some useful
industrial raw materials would justify the proceggiof the seeds into dietary
ingredients (protein and energy concentrates) stheeenvisaged by-products

would help cover the processing costs.

The EFAs (linoleic acidg-linolenic acid andy-linolenic acid) constituted about
67.83£0.91%, 22.47+1.12% and 69.10% of #eafricang M. zeyheri(from
Gokwe District) andr. sericeaseed oil, respectively with-linolenic acid as the
most abundant EFA in the seed oils. No EFAs weteatied in theM. zeyheri
seed oil extracted from seeds sourced from Matdf@i®nal Park. The presence

and absence of EFAs in the seed oils of the Gokmee MatoposM. zeyheri
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provenances, respectively, could be due to enviemtah differences that impact

on seed nutrient (fatty acid) content (Ladipo etE996).

Omega-3 polyunsaturated fatty acids (n-3 PUFA) @ayimportant role in the
reduction of plasma triglycerides, platelet aggtega blood viscosity and
pressure, and are known to have an inhibitory efiadhe growth of prostate and
breast cancer (Tample, 1996; Rose, 1997; SimopoRkQB0). Furthermore, n-3
PUFA are a pre-requisite for normal foetal braind avisual development
(Neuringeret al., 1998). The potential use &. africang M. zeyheriand T.

sericeaseed as dietary sources of the n-3 PUFA, for tbeementioned health

benefits needs to be further investigated.

2.5.4Vitamin E and squalene

Like vegetables, wild fruits and their seed areugshle sources of vitamins that
are essential for the maintenance of good heallka(®t al., 1994). Vitamin E
was detected (but not squalene) in all the seels.photosynthetic organisms
synthesize vitamin E (Grusak, 1999; Sattler et28Q4) thus the presence of the
vitamin in K. africang M. zeyheri, T. sericea and X. caffieeed was not
surprising. Ladan et al. (2010) point out thldlianthus annuugSunflower) and
Sesamun indicurgBesame) seed, both commercial seed oil soureesahatamin

E concentration of 41.1 mg'gand 1.4 mg q, in their respective seed oils;
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concentrations that are much higher than the 006@870 pg g vitamin E
concentration reported fd€. africana M. zeyheri, T. sericea and X. caffsaed
oils. Vitamin E, in-vivo, is reported to function as a recyclable chairctiea
terminator of polyunsaturated fatty acid free raflicthat are generated from
endogenous oxidation of lipids (Kamal-Eldin and Ajgvist, 1996). The
mopping up free radicals by vitamin E gives pratetito membranes and cells
against oxidative damage from the reactive oxygeecigs.K. africana M.
zeyheri, T. sericea and X. caffseed due to the presence of vitamin E, albeit at a
low concentration, could potentially, if used astdry ingredients, increase the
systemic antioxidant pool thus protecting the badpainst potential oxidative
damage. Squalene, an isoprenoid antioxidant, faanthrge concentration in
shark liver oils (Farvin et al., 2004), and alsarfd in some plants (e.g. Amaranth
seeds and olives) (Vazquez et al.,, 2007), is redotd protect cells and cell
membranes against harmful effects of free radiddtsvever, none of the tree

seed oils contained squalene.

2.6 Conclusion

This study established thKt africang T. sericea and X. caffraeed are energy
dense and have significant amounts of protein, mihass and lipids.
Additionally, it was found thaK. africang M. zeyheri(Matopos National Park
and Gokwe provenances) afd sericeaseed oils are rich in OA and the EFAs

linoleic, a-linolenic andy-linolenic acids. The Matopos National Pavk zeyheri
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provenance was found not to contain EFAs in itsls®k K. africang T. sericea
and X. caffraseed have potential as dietary protein and ensogyces in feeds.
The seed oils could be exploited as sources of fDApotential use as health
supplements and as raw materials for lubricantd, @ sources of EFAs (n3-
PUFA). M. zeyheriseed was found to have a low crude protein comtetitcannot
be used as a potential protein concentrate in fbatg could be exploited as an
energy source in feeds and for its high oil yieldd ahigh OA content.
Exploitation of K. africana seed as a protein source in feeds would however
require the development of technical competenaetull the seed. The toudh
sericeafruit stone made it difficult to determine its desize as use of a side
cutting pliers to extricate the seed led to thekage of its seed into small pieces.
Although T. sericeaseed had the highest CP content, potential eqpilmit as a
protein concentrate in feeds would be militatedragjeby its very small seed size

that makes its yield unviable economically.

Having determined the chemical composition Kf africana and X. caffra
(alternative protein sources) ail zeyheriseed (alternative energy source), it
was imperative to undertalke vitro studies using established cell lines befare
vivo studiesln vitro studies are a critical phase after chemical assessts in the
evaluation of potential alternative feed and ordfaagredients (protein and energy
concentrates) since residual oils in seed cakesoofe trees/crops have been
found to contain toxic elements (Lai et al., 19™Myrtinez-Herrera et al., 2006,
Goel et al., 2007, Sirisha et al., 2008, Savanach Bimaskara Rao, 2011). In

animal and human nutrition studies the vitro studies are designed and
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undertaken to establish the safety of the test madgebefore their evaluatiom
vivo. The next chapter is a description of thevitro study undertaken to evaluate

the effect(s) ofK. africana M. zeyheriand X. caffra seed oils on Caco-2 and

HEK-293 cells in culture.
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CHAPTER 3: EFFECTS OF KIGELIA AFRICANA, MIMUSOPS ZEYHERI

AND XIMENIA CAFFRA SEED OILS ON CELL VIABILITY
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3.0Introduction

Cell culture involves the dispersal of cells in artificial environment that
contains requisite nutrients and provides a surfaceupport the growth of the
cells under ideal conditions (Biotecharticles, 201Ballard (1994) reported
mammalian cell culture as a powerful tool in theestigation of biochemical
mechanisms and regulatory processes. Cells inreultave been used to study,
among other things, receptor-binding interactiopsst-receptor reactions, and
responses following transfection of foreign materiand transport of nutrients
across membranes (Ballard, 1994). The need to rdeterthe bioavailability,
efficacy and possible toxicity of new drugs haverbéhe major drivers in the
pharmaceutical industry’s interest in cell-baseshbsays (Cheli and Baldi, 2011).
In the feed/food industry cell-based bioassay<Htieal to research regarding the
safety and efficacy of feed/food additives and rewctional feeds and foods
(Cheli and Baldi, 2011) and it is acknowledged thatured cells have provided

ground breaking information in nutrition (BallartB94).

Traditional methods of determining nutritive valag alternative feed and food
ingredients require animal and or human feediragstiiGlahn et al., 1998). These
in vivo methods of feed evaluation are labour intensivee ttonsuming and are
prone to ethical objections in some instances (G&tral., 1998). In contrast, cell-
based bioassays (animal cell culture) are quicks lexpensive, and highly

repeatable. Additionally, cell culture studies h@ivide a sound framework
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upon whichin vivo studies can be undertaken (Glahn et al., 1998Eulopein
vitro cellular models as alternatives to animal stuti@ge become a legislative

issue (Cheli and Baldi, 2011).

3.1Limitations and approaches in cell-based bioassays

Cells in culture contain the same genetic machirerg metabolic pathways
characteristic of cells iin vivo. They are, however, dissociated to some extent
from cell-cell interactions and totally from contexerted by tissues and organs
one to another (Ballard, 1994). The dissociati@peeially from organ and tissue
control, results in cell-based (cell culture) beegs’ failure to completely mimic
thein vivo conditions; a recognized limitation in the methlody. However cell
culture models, for example, the vitro digestion/Caco-2 model for divalent
metal ion absorption, have been successfully etlim nutritional studies (Glahn
et al., 1996). Similarly the alternative tetrazoilsalt MTT-assay for cytotoxical
determination of mycotoxins has been successfubeduin toxicological

evaluations (Mosmann, 1983).

In vitro cell culture methods can be employed in a twaetleapproach (Cheli and
Baldi, 2011). The first is the simplistic approasthereby simple effects of a
metabolite or compound of interest on cell viapiind proliferation are assessed.
Examples of the simple approach include the coletiim cell culture assay using

the tetrazolium salt MTT (3-[4,5-dimethylthiazoly®-2,5-diphenyltetrazolium
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bromide (Mosmann, 1983) and the trypan blue dydusian test (Paul, 1975)
which are used to measure cell proliferation andigal. The second, a more
complex approach, entails the elucidation of meidmas of action for the
compound of interest (Cheli and Baldi, 2011). Daii@ation of cell proliferation
and survival (simple cell-based approach) was uséte experiment described in

this chapter.

3.2 IFBTs seeds andn vitro research

The major research focus on IFBTs has been higlelilgin Chapter 2ln vitro
research on IFBTs has largely focused on anti-batteanti-fungal and anti-
plasmodial activity (potential) of the tree rodem bark and leaf extracts (Moshi
and Mbwambo, 2005; Owolabi et al.,, 2007; Nyiliggtal.,, 2008). Seeds from
IFBTs are largely discarded after utilisation ogithfruit pulp despite their being
potential sources of oils, essential oils, and ERAth a multiplicity of possible
applications. Very little if any research has beemnducted targeting the
biological effects of seed oils from IFBTs from S®A established cell linas

vitro.
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3.3 Justification: in vitro testing of IFBTs seed oils

One of the major objectives of my study was to, testitro, the biological effects
of seed oils, from the IFBTs under study, on esthbd cell lines. The outcomes
of the in vitro study together with findings from the physico-chesh
characterization would be used to select the masilde IBFT seed and de-fat it
and use its meal as a dietary substitute to SBMhem vivo trials. Seed oils at
times contain lipo-soluble toxic compounds such ths tumour-promoting
phorbol esters found idatropha curcasseed oil (Goel et al., 2007), the toxic
gossypol found in crude cottorG@ssypium hirsutupnseed oil (Savanam and
Bhaskara Rao, 2011) and the azadirachtin (compuaithdpesticidal activity) and
lead laden encephalopathy-causing Neem seed dilefLal., 1990). Despite its
high crude protein content, use of phorbol esteted Jatropha curcaseed cake
has resulted in toxicity in livestock and poultiydrtinez-Herrera et al., 2006,
Sirisha et al., 2008). Thus some oil seed caketh lbonventional and non-
conventional; have to be detoxified if their nuttigpotential is to be harnessed.
The possibility of having lipo-soluble toxins insrdual oils in potential (non-
conventional) seed cakes that could cause toxidigynands thatin vitro
assessment, using cells in culture, of the oilsnftbe seeds be executed before

undertakingn vivotrials.

Biological characterization of oils using cells ¢alture has largely focused on

animal-derived oils and purified fatty acids witttlé if any investigations being
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carried outwith seed oils from IFBTs. Given their natural camtseeds of IFBTs
could be used to generate non-conventional feecedngnts in the form of oil
seed cakes and or meals. However dueeo high oil content the oil would have
to be extracted and there is usually residualndihe seed cake after oil extraction
which could cause deleterious effects on animédlseifseed cakeme used as feed
ingredients. A preliminary screening study Kf africang M. zeyheriand X.
caffra seed oilgn vitro using human colon adenocarcinoma (Caco-2), a commo
immortalised gastrointestinal cell line, and Humambryonic Kidney (HEK-
293), an epithelial immmortalised cell line was urtdieen in order to establish the
safety of testingn vivo the potential of oil cakes from the three IFBTsaicG-2
cells are known to form tight junctions (Rouss€t8@, Rousset et al., 1985) and
express structural properties similar to those ledlienterocytes (Vachon and
Beaulieu, 1992) hence they arseful models as they mimic the gastrointestinal
tract. The HEK-293 cell line has been used extahgi{Durocher et al., 2002,
Schlaeger and Christensen, 1999) as a laboratork worse in cell culture

studies.
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3.4 Study objective

The specific objective of the study wastéstin vitro the biological effects ok.
africang M. zeyheriand X. caffraseed oils on the viability and proliferation of
Caco-2 and HEK-293) in culture and then selecthenltasis of the physical and
chemical traits anadh vitro evaluations, the most suitable seed; de-fat ituessdits
meal as a dietary substitute to SBM for the twaivo trials. T. sericeaseed oil

was not considered for th vitro studies for reasons discussed in Chapter 2.

3.5 Materials and methods

3.5.1 Seed source and oil extraction

The sources of the IFBTs seet#ls africang M. zeyheriandX. caffrg have been
described in Chapter 2. The IFBTs seed oils usethénn vitro study were

extracted from the respective seeds as describ€tapter 2.

3.5.2 Fatty acid profile determination

The fatty acid profiles of the seed oils used mithvitro study were determined

as described in Chapter 2.
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3.5.3Cell culture

The Caco-2 and HEK-293 cell lines used in the stadywell Dulbecco’s
Modified Eagle’s Medium (DMEM) and the foetal bogiserum (FBS) used to
maintain the two cell lines were obtained from Higld Biologicals (Pty) Ltd.,
Johannesburg, South Africa. Each cell line was growDMEM containing 10%
FBS (v/v) in 75 crfiflasks and incubated in an Autoflow IR-Water-JdeleCQ
Incubator [Lasec SA (Pty) Ltd, Johannesburg, Sd\ftica] under 10% CQ at
37°C. To maintain the characteristics of each ce#,licells were passaged (inside
an ESCO Class Il Biosafety Cabinet; ESCO, Johanmgsisouth Africa) at less

than 80% confluent and put in fresh DMEM containif@§o FBS.

3.5.40il treatment and viability determination

Prior to dosing of the cells with the seed oilsy aontaminants in the oils were
removed by microfiltration using Millipore HA 0.4%m filters (Millipore

Corporation, Massachusetts, Bedford, USA). The oniittered seed oils were
solubilised in 99.5% ethanol (Merck Chemicals, Jotesburg, South Africa). A
pilot study (at the maximum solubilisation dosajitated that the ethanol itself at
that concentration had no effect on cell viabilidata not shown). The seed
oil/ethanol solutions were prepared to give findl amncentrations per culture
plate well of 0, 20, 40, 80, 100 and 120 rifef culture medium. Ethanol (99.5%

purity) was used in the control wells at a conagtin of 120 mg:t. The cells
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were detached (lifted) from the flasks through dlelition of phosphate buffered
saline containing 1mM EDTA. EDTA is a calcium chelathat is used to detach

cells (Oberg et al., 2011).

Cells in medium were seeded into 24 well tissuetucel plates at
1 x 10 cells per well followed by addition of 1ml of medi (DMEM containing
10% FBS), and then incubated in an Autoflow IR-Wsalgcketed C@Incubator
[Lasec SA (Pty) Ltd, Johannesburg, South Africadem10% CQ at 37°C for 24
hours to recover prior to treatment (dosing) whk bils. Following the 24-hour
recovery period, cells in each well were then indirally dosed, inside an ESCO
Class Il Biosafety Cabinet (ESCO, Johannesburg,thtSdifrica), with the
appropriate tree seed oil (treatments) at the s#guiconcentrations. Each
treatment dose of the respective seed oils wagatpdl three times for each cell
line. After application of the oils, the cells welincubated for 48 hours
(Giangregorio, 1992; Girao, 1988). The Trypan Bkxlusion method (Paul,

1975) was then used to assess cell viability.

3.5.5 Statistical analysis

A two-way analysis of variance using the GraphPagn® 5 for Windows
statistical package (GraphPad Software Inc., Sayg®i USA) was performed.

The Bonferroni’'spost hoctest was used to compare the effects of eachstee
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oil on the two cell lines at the same oil concamtralevel and also compared to

the control. The model used in the analysis ofarare was:

Yik =H + T+ G + Wi + @; where;

Yijk = response variable of interest (cell proliferatioell death),
K = overall mean to all observations,

T, = fixed effect of the' oil treatment (i = 1, 2...6),

W, = fixed effect of the K cell type (k =1,2) and

ejk = random residual error.

3.6 Results

The number of non-viable (dead) cells between rireats and in comparison to
the control was low, ranging from 0 to 2 dead cp#s count per treatment across
treatments. More importantly there were no sta@dly significant differences in
the number of dead cells across treatments comparte control, an indication

that the oils did not cause cell death.

Figure 3.1 shows the effect Bf africanaseed oil on Caco-2 and HEK-293 cell

proliferation compared to the control.
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Figure 3.1: Comparison of the effects oK. africana oil on Caco-2 and HEK-

293 cells.

1 x 10 cells were plated per well and treated with thidated oil concentrations.
The cells were counted using the Trypan Blue Dyeldsion Method as
described under materials and methods. Cell nun{persent of control) for the
Caco-2 and HEK-293 cells are shown for each oiteatration. The assays were
done in triplicate."Non-significant differences aP>0.05. °K. africana oil
significantly (P<0.05) suppressed both Caco-2 and HEK-293 cell trawall olil
concentrations compared to contr8K. africana oil significantly <0.05)
suppressed Caco-2 cell growth compared to HEK-288 growth at all oil

concentrations.
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K. africanaseed oil significantly®<0.05) suppressed Caco-2 and HEK-293 cell
growth at all oil concentrations compared to cdn{fégure 3.1). While there
were no significant difference$%0.05) in HEK-293 cell growth between the
control and cells treated with. africanaseed oil at 20 mg'| K. africanaseed oil
significantly (P<0.05) suppressed HEK-293 cell growth at higher dosesiand
suppressed Caco-2 cell growth more compared to B#X-cell growth at all

levels of theK. africanaoil concentration (Figure 3.1).

