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General Abstract

To conserve the slow-growing Windsnyer pigs, it is crucial to explore their efficiency
in utilising locally available ingredients such as Amarula oil cake (AOC). The use of
Amarula oil cake in pig diets can ease the pressure of relying on conventional feed
sources and broaden the feed resource base for pigs. The broad objective of the study
was to assess the relationship between feeding increasing levels of Amarula oil cake
on the growth performance of Windsnyer pigs and selected pork quality traits. Twenty-
five clinically healthy intact growing boars with an initial body weight of 19.9 + 8.74 kg
were used in the study which lasted for six weeks excluding the adaptation period of
one week. Pigs were assigned to five experimental diets in a completely randomised
design and diets were formulated to contain 0, 50, 100, 150, and 200 g/kg DM of AOC.
The average daily feed intake (ADFI), average daily gain (ADG), feed conversion ratio
(FCR), scaled average daily feed intake (SADFI), scaled average daily gain (SADG),

and body weight (BW) were calculated weekly.

The diet affected ADFI, ADG, FCR, and SADG (P < 0.05). The scaled average daily
feed intake was not affected by the diet (P > 0.05). There was a significant interaction
between AOC inclusion and weeks of feeding on ADFI, ADG, and FCR (P < 0.05). A
positive quadratic relationship between ADFI and increasing levels of AOC was
observed (P < 0.05). Average daily gain, FCR, and SADG decreased linearly with
increasing AOC levels (P < 0.05). Using the broken stick analyses, the maximum
inclusion level of AOC was obtained at 102.17 g/kg DM with an optimum ADFI of 1.25
kg/day. Amarula oil cake can be incorporated in Windsnyer pig diets up to 100 g/kg

DM without constraining growth performance of Windsnyer pigs.



The specific objective for experiment two was to determine the relationship between
incremental levels of AOC, carcass characteristics, primal pork cuts, and visceral
organ weights of South African Windsnyer pigs. There was a negative linear
relationship between increasing AOC levels, carcass length, warm carcass weight,
and cold carcass weight (P < 0.05). Stomach weight, backfat thickness, drip loss, and
the hepatosomatic index increased linearly with increasing AOC levels (P <0.05). The
kidneys, small intestines, and large intestines weight of Windsnyer pigs had a
guadratic response to AOC inclusion level (P < 0.05). The heart, lungs, and spleen
were not related to increasing levels of Amarula oil cake inclusion (P > 0.05).
Incremental AOC diets impaired carcass characteristics and the selected visceral
organs of pigs. Windsnyer pigs can, therefore, be fed Amarula oil cake up to 100 g/kg

dry matter.

The specific objective for experiment three was to assess the changes in nutritionally
related metabolites and liver enzymes of Windsnyer pigs fed on increasing levels of
AOC based diets. After subjecting the pigs to six weeks of feeding on the experimental
diets, blood samples were collected. Serum was analysed for total protein (TP),
albumin, globulin (G) iron, Uric acid (UA), albumin: globulin ratio (A: G), alkaline
phosphatases (ALP), aspartate aminotransferase (AST), aminotransferase (ALT). The
albumin concentration of pigs linearly decreased with incremental levels of AOC (P <
0.05). The concentration of TP and G decreased quadratically with incremental levels
of AOC (P < 0.05). On the other hand, ALP increased quadratically with increasing
levels of AOC (P < 0.05). The other blood metabolites and liver enzymes were not

related to the inclusion level of AOC (P > 0.05).



The specific objective for experiment four was to determine the relation between fatty
acid composition and health lipid indices of pork from Windsnyer pigs supplemented
with different AOC levels. Increasing AOC inclusion levels, linearly increased C12:0,
C14:1n9c, C18:1n9t and C18:3n6 of pork from Windsnyer pigs (P < 0.05). Increasing
AOC levels linearly decreased SFA, PUFA/SFA ratio, C18:1nl11c and C20:3n3 of pork
from Windsnyer pigs (P < 0.05). There was a quadratic decrease in n-3 fatty acids, n-
6/n-3 ratio, nutritive value, C22:0, C18:1n9c, C18:3n3, C18:2¢911t, C20:4n6 and
C22:5n3 of pork (P < 0.05). The total MUFA, PUFA, n-6 fatty acids, Al and T1 were not
related to AOC inclusion (P > 0.05). Due to the quadratic relation of n-3 PUFA, n-6/n-
3 ratio of FA and nutritional value of pork, it is recommended that AOC based diets be
fed up to 150 g/kg DM. Low levels of AOC of up to 100 g/kg DM improved growth
performance, nutritionally related metabolites, carcass traits of pigs. High inclusion

levels of AOC improved fatty composition of pork from Windsnyer pigs.

Key words: Body weight gain; carcass length: dietary fibres; feed intake;

hepatosomatic index; organ weight; total protein; polyunsaturated fatty acids;

saturated fatty acids
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Chapter 1: General introduction

1.1 Introduction

The expansion in the worldwide human population increases the demand and
consumption of animal proteins, especially for pork and poultry (Townsend, 2015;
Abdulkadir et al., 2016). Meat is a nutrient-dense food, which is a source of protein,
vitamins, and minerals (Marangoni et al., 2015). It contains vital nutrients such as fatty
acids, protein and amino acids that are required by the human body for the
physiological perinatal human brain development (Marangoni et al.,, 2016) being
essential for human nutrition and physiology. Pigs are a source of meat and also a
source of livelihood in developing countries. Sustainable pig production, therefore,

increases food security and welfare of communities (Mlambo and Mapiye, 2015).

Pig productivity largely depends on the availability of nutritious feed resources
(Wanapat et al., 2013). Conventional feed sources are primarily derived from soybean
and cereals such as corn, oats, or wheat (DAFF, 2013). The increasing human
population puts a strain on the production of these feed sources that are also suitable
for human nutrition. Soyabean is the main feedstuff used in pig diets, preferred for
their outstanding nutritional characteristics such as high crude protein and essential
amino acid contents, high digestibility, and palatability. South Africa depends on
imports of soya bean (SB) since it produces less than a third of its SB requirements
(Grain SA, 2016). This factor increases its cost which negatively affects pig production

systems, especially for rural-based or small-holder farmers.

The interest in using non-conventional feedstuffs in pig diets is increasing. Apart from

enhancing animal productivity, utilizing non-conventional feeds decreases the number

1



of cereal grains that have to be imported at high costs. Potential non-conventional
protein sources include Vachellia leaves, oil cakes from indigenous oil seeds, or nut
plants such as sunflower, macadamia, and Amarula (Acheampong-Boateng et al.,
2016). The Amarula tree (Sclerocaya birrea subsp caffra) is an indigenous fruit tree
that is scattered in the savannah parts of the African continent lying from 17°15’'N in
Niger to 31°00’S to South Africa (Chirwa and Akinnifesi, 2008). The tree belongs to
the Anacardiaceae family, having a plum-like pale fruit of about 3 - 4 cm in diameter
with juicy mucilaginous flesh (Mariod and Abdelwahab, 2012). The tree is resistant to
drought and does well in hot and warm areas when compared to other conventional
plant sources (Shackleton and Shackleton, 2002). The oil cake from the seeds of
Amarula contains about 470, 194, and 131 g/kg DM crude protein, neutral detergent
fibre, and acid detergent fibre, respectively, which gives it a huge potential to be an

alternative feed ingredient for pigs (Mlambo et al., 2011).

Windsnyer pigs are characterized by slow growth, a compact body conformation, a
long nose, and their body is covered with a black coat. Their meat is tastier compared
to commercial pigs (Chimonyo et al., 2005; Madzimure et al., 2015), making them a
potential for consumers who prefer organically produced pork. Unlike commercial pig
breeds, the slow-growing Windsnyer pigs have the potential of surviving on diets with
lower protein content (Kanengoni et al., 2014). The exploration of Amarula based diets
on indigenous pigs requires information on how these pigs respond to these diets in

terms of growth, nutritional-related blood metabolites, and pork quality characteristics.



1.2 Justification

There is a need to focus on agricultural by-products that are regarded as waste and
local plants as non-conventional feed sources such as Amarula, macadamia, Vachellia
trees, and potato by-products to alleviate reliance on imported conventional feed
ingredients (Khanyile et al., 2014; Ncobela et al., 2018). The use of non-conventional
protein sources also addresses environmental challenges caused by these waste

products.

In Southern Africa, measures of domesticating the Sclerocarya trees which are a
source of Amarula fruits have been established to create orchards that provide fruits
for the beverage and the canning industry (Mariod and Abdelwahab, 2012). An
Amarula tree produces between 21 000 and 91 000 fruits per year (Mkwezalamba et
al., 2015). The fruits are collected for human consumption, making beer and jam, or
used as feed for ruminants. The surplus ripened fruits are left unattended which
creates environmental hazards (Mthiyane and Mlanga, 2017). The exploration of
Amarula fruits as a feed source for pig production systems could limit the
environmental pollution caused by the Amarula processing companies. Amarula oll
cake (AOC) is a residue after oil extraction of the dry seeds of the ripened fruits of
Amarula (Shackleton, 2002), it is largely produced by different small-scale companies
in South Africa and Eswatini. This also closes the gap between those who are
employed and unemployed since some rural households collect and sell the fruits for

processing (Malebana, 2018; Mthiyane et al., 2017; Mazizi et al., 2019).

The high residual oil of Amarula oil cake can be beneficial for fattening pigs in finishing

operations. Moreover, the residual oil of Amarula kernels contains a high amount of



oleic acid which protects muscle damage due to reactive oxygen species (ROS),
thereby improving carcass traits and fatty acid composition of adipose tissues
(Leheska et al., 2008; Carvalho et al., 2012; Pereira et al., 2012; Mthiyane and
Mhlanga, 2018). On the other hand, secondary compounds found in plants improve
meat quality by acting as natural anti-oxidants but when their concentration is above
the recommended level, they can reduce the growth and welfare of animals.
Determining the accurate inclusion levels of AOC enables pig nutritionists and farmers
to appropriately incorporate AOC into pig diets without constraining growth

performance and pork quality (Mas et al., 2010).

1.3 Objectives
The broad objective of the study was to assess the relationship between feeding
increasing levels of Amarula oil cake with growth performance of Windsnyer pigs and

pork quality. The specific objectives were to:

e Determine the maximum inclusion level of Amarula oil cake diets based on

growth performance of Windsnyer pigs.

e Determine the relationship between carcass traits, primal pork cuts and visceral

organ weights of Windsnyer pigs to AOC inclusion.

e Assess the changes in nutritionally related blood metabolites and liver enzymes

of Windsnyer pigs fed on increasing levels of AOC based diets.

e Determine fatty acid composition and health lipid indices of pork from

Windsnyer pigs fed on different levels of AOC.



1.4 Hypotheses

e The inclusion level of AOC beyond the maximum point would reduce growth
performance of Windsnyer pigs;

¢ Inclusion level of AOC linearly improves carcass traits, primal pork cuts and
visceral organ weight of pigs;

e Increasing levels of AOC decreases nutritionally related blood metabolites and
liver enzymes of Windsnyer pigs; and

e Inclusion of AOC improves fatty acid composition and health lipid indices of

pork.
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Chapter 2: Literature review

2.1 Introduction

There is a growing concern with regards to the qualitative traits of pork (Nevrkla et al.,
2017). Pigs are mostly reared for their meat to meet the requirements for animal
protein for human nutrition (FAOSTAT, 2012). Most of the pigs that are recorded in
Southern Africa are those from commercial production kept for their meat, leaving out
the indigenous type of pigs while estimates show that above 65 % of the global pig
populations are located in developing countries and are kept by small scale farmers

(Chiduwa et al., 2008).

Feed deficits remain a challenge for smallholders who are incapable of purchasing
conventional feed sources for pigs hence resulting in low productivity (Stur et al.,
2002). More research has focused on leguminous plant leaves as an alternative
protein source for livestock and other agricultural by-products. To increase the
spectrum of non-conventional feed sources in tropical areas for maximum productivity
and the pork quality of indigenous pigs, it is important to examine the potential of nuts
or pods of indigenous plants as alternative protein sources for pigs. The current review
discusses the description of Sclerocarya birrea caffra tree (Marula), the production of
Marula trees, uses of Marula trees, types of feed sources, the nutritional composition
of Amarula kernels, the fatty acid composition of Amarula oil cake, the use of Amarula
oil cake in pig diets, constraints in using Amarula oil cake in pig diets, anti-nutritional
factors of Amarula, the potential of AOC in indigenous pigs, methods of inactivating
secondary compounds in diets, the extraction methods of Amarula oil cake for
processing, description of the Windsnyer pig and reasons for rearing Windsnyer pigs,

growth performance of indigenous pigs (Windsnyer pigs), carcass characteristics and
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primal pork cuts of pigs, organs of pigs, nutritional related-blood metabolites, liver

enzymes of pigs and fatty acid composition of pigs.

2.2 Description of Sclerocarya birrea caffra tree (Marula)

Sclerocarya birrea is a deciduous tree that is characterized by having a short stem of
up to 4 m with a spreading crown (Nghitoolwa et al., 2003). It belongs to the
Anacardiaceae family (the mango family), having close to 650 species, 70 genera of
mostly tropical or subtropical deciduous trees, shrubs, and woody vines. Sclerocarya
birrea tree is a multipurpose tree valued mainly for its fruits, seeds (kernels), leaves,
and barks which are used for making medicine (Mutshinyalo and Tshisevhe 2003).
The leaves are divided into 10 or more pairs of leaflets, each about 60 mm long and
with a sharp point. The flowering of the tree occurs between September and
December, female and male flowers grow in different trees. Ripening of Amarula fruits
usually happens between January and March (Jama et al., 2008) and the number of
fruits produced increases as the tree grows. The tree is known as umnganu (in Zulu
and siSwati), marula (English), morula (Pedi and Tswana), mupfura (Shona), mura
(Meru), mafula (Venda), maroela (Afrikaans), Nkanyi (Xitsonga) and is it found in the
semi-arid and savannas of sub-Saharan Africa (Shackleton et al., 2002; DAFF, 2010).
The distribution of Amarula trees is restricted by extreme frost, however, it can survive
in arid areas with low rainfall of about 200 — 1500 mm per annum (Mokgolodi et al.,
2011). Its distinct characteristic of enduring dry climatic conditions, makes it an ideal
source of feed for small-scale farmers rearing pigs in rural-arid areas of southern

Africa.