Figure 3.2 shows the effect bf. zeyheriseed oil on Caco-2 and HEK-293 cell

proliferation compared to the control.
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Figure 3.2: Comparison of the effects oM. zeyheri seed oil on Caco-2 and

HEK-293 cells.

1 x 10 cells were plated per well and treated with thedated oil concentrations.
The cells were counted using the Trypan Blue Dyeliston Method as
described under materials and methods. Cell nun{persent of control) for the
Caco-2 and HEK-293 cells are shown for each oiteatration. The assays were
done in triplicate."Non-significant differences witiP>0.05. ®M. zeyheri oil
significantly (P<0.05) suppressed both Caco-2 and HEK-293 cell grat oil
concentrations> 40 mg I*. "M. Zeyherioil significantly (<0.05) suppressed
HEK-293 cell growth compared to Caco-2 cell growdh 80 mg T oil

concentration.
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M. zeyheriseed oil significantly suppressed both Caco-2 kiK-293 cell
growth at oil concentrations greater or equal tord@ I* compared to control
(Figure 3.2). The degree of suppression of the tiraf the two cell lines bw.
zeyheriseed oil was similar at all concentrations ex@m concentration of 80
mg * where it significantly suppressed HEK-293 cellwito compared to Caco-2

cell growth (Figure 3.2).

Figure 3.3 shows the effect of. caffraseed oil on Caco-2 and HEK-293 cell

proliferation compared to the control.
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Figure 3.3: Comparison of the effects oK. caffra oil on Caco-2 and HEK-293

cells

1 x 10 cells were plated per well and treated with thidated oil concentrations.
The cells were counted using the Trypan Blue Dyeldsion Method as
described under materials and methods. Cell nun{persent of control) for the
Caco-2 and HEK-293 cells are shown for each oiteatration. The assays were
done in triplicate. "Non-significant differences aP>0.05. ®X. caffra oil
significantly (P<0.05) suppressed both Caco-2 and HEK-293 cell trawvall olil
concentrations compared to contrBX. caffra oil at 80 mg T concentration
significantly P<0.05) suppressed Caco-2 cell growth compared tK-RE3 cell

growth.
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X. caffra seed oil significantly (P<0.05) suppressed Caamnéd HEK-293 cell
growth at all theX. caffra seed oil concentrationgssed compared to control
(Figure 3.3). There were no significant differenbetween Caco-2 and HEK-293
cell growth at all theX. caffraseed oilconcentrations, other than at 80 myg |
where theX. caffra seed oil, unlikeK. africana and M. zeyherj significantly
(P<0.05) suppressed Caco-2 cell growth compared t&-BE3 cell growth

(Figure 3.3).

The growth of both Caco-2 and HEK-293 cells shoveed overall trend of

decreasing with an increasing seed oil concentrgiayures 3.1-3.3).

3.7 Discussion

The three IFBTs seed oils consistently suppregsedrowth of the two cell lines
(Caco-2 and HEK-293) in a seemingly dose-depenalaminer.In a similar study
using shark liver oils, Davidson et al. (2007) neépd a trend towards growth
inhibition of Caco-2 cells treated with liver oftoom the great white and spinner
shark species and attributed the trend to the rafion3 to n6 (n3:n6)
polyunsaturated fatty acids of the shark liver .oilBhe ratio of n3:n6
polyunsaturated fatty acids (4.13) fidr africanaseed oil falls midwayetween
the n3:n6 polyunsaturated fatty acid ratio for gneat white (9.74) and spinner

(2.62), shark liver oils, (Davidson et al., 200Mile the 0.02 n3:n6 ratio d¥l.
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zeyheriseed oil is lower compared to that observed instiark liver oils. The
observed Caco-2 cell growth suppression trend dadmnadequately explained by
the n3:n6 ratio of the tree seed oils, siMde zeyheriseed oil with an n3:n6
polyunsaturated fatty acid ratio outside the obsgmatios in shark liver oils also

resulted in a suppression of Caco-2 cell growth.

In animal models, fish oil, a rich source of eiqusataenoic acid (EPA), an n3-
polyunsaturated fatty acid, has been reporteddooe the induction of colorectal
cancer by mechanisms that are thought to invol@pr&ssion of mitosis and
increased apoptosis (Clarke et al., 1999). In cejt&PA at 10 and 15ug thl
reduced the growth rate of adherent HT29 cellsjradn colonic adenocarcinoma
cell line (Clark et al., 1999K. africang M. zeyheriand X. caffraseed oils, did
not contain EPAbut contained-linolenic acid, an n3-polyunsaturated fatty acid
that could have similar effects on the cells as ERAcells,a-linolenic acid is a
substrate for longer chain more unsaturated n4y ftids including EPA and
docosahexaenoic acid (Burdge, 2006) thusathirolenic acid from the tree seed
oils could have been metabolised to EPA (in thisx#hat then could have led to
suppressed Caco-2 and HEK-293 cell growth. Domratlal. (2002) reported
growth inhibition of Caco-2 cells on incubation iinoleic acid andi-linolenic
acid. All three tree seed oils contairnetinolenic acid whilst onlyK. africanaand
M. zeyherialso contained linoleic acid. Although Dommelskt(2002) made use
of purified linoleic anda-linolenic acid in their study that demonstratedvgih
inhibitory effects on Caco-2 cells, the presencdaige concentrations, of linoleic

and a-linolenic acid in the seed oils could account flee suppression of both
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Caco-2 and HEK-293 cell growth in a dose-dependariner. The Caco-2 cells
over and above forming tight junctions (RoussegB6l9Rousset et al., 1985) and
expressing structural properties similar to thokséeal enterocytes (Vachon and
Beaulieu, 1992) also express various levels of sfrarters on their cell
membranes (Mandagere et al., 2002). In this sttlty,depressed Caco-2 cell
growth with the increase in tree seed oil concéiomaK. africang M. zeyheri
and X. caffrarespectively) could have resulted from a poss#ileration of the
cells’ membrane traits by the oils. Alteration bétcell membrane characteristics
could lead to interference and or partial blockafjehannels that are responsible
for nutrient uptake and excretion of metabolic wasby the cells (Kirk and
Strange, 1998) thus leading to subnormal levelsubfient uptake and abnormal

waste accumulation; conditions that might leadreamgh suppression.

The trypan blue dye exclusion method, though adragid easy method of
measuring cell growth and viability has got shomigags. The method indirectly
measures viability from cell membrane integritynte it is possible to have a cell
whose viability has been compromised in its abiiitygrow and or function yet its
membrane integrity can be transiently maintaineder& is also the possibility
that cell membrane integrity could be seen as comged (by letting the dye
into the cell), but the method fails to cater fetl€ whose membranes (seemingly
compromised) repair themselves and become viablead to be pointed out,
however, that the focus of this study was to deedimpinary determination of the
effects of the three tree seed oils on cell prddtien as a basis for further in depth

studies. In addition, as previously mentioned,gheas the possibility that the oils
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altered membrane structure and so the trypan bleexiclusion method would be

useful in detecting these changes of membraneitijuacid permeability.

3.8 Conclusion

The suppression of cell proliferation by the treedsoils strongly indicated anti-
proliferative effects of th&. africang M. zeyheriand X. caffraseed oils on the
two cell linesin vitro. Further work focusing on the measurement of DNA
synthesis and metabolic profiles of treated cediglat assist in the delineation of

mechanisms responsible for the observed growthreapion.

Differences in cell dynamics occur vivo compared tan vitro (Ballard, 1994).
Due to the potential differences in cell behaviwuvitro compared tan vivo, it is
not plausible to extrapolate the observed antifemaitive effects of the seed oils
observedin vitro to anti-proliferative effects of the oils on gasttestinal
mucosal cellsn vivo should the tree seed cakes, with residual oilsideel as feed
ingredients. The fact that the seed oils did naseacell death means that the oils
were not toxic and therefore use of the seed catlidls residual oils, is not likely

to cause deleterious effects in animals.

X. caffraseed oil's lack of toxicity to cells vitro justified further evaluation of

the potential of defatted. caffraseed meal as a protein source in faedavo.
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The seed X. caffra) was found to be easy to shell (Chapter 2). Adddity,

chemical analyses had revealed (Chapter 2) thenpmit@f X. caffraseed as an
alternative protein source in feeds and foods. Desjme chemical potential
(Chapter 2) and the lack of toxicity of its seebtoicellsin vitro (Chapter 3), the
current lack of appropriate technology to dehkll africana seed militated
against its evaluatiom vivo. Chapter four is a description of the first setirof
vivo experiments where the effects of substituting S®Nh defattedX. caffra

seed meal on apparent nutrient digestibility androgen balance were

investigated.
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CHAPTER 4: XIMENIA CAFFRA SEED MEAL AS A DIETARY

PROTEIN SOURCE: EFFECTS ON NUTRIENT DIGESTIBILITY A ND

NITROGEN BALANCE IN SPRAGUE DAWLEY RATS
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4.0 Introduction

The scarcity and seasonality of feed availabilitigh feed costs and competition
for feed ingredients between man and livestockkageconstraints to intensified
animal production in SSA. Optimal livestock prodant levels hinge on
providing high quality nutrition. The major targehen feeding animals is to be
able to supply the requisite amount of nutrientsnieet the productive and
reproductive requirements of different classes oimals. Animal-dependent
factors such as age, (pre-weaning, brooding, pesiamg, post-brooding,
fattening/finishing) and physiological status (gagegnant, pregnant and lactating,
dry and open, laying and moulting) influence nutrierequirements and
proportions of nutrients for optimal production é&v at the different animal ages

and physiological states.

The chemical composition of feed ingredients hasiagor impact on animal
performance. Whilst the knowledge of the chemicalmposition of feed
ingredients is of value, by itself is not very ude$ince it does not always
translate into increased bioavailability of nuttenand a concomitant
improvement in animal performance. Feed ingredigiten ingested by animals
interact in a manner that either increases nutagatlability (positive associative
effective) or in a way that reduces nutrient avality (negative associative
effects), for example, tannins and phytic acid eausgative associative effects in

animal feeds: they complex with dietary protein digestive enzymes in the GIT
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negatively impacting on protein digestion and isikbility (Waghorn, 2008;
Reyden and Selvendran, 1993). Kumar et al. (206pprted that combining
mustard seed cake and SBM (50:50) as protein seuresulted in positive
associative effects on growth in lambs than whémeeiof the protein source was

used individually.

4.1 Approaches to feed evaluation

Feed evaluation is generally undertaken both teszssand compare the value
between feeds and or feed ingredients and theectefbn production levels
(Ribeiro and Moreira, 1998). Methods employed ie #ssessment of feed value
are designed in such a manner that they mimic ftfexteof digestion on a
feedstuff (Ribeiro and Moreira, 1998). Chemical,zynatic and biological
approaches constitute the major methods used th dgaluation. Despite their
simulation of the digestive process, each of thgomized evaluation methods

comes with some margin of error.

4.1.1 Chemical methods of feed evaluation

Chemical methods, for example, the proximate amaljdcDonald et al., 2002),
fibre and modified fibre assays (Van Soest, 1968 Yoest et al., 1991), nuclear

magnetic resonance and near infrared reflectaneetrggcopy (Givens and
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Deaville, 1999), generally quantify the differenttments in a feed. Compared to
enzymatic and biological methods, chemical methafdi®ed evaluation, though
they give useful data for predicting feed valueg &r removed from what

happensn vivothus they are less reliable (Ribeiro and Morei@98).

4.1.2 Enzymatic methods of feed evaluation

Enzymatic methods of feed evaluation make use afthgfic enzymatic
preparations (Donefer et al., 1963), enzyme-bedBhQ secretions, for example
pancreatic extracts and rumen liquor containingromial digestive enzymes
(McDonald et al., 2002). Although developed largelyassess forage feed values,
enzymatic methods have also been applied in therrdatation of the feed value
of mixed feeds and concentrates (Ribeiro and Maydi®98). Enzymatic methods
of feed evaluation have some advantages: they @réme consuming and are
relatively less costly compared to referenceivo methods (Ribeiro and Moreira,
1998), have a high degree of accuracy due to thepeatability and
reproducibility (Aufrére and Guérin, 1996) and hase higher feed value

predictive capability when compared to chemicalhuds.
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4.1.3Biological methods of feed evaluation

Functionally, biological methods of feed evaluatere designed to represent
and mimic a part of or a series of parts of the &hd@ the digestive and absorptive
processes in animals (Ribeiro and Moreira, 1998)thohgh all different
biological approaches generate useful informatibair applicability is situation
specific. The key biological methods include thevitro two stage technique
(Tilley and Terry, 1963), then situ technique (Meherez and @rskov, 1977,
@rskov and McDonald, 1979), tle vitro gas production (Menke and Steingass,
1988) andn vivo digestibility trials. With the exception of the vivo digestibility
trials, the other biological methods though giveaggood prediction of the feed
value, are limited by their failure to completelynmc the dynamics of the GIT

that include digesta movement, pH changes, searatid absorption.

Determination of feed quality usinig vitro methods is of essence to animal
nutritionists: it has advantages, among othersalloiving more control of the
experimental conditions compared itovivo determination. It is less expensive
(no need to keep and feed large numbers of aniplaky labour intensive and
takes relatively less time to get results (Makkz005). Additionally,in vitro
techniques allow animal nutritionists to executeliptinary screening tests for
potential feed materials such as breeder's anddation seeds that are not yet
produced commercially. The syringe-basedvitro gas method (Menke et al.,

1979) is a more suited tool to evaluate feedsiaftbe less resourced developing
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countries because it is less capital intensive #dgk2004). It is recommended
that data generated fromwitro gasmethods be validated agaimstvivo nutrient

utilization and animal performance (Makkar, 2005).

In vivo digestibility trials give a better prediction dfet feed value as a result of
the integration of digestion and absorption; twitical processes that occur in the
GIT. Thein vivodigestibility trials also allow for the measuremehnitrogen (N)
balance. The latter is important in the assessiwfenttritional response and is a
useful tool in the evaluation of the adequacy aft@n intake and determination
of protein requirements$n vivo digestibility trials are however saddled with some
criticisms (McDonald et al., 2002). Scientific tedhogical advancements have
made it possible, albeit at an increased costJitaireate most of the criticisms
associated with basic digestibility trials by makim possible to generate true as

opposed to apparent digestibility coefficientsedds.

4.2 Study justification: test chemical andin vitro potential in vivo

X. caffra seed’s potential as a protein source in feeds leen partially
demonstrated by chemical analyses, a relativelpleisseed yield, ease of
processing (Chapter 2) and lack of toxicity ofatson cellsin vitro (Chapter 3).
However, as discussed earlier, chemical analysésirarvitro studies do not
accurately predict the nutritional value of feedglditionally, in view of the
constraints imposed on intensification of livestgrkduction in SSA as a result

of shortages and high cost of feed ingredientsfiquéarly protein and the
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possibility of usingX. caffraseed as a non-conventional protein source in feeds
thus became imperative to determiireyivo, the feed (protein) value of solvent
extracted X. caffra seed meal as a substitute to SBM on apparententitri

digestibility and nitrogen balance.

4.3 Study objectives

The specific objectives of the study were to:

i. determinein vivo, the effects, in mature male Sprague Dawley KHtslietary
substitution of SBM with defatteH. caffraseed meal (following the selection of
X. caffraseed as the most appropriate protein source) parapt nutrient (DM,

OM, CP and GE) digestibility.

ii. determine in vivo, the effects, in mature male Sprague Dawley ditgjetary
substitution of SBM with defatted. caffraseed meal (following the selection of

X. caffraseed as the most appropriate protein source)tmyein balance.
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4.4 Materials and methods

4.4.1 X. caffra seed: source, preliminary processing and importabin

Sourcing, preliminary processing and importatiorKotaffraseed used to in the

in vivotrials was described in Chapter 2.

4.4.2 Defatting of X. caffra kernels

The dry shelledX. caffra kernels were defatted at the Centre for Scienéfid
Industrial Research’s Biosciences Modderfontein dexpent Station, Kempton
Park, Johannesburg, Republic of South Africa. Brighe X. caffrakernels (34
kg) were pressed in 500 g aliquot portions at asguee 25 000 kPa for 12.5
minutes using a hydraulic press. The pressed galgdle was divided into three
feed batches. Each feed batch (pressechaffrakernel paste) and hexane (96%),
at a ratio of 4:1 (hexane: solid paste) was thesrgdd into a 60L reactor and
stirred for 1 hour at room temperature. This wdloWeed by centrifugation of the
mixture for 30 minutes to separate the solid agdidi components. Recovered
“solids” were subjected to an additional 5 cyclé®xtraction/centrifugation. On
completing the B extraction, the defatteX. caffraseed meal (XCSM) (solids)
was air dried under shade. The dry XCSM was thernnploessian bags and stored

in dark cupboard prior to chemical analyses andsegbent use for diet
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formulation. The recovered oil/lhexane mixtures waoeled and the hexane was
removed using a Buchi rotary evaporator (BUCHI Ladchnik AG, Flawil,

Switzerland) at 65°C.