13



2.3 Production of Amarula trees

The trees are found in some parts of Limpopo, KwaZulu-Natal, the Eastern Cape, and
Mpumalanga province. The Amarula tree is common in hot areas of the Saharan Africa
and it’'s an important part of many people in rural areas (Shackleton et al., 2002). Each
tree has the potential of producing an average of about 27 000 to 44 200 fruits per
single tree with an average weight of 20 — 25 g per single fruit (Shackleton et al., 2003).
DAFF, ( 2010) reported that a single tree has the potential to produce 500 kg of fruits
each year or up to 70 000 fruits. Commercial products made from Amarula fruits such
as liquors and cosmetics are available in South Africa and some parts of Swaziland,
however, the exploration of Amarula as an ingredient for livestock is still lacking and if

it is commercialized it can also benefit the livestock industry.

2.4 Uses of Amarula trees

In Africa, indigenous fruit types of trees are used as macro and micro-nutrient sources
and health promoters because of the different types of nutritional properties and
phytochemicals that the trees possess (Chivandi et al., 2015). The Amarula tree plays
an important part in diet, culture, and tradition of the sub-Saharan rural communities
and the commercial industry (Wynberg et al., 2002). The fruits are used for making
juice, they can also be consumed when ripened. The fruits are reported to contain high
content of ascorbic acid (as high as 194 mg) comparable to that of orange juice but
also high as compared to other citrus types of fruit, hence it can also be used for
treating scurvy (Shone, 1979). The seeds contain three or two kernels which are
attained by means of breaking the nuts with a stone when they are dry and a narrow
needle like object is used to remove the kernels (Mariod and Abdelwahab, 2012).

Once the kernels are removed, they are readily consumed as snacks. The kerns are
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rich in oil which is used to make cosmetic ointments and as well as a meat preserver

(Coates, 1990). Figure 2.1 shows the major uses of Amarula tree parts

Amarula tree

Leaves = Medicine K | | ,\, Bark = Medicine

Fruits
Shell
Nuts/kernels
Expeller press Bl
Oil cake =
Animal feeds Body and edible oil

Figure 2.1: Uses of Amarula tree parts (Taseski, 2005)
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2.5 Types of feed sources

Livestock feeds can be classified as conventional and non-conventional.

2.5.1 Conventional feed sources for pigs

Conventional feed sources are the primary highly nutritious ingredients used in pig
diets. They are divided into plant-derived and animal-derived protein sources. Plant
derived conventional feed sources include oil cakes or nut meals such as soybean
meal, olive cake, sunflower and palm kernel oil cake. These ingredients are rich in
protein and are intensively used in commercial farming systems (Kassahun et al.,
2012). Animal derived protein sources include animal by-products such as fish meal,
feather meal, bone meal and blood meal (Shipton and Hecht, 2005). Animal derived
feed sources have, however, been rejected due to the presence of residues in meat
products and their high costs (Brookes, 2001; Van Ryssen, 2001). The use of
conventional feed sources is limited among small-holder farmers due to lack of

knowledge, availability, and high prices.

2.5.2 non-conventional feed sources for pigs

Non-conventional feed sources are secondary ingredients that are mainly used by
small-holder farmers. These feed ingredients include forages or leaf meals, kitchen
waste, maize cobs, coarse maize meal, pumpkins, maize stovers and grasses
(Ncobela et al., 2018; Thabethe et al., 2022). Most of these non-conventional feed
sources are characterized by poor nutrient digestibility, therefore affecting growth of
pigs. The nutritional contents of these ingredients match the requirements of livestock.
Lack of research in the utilisation of these feed sources contribute significantly to the

scarcity of highly nutritious feeds that can meet the demand for pig producers.
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2.6 Nutritional composition of Amarula kernels

Amarula seeds or kernels contain high amount of protein, residual oil or ether extract
(Mariod and Abdelwahab, 2012). Amarula oil cake (AOC) is defined as a residue of oil
extraction of the dry seeds of Amarula kernels. The extracted oil is used by humans
for consumption and for cosmetic functions. The nuts are taken after human use, sun
dried, and mechanical decortication produces the kernels (Mlambo et al., 2011a). In
addition, the seeds can be used as supplements to human diet in poverty-stricken
areas due to their high nutritional value. The nutritional characteristics of AOC can
meet the requirements of livestock if fully explored. For example, Amarula oil cake
improved growth of quails, pigs, and crude protein content of Dorper mutton
(Malebane, 2018; Mazizi et al., 2019; Thabethe et al., 2022). The proximate, mineral,
and amino acid composition of Amarula oil cake is shown in Tables 2.1, 2.2 and 2.3,

respectively.
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Table 2.1: Proximate composition of Amarula oil cake

Chemical constituent (g/kg)

Composition

Source

Dry matter

Ash

Crude protein

Ether extract

Acid detergent fibre

Neutral detergent fibre

Acid detergent lignin

Metabolizable energy (MJ/kg DM)

Gross energy (MJ/kg DM)

901

938

958.37

963.50

49.80

55.5

470

472.1

362.20

394

289.6

411.32

343.90

134

147.4

245.60

194

357.30

114.30

15.44

25.34

28.49

Mlambo et al. (2011)
Mdziniso et al. (2016)
Malebane et al. (2017)
Thabethe et al. (2022)
Thabethe et al. (2022)
Mlambo et al. (2011b)
Mlambo et al. (2011)
Mdziniso et al. (2016)
Thabethe et al. (2022)
Mlambo et al. (2011)
Mdziniso et al. (2016)
Malebane et al. (2017)
Thabethe et al. (2022)
Mlambo et al. (2011a)
Mdziniso et al. (2016)
Thabethe et al. (2022)
Mlambo et al., (2011a)
Thabethe et al. (2022)
Thabethe et al., (2022)
Mlambo et al. (2011a)
Thabethe et al. (2022)

Malebane et al. (2017)
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Table 2.2: Mineral composition of Amarula oil cake

Minerals (g/kg) Composition Source
Calcium 1.08 Thabethe et al. (2022)
1.43 Malebane et al. (2017)
0.85 Mthiyane and Mhlanga, (2017)
Phosphorus 10.00 Malebane et al. (2017)
9.40 Thabethe et al. (2022)
9.40 Mthiyane and Mhlanga, (2017)
Magnesium 4.87 Malebane et al. (2017)
5.70 Thabethe et al. (20122)
Potassium (mg/kg) 0.77 Mthiyane and Mhlanga, (2017)
8.30 Thabethe et al. (2022)
6.33 Malebane et al. (2017)
Iron (mg/kg) 95.50 Thabethe et al. (2022)
Iron (g/kg) 0.69 Malebane et al. (2017)
Zinc (mg/kg) 60.20 Thabethe et al. (2022)
Zinc (g/kg) 0.05 Malebane et al. (2017)
Sulphur 4.23 Malebane et al. (2017)

19



Table 2.3: Amino acid composition of Amarula oil cake

Amino acids Composition Source

Essential amino acids

Lysine (g/kg DM) 7.73 Malebane et al. (2017)
Tryptophan (g/100 g DM) 0.68 Thabethe et al. (2022)
Methionine (g/kg DM) 6.30 Malebane et al. (2017)
Tryptophan (g/100 g DM) 0.44 Thabethe et al. (2022)
Tryptophan (g/kg DM) 3.36 Malebane et al. (2017)
Tryptophan (g/100 g DM) 0.44 Thabethe et al. (2022)
Threonine (g/kg DM) 6.92 Malebane et al. (2017)
Threonine (g/100 g DM) 0.81 Thabethe et al. (2022)
Arginine (g/kg DM) 50.92 Malebane et al. (2017)
Arginine (g/100 g DM) 5.51 Thabethe et al. (2022)
Leucine (g/kg DM) 16.90 Malebane et al. (2017)
Leucine (g/100 g DM) 1.23 Thabethe et al. (2022)
Isoleucine (g/kg DM) 12.30 Malebane et al. (2017)
Isoleucine (g/100 g DM) 1.29 Thabethe et al. (2022)
Non - essential amino acids

Cysteine (g/kg DM) 2.75 Malebane et al. (2017)
Alanine (g/kg DM) 8.90 Malebane et al. (2017)
Alanine (g/100 g DM) 1.04 Thabethe et al. (2022)
Proline (g/kg DM) 13.00 Malebane et al. (2017)
Proline (g/100 g DM) 1.13 Thabethe et al. (2022)
Aspartic acid (g/kg DM) 19.82 Malebane et al. (2017)
Aspartic acid (g/100 g DM) 2.74 Thabethe et al. (2022)
Tyrosine (g/kg DM) 9.70 Malebane et al. (2017)
Tyrosine (g/100 g DM) 0.69 Thabethe et al. (2022)
Glycine (g/kg DM) 13.60 Malebane et al. (2017)
Glycine (g/100 g DM) 1.80 Thabethe et al. (2022)
Hydroxy-proline (g/kg DM) 0.63 Malebane et al. (2017)
Hydroxy-proline (g/100 g DM) 0.09 Thabethe et al. (2022)
Alanine (g/kg DM) 8.90 Malebane et al. (2017)
Alanine (g/100 g DM) 1.04 Thabethe et al. (2022)
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2.7 Fatty acid composition of Amarula oil cake

Carbon atoms are the main components making up fatty acids (FA) and are in a form
of an alkyl series with a carboxylic acid group and a methyl group attached at each
end. The properties of fatty acids are affected by the number of carbon atoms in each
fatty acid such as the carboxylic group, the position, and the number of double bonds
(Belitz et al., 2009). Amarula oil cake is a good source of essential fatty acids such as

9-octadecanoic and 9,-12-octadecadienoic acids (Ogbobe, 1992).

The most dominant types of FA in AOC are oleic acid, hexadecanoic, octadecanoic,
and arachidonic acids (Glew et al., 2004). Malebana et al. (2018) showed that AOC
contain high amounts of monounsaturated fatty acids (MUFA) (773 g/kg-1) which is
the largest component that make up the available fatty acids in AOC as compared to
soybean meal (279 g/kg DM). The unsaturated fatty acids found in nut meals or oil
cakes could prevent diseases (Wei and Shibamoto, 2010). Monounsaturated fatty
acids are less susceptible to oxidation and could have a positive effect on human blood
cholesterol levels. For example, the high oleic content (75 - 85 %) of Amarula oil cake
could have some beneficial effects on human health since it is an anti-diabetic and
anti-atherosclerotic monounsaturated fatty acids (Kuna and Achinna, 2013). Its high
oxidative stability can benefit the meat industry by increasing shelf-life of meat which
suggest that it could also be used as natural meat preserver. Fatty acids also form the
main components of lipids and act as energy sources. Factors affecting fatty acid
composition of Amarula seeds include genetic variation amongst trees, the harvesting
time or stage of the tree and soil fertility. The composition of the fatty acids of Amarula

nuts/kernels is shown in Table 2.4.
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Table 2.4: Fatty acid composition of Amarula oil cake

Fatty acids (%) Trivial name Amount Source
SFA
C4:.0 Butyric - Malebana et al. (2017)

- Mthiyane and Hugo, (2019)
C6:0 Caproic - Malebana et al. (2017)

- Mthiyane and Hugo, (2019)
C8:0 Caprylic - Malebana et al. (2017)

- Mthiyane and Hugo, (2019)
C10:.0 Capric 0.02 Mthiyane and Hugo, (2019)

- Malebana et al. (2017)
C12:0 (g/kg) Lauric 0.16 Malebana et al. (2017)
C14:0 (g/kg) Myristic acid 1.28 Malebana et al. (2017)
C15:.0 Pentadecyclic 0.29 Malebana et al. (2017)
C16:0 Palmitic acid 11.30 Mthiyane and Hugo, (2019)
C16:0 (g/100 g) 9.65
C17:.0 Margaric acid 0.13 Mthiyane and Hugo, (2019)
C18:0 Stearic 6.26 Mthiyane and Hugo, (2019)
C18:0 (g/100 g) 511 Mthiyane and Mhlanga, (2017)
C19:0 Nonadecanoic 0.04 Mthiyane and Hugo, (2019)
C20:0 Eicosanoic acid 2.49 Malebana et al. (2017)
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C21:0
C22:0
C23:0
C24:0

MUFA

Cl4:1

C16:1 (g/kg)
C17:1 (g/kg)
C18:1n9c (g/kg)
C18:1n9c (g/100 g)
C18:1n9t (g/kg)
C20:1 (g/kq)
C22:1n9 (g/kg)
C24:1 (g/kg)
Polyunsaturated
C18:2n6c¢ (g/kg)
C18:2n6t (g/kg)
C20:2 (g/kg)
C22:2 (g/kg)
C18:3n3 (g/kg)

Heneicosylic acid
Behenic acid
Tricosylic acid

Lignoceric

Myristoleic acid
Palmitoleic acid
Heptadecanoic acid

Oleic acid

Elaidic acid
Gadoleic acid
Erucic acid

Nervonic acid

Linoleic acid
Trans-linolenic acid
Eicosadienoic acid
Docosadienoic acid

a-linolenic acid

0.36
1.71
0.08
1.23
0.13

1.68
0.63
729.10
85.24
1.14
3.33
0.29

69.05
2.8

0.64

Malebana et al
Malebana et al
Malebana et al

Malebana et al

Mthiyane and Hugo, (2019)

Malebana et al
Malebana et al
Malebana et al

Malebana et al

Malebana et al
Malebana et al
Malebana et al

Malebana et al

Malebana et al
Malebana et al
Malebana et al
Malebana et al

Malebana et al

. (2017)
. (2017)
. (2017)
. (2017)

. (2017)
. (2017)
. (2017)
. (2017)

. (2017)
. (2017)
., 2017

. (2017)

. (2017)
. (2017)
. (2017)
. (2017)
. (2017)
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C18:3n6 (g/kg)
C20:3n3 (g/kg)
C20:3n6 (g/kg)
C20:4n6 (g/kg)
C20:5n3 (g/kg)
C22:6n3 (g/kg)

y-linolenic acid

Eicosatrienoic acid
Dihomo-gamma-linolenic acid
Arachidonic acid
Eicosapentaenoic acid

Docosahexaenoic acid

ND
1.19
0.25

3.62
0.37

Malebana et al
Malebana et al
Malebana et al
Malebana et al
Malebana et al

Malebana et al

. (2017)
. (2017)
. (2017)
. (2017)
. (2017)
. (2017)
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2.8 The use of Amarula oil cake in pig diets

The prevalence of diseases which are caused by climate change, weather changes
and unreliable temperatures has increased the interest of animal nutritionists to
increase the variety of feed sources required by livestock. Feed sources from trees
that adapt well to local climatic conditions or seasonal changes could ease the reliance
on imports, reduce greenhouse gases, reduce feed cost, and reduce competition
between livestock farmers and humans for grain sources. Oil cakes are the second
most vital protein-rich raw materials following cereal grains (Messad et al., 2016).
Unlike soybean, the adaptability of Amarula trees in hot climatic conditions and the
high protein content of Amarula kernels makes it an ideal protein source that can

reduce the reliance on soybean.