4.4.3 Proximate, mineral and fibre analyses of defatteX. caffra seed meal

Prior to use in the formulation of the experimerdadts, proximate components
DM (method number 934.04), CP (method number 954l (method number
920.39), ash (method number 942.05) and CF, weterrdme as outline by
AOAC (2005). The minerals calcium, magnesium andsphorus, were assayed
as described by Zasoski and Burau (1977). The ftaretion (NDF and ADF),
inclusive of ash, of the defatted XCSM was deteadias decribed byVan Soest
et al. (1991). Gross energy (GE) value of the tefialXCSM was determined
using an MC-1000 Modular Calorimeter equipped (Bweinstrumentation,
Centurion, South Africa) with a PC and MC1000 seitex The chemical assays
on the defatted XCSM were performed at the Agnoalt Research Council’s

Irene Analytical Services Laboratories, Irene, 8dAirica.
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4.4.4Feed ingredients, diet formulation and diets

Yellow maize, wheat bran, gluten feed and feed-gtadestone were supplied by
Optic-Feeds Private Limited, Lichtenburg, South i¢dr the vitamin-mineral
premix was supplied by ADVIT Animal Nutrition, Jaimaesburg, South Africa,
tallow was supplied by Energy Oil, Johannesburgyti®frica and brewers’
yeast was sourced from Anchor Yeast, Gweru, ZimlabWhe Least cost
feed/ration formulation software, WinFeed, was usethe formaulation of the
diets. The control and experimental diets werenfdated in such a manner that
they met the National Research Council (NRC) rexuents for rats (NRC,
1995). The control diet (Diet 1) was SBM based wWiita test diets formulated in
such a manner that XCSM substituted SBM on a cprdeein basis to generate
iso-calorific and iso-nitrogenous diets. Ingrediant chemical composition of the

diets is shown in Tables 4.1.
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Table 4.1 Ingredient and chemical composition of the cdraral test diets

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Ingredients (g kg%
Maize meal  614.0 607.5 600.5 593.5 587.0
Wheat bran  10.0 10.0 10.0 10.0 10.0
Gluten feed  71.5 71.5 71.5 71.5 71.5
Tallow 20.5 20.5 20.5 20.5 20.5
SBM 164.0 122.5 82.0 41.0 0.00
XCSM 0.00 48 95.5 143.5 191.0

(0) (25) (50) (75) (100)
Yeast 102.5 102.5 102.5 102.5 102.5
“Limestone  13.5 13.5 13.5 13.5 13.5
Salt 2.0 2.0 2.0 2.0 2.0
*Premix 2.0 2.0 2.0 2.0 2.0
Total 1000 1000 1000 1000 1000
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Table 4.1 continued

Chemical composition

DM (%) 89.87 89.90 89.99 90.05 90.24
OM (% DM) 85.61 85.52 85.58 85.91 86.33
*CP (% DM) 18.55 18.74 18.25 18.60 18.18
EE (% DM) 4.47 4.93 4.61 4.99 4.71
Ash (% DM) 4.26 4.38 4.41 4.14 3.91
Ca (% DM) 0.59 0.58 0.55 0.52 0.57
P(%DM)  0.43 0.43 0.39 0.44 0.44

Energy (MJ kg ‘DM)

*GE 15.78 15.62 15.67 15.61 16.13

Figures in parentheses indicate the percentageitsiiosr of SBM CP by XCSM
CP; 'Brewers’ yeast; *Diets iso-nitrogenous; **Diets {isnergetic. DM: dry
matter; OM: organic matter, CP: crude protein; Etfer extract; Ca: calcium; P:
phosphorus; GE: gross energy; SBM: soyabean mé&aEM defattedX. caffra
seed meafFeed grade limestondyitamin-mineral premix: each kg contained vit
A 30 000 000 IU, vit D3 166 667 IU, vit E 20 500;dt K3 1.67 g, vit B 5.67 g,
vit B, 3.33 g, Niacin 15 g, Calcium pantothenate 6.6vitg31, 0.01 g, vit B6 2.5
g, Choline 333.33 g, Folic acid 0.33 g, Biotin 0@4Rovimix Stay C 10.83 g,
MnSO, 10 g, Zn 10 g, Cu 2.33 g, KI 0.17 g, Fe3t.67 g, Se 0.05 g.
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4.5 Animal ethical clearance and study site

The study, conducted in the Central Animal Servideg (CAS) Animal Unit at
the Faculty of Health Sciences, University of thewdtersrand, was approved by
the Animal Ethics Screening Committee (AESC) of tbaiversity of the
Witwatersrand, Johannesburg, South Africa (AESC lmenm 2008/46/01; see

appendix 1).

4.5.1 Animals and experimental design

Nineteen (19) mature male Sprague Dawley rats witmean body mass of
287.32+12.14 g were used. The rats were randonsligrasd to the five dietary
treatments [Diet 1 to Diet 5 (D1to D5]). The comtdeet (D1) was replicated on
three occasions while the test diets (D2 througbB%d were each replicated four

times.

4.5.2 Animal housing and feeding

Each rat was individually penned in a polyethylemetabolism crate. The
metabolism crates (Tecniplast S.p.A., Buguggiataly) were designed in a

manner that allows for separation of urine and daeto facilitate clean sample
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(faeces and urine) collection. The rats hddibitumaccess to drinking water and
were fed at a rate of 87.01 gkbody weight per day. Lighting was set on a 12-
hour light-dark cycle with lights on from 0700 heuiThe ambient temperature

was set at 22+2°C.

4.5.3 Animal adaptation

The experimental period lasted for 17 days. The naere adapted to the

experimental conditions (metabolism crate envirommend the dietary

treatments) for 12-days before commencement of sat@aple (faeces and urine)
collection. During the adaptation period, faecall amine samples from each rat
were removed (but not quantified) and disposedrofaaily basis. On the last
day of the adaptation period, each metabolism evatecleaned and the rats were
returned to their respective crates. Fresh feedwesghed and offered to each rat

on the basis of its dietary treatment group.

Figure 4.1 below shows the metabolism crates dediga facilitate clean urine

and faecal sample collection during the digestipdnd nitrogen balance trial.
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Figure 4.1 Photograph of metabolism crates set up during the igestibility

and nitrogen balance trial.
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4.5.4 Faeces and urine sample collection and storage

After the 12-day adaptation period, measurementseuf offered, refusals, faeces
and urine sample collection were done daily andiooad for 5 days. Each rat
was weighed using an electronic balance [SnowregtEinic Scales, (PTY), Ltd.,
Johannesburg, South Africa) at the commencemetiteob-day total collection
period. Samples of the feed and refusals for eactvere taken and bulked daily
to generate composite samples from which chemssdys were to be done. Feed
intake and refusals per rat on each of the dict@ytments were recorded daily
for the 5-day collection period. Daily faecal saagpfrom each rat were collected,
weighed fresh and stored in a freezer (-20°C) asribed by Osuiji et al. (1993).
Each rat’s bulked faeces were kept frozen pendiogimate analysis. Urine from
each rat was similarly collected, the volume andsndetermined and stored in
plastic sample bottles to which 0.5ml of concertld,SO, was added to prevent
loss of nitrogen (Osuji et al., 1993). The urinenpkes were also stored in a
freezer (-20°C) pending proximate analysis. Aftaiection of the last batches of
faecal and urine samples (day 5), the rats wergned to the Central Animal

Services stock.

4.5.5 Proximate analysis of feed, faeces and urine

A representative sample of each dietary treatmesd ground using a Wiley

Laboratory Mill (GMI, Minnesota, USA) to pass thgiua 1 mm screen prior to
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the analysis. The bulk faecal sample of each rat Wwaeze dried [Specht
Scientific Freeze DriefJnited Scientific (Pty) Ltd, Johannesburg, Southic]

and the faecal DM output determined prior to gmgdthrough a 1 mm screen.
The ground dietary samples and faeces were eamdsto air tight sample dark

bottles in a fridge at 4°C pending analysis.

The proximate analyses for the dietary treatmediest (L to diet 5), faecal and
urine samples were performed at the Agriculturasdaech Council’s Irene
Analytical Services Laboratories, Irene, South édriThe proximate components
for the diets, that is, dry matter (DM), ash, crymetein (CP), and ether extract
(EE) were determined as outlined by the Official tMels of Analysis of
Analytical Chemists (AOAC) (2005: method numberst. 83, 942.05, 954.01,
and 920.39 respectively). Organic matter was estichas the difference between
dry matter and ash. Prior to determination of igémo (N) content of the urine,
each frozen urine sample was thawed then thorougitgd. A 5 g urine sample
was then taken and used in the determination aftyiN as described by AOAC
(2005: method number 954.01). The GE value of edietary sample, faecal
sample and urine sample was determined using ari800-Modular Calorimeter
equipped with a PC and MC1000 software (Energyruns¢éntation, Centurion,

South Africa).
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4.5.6 Computations: apparent digestibility coefficients ad nitrogen balance

Computations of nutrient intake (DM, OM CP, N, &H#) and nutrient output via
faeces and urine, apparent digestibility coeffitsdor DM, OM, CP and GE and
N balance (absorption and retention) were doneeasribed by Osuli et al. (1993)

and McDonald et al. (2002), respectively.

4.5.7 Statistical analysis

An analysis of variance (ANOVA) using the GraphPRdsm 5 version for
windows statistical package (GraphPad Software, IBan Diego, USA) was
performed on the effects of graded dietary suligituof SBM with XCSM on
feed (DM) and nutrient intake, nutrient coefficierdf digestion and N balance
(absorption and retention) for the rats. The comspas among the diets’ effects
on nutrient intake, faecal and urinary nutrient potif apparent nutrient
digestibility and N balance were done using the fBooni’s post hoctest.
Differences among means with P < 0.05 were accegge@presenting statistical
differences. Results are reported as means +* sthdaiation. The model used

in the analysis of variance was; ¥ p + Ti+ A; + g;; where:

Y; = dependent variable of interest (nutrient intakefrient output, nutrient

coefficient of digestibility, nitrogen balance),

i = overall mean common to all observations,
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T; = fixed effect of dietary treatment (i = 1,2,..5),

A = fixed effect of individual rat (j = 1,2,3,...18nd

g; = random residual error.

4.6 Results

Table 4.2 shows the effects of defatting (solvetitagtion) X. caffrakernels on

their nutrient composition.
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Table 4.2: Proximate, mineral and fibre content of full f4t caffra seed and

solvent extracteX. caffraseed meal

Nutrient content Full fat X. caffra seed

Defattei. caffra seed meal

DM (g kg}) 955.13

Proximate composition (g kg' DM)

OM 934.69
CP 182.55
EE 484.47
Ash 20.44

Mineral composition (mg 100g' DM)

Calcium 17.85
Magnesium 207.90
Phosphorus 345.45
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911.70

858.17

432.71

40.36

53.53

50.67

659.21

959.75



Table 4.2 continued

Fibre composition (g kg* DM)

CF nd
NDF 213.31
ADF 51.17

Energy content (MJ kg* DM)

GE 32.10

90.16

235.27

102.56

18.83

DM: dry matter; OM: organic matter; CP: crude pnoteEE: ether extract; CF:

crude fibre; NDF: neutral detergent fibre; ADF: cacdletergent fibre; GE: gross

energy. nd: not determined.
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Defatting X. caffraseed resulted in a significant increase in thea3R, calcium,
magnesium, phosphorus, NDF and ADF content, respedct (Table 4.2).
However, there was a 41.34% decreased in GE coimtehe defattedX. caffra
kernel meal when compared to the GE content infaliat X. caffra kernels

(Table 4.2).

Nutrient intake (DM, OM, CP, N and GE) and faecatrient output (DM, OM,
CP, N and GE), urinary N excretion, apparent digagy of DM, OM, CP, and
GE and N balance (absorption and retention) in oatshe SBM-based control

diet and on XCSM-based test diets are shown in eraBl3 below.
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Table 4.3 Effect of a graded dietary substitution of soyabesral (SBM) with defatteX. caffraseed meal (XCSM) on nutrient intake,

faecal and urinary nutrient output, apparent digay of nutrients and nitrogen balance in majg&ue Dawley rats

Parameter Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Sidgictance level

5-day nutrient intake

DM intake (g) 82#11%.89 96.37+28.96 101.28+13.69 106.12+3.50 109.82+2.76 n.s.
OM intake (g) 78.61+15.20 92.22+27.71 96.86+13.09 101.80+3.36 105.54+2.65 n.s.
CP intake (g) 15.38+2.97 18.20+5.47 18.43+2.49 19.86+0.66 19.92+0.50 n.s.
Energy intake (MJ) 1.312D 1.52+0.46 1.60+0.22 1.66%0.05 1.77+0.04 n.s.

5-day faecal nutrient output

DM output (g) 12:3.53 16.64+4.09  18.07+3.0% 19.13+1.28 22.71+3.78 *
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Table 4.3 continued

OM output (g)

CP output (g)

GE output (MJ)

Digestibility

Apparent DM digestibility (%)
Apparent OM digestibility (%)
Apparent CP digestibility (%)
Apparent GE digestibility (%)
Nitrogen utilization

N intake (g day)

Nitrogen excretion

Faecal N (g day)

11.14+3.99

74t0.96

(05573008

85.14+1.74

85.95+1.60

75.80+3.09

81.16+2.12

0.49+0.10

0.12+03

14.97+3.69
5.04+1.78

0.33+0.08

81.68+3.64
83.29+2.71
71.3845.53

77.60%£3.73

0.59+0.17

0.16+0.0%
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16.18+2.89

5.56+0.98

0.36+0.08

82.08+2.35
83.22+2.29
69.65+4.09

77.53+3.02

936.08

0.18+0.03%

7.13+1.1%
5.71+0.48

0.38+0.0%

81.97+2.35

83.17+0.95

71.28+1.60

77.24+1.25

0.64+0.02

0.18+0.0°F

20.72+3.76 *
6.88+1.30 *
0.45+0.08 *

79.57+3.50 n.s.
80.31+3.95 n.s.

65.41+6.86 n.s.

74.27+5.03 n.s.

0.64+0.02 ns

0.22+0.04 *



Table 4.3 continued

Urinary N (g day) 0.31+0.08 20t0.06 0.27+0.05 0.22+0.02 0.22+0.05 n.s.
Nitrogen balance
Absorption (g day) 0.37+0.07 0314 0.41+0.07 0.45£0.0 0.42+0.05 n.s.

Retention (g day) 0.06+0.04  0.21+0.11 0.14+0.08 0.23+0.03 0.20+0.09 s n

n.s. = not significant? > 0.05. *P< 0.05.%*Within row means with different superscripts amgn#ficantly different af <0.05. The faecal
DM, OM, CP, N and GE output of rats on Diet 5 weignificantly higher P = 0.0140,P = 0.0149,P = 0.0178,P = 0.0159 and® =
0.0149, respectively) compared to those of rat®men 1. Diet 1 = 100% SBM as protein source; Diet Z5% SBM + 25% XCSM as
protein source; Diet 3 = 50% SBM + 50% XCSM as @rosource, Diet 4 = 25% SBM + 75% XCSM as protaarce; Diet 5 = 100%
XCSM as protein source. Data presented as MeanaSD}, except for Diet 1 where n = 3.
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Dietary DM, OM, CP, N and GE intake of rats on ttwatrol and test diets was
statistically similar (Table 4.3). While urinary ditput was similar § > 0.05) for
the rats across the dietary treatments (D1 thrdagh5), rats on Diet 5 (100%
substitution of CP from SBM by CP from XCSM) hadsistently higher R <
0.05) faecal DM, OM, CP, N and GE output comparedheir counterparts on
control diet ( Diet 1; Table 4.3). There were natistically significant differences
in the apparent digestibility of DM, OM, CP and @&ats on the control and test
diets (Table 4.3). Additionally, there were no difnces® > 0.05) in N balance

(absorption and retention) in rats across the gdig¢taatments (Table 4.3).

4.7 Discussion

4.7.1 Effect of defatting X. caffra kernels on nutrient compaosition

Oilseed crops (sunflower, cotton, soyabean) cartstithe major protein sources
in animal feeds. Upon dehulling (sunflower and @otseed) and defatting, the
resultant cakes and or meals are used as protegectates in both monogastric
and ruminant animal feeds. Undefatted sunflowed sewl sunflower seed kernels
have a CP concentration of 18.8% and 26.4% %, ctisply/ (FAO, 1993). When

defatted, their respective CP concentrations irseréa about 36 and 40%. Solvent
extracted SBM has a reported CP content of 45% (F®0O3) that is greater than
the 34-38% CP in full fat soyabean meal. Defatiihgcaffra kernels, as is the

case with defatting of conventional oilseeds, iasesl the CP in the resultant
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meal from 18.3% in the full faX. caffra kernels to 43.3%, a concentration
comparable to the 45% CP in SBM. While defattingKotaffrakernels removed
the diluting effect of the kernel oil on CP, ashdaninerals, the decrease in the
GE of theX. caffraseed meal (defatted) compared to the fulXiataffrakernels,
was ascribed to the massive reduction in the engegge oil from the meal. It is
critical to note that the defatting over and abowproving the status oX. caffra
kernel meal as a potential non-conventional prosemrce, also served to remove
most of the oil which would otherwise lead to raliigi in feeds if full fatX.

caffrakernels were to be used as a feed ingredient.

4.7.2 Effect of dietary X. caffra seed meal on feed and nutrient intake

Rotger et al. (2005) reported similarity of theakés of DM, OM, CP, and NDF
in heifers fed diets constituted from different nedients but that, chemically,
were iso-calorific and iso-nitrogenous. In the eutrstudy despite the differences
in dietary ingredient composition, the SBM-basedtod diet and theX. caffra
seed based test diets were iso-calorific and isogenous. The similarityP(>
0.05) in nutrient (DM, OM, CP, N and GE) intake eh&d in the rats across
dietary treatments, as was the case with the oaseng of Rotger et al. (2005),
could have been due to the similarity in dietargrgy content of the diets since
animals eat to satisfy their energy requirementse@Re and Dierenfield, 2010).

Results of the current study suggested that SBNtdeei substituted with defatted
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X. caffra seed meal without negative impacts on energy abvisity to the rats,

hence the observed similarity in nutrient intake.

4.7.3 Defatted X. caffra seed meal versus other alternative plant protein

sources: effects on digestibility and nitrogen utikation

A number of studies have been conducted assedsen@ftect of substituting
SBM with non-conventional protein sources in feedsnutrient digestibility and
N balance. A 100% substitution of SBM with chickg€acer arietinun) meal, as
a protein source in rat diets resulted in signifitba lower N digestibility
compared to those on the SBM-based diet (Rubid.,e1208). In contrast, in the
current study, replacement of SBM with defattéd caffra seed meal did not
statistically significantly decrease apparent mumiri(including CP) digestibility.
While use of chickpea meal as an alternative pmogeurce to SBM resulted in
decreased N retention in rats (Rubio et al., 199®) graded replacement of SBM
with defattedX. caffraseed meal did not significantly influence N absiorm and
retention; an indication that defatt¥d caffraseed meal might not have negative

effects on N balance in rats and possibly in othenogastric animals.

In another study to evaluate the nutritional gyalitf heat treated baobab
(Adansoniadigitata), iron wood Prosopis africang Senegal lilacl{onchoarpus
sericeuy, ear pod tree Hnterolobium cyclocarpiujpn sesbania Sesbania

pachycarpa and camwoodRterocarpus osunseeds, rats were used in a growth
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and balance study to determine digestibility, N aneérgy balance (Proll et al.,
1998). Each seed meal was used as the sole sdupcetein in place of casein
(Proll et al., 1998). Th®. africanaandL. sericeusbased diets caused reduced
feed intake. HoweverS. Pachycarpaand A. digitata seed based diets had
apparent digestibilities of 74.8 and 66.3%, respelst compared to the 91.2%
apparent digestibility of the casein-based diebl{Ret al., 1998). In the current
study apparent OM digestibility (85.95+1.@3,.29+2.71, 83.22+2.29, 83.17+0.95
and 80.31+3.95%) for substituting SBM CP with diefdtX. caffra seed meal
(XCSM) at 0, 25, 50, 75 and 100% on a CP basipect/ely) were much higher
than the 74.8 and 66.3%, apparent OM digestibiliben S. PachycarpandA.
digitata seed, respectively, were used to replace casepargnt OM digestibility
in the test diets with XCSM replacement of SBM &083.29%) approached the
91.2% OM digestibility in a casein-based diet reparby Proll et al. (1998), a
possible indicator of the high potential of defdtbe. caffrakernel meal as an
alternative protein source in monogastric anima&dge Casein is an animal-
derived protein source. Animal-derived protein sesrare of high quality in
terms of the balance between amino acid composiiwhproportion that leads to
a higher PER and digestibility (Schaafsma, 200@weler, the OM digestibility
range of 80.31-83.29% in diets containing defaXe@affrakernel meal pointed

to a possible high quality plant-derived proteinrse in feeds.

Phuc et al. (2000) reported that replacement of SBMa CP basis with cassava

leaf meal (CLM) and ensiled cassava leaves (EClgrawing pig diets resulted
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in a linear decrease in the apparent digestibddagfficients of OM, CP and CF
and a decrease in N utilization and retention winitreasing concentrations of
either the CLM and ECL in the diet. OM, CP and Qgedtibility coefficients
were 49% , 51% and 44% , respectively, with CLMdahdiet and 52%, 51% and
59%, respectively, with ECL-based diet in pigs (@t al., 2000); coefficients
which are much lower when compared to when XCSM wsed albeit in rat
diets. Similarly, replacement of SBM with a mixtwkTaro Colocasia esculenta
L) leaf silage and water spinach in Mong Cai pigsuited in a linear decrease in
apparent total tract digestibility of DM, OM, CP darCF with increasing
concentration of the mixture of the Taro leaf s#aapd water spinach in the diet
(Malavanh et al., 2008). Use of Rubber sdddvea brasiliensjsmeal to replace
SBM at 10%, 20% and 30% in growing pig diets, ddRabasis, resulted in lower
apparent digestibilities of DM, GE and N at 20%¢lesf replacement (Babatunde
et al., 1990). The observations by Babatunde €1880), Phuc et al. (2000), and
Malavanh et al. (2008) are at variance with theultesobserved with graded
substitution of SBM with XCSM on a CP basis, in tharent study, where an
increase in concentration in XCSM in the test diedd statistically #>0.05) no

negative effect on nutrient digestibility and N afjion and retention.

A number of plant-derived non-conventional proteources are used as protein
concentrates in feeds despite their generally lowgritive value viz effects on
nutrient digestibility and N utilization. In the went study it was observed that
defattedX. cafframeal, when used to substitute SBM on a CP basssilted in

nutrient digestibilities approaching those obserisdothers when casein, an
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animal-derived protein, was used a protein soutices pointing to the high
potential of defatte. caffraseed as alternative plant-derived protein soumce i

feeds.

Determination of true as opposed to apparent mitdeyestibilities, computation

of nutrient digestibilities in the different GIT gments (e.g. ileal digestibility),

determination of specific amino acid digestibikti@and computation of other
indicators of the nutritive value of XSCM such asltgical value and net PER
ratio could have improved results and given a elepicture of the nutritive value
of XCSM as a potential protein source in monogasriimal feeds. However, it
has to be noted that the primary objective of thedys was to execute a
preliminary in vivo determination, using apparent digestibility andbBlance

trials, to evaluate the feed (protein) value ofatkeid X. caffrakernel meal as a
protein source in animal (monogastric) feeds. Bwof the stated objective and
the need to generate preliminary data upon whicmaoant further and more in-
depth studies, the approach taken was deemedisaffio lay the foundation for

further studies.
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4.8 Conclusion

Differences exist in the physiologic anatomy of t&&T of rats and other
monogastric animals such as pigs and rabbits. Tierehces impact on their
ability to digest and utilize non-conventional glalerived protein sources used to
substitute SBM as a protein source in feeds. Howea¢s are a good model of
monogastric animals in nutritional studies (NRC93P The bulk of the cited
research with monogastric animals has pointed te@ease in the feed value
with an increase in the concentration of non-cotiveal plant-derived protein
substitutes of SBM. The similarity in nutrientake (DM, OM, CP, N and GE),
apparent nutrient digestion (DM, OM, CP and GE) Bnabsorption and retention
across the dietary treatments (0-100% substitutbb®BM CP by XCSM CP)
pointed to the nutritional superiority of defatted caffra kernel meal when
compared to most other non-conventional plant-@eridietary protein sources
explored by others. Based on the results of theentistudy, it seemed possible
that defattedX. caffrakernel meal could be used to completely replack! SBd
or be used as a compliment to SBM in rat feedgjqodarly mature rats, hence
most likely in monogastric animal feeds, with novede effects on feed intake,

apparent nutrient digestibility and N balance.

Weanling animals are sensitive to dietary maniputat hence the need, to
explore further the demonstrated potential of detbX. caffrakernel meal as a

substitute to SBM, in the digestibility and nitragbalance trial, on the growth
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performance, GIT macroscopic morphometry and gérezalth profile of rats
weaned onto XCSM-based diets. These experiments daseribed in the

following chapter.
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CHAPTER 5: XIMENIA CAFFRA SEED MEAL AS A DIETARY
PROTEIN SOURCE: EFFECTS ON THE GROWTH PERFORMANCE,
GASTROINTESTINAL MORPHOMETRY AND GENERAL HEALTH

PROFILE OF SPRAGUE DAWLEY RATS
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5.0Introduction

Key indicators of dietary adequacy are growth aedraductive performance
(NRC, 1995). The recommendation to researcher® imdnitor experimental
animal performance in relation to expected patteshdody mass gain and
reproduction (NRC, 1995). Growth, an increase me siver time, is an inherent
process in the development of living organismsudtlg vertebrates (Melin et al.,
2005). Typically, growth is measured as an increéaseass. It encompasses cell
multiplication (hyperplasia) and/ or cell enlargemghypertrophy) and an
incorporation of definite components, such as tlepodition of phosphate
minerals, from the environment (Owens et al. 1998)meat production, muscle
accretion is of primary interest, but by definitiogrowth also includes fat
deposition (Owens et al. 1993). Yan et al. (201@ntends that muscle
hyperplasia occurs primarily prenatally while Bergend Merkel (1991) point to
a marginal (slight) increase in muscle fibre nursbeost-natally. However
Brameld et al. (2000) reported that hypertrophgakely responsible for skeletal
development post-natally. Post-natal muscle grovwgthlargely ascribed to
hypertrophy and satellite cell replication and imaration (Goldspink, 1991).
Embryonic tissue growth is by hyperplasia but asnmals mature, specialized
cells, for example, nerves and skeletal muscles their ability to replicate and
thus grow by hypertrophy. However, blood cell pmsows, hair follicles,
gastrointestinal epithelia and digestive tract oggand the ectoderm retain the
ability to divide throughout life (Bunting and Haayl, 2003). The difference

between the synthesis and degradation of body etissanstitute net growth
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(Owens et al., 1993). Tissue synthesis and degosdat living animals is a

continuous process with total protein synthesisndpeb-10 times net protein
retention (Bergen and Merkel, 1991). Compared tdetl muscle cell turnover,
the primary GIT organs and accessory GIT organsekample, the liver and
pancreas cells, have a faster protein and celbu@mas exemplified by 10-30%
daily fractional protein synthesis in the rumin&1T (McBride and Kelly, 1990)

while the half-life for myofibrillar protein is alub 18-50 days (Swick and Song,

1974).

5.1 Factors affecting growth rate and body composition

Mature body size, nutrition and hormonal effects @mong the major factors that
affect body composition and growth rate (Owens lgt1®93). Although it is
accepted that maximum body size is genetically rdeteed, nutritional and
hormonal factors, either individually and or in eygy can alter body size. There
is debate on the extent and effect of nutritioeskniction on mature animal size.
However, it is known that severe nutrient restoieti particularly protein
restriction, causes a reduction in the mature sfzgigs and cattle (Pond et al.,
1990, Widdowson and Lister 1991). Restriction oérgy intake during the late
pre-pubertal or early post-pubertal stage in steenrkedly reduced the fat content
of the finished steers (Lewis et al., 1990). Home® and specific growth factors
alter body composition and growth rate. Both endoge [insulin, somatotropin,

and Insulin-like-growth factors | and Il (IGF-I ank5F-1I)] and exogenous
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hormones have been observed to promote transerjpttianslation and amino
acid uptake, thus promoting lean growth (Owend.efl893). Although there is a
decrease in the number of polysomes in muscle aitteficiency in insulin, a
deficiency in growth hormone is associated witheardase in both the number
and activity of ribosomes which leads to a cessatth DNA production by
muscle tissue (Owens et al., 1993). In pigs, lamtd cattle, administration of
growth hormone (somatotropin) improved growth ramel feed:gain ratio while
reducing fat content in pig and lamb carcassedyEaral., 1990). The effects of
growth hormone are dependent on locally producedasemedins (IGF-1 and
IGF-II); however the IGF response to growth hormdwes been reported to be
dampened when nutrient status and or insulin cdret@ms are low. Beta-
adrenergic agonists, (compounds that are strutturalated to adrenaline and
noradrenaline) when they activfteeceptors in adipose tissue, stimulate lipolysis
(Muir, 1988) yet in muscle tissue they decreasdemodegradation (Morgan et
al., 1989). Administration db-adrenergic agonists has a net effect of redu@ang f

deposition while promoting protein (lean) accretion

In growing animals, restriction of nutrient intakesults in subnormal growth
rates. When the restriction is lifted, the ratdofly mass gain of such previously
nutrient restricted growing animals is greater caregd to their counterparts that
were never restricted: a phenomenon called compmwyézatch-up growth
(Owens et al., 1993). The growth rebound due topmareatory growth is due to a
rapid hypertrophy of muscle tissue (Owens et @93) and it (compensatory

growth) has a major effect on body composition miyirgrowth and marginal if
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any effect at maturity. Drouillard et al. (1991)iptoout that compensatory growth
is greater following energy restriction than wherfallows protein restriction.
Literature is not however agreed on the phenomeiocompensatory growth.
Tolley et al. (1988) contend that differences igedita alone accounts for the
phenomenon. In support, Williams et al. (1992) pant that the mass of the
digestive tract contents can change within minateslays yet the mass of the
empty digestive tract and liver will take a few Weeto change. Despite the
misgivings raised by Tolley et al. (1988) and Wdillis et al. (1992), the
magnitude of compensatory growth depends a mulipliof factors, among
which include, age when restriction began, restrctseverity, duration and
nature of undernutrition, the realimentation dietdaime and the breed type

(Hogg, 1991).

5.1.1 Approaches to measurement of growth

It is observed and recognized that certain morgiiodd features can be used as
accurate estimates of overall growth (Garde an@lgs&996, Gibson et al., 2000,
Riek et al., 2001, Lu, 2003 and Melin et al., 2008jithout going into the

complexities of the multivariate predictive mathéicel models used to estimate
and characterize the growth of individual speciesgans and or tissues
(Anderson, 1963, Bookstein, 1997), there are séwmgpler approaches to the
measurement of animal growth. Although each differapproach may have

inherent weaknesses, the critical issue is thatfipFoaches help give some idea
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of the magnitude of growth and thus under expertalesonditions give a basis
for comparisons. Approaches to measure and chawectgrowth centre largely
on body mass where total mass, lean mass, bodygaagsspercent gain, average
daily gain, and empty/dressed carcass mass canade ose ofOwens et al.
(1993) found that full, shrunk and empty body messid change independently
of muscle mass. Changes in the GIT fill, body cosman and hydration status
make full body mass alone an unreliable indicatogrowth (Cameron, 2002).
Despite acceptance that shrunk body mass partlguate for the GIT fill, the
extent of shrink is diet-dependent (Tolley et aB88, Waldo et al., 1990 and
Williams et al., 1992). Although empty body massai preferable and more
reliable measure compared to full or shrunk bodgsnan increase in empty body
mass does not necessarily represent an increasepty body protein (Laurenz et
al., 1992). Owens et al. (1993) points out that s@uthorities refer to growth as
an increase in protein mass or lean body mass. tHmwas observed by Carstens
et al. (1991), GIT and liver protein stores may aad increase independently of
carcass lean mass during catch-up (compensatooytlyr thus an increase in

protein mass and an increase in lean body massasynonymous.

Measurement of the lengths of the tibia and feraati-gravity bones, has been
used as a relatively reliable proxy to overall bagpwth. Butler et al., (1956)
reported highly significant correlations betweenlypaveight (mass) and tibia and
femur length in cattle. Cheeke and Hill (1974) emnt that other growth
evaluation methods are less reliable compared itggube length of long bones

since they are the only ones that respond to grémtimone in a dose-dependent
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manner. Use of long bone lengths to estimate dramploys techniques such
mikro-knemometry (Hermanussen et al. 1995) whereeldength is measuraed
vivo, radiology and or euthanasia of experimental alsrf@lowed by dissecting

out the bones of interest.

5.1.2The GIT: importance, growth and development

The degree of functional efficiency of the GIT ue#hces animal growth. Through
its digestive and absorptive role, the GIT playsritical role in the supply of

nutrients to the body (Guiloteau et al., 2010). iddally, the GIT protects

animals from potential injurious insults that ongie from undesirable
substances, harmful microbiota ingested with faot GIT resident microbiota
(Guiloteau et al., 2010). The gut-associated lyngbhigsue plays an important
role in the protective function of the GIT. The plgtogic anatomy of the GIT is
characterized by the presence of many entero-emagocells to the extent that it
is regarded as the largest endocrine organ in ¢ldy.brhe GIT endocrinocytes
release many regulating factors that are involvethe regulation of the GIT and
other associated organs downstream to the GIT faugl tave direct and indirect

effects on animal growth and development.