Amarula oil cake inclusion reduces nitrogen excretion of Windsnyer pigs (Hlongwana
et al., 2021). Mthiyane and Mhlanga (2017) reported a reduced growth performance
of broiler chickens supplemented with Amarula oil cake diets. When feeding non-
ruminants, high inclusion levels of Amarula oil cake is harmful due to the secondary
compounds that are produced by Amarula kernels. Determining the correct inclusion
level of AOC when used as an ingredient is, therefore, crucial. Besides growth
performance, information about pork quality of pigs fed on Amarula based diets is
lacking. Dose-response trials that assess the relationship between AOC and pork

guality could increase the choice for consumers when selecting healthy foods.

2.9 Constraints in using AOC in pig diets
High amount of residual oil of Amarula meals could reduce of shelf life of feeds as a

result of rancidity that develops from lipid peroxidation and thus decrease quality of
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diets that are made with Amarula kernels. The quality of nutrients from Amarula oil
cake after oil extraction is influenced by the method of oil extraction, therefore, the
high ether extract of Amarula oil cake as a result of screw pressing during oil extraction
of Amarula kernels could decrease shelf-life and other quality aspects of pork
(Mthiyane and Mhlanga, 2017; Nwabuebo, 2017). When processing Amarula kernels
for the production of Amarula oil cake, the processing method should be considered
because both extraction methods (mechanical and chemical) contribute to the high

ether extract of the oil cake.

Anti-nutritional factors are plant secondary compounds that are naturally produced in
plants. They include tannins, saponins, polyphenols, mycotoxins, phytates, nitrates,
triterpenoids and cyanogens. Anti-nutritional factors act as defence mechanisms in
plants against herbivores, while in animals, they restrict growth performance when
consumed above optimal levels. Despite the increasing concern on the use of non-
conventional feed sources in pig diets, the presence of secondary compounds remains
a big challenge in livestock (Woyengo et al., 2017). Phytate, for example, chelates
minerals rendering them unavailable for absorption in the gut. Similarly, tannins
precipitate proteins hence reducing the daily requirements of animals which, in turn,
compromise growth and pork quality (Jansman et al., 1993). To maximise returns and
the productivity of pigs when Amarula-based diets are used in pig feeding systems, it
is crucial for farmers to have a clear understanding of the challenges and toxicity of

these plants secondary compounds.
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2.10 Methods of inactivating secondary compounds in diets

Despite the high nutritional content of non-conventional oil cakes such as Amarula oil
cake, olive oil cake and sunflower oil cake, the secondary compounds produced from
these feed ingredients remain a big challenge in feed industries. The negative effects
of secondary compounds in feeds can be deactivated using different techniques. The
deactivation of secondary compounds in feed ingredients could improve growth

performance of livestock by enhancing the availability of nutrients.

Methods of deactivating the toxic effects of feeds include heat treatment. Soaking and
autoclaving, drying, solid state fermentation, the use of enzymes, the use of binding
compounds, urea and wood ash (Silanikove et al., 2001; Makkar, 2003). The solid-
state fermentation of ground nut oil cake diet and Pistia leaves increased crude
protein, lipid, mineral, amino acids and fatty acids, while, reducing the amount anti-
nutritional factors. Soaking and autoclaving decreased crude protein, lipid, minerals,
amino acids, fatty acids and tannin content (Gosh, 2020). Even though some methods
might reduce the anti-nutritional factors, they can still reduce the nutrient composition

of ingredients.

2.10.1 Mechanical extraction technique

The removal of oil from kernels, seeds or nuts is referred to as oil extraction and the
remaining product is called nut/seed/oil cake. The most common extraction methods
of oil extraction of seeds used by commercial industries are mechanical and chemical

extraction methods (Febrianto et al., 2012).
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Mechanical oil extraction techniques of seeds/nuts/kernels involves the use of presses
oil from the seeds using either a screw press or hydraulic press. This method does not
require the use of chemicals; therefore, it is deemed to be user friendly. It, however,
leaves a high amount of oil from the cake which indirectly affects the physico-chemical
properties of the oil cake that is produced. Pressure is applied on seeds to break down
cell membranes of the seed and it pushes the oil out of the seed. When using the
screw press method, two apparatus are used, namely a feeder and horizontal screw
which generate pressure on the seed. Oil is, therefore, released into a drum which is
attached into the screw press. The size of the drum depends on the size of the screw
press. When using the hydraulic press method, the seeds or nuts are loaded into a
cage where pressure is applied. The end product which is the dry seed or oil cake is
then removed manually. The difference between these two techniques is that the
screw press requires a lot of energy and cannot function manually while the hydraulic

press can function manually (Nwabuebo, 2017).

2.10.2 Chemical extraction method

The use of chemicals or organic solvents during the extraction of oil from seeds or
nuts is mostly applied in commercial industries (Khoo et al., 2011). The main
disadvantage about chemical extraction is that it is not environmentally friendly due to
the use of toxic solvents that could negatively affect human welfare. These solvents
include ethanol, hexane, benzene, methanol, acetone, chloroform and n-hexane being
the commonly used solvents (Dunnuck, 1991; Bhattacharjee et al., 2007). Hexane is

the most commonly used organic solvent.
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Unlike the mechanical extraction method, the chemical extraction method produces a
high content of oil. It requires less amount of energy and produces high quality of oil
cake that contain low amounts of residual oil of about 0.5 % (Reverchon et al., 2006).
Topare et al. (2021), also showed that the solvent extraction methods produce high
concentrations of oil while leaving the oil cake with a smaller amount of the residual

oil of about 0.7 %.

2.11 Attributes of Windsnyer pigs

A substantial amount of Windsnyer pigs is found in South Africa, Zimbabwe, Zambia
and some parts of Mozambique (Lekule et al., 1990). The name Windsnyer (wind-
cutter) originate from its body conformation (Halimani et al., 2010). The breed is
characterised by a slim body, elongated nose, black coat, and a compact body
(Ncobela et al., 2018). It is hard and adapted to harsh environments. Windsnyer sows
are characterised by early sexual maturity, high fat deposition, low prolificacy,
moderate body size and slow growth rates. These attributes make them suitable to

survive droughts.

Windsnyer pigs are widely kept in resource-limited communities. The main reason for
rearing these pigs, is the generation of income or as a form of investments. Farmers,
usually integrate them with seasonal crops in the events of droughts where crops fail.
In addition, the manure produced by these pigs is used as a fertilizer. The pigs are
also slaughtered during special occasions such as traditional ceremonies or in the

event of death of family members or relatives.
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Their moderate body size enables them to require small space. They tolerate high
fibrous diets, tannin-rich diets such as red sorghum and have a high survival instinct
compared to fast-growing pig breeds (Ndindana et al., 2002; Chimonyo et al., 2010;
Kanengoni et al., 2014). The use of balanced diets could improve their productivity

and improve productivity of Windsnyer pigs.

2.11.1 Growth performance of Windsnyer pigs

Growth performance characteristics include the body weight gain, feed intake, lean
body weight, feed conversion ratio and linear growth measurements (Yusuf et al.,
2014; Lukuyu et al., 2016). Growth rate is a linear trait that depends on feed intake
and is measured by an increase in body weight, daily gain and feed efficiency
(Holness, 1991; Whittemore and Kyriazakis, 2006). The average daily gain of
indigenous pigs was 0.41 kg /day for pigs reared for 32 weeks of age (Holness, 1991).
Len et al. (2007) reported an average daily gain of 0.182 to 0.480 kg/day. Kanengoni

et al. (2014) reported a gain feed ratio of 0.220 to 0.371.

Ndindana et al. (2002) indicated feed conversion ratio (FCR) values of between 4.1
and 4.3 in indigenous pigs fed on fibrous diets. Most indigenous pigs depend on
inexpensive non-conventional or locally available feed resources. Most diets could be
imbalanced and lack adequate amounts of protein, amino acids, and minerals. Fruits,
maize husks, grasses, kitchen leftovers, vegetables and rotten maize are the common
feed sources (Madzimure et al., 2012). Use of high-quality ingredients might improve

the growth performance of indigenous pigs.
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2.11.2 Carcass characteristics and primal pork cuts of pigs

The anti-nutritional factors of AOC are associated with a reduction in average daily
feed intake and average daily gain when consumed in high amounts (Mthiyane and
Mhlanga, 2018). A reduction in average daily gain and average daily feed intake of
pigs has an indirect effect on the slaughter weight of pigs and pork quality. A reduction
of cold dressed weight, dressing percentage and back fat thickness was reported in
finishing Landrace x Large White pigs fed on fibrous diets (Kim et al., 2014; Khanyile

et al., 2016).

A linear decrease in carcass length, shoulder fat and backfat thickness from
indigenous pigs fed on fibrous diets was reported (Ncobela et al., 2018). A decrease
in hindquarter length and hindquarter circumference was observed in pigs fed on
fibrous diets (Ncobela et al., 2018). Amarula oil cake-based diet also decreased warm
and cold carcass weights, hind quarter length and hind quarter weight of pigs (Mabena
et al., 2021). Fibrous diets also reduced meat pH after slaughter which, in turn, affects
pork quality (Li et al., 2015). Meat pH affects meat freshness, water-holding capacity,
and colour of the muscle (Zhu et al., 2011). Inclusion of Amarula kernels might have
a positive effect on carcass characteristics of Windsnyer pigs. Low levels of AOC of
up to 100 g/kg DM improved the slaughter weight of Windsnyer pigs (Thabethe et al.,

2022), which could also improve other carcass characteristics.

2.11.3 Internal organs of pigs
The size of internal organs such as the liver, kidney and stomach could be used to
assess the physiological status and how pigs respond or adapt to diets (Ahamefule et

al., 2006). The liver and kidneys are involved in the synthesis of the major protein and
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removing poisonous substances through excretion. The toxicity of feeds may cause
lesions or damages to the liver which could, in turn, affect metabolism of nutrients,

cause diseases and thus affect the overall performance of Windsnyer pigs.

Leguminous leaf meals inclusion increase the weight of kidneys in pigs (Fasuyi et al.,
2013). A reduction in relative heart weight and small intestine weight from Chinese
indigenous (Dahe pigs breeds) and their crossbreeds (Dawu breeds) was reported
(Chenetal., 1999; Miao et al., 2009; Jiang et al., 2011). Khanyile et al. (2016), showed
an increase in the hepatosomatic index, kidney weight and heart weight in pigs fed on
Vachellia leaf meals. Agbede and Aletor, (2003) also indicated an increase in relative
weight of the heart due to high fat deposition. The high residual oil or ether extract of

Amarula oil cake could have similar effects on heart weight.

2.12 Nutritionally related metabolites and liver enzymes of pigs

Blood biochemistry characteristics are indicators of nutritional and health status of
animals. They can also be used to assess feed quality during feed evaluation. Chief
blood metabolites include total protein, iron, glucose, albumin, creatine, uric acid,
globulin, and liver enzymes. The amount of anti-nutritional factors that are present in
the diet affects the health of pigs (Akinmutimi, 2004). The effect of Amarula oil cake
diets on nutritional related blood metabolites of Windsnyer pigs has not been
assessed, yet these diets might contain some toxic effects that could affect the

functioning of the liver, kidneys which turn could also affect growth of pigs.

Toxicity of feeds substances can be assessed by determining the concentration of

liver enzymes. Liver damage may be indicated by the presence of haemorrhages
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(Kudair and Al- Hussary, 2010). The inclusion of detoxified Jatropha curcas kernel
meal (50 %) in diets of growing pigs affected the concentration of total protein and
superoxide dismutase (Wang et al., 2011). Jatropha seed cake inclusion also affected
glucose concentration in rabbits. An increase in albumin and globulin concentration of
pigs fed on fibrous diets was reported (Ncobela et al., 2018). It is therefore important
to quantify the concentration of blood metabolites and liver enzymes in pigs offered
certain feeds in order to give clear advice to farmers using non-conventional oil cake

diets for pigs. The values of metabolites of Windsnyer pigs are shown in Table. 2.5.
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Table 2.5: Nutritional related blood metabolites and liver enzymes values of pigs

Variables

Ranges

Albumin (g/dL) (SAWIP)
Globulin (g/dL) (SAWIP)
Total protein (g/dL) (SAWIP)

Uric acid (mg/dL) (SAWIP)

Alkaline phosphatase (units/litre) (SAWIP)
Alanine aminotransferase (U/L) (SAWIP)
Aspartate aminotransferase (U/L) (SAWIP)

Alkaline phosphatases (U/L) (SAWIP)

Urea nitrogen (mg/ dL) (SAWIP)

Total cholesterol (mg/ dL) (SAWIP)

1.8-3.3

3.9-6.0

6.0-8.0

N/F

92 -294

22-47

15-55

41 -176

8.2-25

81-134

Latimer et al. (2003) and Kanengoni et al. (2014); SAWIP, South African Windsnyer

Pigs; NF, Not found.
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2.13 Fatty acid composition of pigs

Fat content and fatty acid composition are main characteristics that determines meat
quality. Fatty acids are divided into three types, namely the saturated,
monounsaturated and polyunsaturated fatty acids (Qwele, 2012). Health experts and
nutritionists recommend a reduction of the intake of saturated fatty acids compared to
unsaturated fatty acids (Jensen, 1998). The production of pork from organically reared
pigs is gaining interest due to the safety of organic products. Fatty acid composition of
pork tissues can be altered by feeding pigs diets that are high in fatty acids. Fatty acid
composition is, however, more important compared to fatty acid composition of fat
tissues due to health concerns of consumers (Wood et al., 2008). Unlike ruminants,
saturated and monounsaturated fatty acids are synthesised de novo in pigs (Enser et

al., 2000).

The consumption of red meat has been criticized due to its association with coronary
heart disease and some cancers (Forman, 1999). The high amount of saturated fatty
acids found in red meat are the main cause of the above-mentioned diseases (Wood
and Enser, 1997). Pork from conventionally produced pigs is also related to a high
amount of undesirable fatty acids. These fatty acids are rarely changed by the dietary
fatty acids in pork muscle. Madzimure et al. (2017) reported high amounts of saturated
fatty acids of pork tissues from Windsnyer gilts compared to Large White gilts.
Indigenous pigs more especially sows reach puberty at an early stage and also
accumulate more fat early leading to high fat deposition, which in turn, affect pork
quality. To our knowledge, research about the effectiveness of oil cakes or seed cakes

in fatty acid composition of Windsnyer pigs has never been conducted.
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Amarula oil cake contain desirable fatty acids such as monounsaturated fatty acids
that could improve the oxidative stability, thereby increasing meat shelf life and its
nutritional value (Mthiyane and Mhlanga, 2017). For example, Khanyile et al. (2020)
indicated an increase in monounsaturated fatty acids, the sum of polyunsaturated fatty
acids and the sum of Omega — 3 polyunsaturated from pigs fed on Vachellia diets. The
inclusion of olive cake influenced the content of monounsaturated and
polyunsaturated fatty acids of pork muscle tissues (Liotta et al., 2019). The inclusion
of olive cake in indigenous pig diets reduced the amount of saturated fatty acids while
increasing the amount of monounsaturated fatty acids of muscle tissues (Hernandez-
Matamoros et al., 2011; Joven et al., 2014). Monounsaturated fatty acids are
associated with the nutritional value index of pork, suggesting that increasing
monounsaturated fatty acids also increases the nutritional value index of pork. The
use of diets that are enriched with favourable fatty acids such as monounsaturated
fatty acids, polyunsaturated fatty acids from oil cakes could improve pork quality and

increase human health (Whetsell et al., 2003).