Compared to other organs, the GIT is formed redfitiearly and its embryonic,

pre-natal and post-natal development is a complexgss involving both an
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increase in tissue mass, hypertrophy and hypegplaticells (growth) and,

changes in structure and function of cells (matomat (Trahair and Sangild,

1997). At birth the mammalian GIT is developed teal where it can support a
shift from parenteral to enteral nutrition in theonate (Trahair and Sangild,
1997). The level of GIT development at birth difan precocial and altricial

mammals, particularly the stages of intestinal maion (Guiloteau et al., 2010).
In altricial mammals such as the rat and the mow$ere birth occurs after a
short gestation period and the neonate is largelyeddent on the dam for
locomotion, nutrition, and thermoregulation, atthpjradult diets are poorly

tolerated until late in postnatal life. The adyibe GIT also develops rapidly
after weaning (Sangild, 2006, Guiloteau et al., 0l.ong-gestation precocial

species such as humans and other primates havecacmus mode of GIT

development where at birth the neonate GIT is aefiitly mature to digest

significant amounts of non-milk derived carbohydsaand proteins (Guiloteau et
al., 2010). The pig, sheep, cattle and horse ggerted to have an intermediate
type of GIT maturation where major intestinal deyghent occurs both iatero

and post-partum (Pacha, 2000, Sangild, 2006).

Many factors, both external and internal, influetiee growth and development of
the GIT. Dietary and endocrine factors play cructdés in the regulation of GIT
growth and development (Sangild, 2006). Uterg luminal factors from the
ingested amniotic fluid, GIT accessory organs aall 8ecretions all contribute to
the growth and development of the GIT (Trahair S8adgild, 1997). The ingested

(in utero amniotic fluid has been shown to modulate GITsues growth,
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macromolecule and immunoglobulin transport, entgedifferentiation, cell
turnover and activity of the brush border hydrota§Erahair and Sangild, 1997).
The modulatory role of the ingested amniotic flisdhypothesized to be mediated
via IGF-1, gastrin releasing peptides, gastringdepnal growth factor and insulin
(Trahair and Sangild, 1997), all of which are inmtpat regulatory peptides.
Dietary influences on GIT growth and developmeset more pronounced at birth
and weaning where rapid GIT maturation is expegednd@t birth, in mammals,
there is a change from the dependence on pareféedihg to enteral nutrition
chiefly milk. Similarly at weaning, there is a ghfifom largely milk to more solid
feeds of different composition compared to milk.eTgrowth-stage dependent
dietary changes have been noted to cause an at@®iein the growth and
maturation of the GIT (Trahair and Sangild, 199an&ld, 2006, Guiloteau et al.,
2010) both of which are largely due to marked clesnop the endocrinology,

microbiology and immunity of the GIT at these tipaints (Sangild, 2006).

5.2 Clinical biochemistry reference values in animal poduction

Research institutions and toxicology laboratoriedlect large volumes of
reference data in order to facilitate and suppougdand chemical toxicology
testing (Aleman, et al., 1998). For each animatigseaccurate interpretation of
haematological and serum biochemical results i®@pnt on specific reference
intervals for the particular species. Mohri et(@006) contend that the ability to

interpret laboratory data stems from the knowledfehe normal physiologic
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mechanisms upon which each test is based and aeraga of disease effects on
the test results. Correct interpretation of labmmatdata is a vital tool for
diagnosis and treatment of disease (Thrall, 20@4hough the specific reference
value of each analyte is influenced by many fa¢tansong others, age, breed and
physiological status, major changes in serum aealgtues occur before puberty

(Mohri et al., 2006).

5.3 Justification of study

The chemical potential, and relative economic \igbof X. caffraseed (Chapter

2), lack of toxicity ofX. caffraseed oil (Chapter 3) and the results obtained when
defattedX. caffraseed meal was used as a substitute to SBM inigjestibility

and N balance trial (Chapter 4) formed a firm bagen which to test further the
potential of XCSM as an alternative protein sourcgrowing animals. Growing
animals are more sensitive to dietary manipulatAwcording to the NRC (1995)
one of the key indicators of dietary adequacy @ami: thus evaluating XCSM as

a substitute to SBM in rats weaned onto XCSM-bakiets would give valuable
information on the effects of XCSM on growth perfance, GIT morphometry

and the general health profile of the animals.
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5.4 Study objectives

The specific objectives of the study were to deteemin weanling male Sprague
Dawley rats, the effects of a graded dietary stuigin of SBM with defattecK.

caffraseed meal as a protein source on:

I. the growth performance as measured by bodysmgain, average daily gain,

terminal body mass, empty carcass mass and tibideamur length.

ii. gastrointestinal macroscopic morphometry

iii. liver metabolic substrate storage (liver glgem and total lipid content) and
markers of liver function [serum alanine transareéaALT) and alkaline

phosphatase (ALP)].

iv. fasting blood cholesterol, triglyceride and gbge concentrations.

vi. general health profile mrkers (serum urea, toné®e, phosphorus, calcium

total protein, albumin, globulin, total bilirubiand amylase).

5.5 Materials and methods

5.5.1 Ethical clearance for animal study and study site

The study, conducted in the Central Animal Servideg (CAS) Animal Unit at

the Faculty of Health Sciences, University of thewdtersrand, was approved by
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the Animal Ethics Screening Committee (AESC) of tbaiversity of the
Witwatersrand, Johannesburg, South Africa (AESC enn 2008/46/01;

appendix 1).

5.5.2Diet formulation and diets

The diets used in the digestibility and nitrogerabee trials (Chapter 4) were
used for the growth performance, GIT morphometrg general health profile

trial. The ingredient and chemical compositiontdd tliets are shown in Table 4.1.

5.5.3 Animals and experimental design

Forty (40) 21-day old weanling male Sprague Dawigg of mean body mass
58.9949.97 g at induction were used. The rats wemndomly assigned to the five
dietary treatments [Diet 1 (control) and Diet 20t 5 (test diets)]. The control

and test dietary treatments were each replicatgd 8mes (n = 8 for each diet).

5.5.4 Animal housing and feeding

The rats were individually penned Perspex caggd ecniplast S.p.A., Buguggiate,

Italy). Wood shavings were used as bedding. Theexaand bedding were
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changed twice weekly. The rats hadl libitumaccess to drinking water and feed,
and were fed on the respective diets for 38 daighting was set on a 12-hour
light-dark cycle with lights on from 0700 hours.elambient temperature was set

at 22+2°C.

5.5.5Body mass measurements

On commencement of the experiment, the body masadf rat in all the dietary
treatment groups was measured and thereafter tmeekly using an electronic

balance [Snowrex Electronic Scales, (PTY), Ltdhalmesburg, South Africal.

5.6 Terminal procedures and measurements

5.6.1 End body mass and fasting blood metabolite determation

After the 38 days long feeding trial, the rats wkasted for 12 hours overnight
and then weighed [Snowrex Electronic Scales, (PT¥),, Johannesburg, South
Africa] in the morning to determine the fasting nbémation body mass.
Immediately after weighing, two drops of blood wdrawn from the tail, using a
sterile 21-G needle, via a pin prick of the tailrvafter disinfecting the tail with
an alcohol infused gauze swab (Loxham et al., 200§ blood was used to

measure fasting blood glucose using a calibratedogheter (ACCU-CHER
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Active, Roche, Mannheim, Germany) and fasting yagtides using a calibrated
TG meter (Accutrend Plus Cobas, Roche, Mannheimym@ey). The
determination of fasting blood glucose and fastahgpd triglycerides using the

respective meters was done as per the manufactg@delines.

5.6.2 Euthanasia and blood collection

Following the determination of fasting blood gluecand triglycerides, the rats
were then euthanased by anaesthetic overdose Hsithg-naze (Centaur Labs,
Johannesburg, Republic of South Africa) at 200 md body mass administered
intra-peritoneally. Immediately blood was collect@sto 5 ml plain blood

collection tubes via cardiac puncture using 18-@dhes and 5-ml syringes. Prior
to putting the fresh blood into the plain blood leclion tubes, heparinised
microhaematocrit capillary tubes (IDEXX Laboratarignc., USA) were used to
draw blood from the syringe tip for use in the deii@ation of the packed cell

volume.

5.6.3 Dissection, macro-measurements, sample collectiondstorage

Immediately after blood collection, each rat wasefidly dissected and the
viscera removed for macroscopic morphometric (Giao component masses

and lengths) determination. Prior to determinatminthe mass of the GIT

133



the residual digesta in them was gently squeezedvigceral organ masses were
determined using a Presica 310M electronic balgRecesica Instruments AG,
Switzerland). The length of the small and largestines was measured by gently

stretching them out on the dissection board.

The livers were stored in a freezer at -20°C pendimther assays. Each empty
carcass was then weighed using a Presica 310Mraiectbalance (Presica

Instruments AG, Switzerland).

5.6.4 Serum preparation and storage

In order to separate the serum from the blood ,celts clotting, the blood
collected into plain blood collection tubes was td&uged using a Thermo
Sorvall® RT 6000B centrifuge (Du Pont Instruments, ConmettiUSA) at room
temperature (22°C) for 15 minutes at a force oR2BB,xg. A pipette (Thermo
Scientific, Johannesburg, South Africa) was useddocant the serum from each
tube into 1.5 ml microtubes/eppendorfs (Greiner-8ie GmbH, Frickenhausen,
Germany). The sera samples were immediately frapnehstored in a freezer at -
20°C pending determination of markers of the gdreralth of the rats from the

sera.
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5.6.5Haematocrit and general health profile determinatios

To determine the packed cell volume of blood fraamtsron different dietary
treatments, blood collected into the heparinisegihteatocrit microcapillary tubes
at cardiac puncture was immediately spun at a fofcd3,700 xg for 2 minutes
in an IDEXX Statspifi VT centrifuge (IDEXX Laboratories Inc., USA). Pak

cell volume (haematocrit) values were then reachdfbematocrit reader.

The general health profile of the rats, as depibtetheir serum concentrations of
urea, creatinine, phosphorus, calcium, total pnptaeibumin, globulin, alanine
transaminase (ALT), alkaline phosphatase (ALPjltbtlirubin, cholesterol and
amylase was determined using a colorimetric-basietcal chemistry analyzer
(IDEXX VetTesf Clinical Chemistry AnalysedDEXX Laboratories Inc., USA) as
per the manufacturer’s instructions. Briefly, eaglium sample was thawed and
allowed to warm to room temperature, gently inwveitte mix the contents and the
analyzer automatically drew up 150 pL of the sertien microlitres (10 uL) of
serum were then loaded onto each of the pre-lodidéd after which each sample

was then analysed and print outs provided.

135



5.6.6 Determination of stored liver metabolic substrates

Liver glycogen content was determined by indiremtl ehydrolysis as described
by Passonneawand Lauderdale(1974). The glucose concentration in the
hydrolysates was determined using a calibrated ogheter (ACCU-CHER

Active, Roche, Mannheim, Germany). Liver lipid stge was determined by
solvent extraction followed by gravimetric quard#tion as described by Bligh

and Dyer (1959).

5.6.7 Determination of linear growth

The femur and tibia length were used to deternmimeal growth of the rats on the
control and test diets. Briefly, the right femotaad was cut away from the
acetabulum at the hip joint followed by removaladif non-calcified soft tissues
from the femur and the tibia. Bone length was mesbwsing a ruler. Femur
length was determined by measuring the distancevdegt the proximal-most
point of the femur head and the distal-most pointhe femur (from the distal
femoral articular surface to the greater trochanighile tibia length was
determined by measuring the distance betweenhfeltead closest to femur and
the medial malleolus. The bones were then driegnimven (Salvi§ SalvisLab,
Schweiz, Switzerland) at 40°C until constant ma@ssays) and then weighed on a

Presica 310M electronic balance (Presica Instrusne®®, Switzerland) to
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determine their dry mass. The femur and tibia dexssivere then estimated using

the formula:

Bone density (mg mi) = dry bone mass (mg)

bonadé (mm)

5.7 Statistical analysis

An analysis of variance (ANOVA) using the GraphFwsm 5 for windows
statistical package (GraphPad Software Inc., Sag®iUSA) was performed on
the effects of graded dietary substitution of SBMthwXCSM on growth
performance (weekly body masses, termination awly btass gain, percent body
mass gain, average daily gain, and empty carcass,rtinia and femur lengths,
mass and density), visceral organ masses and &ngter metabolite storage,
fasting blood metabolite concentration and serumkera of the general health.
Mean comparison on dietary effects of graded suibsth of SBM with XCSM
was done using the Bonferronpmst hoctest. Results are reported as means +

standard deviation. The model used in the anabfsiariance was

Yij=H + T+ Aj + g; where:

Y = is dependent variable of interest (growth perfamge, visceral organ
mass/length, liver glycogen/lipid, AST, ALP, PCVasfing blood metabolite
concentration, serum concentration/activities ofkeaof general health profile),

K = overall mean common to all observations,
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T; = fixed effect of dietary treatment (i = 1,2..5),

A = fixed effect of indidual rat (j = 1,2,3....400G

gj = random residual error.

5.8 Results

5.8.1 Growth: body mass

The weekly growth profile of the rats on the cohtiet (Diet 1) and a test diets

(Diet 2 to 5) is shown in figure 5.1.

At weeks 2 and 3 (days 14 and 21, respectivelyh@irowth trial, the body mass
of rats on test diet 5 (100% substitution of SBMwWith XCSM CP) significantly
(P = 0.0054;P = 0.0026, respectively) lagged compared to theybodss of rats
on the diets 1 and 2, respectively (Figure 5.1)d&y 28 (week 4), the mean body
mass of rats on test diet 5 had caught up withmtéan body mass of rats on diet 2
but their (rats on diet 5) mean body mass wasssgjfiificantly lower P = 0.0268)
compared to the mean body mass of rats on did¢idwever, by day 35 the rats
on test diet 5 showed compensatory growth suchttieét mean body mass was
statistically similar P>0.05) to the mean body mass of rats on the coulisil

(0% substitution of SBM CP) and at termination,day 38 (Figure 5.1).
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Figure 5.1: Effect of a graded dietary substitutionof soyabean meal (SBM)
with defatted X. caffra seed meal (XCSM) ormean weekly body masses (g) of
male Sprague Dawley rats.On days 0 to 7 rats on Diets 1 through to Diet8 h
similar (P > 0.05) mean body masses. **On days 14 to 21 oatPiet 5 had
statistically significantly lower mean body mas¢es= 0.0054 and® = 0.0026,
respectively) compared to rats on Diet 1. *On da&y rdts on Diet 5 had a
statistically significantly lower mean body mag&s< 0.0268) compared to rats on
Diet 1. On days 35 to 38 rats on Diets 1 througbitt 5 had similar® > 0.05)

body masses.
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The mean induction body mass, mass gains (percahtagerage daily gain),

termination body mass and empty carcass mass enash Table 5.1.
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Table 5.1 Effect of a graded dietary substitution of soyabeneal (SBM) with defatted. caffraseed meal (XCSM) on body mass

(termination and body mass gain), average daily gad empty carcass mass of male Sprague Dawkey rat

Parameter Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Significance level
Induction body mass (g) 58.75+7.73 59.88+10.07 58.00+12.35 61.1248.24 57.20+12.61 n.s.
Termination body mass (g) 295.75+23.443 299.002117. 286.50+40.11 294.25+22.49  266.50+24.77 n.s

Body mass gain (g) 237.00+18%8  239.13+11.72 228.05+28.0°7  233.13+18.6% 209.30+15.79 *

Percent mass gain (%) 407.18+42.07 410.61+76.880.92+39.80 386.37+54.18377.23167.34 n.s.
Average daily gain (g da) 6.24+0.48" 6.29+0.3% 6.01+0.7%# 6.14+0.4% 5.51+0.42 *

Empty carcass (g) 226.65+20.21 225.85+14.2817.77+31.46 223.75+16.36 199.49+19.68 n.s.

n.s. = not significant? > 0.05). * < 0.05.2*Within row means with a different superscript aignicantly different atP<0.05. Rats on
Diet 5 had a significantly lower body mass gdr=0.0282) and averagely daily ga%£ 0.0282) compared to rats on Diet 2. Diet 1 =
100% SBM as protein source; Diet 2 = 75% SBM +25@SK/ as protein source; Diet 3 = 50% SBM + 50% XC&Mprotein source;
Diet 4 = 25% SBM + 75% XCSM as protein source; Biet 100% XCSM as protein source. Data presentddean=SD; n = 8.
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The mean termination body mass, mean body mass(g@irand mean empty
carcass mass of rats was not affected by the tutimti of SBM with XCSM
(Table 5.1).While the mean absolute body mass gach mean average daily
(ADG) of rats on the control diet (Diet 1) and tham test diets 3,4 and 5, were
not affected by the concentration of XCSM in thetdirable 5.1), rats on test diet

2 had significantly higher(= 0.0282) mean absolute body mass gain and mean

ADG (P =0.0282) compared to rats on test diet 5 (Tadg

5.8.2 Linear growth

Table 5.2 shows the effect of dietary substitundrSBM with defattedX. caffra

seed meal as protein source on linear growth asumeg by tibia and femur

length.
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Table 5.2: Effect of a graded dietary substitution of soyabeeeal (SBM) with defatted. caffraseed meal (XCSM) on long bone length,

mass, and density of male Sprague Dawley rats.