2.14 Summary

The interest of using non-conventional plant derived dietary sources is becoming
popular due to their desirable fatty acids. Oil extraction companies are only interested
in the oil of Amarula kernels due to its edible properties, therefore discarding the
residue which is used when formulating Amarula oil cake diets. The use of non-
conventional oil cakes from agricultural industries such as the biodiesel companies
could benefit the pig sector and reduce reliance of imports, interdependence on farm
enterprises, decrease the purchasing value of feeds and increases the spectrum of

feed ingredients particularly for pigs. The use of Amarula oil cake is expected to
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improve growth, carcass characteristics and nutritional value of pork by altering the
composition of fatty acids of muscle tissues. Therefore, the main objective of the study
was to determine the optimum inclusion level of Amarula oil cake diets using growth

indicators of Windsnyer pigs and determine the fatty acid profiles of Windsnyer pork.
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CHAPTER 3: Growth performance of South African Windsnyer pigs to the

dietary inclusion of Amarula oil cake
(Published in Tropical Animal Health and Production: Appendix. 1)

Abstract

Dietary inclusion of Amarula oil cake (AOC) in pig diets can ease pressure of relying
on non-native feed sources and benefit the pig industry. The study was conducted to
determine the growth performance of Windsnyer pigs fed increasing levels of AOC.
Twenty-five growing male boars with an initial body weight of 19.92 + 8.74 kg were
used in the study that lasted six weeks. All pigs were allocated to diets in a completely
randomised design. Five experimental diets were formulated to contain 0, 50, 100,
150 and 200 g/kg DM of AOC. Average daily feed intake (ADFI), average daily gain
(ADG), feed conversion ratio (FCR), scaled average daily feed intake (SADFI), scaled
average daily gain (SADG) and body weight (BW) were calculated weekly. The diet
affected ADFI, ADG, FCR and SADG (P < 0.05). Scaled average daily feed intake was
not affected by the diet (P > 0.05). There was a significant interaction between AOC
inclusion level and weeks of successive feeding on ADFI, ADG and FCR (P < 0.05).
Age of pigs decreased FCR quadratically (P < 0.001). A quadratic relationship
between ADFI and increasing levels of AOC was observed (P < 0.05). Average daily
gain, FCR and SADG decreased linearly with increasing AOC levels (P < 0.05). Using
the broken stick analyses, the maximum inclusion level of AOC was attained at 102.17
g/kg DM. Amarula oil cake can be incorporated in diets of Windsnyer pigs up to 100

g/kg DM without constraining growth performance.

Key words; Amarula oil cake; Windsnyer pigs; Feed intake; Neutral detergent fibre;

Maximum inclusion level.
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3.1 Introduction

The global production animal feed industry has experienced soaring prices of cereal
grains and soybean meal commonly used in diets as competition with the ethanol
industry and human consumption which is expected to double by 2050 (Van Huis
2013; Martens et al., 2014). Large-scale livestock producers, particularly pig and
poultry, rely heavily on soybean meal as a protein source due to its high nutritional
value (Kocher et al., 2002). The demand for soybean meal in South Africa exceeds its
supply (DAFF, 2012), thus forcing importation. On the contrary, smallholder pig
farmers in South Africa rely on cereal by-products and oil seed meals to improve the
quality of imbalanced diets for pigs. This places the pig production sector under severe
pressure in order to sustain current levels of demand for pork production. Furthermore,
and with particular relevance to tropical countries, most of such protein sources have
to be imported, something very costly and that uses hard currency. Finally, such
imports increase substantially Greenhouse Gas Emissions and have high transport
costs. Therefore, to reduce feed costs, alternative solutions through the use of
alternative protein sources of local origin are required. These include microalgae,

insects and by-products of the food industry (Kim et al., 2019).

Local pigs are prevalent in several African countries (Halimani et al., 2010). Examples
are Busia pigs in Kenya, Mukota pigs in Zimbabwe and Mozambique, West African
Dwarf pigs found in several countries of West Africa and Ashanti Dwarf pigs in Ghana
(Mujibi et al., 2018). The Kolbroek and Windsnyer pigs are common in South Africa,
Swaziland, Lesotho, Malawi and Zimbabwe with significant introgression of genes

from imported fast-growing pig breeds into the local pigs has also been reported
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(Halimani et al., 2010). Local pig breeds are closely related to Asian pig breeds

(Chiduwa et al., 2008; Ramirez et al., 2009).

Small-scale farmers integrate indigenous pigs with cropping systems, increasing
agricultural outputs with minimum input. Indigenous pigs are not fully characterised
and are rarely used in structured breeding programmes or intensive pig production
farms (Hoffmann, 2010). Indeed, slow growing indigenous pigs are rejected in
mainstream economies in Africa, yet they have the potential of alleviating poverty in
rural communities and also contribute positively to human nutrition, particularly in local
populations in small scale subsistence farming systems (Halimani et al., 2012).
Factors such as traditional biases, lack of structured breeding programs that focus on
improving indigenous pigs, lack of organised markets and as well as research gap
contribute to such rejection (Halimani et al., 2010; Madzimure et al., 2017).
Nevertheless, it is noteworthy to mention that indigenous pigs have high
thermotolerance, low nutritional requirements, and tolerance to parasites and overall
may benefit resource-limited small-scale farmers (Wilson, 2009; Madzimure et al.,
2017). They can meet their nutrient requirements from local available and
unconventional feedstuffs such as kitchen waste, rotten maize, coarse maize meal,
maize cobs and husks, pumpkins, watermelons, ground shells, fruits, grasses, and

brewer’s waste (Ncobela et al., 2018).

Alternative cost-effective and locally available feedstuffs can easily meet their protein
requirements. Amarula (Sclerocarya birrea subsp. Caffr) oil cake (AOC) is a by-
product resulting from oil extraction of Amarula kernels (Shackleton, 2002; Mlambo et

al., 2011a). Amarula fruits are collected for brewing and the fruit pulp is used to make
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traditional liquor. The kernel oil is also used by the cosmetic industry. The remaining
residue is then used as an alternative feedstuff (Mlambo et al., 2011a). The AOC have
high crude protein (390 g/kg DM), gross energy of 29 MJ/kg DM and amino acids
contents, comparable to those of soybean meal, apart for lysine. In fact, and regarding
such nutrients they match or exceed those required by monogastric animals (Mlambo
et al., 2011a; Mthiyane and Mhlanga, 2017; Malebana et al., 2018). Additionally, AOC
was reported to improve growth performance of Japanese quail (Mazizi et al., 2019).
The exceptional energy content and good amino acid profile of AOC is likely to improve

the production of local pigs like Windsnyer pigs.

Different parts of the Amarula tree are used by local people in treating against
gastroenteritis, diabetes and high blood pressure (Ouédraogo et al., 2013), suggesting
that the tree contains phytochemical that protect it against pathogenic
microorganisms. These phytochemicals, however, may restrict voluntary feed intake
and feed efficiency of indigenous pigs (Hlongwana et al., 2021; Mabena et al., 2022).
The maximum inclusion level of AOC that does not restrict growth performances
should be determined to assist pig nutritionists when formulating pig diets. The
objective of this study was to determine the maximum inclusion level of Amarula oll

cake diets based on growth performance parameters of South African Windsnyer pigs.

3.2 Materials and methods

3.2.1 Study site

The study was conducted at the Agricultural Research Council (ARC), Animal
Production Institute (Pig Production Unit) in Pretoria (Gauteng, South Africa), located

at 25°34'0"S and 28°22'0"E and 1526 m above sea level.
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3.2.2 Collection and preparation of Amarula oil cake

The oil cake was purchased from African Exotic oils, Limpopo Province, South Africa.
Before oil extraction from nuts or kernels at the processing plant, Amarula nuts were
air dried to 3 % moisture content, cold-pressed at between 6.1 and 9.5 kg/h and 35 -
40 min rotations at 55 - 60 °C according to Mabena et al. (2022) and then transported

at room temperature to the Agricultural Research Council pending diet formulation.

3.2.3 Pigs, experimental design and nutritional management

Twenty-five South African Windsnyer male pigs (SAWIP) aged about 67 days with an
initial body weight of 19.9 + 8.74 kg (mean * standard deviation), were randomly
selected from the Agricultural Research Council, Irene as growers and used for the
study which lasted for six weeks excluding the adaptation period of one week. Prior to
the arrival of the pigs to the research facility, the house was cleaned, disinfected and
rested for a week to prevent any build-up of pathogenic micro-organisms. Pigs were
reared in a 1.5 by 0.9 m pens in environmentally controlled houses with temperature
ranging from 22 to 25°C. Pigs were housed individually in a completely randomized
block design and were blocked by body weight with five replicates of pigs assigned to
each experimental diet. Feeders were checked and adjusted at least twice a day to
ensure constant access to feed, hence reducing possible wastage. Clean water was

offered ad libitum to pigs through nipple drinkers which were also checked daily.

3.2.4 Experimental diets
Two diets, a control and bulky diet were formulated. The diets were formulated to
provide 14 MJ/kg digestible energy (DE), 180 g crude protein (CP)/kg, and 11.6 ¢

lysine/kg, which met the nutritional requirements of growing pigs (National Research
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Council 2012). The control diet was used as a summit diet and the bulky diet containing
200 g/kg of AOC was used as a diluent diet as shown in Table 3.1. The diets were
formulated by mixing a summit diet (O g/kg DM inclusion level of AOC) with a dilution
diet (200 g/kg DM AOC) according to Gous and Morris (1985). A sequence and series
of diets namely 50, 100 and 150 g/kg DM of AOC were derived from blending the
summit with the dilution diet in different proportions. The blending ratios were as
follows, 100:0, 75:25, 50:50, 25:75, and 0:100, respectively. Then five experimental

diets were made which included the summit and dilution diets.
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Table 3.1: Ingredient composition of the summit and dilution diets (g/kg DM)

Ingredient Summit diet Dilution diet
Maize 545.1 609.8
Sunflower oil cake 150 -
Wheat bran 150 147.9
Sunflower oil 26.4 -
Monocalcium phosphate 8.9 8.3
Feed lime 12.4 19.7
Lysine 17.0 12.3
Amarula oil cake - 200
Soybean oil cake 88.2 -
#Mineral and vitamin premix 2 2
Total 1000 1000

# Provides (/kg DM of diet): vitamin A Acetate, 2 000 000 IU; vitamin D3, 400 000 1U; vitamin E, 1 000
mg; vitamin B1, 200 mg; vitamin B12, 0.5 mg; vitamin C, 1 000 mg; vitamin B2, 250 mg; vitamin B6,
200 mg; vitamin K3, 200 mg; calcium pantothenate, 500 mg; nicotinic acid, 1 000 mg; folic acid, 50 mg;

di-methionine, 2 000 mg; cystine, 300 mg; lysine, 3 000 mg; arginine, 2 000 mg; tryptophan, 1 000 mg
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3.2.5 Chemical analyses of diets

The chemical composition of the diets was examined in triplicate at UKZN, Animal and
Poultry Science laboratory. Prior to analysis, samples from each diet were milled to
pass through a 1 mm sieve. By using the oven drying method, diets were dried for 24
hours at 60 °C to measure their dry matter (DM) content. Bomb calorimetry was used
to determine the gross energy (GE) (MS-1000 modular calorimeter, Energy
Instrumentation, Centurion, South Africa). The Soxhlet equipment was used to
calculate the ether extract (EE) in accordance with Method 920.39 (AOAC, 1990).
After the samples were burned at 550 °C for 4 hours, the amount of ash was calculated

using method 990.05 of AOAC, (1990).

Nitrogen content was measured using the Dumas Combustion method in a Leco
Truspec Nitrogen Analyzer (St. Joseph, MI, USA) by method 990.3 (AOAC, 1990).
Crude protein (CP) content was estimated using the formula: N x 6.25, (AOAC, 1990).
According to a method developed by Van Soest et al. (1991), neutral detergent fibre
(NDF) and acid detergent fibre (ADF) were measured. According to Folch et al. (1957),
the fatty acids in Amarula kernels and diets were identified. According to the water
displacement method outlined by Kyriazakis and Emmans (1995), Canibe and Bach
Knudsen (2002), and Whittemore et al. (2003), respectively, the bulk density, swelling,
and water holding capacity of the diets were assessed. Samples were ashed overnight
at 550 °C, dissolved in 1M HCL standard solution, and then analysed using Varian 720
Inductively Coupled Plasma Emission Spectrometer (ICP- OES, Frankfurt, Germany)
with an atomic absorption detector to determine the minerals (Table 3.2). According
to AOAC (1990) method 982.30, amino acids were hydrolysed in acid and then

analysed using an amino acid analyser (SY-KAM, Erising, Germany) (Table 3.3).
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Table 3.2: Nutrient composition of AOC and experimental diets

AOC inclusion level (g/kg DM)

Component AOC 0 50 100 150 200
Dry matter (g/kg) 963.50 956.80  958.90 954.40 953.80 956.30
Ash (g/kg) 49.80 51.20 50.60 46.90 47.20 47.00
Crude protein (g/kg) 362.20 19490 176.80 162.60 157.00 140.30
Ether extracts (g/kg) 343.90 44.40 56.00 72.40 78.10 96.80
GE (MJ/kg DM) 25.34 17.65 17.67 17.77 18.09 18.50
NDF (g/kg) 357.30 305.90 312.30 327.50 341.30 353.00
ADF (g/kg) 245.60 85.80 93.40 99.50 111.20 121.10
ADL (g/kg) 114.30 19.40 25.80 34.70 42.90 48.60
Bulk density (g/ml) 1.66 1.45 1.49 1.55 1.64 1.71
SC (ml/g) 3.75 2.89 3.04 3.21 3.39 3.63
WHC (gwater/gieed DM) 4.89 3.36 3.63 3.80 4.19 4.43
Minerals