Parameter Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Significance level
Tibia length (mm) 37.06+0.56 37.50+0.89 BAE-1.32 37.13+0.69 36.31+0.88 n.s.

Tibia mass (mg) 385.13+15%99 383.00+21.27 358.25+40.5% 348.63+20.3% 337.50+£31.1%

Tibia density (mg mal)  10.39+0.42  10.21+0.4% 9.68+0.81 9.39+0.48™ 9.28+0.76f o

Femur length (mm) 32.00+0.80 32.75+0.76 2.18+1.07 32.38+0.74 1.63+0.88 n.s.
Femur mass (g) 468.00+22272476.13+31.72 448.25+57.5% 449.13+21.1% 398.88+61.52 **

Femur density (mg mi) 14.62+0.4%  14.54+0.89 13.89+1.4%° 13.87+0.4%° 13.00+1.18 *

n.s. = not significantP > 0.05). < 0.05. ** P < 0.01.%***Within row means with different superscripts aratistically significantly
different at P<0.05. Rats on diet 5 had signifialawer tibia and femur masses compared to ratBiets 1 and 2, respectively. Diet 1 =
100% SBM as protein source; Diet 2 = 75% SBM + 2820 as protein source; Diet 3 = 50% SBM + 50% XC8&8#/protein source, Diet
4 = 25% SBM + 75% XCSM as protein source; Diet H) 8% XCSM as protein source. Data presented as Mdxm = 8.

143



Dietary substitution of SBM with XCSM did not aftettbia and femur length
(Table 5.2). However, substitution of SBM with XCSfgsulted in significantly
(P < 0.05) lighter tibiae and femora for rats on tigtt 5 compared to those on
diets 1 and 2 (Table 5.2). Graded substitutionB¥Iaused a significant trend in
the reduction of both the tibiae and femora densitih increase in XCSM

concentration in the diet (Table 5.2).

5.8.3 Visceral organs

The effect of graded dietary substitution of SBMhndefattedX. caffraseed meal
on the absolute and relative masses and lengthexrévappropriate) of GIT organs
of male Sprague Dawley rats weaned onto the coatrditest diets is shown in

Table 5.3.
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Table 5.3 Effect of a graded dietary substitution of soyabesal (SBM) with defatteX. caffraseed meal (XCSM) on GIT visceral

organ absolute and relative masses and lengthalm $prague Dawley rats.

Visceral organ Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Significaedevel
Stomach(g) 1.63+0.17  1.78+0.18 1.66+0.23 1.66+0.12  1.68+0.15 n.s.

(% body mass) 0.55+0°05  0.59+0.0% 0.58+0.08 0.57+0.03 0.63+0.0% o

(g mm* tibia) 0.0438+0.0046  0.0473+0903 0.0446+0.0053  0.0448%0.00330.0462+0.0040 n.s.

Small intestine(g) 7.71+0.94 8.42+0.83 8.56+1.66 9.18+0.70  9.32+1.09 n.s

(% body mass) 2.61+0°23  2.81+0.1% 2.98+0.38 3.13+0.277¢  3.50+0.32 ok

(g mmi* tibia) 0.2081+0.0286 0.2245+0.0208  0.2312+0.039F¢ 0.2474+0.0199 0.2567+0.0295 *

Small intestine(mm) 1326.88+113.48 1308.75+67.02 1B28124.55 1370.00+80.40 1340.75+186.42 n.s.

Large intestine (g) 1.79+0.18 1.78+0.24 1.81+0.30 1.95+0.21 2.00+£0.24 n.s.
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Table 5.3 continued

(% body mass) 0.60+004  0.59+0.07 0.63+0.09
(g mm’ tibia) 0.0480+0.0051 0.0473x0.0055  0.0490%0.0080

Large intestine(mm) 213.75+15.06 213.75£15.98 08.23+19.99

Caecum(g) 1.56+0.21 1.621%). 1.48+0.46
(% body mass) 0.53+0.06 5480.05 0.51+0.11
(g mm tibia) 0.0420+0.0056 0.0433+0.0046 0.0399+0.011

0.66+0.08 0.75+0.08
P5¥%).0053  0.0550+0.0070
231.25+15.53  220.00+10.69
1.825 1.52+0.24
0.55+0.08 0.50+0.21

0.0435+0.0063 361:0.0161

*k%

n.s.

n.s.

n.s.

n.s.

n.s.

n.s. = not significan® > 0.05. P < 0.05. **P < 0.01. ***P < 0.001.2**Within column means with a different superscrig significantly

different at P<0.05. Rats on diet 5 had statidiicgignificantly larger P = 0.0071) relative (% of body mass) stomach massegpared to

rats on Diet 4 and Diet 1. Rats on Diets 4 anck$8pectively had statistically significantly heaviBr= 0.0001) relative (% of body mass)

small intestine mass compared to the relative (%anfy mass) small intestine masses of rats on Di®ats on Diet 2 had statistically

significantly P = 0.0001) smaller relative (% of body mass) snm#istine mass compared to those of rats on DiBidi.1 = 100% SBM
as protein source; Diet 2 = 75% SBM + 25% XCSM adgin source; Diet 3 = 50% SBM + 50% XCSM as prossurce, Diet 4 = 25%

SBM + 75% XCSM as protein source; Diet 5 = 100% XA&s protein source. Data presented as MeantS[8.n =
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Relative to body mass, graded dietary substitubb8BM with XCSM caused a
significantly heavier mean stomach mass for ratglieh 5 compared to rats on
diet 1. Rats on diet 5 also had significantly heagmall intestinal mass of rats on
diet 5 compared to rats on diets 1, 2 and 3, reésede (Table 5.3). However,
relative to the tibia length, dietary substituti@hSBM with XCSM had no effect
on stomach mass (Table 5.3). Similarly, relative tioia length, dietary
substitution of SBM with XCSM, narrowed the difface in intestinal mass
[compared when relative to body mass (Table 5@8yrtly between rats on diet 5

and those on diet 1.

Table 5.4 shows the effect of a graded dietary tduben of SBM as a protein
source with defatteX. caffraseed meal on the absolute and relative masses of
other visceral organs in male Sprague Dawley raaned onto the control and

test diets.
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Table 5.4 Effect of a graded dietary substitution of soyabeeral (SBM) with defatteX. caffraseed meal (XCSM) on non-GIT visceral

organ absolute and relative masses in male Spgwéey rats.

Visceral organ Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Significaedevel
Heart (g) 1.03+0.0% 1.18+0.0% 1.18+0.18 1.26+0.07 1.13+0.0°° *

(% body mass) 0.374#0.03  0.40+0.02 0.41+0.13 0.43+0.02 0.43+0.03 n.s.

(g mm* tibia) 0.0298+0.0020 0.0310+0.0028 0.0320+0.003% 0.0340+0.0017 0.0311+0.001% *

Thymus gland (g) 0.74+0.14 0.78+0.08 0.84+0.15 0.78+0.10 0.816 n.s.

(% body mass) 0.25+0.04  0.26%0.03 0.29+0.04 0.26+0.02 0.30+0.03 n.s.

(g mmi* tibia) 0.0200£0.0035  0.0208+@00 0.0226+0.0035  0.0210+0.0074 0.0222 +0.0020 n.s.
Pancreas(qg) 1.27+0.28 1.428. 1.36+0.27 1.268).1 1.37+0.30 n.s.
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Table 5.4 continued

(% body mass)
(g mm* tibia)
Spleen(g)

(% body mass)
Visceral fat (g)
(% body mass)
(g mm* tibia)
Kidneys (g)

(% body mass)
(g mm* tibia)
Testes(Q)

(% body mass)

0.43+0.09

0.0343+0.0073

0.85+0.19

0.29+0.05

5.47+0.78

1.87+0.32

0.1479+0.0228

2.14+0.19

0.72+0°02

0.0578+0.0055

4.15+0.51

1.40+0.15

.5080.10

0.48+0.10

0.0397+0.907 0.0367+0.0078

88t0.05

.28@80.02

4.96+1.02

.6530.28

0.85+0.15

0.30+0.03

4.52+1.91

1.54+0.44

0.1321+0.0266 0.1212+0.0469

2.1349.

0.71+0.08

2.16+0.36

0.75+0.66

0.0568+0.0045 0.0582+0.0088

3@+0.45

.4610.11

4.084+0.64

1.42+0.09
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43x0.05 0.44+0.20
0.0340+0.0047 8138.0152

0.83#0 0.81+0.08

3@0.04 0.30+0.03
4.33+1.48 3.75+£1.01
.46:0.43 1.39+0.27

0.1162+0.0384 B110D.0268
2.055 2.16+0.71

0.73+0.06 0.81+0.03

0.0580+0.0069 0.0593+0.0192
314:0.36 4.03+0.47

1.47+0.13 1.52+0.08

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

n.s.

*k%k

n.s.

.S.Nn

n.s.



Table 5.4 ontinued

(g mmi* tibia) 0.1120+0.0150 0.1163+0.0125  0.1204+0.0273 1161+0.0085 0.1109+0.0113 n.s.
Epididymal fat pad (g) 2.06+0.17 1.86+0.15 1.76+0.56 1.760.49 1.68+0.23 n.s.
(% body mass) 0.70£0.09  .63@0.06 0.61+0.13 0.60+0.14 0.63+£0.05 n.s.

n.s. = not significant? > 0.05. P < 0.05. **P < 0.001.2*Within column means with a different superscripg significantly different aP
< 0.05. Rats on Diets 1, 2, 3 and 5 had statigfi¢® > 0.05) similar heart masses; rats on Diet 4 hgdifstantly (P = 0.0440) heavier
hearts compared to those on Diet 5. Rats on Dieadb statistically significantly heavier (relative body mass) kidneyd?(=0.0007)

compared to rats on diets 1, 2 and 4, howeverivelab tibia length diet had no significant effe@@>0.05) on kidney mass.
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Dietary substitution of SBM with XCSM had no effem absolute and relative
mass of the caecum, the thymus, spleen, testesgysdpancreas, visceral fat and
epididymal fat pad (Table 5.4). However dietarystitbtion of SBM with XCSM
caused heavier hearts (both absolute and relaiiwia length) in rats on diet 4
(75% substitution of SBM CP with XCSM CP) compatedhe hearts of rats on

the control diet (Table 5.4).

5.8.4Liver mass and metabolic substrates

Table 5.5 shows the effect of a graded dietary tdubisn of SBM as a protein
source with defatteX. caffraseed meal on the on the liver mass and the liver
metabolic substrate (glycogen and lipid) storagetlud rats across dietary

treatments

151



Table 5.5: Effect of a graded dietary substitution of soyabeeeal (SBM) with defatteX. caffraseed meal (XCSM) on the absolute and

relative mass of the liver and hepatic storage efalmolic substrates in male Sprague Dawley rats

Parameter Diet 1 Diet 2 €3 Diet 4 Diet 5 Significance level
Liver (g) 9.84+0.88 9.81+0.72 9.57+1.14 10.02+0.94 8.86+0.70 n.s.

(% body mass) 3.33+0.22 3.284+0.07 3.35+0.17 3.41+0.19 3.33+0.13 n.s.

(g mm* tibia) 0.2656+0.0234 2@®16+0.0182  0.2587+0.0233 0.2696+0.0230.2439+0.0176 n.s.
Liver glycogen (mmol L* homogenate

as glucose equivalent) 3.28+0.74 3.09+0.96 2.88+0.92 2.56%0.70 530.74 n.s.
Liver lipid (%) 4.25+0.70 4.97+1.31 F269 5.25+1.25 5.32+0.92 n.s.

n.s. = not significant? > 0.05. There were no statistically significarffetiences P > 0.05) in liver mass (absolute or relative) anerl
metabolic substrate storage in rats across thargligeatments. Diet 1 = 100% SBM as protein squdiet 2 = 75% SBM + 25% XCSM
as protein source; Diet 3 = 50% SBM + 50% XCSM radgin source, Diet 4 = 25% SBM + 75% XCSM as proseurce; Diet 5 = 100%
XCM as protein source. Data presented as MeanzSb8ror all diet for liver glycogen, n = 8, 7, 8,and 8 for Diets 1, 2, 3, 4 and 5,

respectively.
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Graded dietary substitution of SBM with XCSM had eftect on the liver mass
and the liver metabolic substrate (glycogen and)igtorage of rats across dietary

treatments (Table 5.5).

5.8.5 General health profile

Table 5.6 shows the effect of a graded dietary tduben of SBM as a protein
source with defatteck. caffra seed meal on fasting circulating blood metablic

substrates and serum markers of general healthepaofoss dietary treatments.
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Table 5.6: Effect of a graded dietary substitution of soyabesal (SBM) with defatte. caffra seed meal (XCSM) on packed cell

volume, fasting blood metabolite concentration sedim markers of general health in male Spraguddyanats

Parameter Diet 1 idd 2 Diet 3 Diet 4 Diet 5 Sididance level
Packed cell volume (%) 48.00+£1.85 44.88+2.75 45.71+2.14 A148#£2.30 45.13+3.00 n.s.
Fasting glucose (mmol?1) 5.11+0.68 5.30+0.60 5.15+0.53 5.11+0.23 5.04%0.50 n.s.
Fasting triglycerides (mmolt)  1.32+0.2% 1.360.14 1.16+0.1% 1.09+0.1%%  1.24+0.2%

Cholesterol (mmol 1) 1.16+0.35 1.31+0.21 1.43+0.38 1.23+0.16 1.25x0.24 n.s.
Urea (mmol [}) 5.43+£1.00 5.01+0.79 4.79+0.81 5.69+1.31 4.69+1.04 n.s.
Creatinine (mmol Ll) 46.25+7.23 49.38H/. 58.43+6.75 59.63+13.5451.38+11.01 n.s.
Phosphorus (mmol'b 2.53+0.34 2.67+0.36 2.97+0.29 3.00+£0.50 2.95+0.41 n.s.
Calcium (mmol I;l) 2.46+0.18 20117 2.66+0.22 2.5449) 2.58+0.0.14 n.s.



Table 5.6 continued

Total protein (g Ll) 51.38+5.85 55:T5H8 56.43+5.80 56.634.0 53.00+2.27 n.s.
Albumin (g L'} 28.13+2.64 28.50+2.78 30.00+4.16 6232.33 27.75+1.98 n.s.
Globulin (g LY 23.25+3.81 27.13+2.59 26.43+5.38 0PR2.98 25.13+3.68 n.s.
Alanine transaminase (U™} 55.88+7.28 56.00+£10.42 64.71+19.59 58.13+9.79 61.0Q36 n.s.
Alkaline phosphatase (U1) 362.88+62.54 368.00+54.65 91.34+43.19 388.38+61.19 439.50+£73.69 n.s.
Total bilirubin (umol L) 6.25+2.31 6.75+1.04 6.43+1.51 6.75+2.05 6.25+2.05 n.s.
Amylase (U ) 1375.50+285.83 1433158.32 1474.86+211.09 1361.75+183.7(B61(H+198.71 n.s.

n.s. = not significan®® > 0.05. P < 0.05.2Within row means with different superscripts agngficantly different aP<0.05. Rats on Diet

1 through to Diet 5 had similar fasting blood glse@oncentration. Rats on Diet 4 had statisticgwificantly lower P = 0.0299) fasting
blood triglycerides compared to rats on Diet 2atsRon Diet 1 through to Diet 5 had statisticalPy@.05) similar serum urea, creatinine,
phosphorus, calcium, total protein, albumin, glalbuhlanine transaminase, alkaline phosphatasdestieool and amylase concentrations.
Diet 1 = 100% SBM as protein source; Diet 2 = 75BMSt+ 25% XCSM as protein source; Diet 3 = 50% SBM0OR%6 XCSM as protein
source, Diet 4 = 25% SBM + 75% XCSM as protein seubDiet 5 = 100% XCSM as protein source. Datagmtes] as Mean+SD; n = 8.
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While graded dietary substitution of SBM with dédatX. caffra seed meal had no
effect on circulating blood blood glucose and chtdeol concentration in rats across
dietary treatment, it (substitution of SBM with d#&d X. caffra seed meal)
significantly reduced the fasting blood triglycexidoncentration of rats on Diet 4
compared to that of their counterparts on Diet 2u(& 5.6). Graded dietary substitution
of SBM with defattedX. caffraseed meal had no effect on PCV and serum markers o

general health profile (Table 5.6).

5.9 Discussion

The discussion for this chapter has been partition® sections; specifically looking at
the effects of dietary substitution of SBM with d&édX. caffraseed meal (XCSM) on:
the growth performance, GIT viscera and other vacergans, liver metabolic

substrate storage and general health profile ofigigp male Sprague Dawley rats.