Calcium (g/kg) 1.80 7.1 7.9 8.3 8.3 8.2
Magnesium (g/kg) 5.70 2.4 2.2 21 21 2.0
Phosphorus (g/kg) 9.40 6.3 55 55 5.5 51
Potassium (g/kg) 8.30 7.90 6.6 6.2 5.8 51
Sodium (mg/kg) 345.70 243.2 255.4 239.8 233.8 227.3
Iron (mg/kg) 95.50 161.5 169.8 149.5 143.3 135.5
Copper (mg/kg) 27.90 73.3 58.4 58.2 60.2 59.8
Manganese (mg/kg) 10.20 84.9 73.8 70.2 84.6 63.0
Zinc (mg/kg) 60.20 48.5 44.8 45.0 42.2 38.7
Cobalt (mg/kg) 0.14 0.30 0.26 0.28 0.29 0.23
Molybdenum (mg/kg) 0.31 0.45 0.35 0.31 0.26 0.21
Calculated nutrients

Dry matter (g/kg) - 860.4 - - - 896.6
Crude protein (g/kg) - 180.0 - - - 180.0
Ether extracts (g/kg) - 63.2 - - - 87.6
Crude fibre (g/kg) - 36.8 - - - 62.5
DE (MJ/kg DM) - 13.80 - - - 13.80
Calcium (g/kg) - 8.00 - - - 10.0
Phosphorus (g/kg) - 6.00 - - - 6.00
M+C (%) - 0.62 - - - 0.56
Methionine (%) - 0.30 - - - 0.27
Lysine (%) - 2.0 - - - 1.36

ADF — acid detergent fibre (g/kg DM), ADL — acid detergent lignin (g/kg DM); NDF — neutral detergent
fibre (g/kg DM); WHC — water holding capacity (gwaterf/gieced DM); M+C — methionine + cysteine, GE- gross

energy, SC-swelling capacity
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Table 3.3: Amino acid composition of AOC and experimental diets

AOC inclusion level (g/kg DM)

Component AOC 0 50 100 150 200
Lysine (g/100g DM) 0.68 2.23 2.06 1.86 1.51 1.78
Tryptophan (g/100g DM) 0.44 0.23 0.22 0.22 0.85 0.49
Methionine (g/100g DM) 0.44 0.25 0.26 0.25 0.25 0.22
Histidine (g/100g DM) 0.61 0.49 0.52 0.50 0.44 0.34
Isoleucine (g/100g DM) 1.29 0.64 0.62 0.47 0.53 0.51
Leucine (g/100g DM) 1.23 1.23 1.24 1.20 1.16 1.07
Phenylalanine (g/100g DM) 1.28 0.70 0.71 0.68 0.61 0.60
Threonine (g/100g DM) 0.81 0.62 0.56 0.53 0.49 0.43
Valine (g/100g DM) 1.56 0.79 0.74 0.74 0.67 0.65
Arginine (g/100g DM) 5.51 1.34 1.34 1.40 1.37 1.43
Glycine (g/100g DM) 1.80 0.86 0.77 0.77 0.71 0.67
Ho-Proline (g/100g DM) 0.09 0.05 0.06 0.07 0.04 0.04
Proline (g/100g DM) 1.13 0.94 0.90 0.88 0.88 0.83
Tyrosine (g/100g DM) 0.69 0.50 0.62 0.67 0.51 0.44
Alanine (g/100g DM) 1.04 0.75 0.73 0.71 0.68 0.63
Aspartic acid (g/100g DM) 2.74 1.43 1.29 1.19 1.08 0.98
Glutamic acid (g/100g DM) 8.40 3.04 2.92 2.95 2.93 2.80
Serine (g/100g DM) 1.65 0.83 0.77 0.75 0.70 0.66
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3.2.6 Growth performance measurements

Pigs were weighed before the experiment to determine their starting weight, and once
per week throughout the experiment to determine their weekly weight. Prior to feeding,
the pigs were weighed every Monday at 0700 h. The average daily feed intake was
calculated by deducting leftovers and spillages from the offered feed. Pigs were fed
ad libitum every morning between 0800 and 0900 h. In order to account for any
potential spillages of feed and reduce feed intake variance, trays were placed beneath
each feeder. The average daily gain (ADG), which was determined using weekly body
weights, was calculated as final weekly weight minus initial weight divided by seven.
The FCR was calculated by dividing ADG with ADFI. Body weight was used to scale
the ADFI and ADG. Scaled average daily feed intake (SADFI) and scaled average
daily growth (SADG) were computed as grams of feed consumed per kilogram of body
weight per day and grams of weight gained per kilogram of body weight per day,

respectively.

3.2.7 Statistical analyses

Data for the effect of AOC inclusion level, week and their interaction on ADFI, ADG,
FCR, SADFI, SADG and BW were analysed using the PROC MIXED procedure of
SAS, (2008) which accounted for repeated measures and the pig was used as an
experimental unit. The LS means statement in SAS, (2008) was used to compare the
least square means using the probability difference (PDIFF) option. The first-order
autoregressive correlation (AR [1]) was fitted to a model. The initial body weight of
pigs was included in the model as a covariate. The dose related responses to inclusion

level of AOC against ADFI, ADG, FCR, BW, SADFI and SADG were modelled by the
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following quadratic equation from the response surface model (PROC RSREG) of SAS
(2008).

The model used was:

Y = a+ Bix + B2x?

Where: Y is the response variables (ADFI, ADG, FCR, SADFI, SADG and BW)
B1, B2 regression coefficients

x is the inclusion level of AOC

a is the intercept

-B1/2B2 = AOC inclusion level for optimal response

The quadratic model was inserted to the experimental data using the piecewise
regression (broken stick) of the NLIN procedure of SAS (SAS 2008). The broken-stick
model of regression was only fitted on the average daily feed intake since it responded
guadratically to incremental levels of AOC and other growth parameters were omitted
due to the linear response shown. The level of statistical significance was set at P <

0.05.

3.3 Results

3.3.1 Significance levels for fixed factors and their interactions

The significance levels of the effect of AOC inclusion level on growth performance
parameters of Windsnyer pigs is shown in Table 3.4. The diet affected the ADFI, ADG,
FCR and SADG of pigs (P < 0.05). Scaled average daily feed intake and BW of pigs
were not affected by the diet (P > 0.05). There was an interaction between AOC

inclusion level and week of feeding ADFI, ADG and FCR (P < 0.05).
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3.3.2 Growth performance of pigs to increasing levels of Amarula oil cake
inclusion

Table 3.5 shows the response in growth performance of Windsnyer pigs fed on
incremental levels of AOC based diets. The relationship between ADFI and increasing
levels of AOC in pigs was quadratic (P < 0.05). As the inclusion of Amarula oil cake
increased in pig diet, the ADFI increased at a decreasing rate (P < 0.05). Average
daily gain, FCR and scaled average daily gain decreased linearly with increasing
levels of AOC (P < 0.05). The linear equations of ADG, FCR and SADG were as
follows,y =-13.31x + 15.82,y =-5.10x + 13.39, y =-0.11x + 13.39, respectively. There
was no relationship between incremental inclusion level of AOC with BW and SADFI
of pigs (P > 0.05). Figure 3.1 illustrates the ADFI of pigs fed on increasing levels of

AOC.

3.2.3 Relationship between week of feeding and growth performance of pigs

The relationship between the successive week of feeding and growth performance of
pigs fed on AOC based diet is shown in Table 3.6. Average daily feed intake and
SADFI of pigs fed on AOC based diet were not affected by weeks of feeding (P >
0.05). Average daily gain and SADG increased linearly with successive weeks feeding
in pigs (P < 0.001). As successive weeks feeding progressed, ADG and SADG
continued to increase until the last week of feeding. Weeks of feeding decreased FCR
of pigs quadratically (P < 0.001). The FCR was 0.22 on week 1 of feeding and 0.61 on
week 5 and 6, respectively. The quadratic relationship suggests that further increase
in weeks of feeding decreases FCR of pigs. There was a linear increase between

successive weeks of feeding and body weight of pigs fed on incremental levels of AOC
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diets (P < 0.001). Average daily feed intake was not related to successive weeks of

feeding (P > 0.05).
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Table 3.4: Levels of significance of average daily feed intake, average daily gain, feed conversion ratio, scaled average daily feed
intake, scaled average daily gain and body weight of growing pigs fed on AOC

Amarula oil cake level Week Amarula oil cake level x Week

Variable

Average daily feed intake b Hkk ok

Average daily gain Hokx Hokk -

Feed conversion ratio ok Hokx ok

Scaled average daily feed intake NS *hx NS

Scaled average daily gain *x *hx NS

Body weight NS *hx NS

***n < 0.001; **p < 0.01; *p < 0.05; NS, not significant (p > 0.05)
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Table 3.5: Dietary influence of AOC inclusion level on growth performance responses of Windsnyer pigs

Inclusion levels of Amarula oil cake (g/kg DM) Sig-level

Variables 0 50 100 150 200 SEM Linear Quadratic R?

ADFI (kg/day) 1.01 1.16 1.17 1.13 1.02 0.06 NS * 0.06
ADG (kg/day) 0.51 0.64 0.50 0.41 0.31 0.04 kk NS 0.15
FCR 0.56 0.58 0.44 0.40 0.32 0.04 ok NS 0.14
SADFI 66.85 59.29 62.12 72.24 57.17 4.68 NS NS 0.01
SADG 38.04 33.61 28.22 26.61 17.57 3.45 kx NS 0.11
BW (kg) 27.04 28.15 27.49 27.32 27.06 71.28 NS NS 0.04

BW, body weight; ADFI, average daily feed intake; SADFI, scaled daily feed intake; ADG, average daily gain; SADG, scaled average daily gain; FCR, Feed

conversion ratio; SEM, standard error of the mean; R?, the coefficient of determination; NS, not significant; Sig.- Level of significance.
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Table 3.6: Least square means for pig performance fed on Amarula based diets in a 6-week period

Variables Weeks of successive feeding Significance level
1 2 3 4 5 6 SEM Linear Quadratic R2

ADFI (kg/day) 1.01 1.29 1.09 1.11 1.09 1.11 0.063 0.889 0.985 0.00
ADG (kg/day) 0.19 0.41 0.45 0.54 0.64 0.66 0.029 <0.0001 0.0068 0.40
FCR 0.22 0.33 0.46 0.51 0.61 0.61 0.035 <0.0001 0.0002 0.36
SADFI (g/kg BW per day)  58.14 73.27 60.42 62.81 64.50 62.08 5.42 0.9224 0.8019 0.00
SADG (g/kg BW per day)  11.20 24.78 27.13 32.64 38.40 38.73 3.25 <0.0001  0.0104 0.24
BW (kg) 23.04 25.48 27.07 28.46 29.54 30.90 2.24 0.002 0.274 0.07

BW, body weight; ADFI, average daily feed intake; SADFI, scaled daily feed intake; ADG, average daily gain; SADG, scaled average daily gain; FCR, feed

conversion ratio, R? ,coefficient of determination.
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Figure 3.1: Predicted average daily feed intake of pigs fed on increasing levels of Amarula
oil cake.

The broken-stick model of regression was only fitted on the ADFI since it responded
quadratically to incremental levels of AOC and other growth parameters such as ADG,
FCR, SADFI, SADG and BW were omitted from the broken stick model due to the
linear response or relationship. By using the NLIN procedure (piecewise regression),
the maximum level of AOC inclusion was obtained at Xo = 102.17 g/kg DM and the
optimum ADFI (plateau) was achieved at 1.25 kg/day (P < 0.05). Increasing the
inclusion level of AOC beyond 102.2 g/kg caused no significant improvement in ADFI.

The quadratic equation is ADFI = 1.01 + 0.00235x — 0.000015x2.
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3.4 Discussion

Slow-growing Windsnyer pigs are under the threat of extinction, and it is important to
preserve them through sustainable use (Hlatini et al., 2020). The rather small sample
size used in the current study resulted from the challenge of acquiring purebred male
Windsnyer pigs at ARC breeding unit that were of the same age. For dose-response
experiments, however, reliable inferences can be made from a reduced number of

replicates (Kaps and Lamberson 2017).

Increasing inclusion levels of AOC increased the dry matter content, ether extract,
gross energy, fibre characteristics such as NDF, ADF and ADL and the bulk properties
of the diets. Crude protein content decreased with the inclusion level of AOC. The first
limiting amino acids, phenylalanine, and other amino acids decreased with the
inclusion level of AOC. The differences between crude protein values amongst the
authors might be due to geographical areas where Amarula was harvested before oil
extraction and also the techniques used by different companies during the extraction
process of AOC (Mlambo et al., 2011a; Mdziniso et al., 2016). Even though the diets
were formulated to be isocaloric and isoproteic, the crude protein content of diets
decreased with the inclusion level of AOC. The reduction of crude protein with
increasing AOC might be due to increasing fibre content of AOC which might have
diluted the presence of other nutrients in the diets, therefore affecting growth
performance. The ether extract of Amarula was high and it increased on the other diets
with its inclusion level. Amarula kernels are reported to have high content of ether
extract (Mlambo et al., 2011). The quadratic response in ADFI of Windsnyer pigs gives
a clear indication that the oil cake has the potential of supplying energy that is required

by pigs. The fibre characteristics and bulk properties of the oil cake also increased
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with the inclusion level of AOC. Both fibre characteristic and bulk properties are
reported to negatively affect feed intake in mono-gastric animals (Lindberg, 2014). The
decremental protein and lysine content of AOC might have contributed to the linear

reduction of ADG of Windsnyer pigs.

The quadratic increase in ADFI with response to increasing levels of AOC agrees with
earlier reports (Ndou et al., 2013; Joven et al., 2014; Ncobela et al., 2018; Hlongwana
et al., 2021). Feed bulk also affect feed intake, the bulky characteristics of the diet also
increased with the inclusion level of AOC, suggesting that Amarula is bulkier. The
guadratic increase in ADFI suggest that feed intake increases up to a certain point and
decrease afterwards. From the piecewise regression data, highest ADFI was reached
at 102.07 g/kg DM of AOC and after that the ADFI started to decrease with increasing
levels of AOC. The increase in feed intake of pigs before it started to decrease with
increasing levels of AOC can be explained by the fact that pigs were eating to fulfil
their requirements at low levels of the oil cake. When nutrient requirements are met,
feed intake decreases. The increase in feed intake may also be related to the gross
energy content of the experimental diets which were almost similar to those of Joven
et al. (2014). When pigs are fed ad libitum, they eat to preserve a constant energy
intake which controls the degree of feeding hence affecting feed intake of pigs as it
has long been established (Cole et al., 1967). Mariod et al. (2004) showed a
remarkable high oxidative stability of Marula kernels (43.7 h, expressed as induction
period) compared to other common oil cakes such as linseed and groundnut (0.3 h
and 10 h). The oxidation of AOC due to high fat content might have also resulted in
the reduction of average daily feed intake at higher levels of the oil cake, which might

have affected the palatability of pigs when eating and this also supports the two diets
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(0 and 50 g/kg DM) that were preferred or mostly eaten at a high rate during data
collection compared to the other diets. Another factor that could have contributed to
poor palatability of the oil cake under ad libitum conditions could be the development
of moulds on feed which is supported by the high amount of feed left recorded at high
levels of AOC during data collection. Some pigs tend to refuse eating until fresh feed
was introduced which can be assumed to have increased their motivation to eat. This
suggests that constant checking of feed troughs is required during ad libitum feeding

so that pigs can be fed according to the rate at which they eat.

A linear increase in average daily gain of Windsnyer pigs fed increasing levels of AOC
was expected due to the fact that Windsnyer pigs are proven to have the ability of
utilising high fibrous diets (Kanengoni et al., 2014). However, increasing levels of AOC
reduced the average daily gain linearly, which also reduced the scaled average daily
gain. This suggests that low inclusion level of the oil cake may improve the growth
potential of pigs, but further increases may constrain it as shown by the linear
decrease. Our results contradict those of Hlongwana et al. (2021) who reported a
guadratic increase in average daily gain of Windsnyer pigs fed increasing level of
AOC. The difference between the two studies can be explained by body weight
differences as well as the large variation in body weight of pigs. Our pigs had a low
initial body weight compared to those of Hlongwana et al. (2020) and this might have
affected the ADFI of Windsnyer pigs. Pigs with high body weight consume more feed
compared to those with low body weight. Our results corroborate those of Ncobela et
al. (2018) who also reported a linear decrease in ADG of Windsnyer pigs fed fibrous
rich diets. The decrease in ADG of pigs might also be explained by the fact that

Windsnyer pigs accumulate more fat at an early stage of growth when fed energy rich
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diets (Chimonyo et al., 2010). The dietary fibre in feeds is known to reduce the supply
of nutrients for growth and maintenance (Ndou et al., 2013). As AOC increased, the
NDF, ADF and ADL also increased thus constraining the average daily gain of pigs at
higher levels. Partly indigestible cell wall materials (lignin, non-starch polysaccharides)
influence the digestion and absorption processes of nutrients along the gastrointestinal
tract of pigs. Successive weeks of feeding linearly increased growth performance
parameters of pigs. As the week of feeding increased, the body weight of Windsnyer
pigs fed on AOC diets also increased due to the fact that the pigs were still growing.
Animals increase their body weight with increasing time as they grow to achieve a

mature size (Kyriazakis and Whittemore, 2008).

The response in FCR to increasing levels of AOC was similar to that of the ADG. The
linear reduction in FCR to increasing levels of AOC was related to the decreasing ADG
of pigs. Our results agree with those available in the literature (Ncobela et al., 2018;
Khanyile et al., 2020; Mabena et al., 2022) who also reported a linear reduction in FCR
of pigs. However, our results again contradicted Hlongwana et al. (2021) who reported
a positive linear response of Windsnyer pigs fed increasing levels of AOC. The
discrepancies between the two studies may be explained by age difference which is
correlated to body weight of pigs and the size of gastro-intestinal tract which is
responsible for digesting and absorption of nutrients. Younger pigs have lower feed
intake and limited digestive capacity, hence affecting the FCR (Sloat et al., 1985). The
efficacy of converting feed into body muscle depend on the body weight and age of

the pig (Cromwell et al., 1993).
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3.5 Conclusions

High levels of the oil cake linearly reduced ADG, FCR and SADG while increasing
ADFI quadratically. The quadratic response between increasing level of AOC and
ADFI was however negative suggesting that high inclusion levels are detrimental to
growth performance of Windsnyer pigs which is also supported by linear reduction in
ADG, FCR and SADG. Amarula oil cake inclusion level was optimal at 102.17 g/kg
DM, suggesting that AOC can be included up to 100 g/kg DM without affecting growth
parameters of indigenous pigs. When formulating AOC based diets for pigs, feed bulk,
fat content and secondary compounds of Amarula kernels should be considered.
Therefore, it is important to determine the response in nutritional-related metabolites

and liver enzymes of Windsnyer pigs fed Amarula based diets.
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CHAPTER 4: Carcass traits and primal pork cuts of growing Windsnyer pigs

fed diets containing Amarula oil cake
(Accepted: South African Journal of Animal Science)

Abstract
Carcass characteristics and primal pork cuts of local pig breeds are rarely
documented, therefore, the current study was conducted to establish the relation
between incremental levels of Amarula oil cake (AOC), carcass traits, primal pork cuts
and relative internal organ weight of Windsnyer pigs. Twenty-five clinically healthy
growing male Windsnyer pigs with an initial body weight of 19.9 + 8.74 kg (mean *
standard deviation) were used. Pigs were used in their growing period when they were
about 67 days old. The study lasted for six weeks excluding one week of adaptation
period. Pigs were allotted to pens in a completely randomized design and assigned to
each of the five experimental diets, which contained 0, 50, 100, 150 and 200 g/ kg dry
matter of Amarula oil cake, respectively. Feed and water were offered ad libitum. Post
slaughter, data for carcass characteristics, primal pork cuts and relative organ weights
of Windsnyer pigs were analyzed using polynomial regression. There was a negative
linear relationship between increasing levels of Amarula oil cake, carcass length, warm
carcass weight and cold carcass weight. Stomach weight, backfat thickness, drip loss
and the hepatosomatic index increased linearly with increasing levels of Amarula oil
cake. The kidneys, small intestines, and large intestines weight of Windsnyer pigs had
a quadratic response to Amarula oil cake inclusion level. The heart, lungs and spleen
were not related to increasing levels of Amarula oil cake inclusion. Incremental levels
of Amarula oil cake diets impaired carcass characteristics and the selected visceral

organs, therefore Windsnyer pigs can be fed Amarula oil cake up t0100 g/kg DM.
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4.1 Introduction

Indigenous pigs are the main source of livelihood for most people globally more
especially for resource limited farmers found in many developing countries (Halimani
et al., 2010). Their production can therefore contribute to alleviating poverty and
improving food security. Globally, the production of pork from indigenous pigs is very
low, suggesting that most indigenous pig breeds found in rural communities are kept
for home consumption and as cash investments (Madzimure et al., 2012). Indigenous
pigs have a higher feed conversion ratio. They, however, produce pork of good
organoleptic properties and can be raised under low - cost conditions (Leterme et al.,
2005; Halimani et al., 2012). The exploitation of indigenous pig breeds and providing
knowledge about them is crucial and it contributes markedly to preserving their
existence because of their distinct roles and functions in sustainable agricultural

development (Chimonyo et al., 2006).

Pig breeds in Africa are closely related to international pig breeds (Ramirez et al.,
2009). The indigenous pig breeds of South Africa, such as the African type pig, the
Kolbroek and the Windsnyer pig are all classified as Sus scrofa. They exhibit similar
characteristics to the strongly introgressed Chinese and British pig breeds (Ramirez
et al., 2009), suggesting that these pig breeds can thrive in other countries due to their
genetic similarities. A commonly found type of indigenous pig breed in South Africa is

the Windsnyer pig. Its resilience to diseases and superior ability to utilise fibrous
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agricultural by-products has long been established (Kanengoni et al., 2014; Ncobela

et al., 2018).

Amarula tree (Sclerocarya birrea subspecies caffra) is an African indigenous tree that
is mostly found in the northern parts of Eswatini, Limpopo, Mpumalanga, and
KwaZulu-Natal. The kernels are used for making traditional beverages, to make
protein supplement for poultry and as a source of food by rural households (Mlambo
et al., 2011; Mthiyane and Mhlanga, 2017). Amarula oil cake, is a by-product of oil
extraction from Amarula kernels. The nutritional characteristics of Amarula oil cake
such as high crude protein, and fibre content may influence carcass quality of pigs
positively when used intensively. Kerr et al. (1995), reported poor carcass yield grades
of pigs fed on reduced protein diets compared to carcass yield of pigs which were fed
high crude protein diets, therefore, the high crude protein content of Amarula might
positively affect carcass grades of Windsnyer pigs. The ability of Windsnyer pigs to
tolerate fibrous feeds might improve carcass characteristics of pigs. Fibrous diets
negatively affected warm carcass weight of pigs due to increasing gut contents in
Mong Cai pig breed (Len et al., 2008). Jha et al. (2013), reported that incremental fibre
levels in pig diets reduced carcass weight of pigs. Most fibrous feeds do not meet
nutrient requirements of pigs, therefore, balanced diets such as Amarula oil cake that
provides both fibre and protein to Windsnyer pigs might increase slaughter weight of
Windsnyer pigs hence improving carcass quality. Visceral organ weight account for
about 15 % or less of the entire weight of animals (Yen, 1992) and they respond to
inclusion of fibrous or tanniferous diets (Agyekum et al., 2012). Heavier relative weight

of heart, liver and kidneys were reported in pigs on high fibre diets compared to low
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fibre diets (Len et al., 2009). Dietary interventions that improve carcass traits of

indigenous pigs are therefore, required.

Carcass length is a trait of economic importance that affect the weight of many pork
cuts (Poto et al., 2007). Carcass dressed weights, carcass length, and carcass
conformation are direct determinants of carcass grades and thereby revenue
(Chimonyo et al., 2010). Understanding these carcass characteristics of Windsnyer
pigs could provide knowledge that enhance the choices for health-conscious
consumers. The relationships between carcass characteristics, primal pork cuts and
relative internal organs of Windsnyer pigs fed on Amarula oil cake (AOC) diets are
poorly understood. Such knowledge might change the current negative perspective
that policymakers and pork scientists have about indigenous pig breeds. The objective
of the study was, therefore, to determine the relationship between incremental levels
of AOC, carcass characteristics, primal pork cuts and visceral organ weights of South
African Windsnyer pigs. It was hypothesized that incremental levels of AOC would
linearly increase carcass characteristics, primal pork cuts and visceral organ weight of

South African Windsnyer pigs.

4.2 Materials and methods

4.2.1 Study site

The study site has been briefly described in chapter 3.
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4.2.3 Collection, preparation of Amarula oil cake and diets
The collection and preparation of the experimental diets has been described in chapter

3.

4.2.4 Experimental desigh and management of pigs
The experimental design and management of Windsnyer pigs has been briefly

described previously in chapter 3.

4.2.5 Chemical analyses of experimental diets
The chemical composition of the experimental diets has been described previously in

chapter 3.

4.2.6 Slaughtering, carcass, primal pork cuts and internal organs

After the experimental feeding period, pigs were fasted for 24 hours and weighed to
determine the slaughter weight. Pigs were transported to the ARC abattoir located
about 1.5 km from the trial facility for slaughter. All pigs were handled based on routine
abattoir procedures of ARC, Irene, before slaughter and it included the ante-mortem
inspection by the ARC veterinarian. The pigs were then stunned with an electrical
stunner set at 220V and 1.8A with a current flow for 6s and exsanguinated within 10s
of stunning. Exsanguination, de-hairing, evisceration and cutting were done according

to Kanengoni et al. (2014).

Carcass length (CL) was measured using a measuring tape from the first rib to the

pubic bone and warm carcass weight was measured with a scale after dressing. The
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ham length was measured from the cranial edge of the pubic symphysis to the medio-
distal point where the hind trotter was removed. Thereafter, carcasses were stored at
the abattoir cold room and kept at O °C for 24 hours. The dressing percentage was
determined by considering warm carcass weight as a percentage of slaughter weight
(SW). The cooler shrink (CS) was calculated from the carcasses under chill storage in
a cold room (0°C for 24 h) using the following formula:

(1 - (cold carcass weight / warm carcass weight) x100.

The initial pH and temperature reading were taken right after slaughter from the
longissimus thoracis muscle (eye muscle) using a pH meter. Prior the recording of pH,
the pH meter electrode was calibrated at pH4 and pH~ buffers. Distilled water was used
to rinse the electrodes after each measurement to avoid contamination amongst
treatments. Carcasses were kept in a cold room and stored at about 0°C for 24 h,
thereafter, measurements for cold carcass weights (CCW) were then taken. The final

pH and temperature were recorded 24h post slaughter.

Backfat measurements were taken at first rib (dorsal fat thickness at first rib (DFT1)),
last rib (dorsal fat thickness at last rib (DFT2)), and last lumbar vertebra (dorsal fat
thickness at last lumbar vertebra (DFT3)) off the median plane cut surface (Kanengoni
et al.,, 2014). All other carcass measurements were taken from the left side. The
backfat depth was measured at P2 position of each carcass with a vernier calliper over
the eye muscle, 60 mm from the carcass midline. From the same cut where P2
measurements were taken, a sample joint measuring 2.5 cm thick and 16 cm long
measured along the surface of the back of the eye muscle was cut out and weighed

(chop mass). This sample joint was placed in a nylon mesh and sealed in plastic bags,
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which was then tied in such a way as to prevent the sample joint from touching the
bottom of the plastic bag or air coming into the bag. The sample was then stored in a
refrigerator between 0 and 5 °C for 24 h, after which the mass of the water lost was
calculated from the weight of the water in the bag and used to calculate the drip loss

(Kanengoni et al., 2014).

Upon slaughter, the heart, liver, lungs, spleen, kidney, stomach, small and large
intestines for each pig were removed and weighed separately with a digital scale. The
contents of stomach, small intestines and large intestines were emptied before
recording their weight. The weight of visceral organs was scaled by dividing the
weights of the heart, lungs, spleen, kidney, stomach, small and large intestines with
slaughter weight. The hepatosomatic index (HSI) was calculated by dividing the liver

weight with slaughter weight and expressed as a percentage (Liu et al., 2009).

4.2.7 Statistical analyses

The normality of the data was determined using the PROC UNIVARIATE procedure
of SAS, (2009). The LS means statement in SAS, (2008) was used to compare the
least square means using the probability difference (PDIFF) option. Relationships
between inclusion levels of Amarula oil cake and carcass characteristics, primal pork
cuts and relative organ weights were determined with the polynomial regression

procedure of (SAS, 2008).

4.3 Results

Table 4.1 shows the relationship between incremental levels of Amarula oil cake diets,
carcass traits and primal pork cuts of South African Windsnyer pigs. Increasing
inclusion levels of Amarula oil cake linearly reduced the slaughter weight, carcass
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length, warm carcass weight (y = -5.54(32.12)x + 648,53), and cold carcass weight (y
=-8,17(30,41)x + 134.61) of pigs (P < 0.05). Increasing inclusion levels of AOC led to
a linear increase in backfat thickness and drip loss (P < 0.05). Other carcass traits
such as pHss, pH24, temperaturess and temperaturezs, cooler shrink, dressing
percentage and shoulder fat showed no relationship with increasing inclusion level of
AOC diets (P > 0.05). The Dorsal fat thickness (DFT3) (y =-26.42 (26.89)x + 473.81)
decreased linearly with increasing inclusion levels of AOC (P < 0.05). Other Primal
pork cuts traits such as ham length, ham diameter, backfat depth at P2 position, dorsal
fat thickness 1, dorsal fat thickness 2, hind quarter weight proportion, shoulder weight
proportion and rib weight proportion were not affected by increasing inclusion levels
of Amarula oil cake (P > 0.05). The relationship between AOC inclusion level with
slaughter weight, carcass length, warm carcass weight cold carcass weight, back fat

thickness, driploss and dorsal fat thickness of pigs is shown in Figure 4.1 (A-D).