5.9.1 Effects of the diets on the general growth profile

The growth profile of the rats on the control dietet 1) and those on various levels of
SBM substitution with XCSM (on CP basis) followednarmal sigmoid pattern in
agreement with growth profiles of various rat stsaincluding the Sprague Dawley as

observed by Poiley (1972). Although the mean bodgsof rats on diet 5 significantly
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(P < 0.05) lagged behind for the first four weekg\tltaught up such that at day 35 and
at termination (day 38), their mean body mass watsstcally similar P>0.05) to their
counterparts on the control diet and other tedsdie the digestibility and N balance
trial a general increase (statistically insignifidain feed (nutrient) intake with an
increase in the concentration of XCSM in the diaswbserved (Chapter 4; Table 4.3).
In the growth performance trial male Sprague Dawéty were weaned onto the control
diet (Diet 1) test diets (Diets 2-5) and were &edlibitum Rats exhibit an altricial mode
of GIT development (Guiloteau et al., 2010). AltgbuGIT development accelerates at
birth and at weaning in rats; at these stages ffieissnot physiologically efficient at
extracting nutrients from the poorly tolerated a&dype diets (Guiloteau et al., 2010).
The observed the lag in growth could be ascribad/topossibilities. Firstly, it could be
that, initially, with an increase in the XCSM iretldiets; the relatively less developed
GITs of the weanling rats were not as efficienteatracting nutrients from the diet.
Secondly, it could also speculatively be ascrilmed possible poor efficiency of energy
utilization from extracted nutrients by rats ontdte during the initial phase of the
growth trial. Compensatory growth follows a permidnutrient restriction, particularly
energy restriction (Drouillard et al., 1991). ltutd therefore mean that during the
period of a possible “efficiency-imposed-nutrienttraction restriction and or poor
efficiency of energy utilization”, the DM intake @hts on diet 5 did not meet their
energy requirements, thus they could have beeriatest Once “adapted” to the diet,
they then showed a growth rebound in line with dbservations of Drouillard et al.
(1991). The above deduction could have been lessugtive had the efficiency of

energy utilization and the feed intake of the matsdifferent dietary treatments been
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measured. However, the design of the cages in wdach rat was individually housed
and the “meal form” of the diets (control and témts) made it impossible to have an

accurate measure of feed intake.

5.9.2 Effect of the diets on growth performance

5.9.2.1Body mass

The similarity in mean induction body mass of tl¢sracross the dietary treatments
meant that the effect of initial body mass on ekpental outcomes was possibly
minimised. Fox et al. (1984) reported that mals &it55-65 days of age weighed 176-
200 g while van Zutphen et al. (2003) pointed tiat adult male rats weigh 300-500 g.
In a study with Sprague Dawley ratdeman et al. (1998) observed that at 6-8 weeks
the rats (both sexes) weighed 180+20 g. From thdysby Len et al. (1996) male
Sprague Dawley rats inducted into a study at 35 déyage, weighed about 280 g at 85
days of age. Schoeffner et al. (1999) noted th&t\wmeeks of age Sprague Dawley rats
had a mean body mass of 267.45+8187he current study, at termination the rats were
59 days old (8 weeks and 3 days), and probablyhenpuberty stage of growth (van
Zutphen et al., 2003), with a body mass range & 3&H24.71 to 295.75+23.44 ¢
across the dietary treatments. The observed mearingtion body mass range in the
current study across the dietary treatments wabehighan the mean body mass

reported by Fox et al. (1984) and Bieméanet al. (1998put was in agreement with
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the observations by Len et al. (1996) although natthe experiment by Len et al.
(1996) were older. Similarly results of the currentdy concurred with the observations
of Schoeffner et al. (1999)Thus the mean termination body mass of the ratisabin
the control diet (Diet 1) and test diets (Diets)drlicated that for their age they grew

normally.

Differences in GIT fill and body hydration statuskes full body mass an inaccurate
measure of animal growth (Cameron, 2002). In threect study, dietary substitution of
SBM with XCSM had no effect on both the terminatlmdy (full body mass) mass and
empty carcass mass of the rats across dietarynee#s. It has been observed that GIT
and liver protein stores may and can increase iuldgntly of carcass lean mass during
catch-up (compensatory) growth, thus increase otepr mass and increase in lean
body mass are not synonymous (Carstens et al.,)18&bkults of the current study
seemed to negate the observation by Casterns @t98l1) because the empty carcass
mass (after removal of all visceral organs) of eaigss dietary treatments was similar
despite the observed decrease in the mass andydehdhe tibia and femur with
increasing dietary XCSM. The similarity in emptyrcass mass despite a decrease in
the mass and density of the femur and tibia wittteaasing dietary XCSM seemed to
suggest a deposition of lean tissue (muscle) duamgpensatory growth. The inference
was given more authenticity due to the fact thatnfeass (visceral fat) which can
contribute to body mass (Owens et al. 1993) wadssstally similar and showed a trend

to decrease with increasing XCSM content in the die
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Optimal lean growth is achieved when amino acids$ emergy are supplied in the diet
at the appropriate ratio (Lawrence et al., 199e Similarity in empty carcass mass (a
possible pointer to lean deposition) of the ratsose dietary treatments suggested
similarity in the supply of amino acids and enebyythe control and test diets. In the
digestibility and N balance trial rats on both ttantrol diet (Diet 1) and test diets

(Diets 2-5) had a positive (statistically simildy) balance (Chapter 4, Table 4.3). A
positive N balance is normally associated with theposition of lean in growing

animals, thus the observed growth of the rats dh b control diet and test diets in

growth trial was premised on a positive N balance.

5.9.2.2Linear growth

Compared to body mass, lengths of the tibia andifeame more accurate measures of
growth in growing animals (Butler et al., 1956)thsy (tibiae and femora) respond to
growth hormone in a dose dependent manner (Chawkeéddl, 1974). In the current
study, the average lengths of the tibiae and fenwdréhe rats across the dietary
treatments were similar, thus it would appear K@SM could substitute SBM as a
protein source in the diet of growing male SpraBa&vley rats with no adverse effects

on growth.

Inadequate energy intake has been observed tcentéubone strength and mass by

mechanisms including alteration in hormone prof{l€alu et al., 1984), a reduction in
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bone matrix content (Ndiaye et al., 1992) and r&das in bone mineral content (Lee et
al., 1986). It could be speculated that the eneegyriction (as supported by the initial
lag in body mass and subsequent compensatory groptissibly transiently, could

have led to the observed decrease in bone masdeasity with an increase in XCSM

in the diet.

In the future, effects of XCSM on bone mineral amaltrix composition and strength in

growing animals should be interrogated.

5.9.3 Effect of the diets on visceral organs

5.9.3.1GIT visceral organs

Scheoffner et al. (1999) noted that in 9-10 week-$prague Dawley rats, the mean
stomach, small intestine and large intestine mas$.49+0.12 g (range: 1.29-1.70 g),
8.68+0.57g (range: 7.62-9.55 g) and 3.20%0.28 @algr9-3.58 ), respectively. In the
current study, the rats although they were slighitlynger (8 weeks and 3 days old) at
termination, the results showed stomach, smaltimte and large intestine mass ranges
of 1.63-1.78 g, 7.71-9.32 g and 1.78-2.00 g, retbpedy, values that are generally in
agreement with the findings of Scheoffner et a09d). The relative similarities in the

findings seemed to suggest that the substitutioBBI¥1 with defattedX. caffra seed
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meal had no deleterious effect on post-weaning abtbimsmall and large intestine (GIT)

growth and development.

At birth the GIT is developed to the extent thatan support enteral nutrition in the
neonate (Trahair and Sangild, 1997) though adelisdare poorly tolerated in altricial
compared to precocial mammalian neonates (SarZfldg, Guiloteau et al., 2010). In
the current study, the rats were weaned onto theaaliet (Diet 1: 0% substitution of
SBM CP) and test diets (Diets 2 to 5) and thus vesqmosed to iso-energetic and iso-

nitrogenous (solid) grower diets (Table 4.1) atghme age and for the same duration.

The length of the tibia is, relatively, a more aata proxy of overall growth in growing
animals (Cheeke and Hill, 1974). Relative to thegtd of the tibia, results of the
current study showed that defattédcaffraseed meal had trophic effects on the mass
of the small intestine of rats on diet 5 when coragdo the mass of the small intestine
of rats on the control diet. The observed troplffeats of diet 5 on the small intestine
mass could not be ascribed to either hyperplasid @n hypertrophy since no
histological assays of the GIT organs were donethkn future, dietary effects of
substituting SBM with XCSM, on the histology of Gbrgans, particularly the small
intestine, should be interrogated. Relative tolémgth of the tibia, my results showed
similarities in the average masses of the stomlache intestines and caeca of the rats
across dietary treatments. The observed similaritiethe masses of the three GIT

organs suggested that substituting SBM with dedaXe caffra seed meal had no
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deleterious effect on the growth and developmerheforgans. However the observed
differences in the masses of the stomach and sntelitines relative to body mass
could be ascribed to the variability of body massaaneasure of overall growth. Body
mass is affected by factors such as GIT fill andybbydration status thus is not an
accurate proxy of growth in animals (Cameron, 200®)ditionally, the heavier

stomach and small intestine (relative to body magsats on diet 5 (100% substitution
of SBM CP with XCSM CP) compared to the mean mddhse organs of rats on the
control diet (0% substitution of SBM) (Table 5.3)utd also be attributed to the
relatively, though not statistically significar® & 0.05), lower mean termination body

mass of rats on diet 5 compared to those on diet 1.

The similarities in the stomach, large intestind apaca masses relative to tibia length
in rats across dietary treatments could be a pooft¢éhe similarity in the stimulatory
effects of the diets on the post-weaning growth dedelopment of the three GIT
organs. The significantly heavier §P0.05) mean small intestine mass (relative to the
tibia) of rats on diet 5 compared to those on tbetrol diet could be a pointer to
increased stimulatory effect of test diet 5 on ghewth and development of the small

intestine compared to the control diet.

The GIT organ cells are among the cells that retiagnability to divide post-natally
(Bunting and Hawley, 2003) thus post-natal growtid alevelopment of the GIT

involves cellular hyperplasia and hypertrophy (Eiahand Sangild, 1997). The
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observed trophic affects of defattddcaffraseed meal on the small intestine of the rats
on diet 5 could have been due to either hypertraphyyperplasia. It is imperative that
histological assays should be incorporated in anyré studies in order to be able to

explain possible trophic effects of test materaaisany segment of the GIT.

5.9.3.20ther visceral organs

Scheoffner et al. (1999) reported that in 9-10 welkekSprague Dawley rats, the mass
of the heart, kidneys, spleen and liver relativdooaly mass were 0.45+0.04% (range:
0.41-0.50%), 0.80+0.06% (range: 0.72-0.90%), 0.2d3% (range: 0.20-0.31%) and
3.86+0.23% (range: 3.45-4.24%), respectively. ka ¢arrent study, with 8-weeks and
3-day old male Sprague Dawley rats (at study teation), the corresponding organ
relative mass ranges were 0.37-0.43%, 0.72-0.8128;@30% and 3.28-3.41% for the
heart, kidneys, spleen and liver, respectively. diesthe observed relatively heavier
hearts (absolute mass and relative to tibia lengths 0.0440 andP = 0.0346,
respectively) for rats on Diet 4 compared to thoséheir counterparts on Diet 1, the
mean heart mass (relative to body mass) of rat®ien4 fell within the relative heart
mass range reported by Scheoffner et al. (1999¢ fEsults of the current study
concurred with the findings of Scheoffner et al99%), a possible pointer to normal

heart, kidneys, spleen and liver growth and devalamt on the test diets (Diets 2 to 5).
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In the current study, the mass (both absolute atadive) of the thymus gland, testes,
abdominal visceral fat and epididymal fat pad fribva rats were similar across dietary
treatments. The thymus gland is central to the ratiin of the immune system and has
a regulatory role on immunological reactivity (Mitl 1963), while the testes are critical
to reproduction. The distribution of fat in the lydaas implications in the development
of metabolic dysfunction and related systemic diseaonditions (Lamarche, 1998;
Freedland, 2004). In animal production, fat digtibn affects meat quality. While
results of the current study suggested that sulistit of SBM with defatteX. caffra
seed meal did not seem to affect the morphometrthefthymus gland, the testes,
visceral and epididymal fat pads, their functioruldohave been affected. Functional
tests, for example, immunological reactivity, spewants, hormone (leptin and insulin)
assays, and carcass (meat) quality tests (mudxke [Bngth, intramuscular fat content,
muscle glycogen content) would have assisted shwé fight on the dietary effects of

defattedX. caffraseed meal on the function(s) of the respectiveevad organs.

5.9.4 Effect of the diets on liver metabolic substrate sirage

The liver is a vital organ that is central to majeacronutrient (carbohydrates, protein
and lipid) and xenobiotic metabolism (Bjorkholm adt, 2009). The vena portae and
lymphatic system are afferent pathways via whichrients and metabolites are
transported from the intestines to the liver. Thie lducts constitute the efferent

pathways through which molecules from the liver @amsported to the intestine. Thus
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the afferent and efferent pathways constitute aetldoop, the enterohepatic circulation
system. The liver regulates and fine tunes homsmsstaf blood glucose, lipids,
cholesterol, bile acids and haem concentration (@awl., 2006, Bjorkholm et al.,

2009).

In the current study dietary substitution of SBMiwdefattedX. caffraseed meal did

not result in significant differences in the livgliycogen and lipid content from rats on
the control diet (Diet 1) and test diets (Diet5). Further, there were no differences
in the fasting blood glucose and serum cholestsvsotentration in rats on the control
diet and test diets. The serum triglyceride corme¢ion from rats on test diet 4 was
significantly lower (P = 0.0299) compared to thhtais on tst diet 2. The lower limit of

the serum triglyceride of rats across the dieteegtiments was lower than that reported
by D’Angelo et al. (2005) in 12-week old male Spragdawley rats on a standard rat
chow. However, the upper limit of the serum triglside concentration in the current
study fell within the range reported by D’Angeloat (2005) despite age and dietary

differences between the studies.

Similarities in liver glycogen and lipid contentdasimilarities in fasting blood glucose
and serum cholesterol concentration in rats orctimrol diet and those on the test diets
suggested that defatteX. caffra seed meal did not alter the metabolism of

carbohydrates and lipids in and by the liver.
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5.9.5 Effect of the diets on the general health profile fahe rats

5.9.5.1Markers of liver function

Liver function tests (LFTs) do not assess quamiiht the capacity of the liver tissue to
carry out its physiological functions but includebattery of measurements of blood
components that provide a lead to the existendenexnd type of liver damage (Gaw
et al., 2006). Gaw et al. (2006) contend that Lpi®vide results for serum bilirubin,
amino-transaminases [alanine transaminase/tragsferdALT) and aspartate
transaminase/transferase (AST)] alkaline phospbgiakP) and albumin. Serum AST
and ALT activities are widely used in clinical ptige as a sensitive, non-specific index
of acute hepatocyte (liver parenchyma cell) damabge increased ALP activity is
used as an index (also non-specific) of cholestasist intra-hepatic (from cells lining
the bile canaliculi) or extra-hepatic (from bileaticells) whilst hypoalbuminemia is a

feature of advanced chronic liver disease (Riclarax al., 1999, Gaw et al., 2006).

Plant-associated toxins (PATs) produced by thetplper se or by endophytic and or
saprophytic organisms growing on plants (Than et28l05) present a challenge to the
utilization of non-conventional plant-derived fee®@ATs include phomopsins that are
associated with lupin seed (Edgar, 1991), and pyrdme alkaloids found in some

plant species (Than et al., 2005) cause diffengres of liver damage. The pentacyclic

triterpenoids (e.g. lantadenes frofantana camarp cause hepatotoxicity and
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cholestasis in ruminants and monogastrics (Sharmal.e 2007). Feeding of non-
conventional plant-derived feeds containing pheramld condensed tannins has been
reported to cause liver congestion (Mahgoub et28l08). Poisoning from PATs that
affect the liver is associated with either an iaseein the serum activity of ALT and

AST or ALP from the damaged hepatocytes and orestasis, respectively.

In the current study, there were no differencethenserum activities of ALT and ALP
as well as the concentrations of albumin and tptakein from rats raised on the
different diets suggesting that defatbédcaffraseed meal as a non-conventional plant-
derived protein source did not cause hepatocyte,dainaliculi (biliary) and bile duct
cell damage neither did it compromise the liveystketic function. These observations

seemed to suggest that the defaXedaffraseed meal did not contain hepatotoxins.

In the current study total ALP activity was detemed. ALP comes in different iso-
enzymes: the liver and bone ALP iso-enzymes (Yeti@al., 2000). The separation of
ALP into its iso-enzymes has added value in clinicaestigations compared to when
total ALP activity is measured (Yorio et al., 2000us in future dietary effects of

defattedX. caffraseed meal on ALP iso-enzymes should be interrdgate
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5.9.5.2Surrogate markers of kidney function

Kidney function includes regulation of water, etetfte and acid base balance and the
excretion of urea, creatinine and uric acid (Gawlet2006). Thus kidney malfunction
affects the clinical biochemistry of animals. Altlgh the assessment of glomerular
filtration rate is the gold standard in the deteration of overall kidney function
(Shock-Kusch et al., 2011), serum creatinine areh woncentration can be used as
convenient markers of glomerular function (Gaw kf 2006). Creatinine, a waste
product of muscle metabolism, is derived non-enzigably from creatine (Burtis and
Ashwood, 1994). In human beings under normal cistances creatine turnover rates
are constant and represent 1.6% of the creatiné (Buostis and Ashwood, 1994).
Muscle contains 98% of the total creatine poolstthe quantity of creatinine produced
and released from an individual can be computechviihe total mass of muscle is taken
into account (Burtis and Ashwood, 1994). The cotregion of creatinine in the blood
could be influenced by body mass, diet and analticethods (Banfi, 2010). Total
muscle is generally similar in animals of the saage, sex and species, thus with
normal kidney function serum creatinine would be game. Compromised kidney
excretory function usually manifests itself withveml signs among which include

uraemia, increased serum creatinine and bilirubincentrations.