Table 4.2 shows the relationship between incremental levels of Amarula oil cake and
visceral organ weights of pigs. Increasing inclusion levels of Amarula oil cake diets
increased the hepatosomatic index (HIS) (y =330.33 (157.66)x — 243,01) and stomach
weight (y = 13.80(6.75)x — 69.25) of pigs linearly (P < 0.05). The kidneys, small
intestines, and large intestines weight of Windsnyer pigs decreased quadratically with
increasing inclusion levels of Amarula oil cake diets (P < 0.05). The heart, lungs and
spleen showed no relationship with increasing inclusion levels of Amarula oil cake (P
> 0.05). The relationship between AOC inclusion level with hepatosomatic index,
stomach weight, kidney weight, small intestine (SIW) and large intestine (LIW) weight

of Windsnyer pigs is shown in Figure 4.2 (A).
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Table 4.1: Relationship between increasing levels of Amarula oil cake, carcass traits and primal pork cuts of Windsnyer pigs

Measurements Inclusion level of Amarula oil cake (g/kg DM) Significance
0 50 100 150 200 SEM Linear Quadratic R?

Dressing percentage (%) 65.50 65.56 72.18 61.82 72.53 6.73 NS NS 0.03
Slaughter weight (kg) 36.80 34.70 32.24 30.80 28.00 3.86 * * 0.33
Carcass length (cm) 69.00 65.60 63.80 62.80 61.00 2.76 * NS 0.19
WCW (kg) 19.96 19.50 20.30 17.06 15.66 1.57 * NS 0.23
Cold carcass weight (kg) 24.82 22.62 20.26 19.04 19.00 1.49 Fkk NS 0.34
pHas 6.50 6.57 6.36 6.58 6.60 0.09 NS NS 0.03
pH24 5.37 5.70 5.31 5.79 5.24 0.13 NS NS 0.01
Temperaturess 36.57 33.18 37.04 35.24 36.64 0.73 NS NS 0.03
Temperaturezs 5.32 2.56 4.42 6.92 5.88 1.19 NS NS 0.01
Cooler shrink (%) 4.19 3.07 3.66 3.72 3.13 0.74 NS NS 0.03
Backfat thickness (mm) 19.00 19.40 19.45 19.79 20.00 0.60 *x NS 0.26
Shoulder fat (mm) 27.00 25.00 29.80 31.00 26.20 3.25 NS NS 0.11
Chop (kg) 0.14 0.13 0.12 0.10 0.10 0.02 NS NS 0.11
Drip loss (%) 0.22 0.14 0.27 0.38 0.62 0.16 * NS 0.06
Primal pork cuts

Ham length (cm) 26.80 28.00 27.60 25.20 27.60 1.40 NS NS 0.11
Ham diameter (mm) 28.60 27.40 30.60 29.40 31.00 2.60 NS NS 0.09
Backfat depth at P2 90.00 76.40 93.00 70.00 68.80 9.04 NS NS 0.13
DFT1 (mm) 26.40 30.80 26.40 30.80 26.40 4.03 NS NS 0.00
DFT2 (mm) 15.80 21.20 17.60 18.60 17.60 1.76 NS NS 0.07
DFT3 (mm) 23.00 22.20 19.80 18.80 17.20 1.62 *x NS 0.31
HQWP % 22.55 24.63 22.86 26.62 21.62 4.40 NS NS 0.04
SHDWP % 26.18 14.06 14.12 15.17 12.31 5.96 NS NS 0.09
RWP % 13.13 13.59 12.22 13.12 11.68 2.60 NS NS 0.01

Dorsal fat thickness (DFT), Warm carcass weight (WCW), Hind quatre weight proportion (HQWP), Shoulder weight proportion, Rib weight proportion (RWP), Coefficient of
determination (R?), Standard error of the mean (SEM). *P<0.05; **P<0.01; ***P<0.001; NS: not significant (P >0.05).
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Table 4.2: Relationship between inclusion levels of Amarula oil cake and visceral organ weights of Windsnyer pigs

Inclusion level of Amarula oil cake (g/kg DM) Significance

Visceral organs (g/bw) 0 50 100 150 200 SEM Linear Quadratic R?

Heart 2.93 3.16 3.85 4.14 3.82 0.72 NS NS 0.07
Hepatosomatic index (%) 1.37 1.61 1.74 1.82 1.93 0.23 * NS 0.25
Lungs 9.81 7.81 9.35 11.50 12.87 1.67 NS NS 0.14
Spleen 1.40 1.58 1.97 2.47 2.25 0.48 NS NS 0.11
Empty stomach 11.81 15.48 18.30 22.11 23.08 3.38 ** NS 0.33
Kidney 3.14 3.60 4.22 4.20 3.91 0.55 * * 0.36
Small intestine 23.19 23.76 24.15 24.96 23.59 2.98 NS * 0.19
Large intestine 33.88 34.70 34.98 35.00 33.00 6.20 NS * 0.23

Standard error of the mean (SEM), Coefficient of determination (R?), *P<0.05; **P<0.01; NS: not significant (P > 0.05), g/kg DM (grams/Kilograms dry matter).
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4.4 Discussion

Indigenous pigs such as the Windsnyer pig are rejected by the carcass classification
systems used in abattoirs. Strategies that improve the production of indigenous pig
genotypes, selection standards that include Windsnyer pigs in breeding programs and
the conservation of indigenous pigs are of the utmost importance in tropical countries.
There is limited research about the relationship between increasing levels of Amarula

oil cake diets and carcass characteristics of Windsnyer pigs.

The observation that the slaughter weight of Windsnyer pigs decreased with
increasing levels of Amarula oil cake suggests that including higher amount of the oil
cake in the diet compromises pig performance. Miya et al. (2019), reported a similar
linear reduction in slaughter weight of broilers that were fed on increasing levels of
Vachellia tortilis leaf meal diets. Khanyile et al. (2016), however, reported a quadratic
decrease in slaughter weight of pigs fed on increasing levels of Vachellia tortilis leaf
meal. Nevertheless, such a quadratic decrease concurs with the fact that high

inclusion levels of Vachellia diets reduced the overall slaughter weight of pigs.

The linear decrease in carcass length with increasing inclusion levels of Amarula oil
cake concurs with Ncobela et al. (2018). The decreasing carcass length of South
African Windsnyer pigs can be related to the linear reduction in average daily gain.
Windsnyer pigs grow up to a point, after which they essentially deposit fat, hence
affecting its weight. Several African indigenous pig genotypes are reported to have

high fat deposition when attaining puberty (Chimonyo et al., 2010).

As expected, increasing levels of Amarula oil cake linearly decreased both the warm

and cold carcass weights of pigs. Len et al. (2008) reported a similar reduction in warm

91



carcass weight of Mong Cai pigs fed on high fibrous diet. The reduction in warm
carcass was related to increased weight of gastro-intestinal tract of pigs which was a
result of the high fibre content of the diet. Fibrous feeds increased the size of internal
organs of pigs (Qin et al., 2002). Increasing AOC levels increased the fibre level in the
diet. Similarly, Ciri¢ et al. (2017), showed strong correlations between the slaughter

weight, warm carcass weight and cold carcass weight of pigs.

Carcass quality of pigs can also be assessed by measuring backfat thickness, which
estimates the thickness of the subcutaneous fat. Both the backfat and intramuscular
fat alter pork quality and should be considered (Chimonyo et al., 2001). As expected,
increasing levels of AOC linearly increased backfat thickness of Windsnyer pigs (Liu
et al., 2015; Khanyile et al., 2016). Our results were, however, in contradiction with
those of Ncobela et al. (2018) who reported a linear reduction in backfat thickness of
Windsnyer pigs fed on increasing levels of potato hash silage. The discrepancies
between the two studies can be explained by differences in ether extract concentration
of the diets which, in turn, alters the energy content of the diets. Fats are used as
energy sources in monogastric animals. The consumption of energy-rich diets triggers
lipogenesis and, consequently, visceral fat deposition. The ether extract and gross

energy were directly proportional to the inclusion level of AOC.

Drip loss is an important characteristic that affects palatability and acceptability of meat
(Forrest et al., 2000). Increasing the inclusion level of AOC linearly increased drip loss
in Windsnyer pigs. Our results were consistent with those of Mushandu et al. (2005),
who reported a linear increase in drip loss of Mukota pigs fed on increasing levels of
sorghum-based diets. On the contrary, diets with the incorporation of avocado, had no
effect on drip loss of Large White x Landrace pigs (Seshoka et al., 2020). Apart from
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the diet, drip loss is also affected by pig genotype and pH of meat (Mushandu et al.,
2005; Kanengoni et al., 2014). Both the initial and final pH in the current study showed

no response to inclusion levels of AOC.

Increasing AOC inclusion level in Windsnyer pig diets was expected to increase the
backfat measurement (DFT1, DFT2 and DFT3) of Windsnyer pigs due to the high fat
content of AOC. However, that was not the case in the current study. Increasing levels
of AOC diets linearly reduced the dorsal fat thickness (DFT3), as also reported by
Ncobela et al. (2018). The reduction in DFT3 might be assumed to have also been
caused by the linear reduction of carcass length, which affects most pork cuts (Poto

et al., 2007).

The hepatosomatic index is the scaled liver weight expressed as a percentage. A
linear increase in the hepatosomatic index (HSI) with increasing levels of AOC suggest
that higher levels of the oil cake increase liver weight. On the contrary, Ma et al. (2002)
and Bakare et al. (2017) showed a reduction in liver weights of pigs fed on maize cob
and straw-based diets, respectively. The present results were nevertheless consistent
with those of Khanyile et al. (2016), who reported a linear increase in liver weight of
pigs fed on Vachellia diets. The increasing HSI might be related to increasing weight
of the stomach of pigs, which might have resulted to an increase in the secretion of
liver enzymes that detoxify toxic substances in the diets. A linear increase in stomach
weight of Windsnyer pigs was indeed observed. The results are consistent with
Kaensombath et al. (2013) and Bakare et al. (2017), who reported an increase in
stomach weight of Moo Lath pigs fed Stylo silage and Landrace pigs fed on maize
cob-based diets. The fibre content of the diet influences the weight of visceral organs
(Nyachoti et al., 2000). Similar observations were also confirmed by Zhao et al. (1995).

93



A quadratic decrease in kidney, small and large intestine weight of pigs with increasing
levels of Amarula oil cake diets was observed in the study. Miya et al. (2019), reported
a linear increase in relative liver weights of broilers fed on increasing levels of Vachellia
diets. It is possible that high inclusion levels of AOC and the time of exposure of the
pigs to the diets affected the relative kidney weight of pigs in our study. As such, the
duration of feeding also needs to be considered when AOC based diets are used.
Kidneys are the main sites for clearance of nitrogen and detoxify toxic compounds in
the body. Increasing dietary protein level increase the weight of liver and kidneys of
pigs (Chen et al., 1996). The presence of mycotoxins in Amarula diets were detected
by Mthiyane and Mhlanga. (2017). Mycotoxins reduce pig performance by reducing
protein digestibility and absorption. Increasing AOC levels in the diet might also

increase the amounts of mycotoxins that result in mould development in the diet.

A linear increase in both small and large intestines of Windsnyer to dietary inclusion
level of AOC pigs was expected. Indeed, this would be due to the increased bulk
properties and the cell wall constituent contents of AOC diets. In addition, the hind gut
of Windsnyer pigs can ferment fibrous feeds effectively, as demonstrated earlier
(Kanengoni et al., 2014). The observed quadratic reduction in both the small and large
intestines could have been related to the quadratic reduction in ADFI, suggesting that
Windsnyer pigs can tolerate AOC based diets up to 150 g/kg DM. The small intestines
and large intestines of pigs are sites for nutrient and water absorption. Dietary factors
that affect the normal functioning of these organs may, therefore, interfere with nutrient
absorption, hence reducing growth and health of pigs. Incorporating Amarula oil cake
increased feed bulk. An increase in water holding capacity and bulk density, reduces

energy availability and consequently reduces pig growth (Linares and Huang, 2010).
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The absorption of nutrients is largely influenced by feed intake, which in turn, is
affected by dietary properties of the feeds (Nyachoti et al., 2004). The decrease in
both small and large intestines weights at higher levels of AOC diets could be a clear
indication that the intestinal epithelium was compromised, suggesting that gut health

and morphology of Windsnyer pigs to AOC-based diets need to be investigated.

4.5 Conclusions

The was a negative linear relationship between slaughter weight, carcass length,
warm carcass weight, cold carcass weight and dorsal fat thickness with increasing
levels of Amarula oil cake. Backfat thickness and drip loss showed a positive linear
relationship with increasing levels of Amarula oil cake. Other selected carcass
characteristics and primal pork cuts had no clear relationship. The HSI and stomach
weight showed a negative linear relationship with increasing levels of Amarula oil cake.
The kidneys, small and large intestine weight showed a negative quadratic relationship
with increasing levels of Amarula oil cake, suggesting that high levels of Amarula also
constrained some of the selected visceral organs of Windsnyer pigs. However, some
parameters of visceral organs such as the heart, lungs and spleen were not affected
by the inclusion level of Amarula. Incremental levels of Amarula oil cake diets impaired
carcass characteristics and selected visceral organs of pigs, therefore Windsnyer pigs
can be fed AOC diets up t0100 g/kg DM. When carcass traits and visceral organs of
Windsnyer pigs are selected, low levels of Amarula oil cake needs to be considered.
The gut health of Windsnyer pigs also need to be considered when feeding pigs with
Amarula based diets. Besides carcass traits and primal pork cuts, it is important to
determine serum related metabolites and liver enzymes of pigs to strengthen

knowledge about effects of AOC diets on the health of pigs.
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CHAPTER 5: Nutritionally related blood metabolites in growing Windsnyer pigs

fed on Amarula oil cake

Abstract
The study was conducted to assess changes between increasing levels of Amarula oil
cake (AOC), nutritionally related blood metabolites and liver enzymes of South African
Windsnyer pigs. A total of 25 Windsnyer male grower pigs were used. Pigs were
assigned to dietary treatments in a completely randomized designed and allocated to
diets which were formulated to contain 0, 50, 100, 150 and 200 g/kg DM of AOC. Feed
and water were provided ad libitum to pigs for six weeks. On the day of slaughter,
blood samples were collected from each pig and kept in a cooler box during the
collection period and stored at - 20 °C pending analyses. Data were analysed using
the response surface regression of SAS. The albumin concentration of pigs linearly
decreased with incremental levels of AOC, Y = -11.268x + 10.405, R?=0.33, (P <
0.05). The concentration of total protein (TP) and globulin (G) decreased quadratically
with incremental levels of AOC and their equations are as follows TP = -0.062x? +
3.291x — 30.957, R?=10.20 (P < 0.05) and G = - 0.068 x? + 2.945x - 19.494, R2=0.20
(P < 0.05). On the other hand, Alkaline phosphatase (ALP) increased quadratically
with increasing levels of AOC, ALP = 0.467x?>—4.591x + 19.347, R?=0.27, (P < 0.05).
The other blood metabolites and liver enzymes were not related to the inclusion level
of AOC (P > 0.05). The negative relationship shows that high levels of the oil cake

compromised nutrient utilisation and bioavailability in Windsnyer pigs.