The seeds and leaves of many leguminous specid¢iseofjenusCrotalaria contain

monocrotaline, a nephrotoxic pyrrolizidine alkald@ittiniade de Medeiros et al., 1999)
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which militates against their use as animal feexbueces. Seeds and seed cake from
toxic provenances afatropha curcashave been shown to elicit toxicity in mice with
post mortem examination revealing pathology of mamans including the kidneys
(Adam, 1974), thus seeds and seed cake from swusiemmnces cannot be utilized in
animal feeds despite their high nutritional potaintResearch reporting toxicity of some
plants to kidney function (Adam, 1974; TrindadeMiedeiros et al., 1999) have made it
imperative to screen any potential non-conventigiaht feed resource for possible

negative effects on kidney function.

In the current study, while no assaying of knowphretoxic phytochemicals was done
on the defatteck. caffra seed meal, the serum concentrations of urea aatimine
(convenient markers of glomerular function) andaltdbilirubin from the rats was
similar across dietary treatments. This findingspdee the lack of histopathologic
assessment of the kidneys from the rats, seemsdgigest that glomerular function of
the kidneys of rats exposed to defatkeataffraseed meal was not altered. According to
Burtis and Ashwood (1994) muscle is the major seyf88%) of creatine from which
creatinine is derived non-enzymatically. The simijain the termination and empty
carcass masses of the rats across the dietaryntet suggested similarity in the
muscle mass and hence the pool of creatine fronthwttie creatinine was derived,
hence possibly explaining the similarity in seruameentrations of creatinine from the
rats on the different diets. It would also appeant the results of the current study that
the defattedX. caffra seed meal may not have contained nephrotoxic dneki

damaging phytochemicals further supporting the micike of defattedX. caffra seed
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meal to replace SBM as a protein source in grdeeds for rats (and probably other

monogastric animals) without comprising the kidrsefyinction.

5.9.5.3Effect of the diets on PCV

Packed cell volume (PCV) and total serum proteieteminations provide baseline
data for monitoring erythropoiesis and fluid bakafg&hmon, 2003). Packed cell volume
in rats ranges from 34 to 57% and is dependenamong other factors, age (Kohn and
Clifford, 2002). Balkaya et al. (2001) reportedttttze PCV range in Sprague Dawley
rats (males and females) ranged from 40-49%. Ircthieent study rats on the control
diet (Diet 1) and test diets (Diet 2 to5) had a P@nge of 44.88+2.75 to 48.00+1.85%;
findings that agreed with other reported researotkwBalkaya et al., 2001, Kohn and
Clifford, 2002). While there were no statisticalfeiences in the PCV results of the rats
across dietary treatments, determining other irdafeerythrocytes [mean corpuscular
volume (MCV), haemoglobin (Hb), mean corpusculagrhaglobin (MCH) and mean
corpuscular haemoglobin concentration (MCHC)] wounlave opened a window of
opportunity to evaluate the possible dietary effedefattedX. caffra seed meal on
anaemias. The incidence, development and type aémia is influence by several
factors among them diet. Vitamins and mineralsragelired to make red blood cells. In
addition to iron, vitamin B and folate are required for the proper productadn
haemoglobin. Deficiency of any one of iron, folated or vitamin B, would lead to the

development of some form of nutrition related an@aem
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The congruity between the range of PCV resultshef rats in the current study and
those of other research findings (Balkaya et &012 Kohn and Clifford, 2002) and the
similarity (P>0.05) in the PCV values of the rats raised oncthr@rol diet (Diet 1) and
their counterparts raised on the test diets (Di¢b B) suggested that SBM could be
substituted with defatteX. caffra seed meal without affecting erythropoiesis. The
similarity in total serum protein, globulin and afhin concentrations from rats on the
control diet and their counterparts on test didts® &uggested that SBM could be
substituted with XCSM without negatively affectirilgid balance in growing male
Sprague Dawley rats. In the future effects of diet@efattedX. caffra seed meal on

other indices of ad blood cells have to be inteated.

5.9.5.4 Effect of diets on serum calcium and phosphorus

Serum calcium and phosphorus concentrations haveadng on dietary availability
and absorption from the GIT, the homeostatic baarfcthe minerals as influenced by
kidney function (Berndt and Kumar, 2007), bone mahelynamics (Gaw et al., 2006),
and the effect of regulatory factors. Hormones Imed in calcium and phosphorus
homeostasis alter the efficiency of phosphorus ritiem (and calcium) in the small
intestines and their reabsorption in the kidnewtel{Berndt and Kumar, 2009). Serum

calcium and phosphorus concentrations have impicaion bone mineral homeostasis.
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In the current study the serum calcium and phosghooncentrations of rats on the
control diet (Diet 1) and test diets (Diets 2 tow®re statistically similar; ranged from
2.4620.18 to 2.66+0.22 mmol'Land 2.53+0.34 to 3.00+0.50 mmof*Lrespectively.
The similarity in the serum concentrations of th® tminerals seemed to suggest that
their dietary availability, absorption from the Gind homeostatic balance as influence
by kidney function and bone mineral dynamics wataitected by the substitution of
SBM with defattedX. caffraseed meal. Interestingly, dietary substitutior58M with
defattedX. caffraseed meal caused a significant trend of a deciiealseth the mass
and the density of the tibia and femur with an @asing dietary concentration of
defattedX. caffraseed meal. Since the mineral and matrix compaosdfdhe tibiae and
femora from the rats on the control diet and theunterparts on the test diets were not
determined, it is difficult to ascribe the obsendmtrease in bone mass and density with
an increase in dietary defatt¥d caffrato either a decrease in bone mineral content and
or bone matrix content. In future the effect oftdig X. caffraon bone composition
should be interrogated. Despite differences insdagtd laboratory methods, the serum
calcium and phosphorus concentrations from ratsedabn the control diet and their
counterparts on test diets were in agreement ofdinem and calcium and phosphorus
concentration reported by Petterino and Argentitm#8o (2005) in male Sprague

Dawley rats.

However, more importantly, the lack of significatifferences in serum concentrations
of the two mineral from rats on the control dietlaheir counterparts on the test diets

suggested that dietary substitution of SBM withatkeid X. caffraseed meal could be
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effected without negatively affecting calcium anibpphorus absorption, homeostasis

and possibly kidney function in growing male Sprafawley rats.

5.9.5.5Effect of diets on serum amylase activity

Serum amylase activity is elevated in pancreatit sadivary disorders (Suehiro et al.,
1984), pulmonary disease (Weiss et al., 1951, @Otsulal., 1977) and renal failure
(Hanafy et al., 1973), thus determination of seramylase activity is used in the
general assessment of the health status of anibigtary composition (ingredient and
chemical composition) has been reported to infleetitze synthesis, storage and
secretion of digestive enzymes by the exocrine igasc(Bourdel, 1983, Schick et al.,
1984, Sabb et al., 1986, Dubick et al., 1988). Addally, the exocrine pancreas has
been reported to adapt to dietary carbohydratentrgasing the synthesis and secretion

of amylase (Johnson et al., 1977).

The lack of differences (P>0.05) in the serum asg/lactivity from rats on the control
diet( Diet 1) and from rats on the test diets (Bi2tto 5) could be interpreted to mean
that defattedX. caffraseed meal could substitute SBM as a protein sauarcat (and
probably monogastric animal) diets without eligitisalivary and exocrine pancreatic
gland disorders (Suehiro et al., 1984) and withoausing overt pulmonary disease

(Otsuki et al., 1977) and renal failure (Hanafyalet 1973).
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5.10 Conclusion

Based on results of the current study and repolitedature values on growth
performance in rats, it could be inferred that abelefattedX. caffraseed meal as a
dietary protein source in grower rat diets in plafeSBM could be done without
compromising growth performance as measured by lmodys and long bone length.
Use of defatte. caffraseed meal (XCSM) in place of SBM did not negativafifect
post-weaning growth of the major viscera in growmngle Sprague Dawley rats. XCSM
could be used in place of SBM in grower diets ofagpe Dawley rats without adverse
effects in their general health profile. Althouyh caffrais widely distributed in SSA,
for commercial exploitation of its seed meal as emdf resource (and possible
exploitation of its oil), it would be necessarywmrk with plant production/breeding

specialists and plant physiologists to establighroercially viable tree plantations.
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS
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6.0 Conclusions on main study objectives

The current study’s research objectives broadlygkbuo evaluate the potential of
Kigelia africang Mumisops zeyheriTerminalia sericeaand Ximenia caffraseeds as
alternative protein sources in feeds. The evalonati@s designed around four key
stages: physical, chemicah vitro andin vivo evaluation. The determination of the
physical traits of the seeds constituted the Btafgje of the evaluation. The physical
evaluation was followed by a chemical determimatid the lipid yield of the seeds, a
profiling of the fatty acid and vitamin E conterfttbe seed oils and a determination of
the nutrient (proximate, mineral, amino acid) comtébre (NDF and ADF) content and
phytate-phophate composition of the dehulled/stebeeds. The physio-chemical
characterization was followed by testimgvitro the biological activity of the seed oils
using established cell lines. The last phase oétauation involved a two-stagre vivo
determination of the dietary effects of the substh of SBM with the most suitable
(on the basis of physical, chemical andvitro evaluation results) defatted IFBTs seed
meal. In the first phase of the vivo trial the dietary effects of substituting SBM with
the most suitable defatted IFBTs seed m&alc@ffraseed meal) on apparent nutrient
digestion and nitrogen balance in mature male Sr&pwley rats were determined. In
the second phase of thevivo evaluation the dietary effects of substituting SBAh
the most suitable defatted IFBTs seed medl daffra seed meal) on growth
performance, GIT macroscopic morphometry, liver abetic substrate storage and
function and the general health profile in growingple Sprague Dawley were

determined.
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On the basis of the physical traits and chemicélient composition of the four IFBTs

seeds it was concluded that:

I. K. africanaand X. caffraseed qualified as potential protein sources inlded@hey

were thus evaluated further.

ii. Due to the low CP content M. zeyheriseed, it did not meet the criteria for potential
protein concentrates in feedd. zeyheri seed however showed potential as an

alternative energy source, thus it was investigaigtier.

lii. Chemically T. sericeaseed showed tremendous potential as an alternatotein
source in feeds, however it was not further ingestid as its seed size (yield) was

deemed uneconomically viable.

iv. The oil yield fromK. africana M. zeyheriand X. caffraseed surpassed the yield
reported for conventional oilseed crops, thus tred IFBTs seeds could be exploited
as potential plant oil sources. The oil (by-prodlwatiue could cover for the processing

of the seeds into protein and or energy rich fegdedients.

v. The fatty acid profile of the seeds showed ahhigncentration of oleic acid and

essential fatty acids, thus oils from the seedddcbe used as nutritional and health

supplements in addition to other industrial /phasendical uses.
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Thein vitro evaluations oK. africana M. zeyheriandX. caffraseed oils showed that
they were not toxic to Caco-2 and HEK-293 cellsuiture, thus the respective oil seed
cakes, with residual oils, could be used /evaluaiedeed ingredients with no risk of

deleterious effects on animals.

X. caffraseed that had shown the most potential (seed, ypebdessing ease, chemical
composition andn vitro evaluation) was judged most suitable iforvivo evaluations.
Based on the outcome of the digestibility and gy balance trial using mature male

Sprague Dawley rats, it was concluded that:

i. DefattedX. caffra seed meal could be used to substitute SBM as t&ipreource
without negatively affecting DM (feed) and nutrié@M, GE and CP) intake of mature

male Sprague Dawley rats.

ii. DefattedX. caffraseed meal could be used as an alternative preteirce to SBM
with no deleterious effect on the apparent digdgtilof DM, OM, CP and GE and on

N retention in mature male Sprague Dawley rats.

Based on the outcomes of the growth, GIT macroscopbrphometry and general

health profile trial using male Sprague Dawley natsaned on defatted. caffraseed

meal based diets for five and half weeks, it waschaled that:

179



i. DefattedX. caffraseed meal could be used as a substitute to SBMmwitnegative
effects on growth (body mass and linear growthjveanling (growing) male Sprague

Dawley rats.

ii. DefattedX. caffraseed meal could be used as a substitute to SBMnwitadverse
effects on packed cell volume, liver carbohydratd Bpid metabolism, liver function,
pancreatic and kidney function and the generalthgadofile of weanling (growing)

male Sprague Dawley rats.

Thus based on th& vivo trials results in rats, defatte! caffra seed meal could be
considered for use as an alternative protein sounceanimal feeds for other

monogastrics.

6.1 Recommendations for further studies

The study evaluated the potential Kf africana M. zeyheriand X. caffra seeds as
protein sources in a three pronged approach: pbigdiemical,in vitro andin vivo.
Although not exhaustive, the study was extensivis. lecommended that future studies
focus on detailed macro- and micro-mineral and wstéuble vitamin characterization
of K. africang M. zeyheriand X. caffraseed as that would give valuable data on the
true nutritional value of the seeds. Additionalfyture research should focus on the
identification and quantification of potential antitritional factors (commonly found

in nuts, seeds and legumes) in the IFBTs seedscasld help with seed processing,
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for instance, to inactivate thermo-labile anti-itidnal factors, using moist heat
treatment. Over and above having significant @lg/K. africanaandM. zeyheriseed
oils were shown to contain significant quantitiek aleic acid (OA). OA is a
physiologically important MUFA. Long term intake ofive oil (high OA content) has
been reported to reduce high pressure in hypevienmtients (Alonso and Martinez-
Gonzalez, 2004) and the risk of developing hypeiten(Ruiz-Gutiérrez et al., 1996).
The potential use df. africanaandM. zeyheriseed oil as a dietary source of OA in the
attenuation of hypertension and the developmentasfliiovascular disease requires

further interrogation.

Full fat K. africana seed (hand dehulled) had a CP and lipid conter850f4% and
49.22%, respectively; an indication that on deifgttithe resultant seed meal could
contain a CP content in excess of 60%. There iged o develop, as a matter of
urgency, technology to facilitate dehulling §f africanaseed and test in other animal
species the potential of the defattedafricanaseed meal to replace SBM in feeds. The
potential shown byM. zeyheriseed as a possible energy source needs to berfurth
investigatedin vivo in digestibility and growth performance trials wlemaize, the
major source of energy in feeds, is substitutedh Mt zeyheriseed meal in a graded
manner. The potential shown by defatkeccaffraseed meal as a substitute to SBM in
mature and growing Sprague Dawley rats needs tfutieer interrogated in poultry,
rabbitry, piggery and aquaculture. In further imdgating the potential of defattexi
caffraseed meal as a substitute to SBM in livestock, fetdke has to be determined in

order to facilitate computation of feed conversifficiency. Additionally, true total
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tract (as opposed to apparent) and ileal digesyitwf various nutritional components

when defatteX. caffraseed meal is used as a protein source have tetberdned.

From a livestock production perspective, it is maoeended that future studies with
defattedX. caffraseed meal focus on effects on production traith &1 meat yield and
carcass quality and milk yield and composition. fkra physiological perspective,
future studies could also interrogate the effectefattedX. caffra seed meal as an
alternative to SBM on serum anti-oxidant profil€dT regulatory peptides (hormones),
GIT microscopic (histology) morphometry, and exoeripancreatic function and on

metabolism, that is, oxygen consumption and cadhoxide production.

6.2 Study limitations

An attempt to identify the limitations to each betcomponents of the study has been
made in the relevant chapters. However it is jiestito note that one of the current
study limitations was the failure to determine feethke (due to cage design) in the
growth performance, GIT macro-morphometry and ganeealth trial. This (failure)
made it impossible to compute and hence comparfe#teconversion efficiency (FCE)
of rats on the control diet (Diet 1: 0%substitut@mhSBM) and test diets (Diets 2 to 5:
25%, 50%, 75% and 100% substitution of SBM CP w@SM CP). In livestock and
aquaculture production FCE is a critical determtrafrprofitability thus it is generally
an expectation that nutritional evaluation studigige an indication of FCE.

Additionally, in the digestibility and N balanceadl; the control diet was replicated
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thrice while the test diets were each replicatad tomes thus creating an unbalanced
experiment. Unequal replication of treatments itssuh heterogeneity of variance
across treatments that impact on means and stardard thus affecting the accuracy

of results.
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APPENDICES

Appendix 1: Animal Ethics Screening Committee Cerfiicate
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