Key words; Serum; secondary compounds; total protein; albumin; diets
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5.1 Introduction

Livestock animals form an integral element of livelihoods of about 70 % of the global
poor population and the main breeds kept by resource limited farmers in rural areas
are mainly indigenous breeds which are adapted to local conditions and surroundings
(Livestock in Development, 1999). The sustainable conservation of indigenous pig
genotypes needs characterisation of their characteristics and proper market channels
for resource-limited farmers. Indigenous pig genotypes are dispersed in Southern

Africa and are kept for many reasons by local people (Anderson, 2003).

The Windsnyer pig is a South African indigenous pig with very little research that has
been conducted on it (Kanengoni et al., 2014; Ncobela et al., 2018). The merits of this
breed include adaptability to extreme environmental conditions, tolerance to gastro-
internal parasites, the ability to efficiently utilize fibrous based feed stuff, thriving in
nutritional challenges, small body frame size and having strong feet (Chiduwa et al.,
2008; Halimani et al., 2010; Ncobela et al., 2018). These slow-growing pigs are kept
extensively due to feed shortages. They rely on scavenging during the day and
minimal attention is given to these pigs. Their small body size, which is correlated to
its poor growth rate, makes them require small spaces when kept intensively and fed

on balanced diets.

The number of pigs that farmers can keep is largely affected by the availability of feed.
Resource-poor farmers who are rearing indigenous pigs keep a small number of pigs
due to insufficient feeds sources. Factors such as lack of high-quality feeds, low
revenue and lack of markets contribute to the low herd sizes (Mashatise, 2002). The

small herd sizes are likely to lead to extinction due to inbreeding and possible natural
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disasters. It is important to conserve these Windsnyer pigs. The use of local non-
conventional feed sources or agricultural by-products such as Amarula oil cake (AOC)
in Windsnyer pig diets might solve feed-related challenges that smallholder farmers
face. Windsnyer pigs responded well to feeding on ensiled maize cobs (Kanengoni et

al., 2015).

Low levels of Amarula oil cake diets increased the average daily feed intake of
Windsnyer pigs; however, high levels of AOC restricted growth performance of
Windsnyer pigs (Thabethe et al., 2022). Besides proteins, fibre and fats, AOC also
contains secondary compounds that may interfere with nutrient metabolism of pigs.
Phytic and oxalic acids are some of the main secondary compounds which may reduce
the bioavailability of nutrients, therefore reducing growth performance (Khajali and

Slominski 2012).

Nutritionally related metabolites and liver enzymes play a vital role as indicators of the
nutritional status of pigs. These metabolites are used to detect nutritional
discrepancies and toxicity of diets. Therefore, dose-response studies that investigate
the relation between incremental levels of AOC, blood serum metabolites and liver
enzymes of Windsnyer pigs are necessary. The objective of the study was, therefore,
to assess the relationship between increasing levels of AOC, nutritionally related
metabolites, and liver enzymes of Windsnyer pigs. It was hypothesized that

nutritionally related metabolites of pigs increase in response to AOC inclusion level.
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5.2 Materials and methods

5.2.1 Study site

The study site has been described in Chapter 3.

5.2.2 Collection, preparation of Amarula oil cake and diets
The collection and preparation of the experimental diets has been described in

Chapter 3.

5.2.3 Experimental design and management of pigs
The experimental design and management of Windsnyer pigs has been described in

Chapter 3.

5.2.4 Chemical analyses of experimental diets

The chemical composition of the experimental diets has been described in Chapter 3.

5.2.5 Blood collection

All pigs were fasted for 24 hours at the end of the growth performance trial, which
lasted for six weeks. Then, prior to weighing, a blood sample of 10 ml was taken from
each pig via jugular venipuncture and transferred to non-coagulated vacutainer tubes
(Becton Dickinson, Franklin, NJ) that contained sodium heparin. On the final day of
the trial, all blood samples were taken in the morning prior to the weighing of the pigs.
Each blood sample was kept in an ice-filled cooler box throughout blood collection.
Within two hours of collection, samples were allowed to coagulate before being

centrifuged. They underwent a 10-minute, 1000 x g centrifugation at 25 °C. The serum
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was centrifuged, separated, and kept in polypropylene tubes that were stored at - 20

°C, until they were analysed.

5.2.6 Laboratory analyses of serum samples

Total protein (TP) concentration was analysed using a technique outlined by Doumas
and Biggs, (1972). Following the description of the colometric method by Tietz et al.
1993, alkaline phosphatase (ALP) was analysed. According to Bergmeyer et al.
(1986), the concentration of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were analysed using the ultraviolet technique. The enzymatic
method was used to analyse uric acid (Tietz et al., 1993). According to Tietz (1976)
and Lowry et al. (1951) the concentration of iron and albumin were analysed
spectrophotometrically. Albumin and total protein were subtracted to determine
globulin, and albumin, globulin was divided to determine the albumin to globulin ratio

(A:G ratio).

5.2.7 Statistical analyses

The serum nutritionally related blood metabolites data was subjected to the PROC
UNIVARIATE procedure of SAS (2008) to check for its normality and thereafter, the
response surface regression of SAS (2008) was used to determine the relationship
between inclusion level of AOC with TP, ALP, AST, ALT, uric acid, iron, albumin,
globulin, and the albumin:globulin ratio. The least square means were computed using

the probability difference (PDIFF) option of the General liner model of SAS (2008).
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5.3 Results

5.3.1 Nutritional related blood metabolites of Windsnyer pigs

Table 5.1 shows the relationship between blood nutritionally related metabolites of
South African Windsnyer pigs to increasing levels of Amarula oil cake diets (AOC).
The albumin concentration of pigs linearly decreased with incremental levels of AOC
Y =-11,268x + 10,405, R?= 0,325, (P < 0,05). Feeding incremental levels of Amarula
oil cake diets negatively affected albumin concentrations of Windsnyer pigs. The
concentration of total protein and globulin decreased quadratically with incremental
levels of AOC and their equations are as follows TP = -0.062x? + 3.291x — 30.957, R?
= 0.1977 (P < 0.05) and G = - 0.068x? + 2.945x — 19.494, R? - 0.195 (P < 0.05).
Feeding low levels of AOC improved the concentration of total protein and globulin
while higher levels of AOC decreased the concentration of total protein and globulin.
Other blood metabolites such as uric acid, Iron and A:G ratio showed no relationship
with increasing levels of Amarula oil cake (P > 0.05). The was no relationship between

AOC inclusion level and the concentration of uric acid, Iron and A:G ratio of Windsnyer

pigs.

5.3.2 Liver enzymes of Windsnyer pigs

Table 5.2 shows the relationship between increasing inclusion levels of Amarula oil
cake and liver enzymes of Windsnyer pigs. Increasing levels of Amarula oil cake diets
quadratically increased Alkaline phosphatase concentrations, ALP = 0.467x? — 4.591x
+19.347, R?=0.268, (P < 0.05). The concentration of alkaline phosphatase decreased
at low levels of AOC and further increment of the diet also increased alkaline
phosphatase. The was no relationship between increasing levels of AOC with

aspartate transaminase and alanine transaminase (P >0.05). Amarula oil cake
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inclusion levels did not cause any effect on aspartate transaminase and alanine

transaminase.
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Table 5.1: Relationship between increasing levels of AOC and serum related metabolites of Windsnyer pigs

AOC inclusion level g/kg SEM Regression coefficient
Traits 0 50 100 150 200 Linear Quadratic
Albumin 4.28 4.33 4.58 4.78 4.90 0.17 -11.29" 2.42NS
TP 29.36 24.72 28.29 26.89 27.64 3.01 3.29NS -0.06*
Uric acid 38.39 34.41 39.30 38.37 40.04 5.99 1.24NS -0.02NS
Globulin 25.08 20.33 23.71 22.11 22.75 2.90 2.95NS -0.07"
Iron 381.60 379.60 339.20 379.40 363.20 31.46 0.18Ns -0.002Ns
A:G ratio 0.19 0.22 0.23 0.22 0.22 0.03 192.57NS -341.8NS

SEM: Standard error of the mean; NF: Not found NR: Normal ranges; NS: Non-significant; Sig: significant; AOC: Amarula oil cake;
ALP; Alkaline phosphatase (U/L); AST,; Aspartate transaminase (U/L); ALT, Alanine transaminase (U/L); Albumin (g/dl); Albumin:
Globulin ratio (A: G) ratio; TP, Total protein (g/dl); Uric acid (mg/dL); Iron (ug/dl). Normal ranges: Albumin (85 — 160 g/dL); TP (6.0 -
8.0 g/dL); Uric acid (NF); Globulin (3.9 — 6 mg/dL); Iron (NF); A:G ratio (NF) (Kanengoni et al., 2014).
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Table 5.2: Relationship between increasing levels of AOC and liver enzymes of Windsnyer pigs

AOC inclusion level (g/kg DM) SEM Regression coefficients
Traits 0 50 100 150 200 Linear Quadratic
ALP 4.60 4.20 4.40 4.80 6.80 0.90 -4, 59NS 0.47"
AST 182.00 146.80 131.00 201.40 211.00 38.58 -0.04NS 0.001Ns
ALT 78.80 123.20 86.20 109.60 87.40 25.08 -0.05NS 0.002Ns

SEM: Standard error of the mean; NS: Non-significant; Sig: significant; AOC: Amarula oil cake; ALP; Alkaline phosphatase (U/L);

AST; Aspartate transaminase (U/L); ALT, Alanine transaminase (U/L); Albumin (g/dl).
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5.4 Discussion

Blood metabolites are important parameters that represent the physiological state of
the animal (Khan and Zafar, 2005). Apart from determining growth response of
Windsnyer pigs to AOC based diets, nutritionally related blood metabolites and liver
enzymes can also be used to assess the physiological status of pigs, the bioavailability
of nutrients and the toxicity level of AOC when fed to Windsnyer pigs. Lowrey et al.
(1962), stated that the concentration of total serum protein might be a good indicator
of dietary protein in pigs. On the other hand, Esonu et al. (2002), reported that activities
of AST, ALP and ALT can be used to assess the liver damage of animals caused by

the toxic effects of different diets.

A negative relationship between increasing levels of AOC and albumin was observed.
The linear decrease in the concentration of albumin could be related to decremental
levels of crude protein in the experimental diets. The concentration of albumin shows
the protein status of pigs, and it is also an important indicator of the capacity of the
liver to synthesize nutrients mainly proteins which are precursors of amino acids
(Mahdavi et al., 2012; Hlatini et al., 2016). The decreasing average daily gain with
increasing levels of AOC reported in the previous chapter also supports the decreasing
concentration of albumin in the current study. A reduction in serum albumin of pigs fed
diets containing insufficient crude protein was reported suggesting that low levels of
protein in diets reduces serum albumin and results in hypoalbuminemia (Yang et al.,
2008; Kamalakar et al., 2009). Studies that will investigate the gut morphology or the

health of Windsnyer pigs to AOC diets are required.
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A decrease in the concentration of total protein was expected due to the observed
decrease in the concentration of albumin and globulin in the current study. Increasing
levels of AOC quadratically decreased concentration of total protein as expected,
however, our results for serum protein were above the ranges of the results reported
by Kanengoni et al. (2014) which requires further investigation. The quadratic
response suggest that total protein increased at low inclusion level of AOC but further
increasing the oil cake in the diet decreased the concentration of serum protein in the
blood. The quadratic decrease is related to the quadratic decrease in average daily
feed intake of pigs fed increasing levels of AOC as previously reported in the previous
chapter (Thabethe et al., 2022). When nutrient requirements are met, pigs stop eating
and when nutrients such as protein are lacking in diets pigs increase feed intake to
compensate for unavailable nutrients in feeds. Our results contradicted those of
Khanyile et al. (2016) who observed no relationship between incremental levels of
Vachellia tortilis leaf meal with total protein. Surprisingly, Hlatini et al. (2016) reported
an increase in serum protein of pigs fed increasing levels of Vachellia tortilis leaf meal

treated with polyethylene glycol.

Globulins are defined as globular proteins which are insoluble in water which dissolves
in salts concentrations (Ncobela et al., 2017). A quadratic decrease in the
concentration of globulin was observed. The quadratic decrease in globulin is related
to the concentration of total protein which also decreased quadratically in the current
study. Globulin values were extremely high and above the ranges of those reported
by Kanengoni et al. (2014) and Ncobela et al. (2018). The discrepancies between our
results and the above-mentioned authors might be due to variation in composition of

the diets used, age and weight differences of pigs which warrants further investigation.
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In addition, high environmental temperatures were also reported to increase globulin
concentrations in ruminants, therefore, the effect of environmental temperature on pigs

fed AOC based diets also needs to be investigated (Qokweni et al., 2022).

The concentration of ALP, AST and ALT are indicators of liver function (Ndou et al.,
2015). For example, ALP is a membrane-bound enzyme that can be used to evaluate
the integrity of the plasma membrane and endoplasmic reticulum and high
concentration of ALP indicates membrane damage to tissues. Furthermore, increasing
in the concentration of ALP may also be a good indicator of stress which impairs pig
welfare (Akanji et al.,1993). As expected, the concentration of ALP increased
guadratically, and it contradicted Ncobela et al. (2018) who reported a linear increase
in his findings. Even though a significant increase in ALP was observed, the values of
ALP were far below the normal ranges of Kanengoni et al. (2014) and Ncobela et al.
(2018). At low levels of AOC, ALP decreased but as AOC was increased, ALP also
increased. This suggest that further increasing AOC also increases the secondary
compounds of AOC. Phenolic compounds such as tannins are reported to cause acute
toxicosis and hepatocellular damage in pigs (Ndou et al., 2015). In our case, it is quite
difficult to relate the quadratic increase of ALP to acute toxicosis and hepatocellular
damage of the liver of pigs since the increment of ALP was very low and below the

range of De et al. (2020).

5.5 Conclusions
The concentration AST, ALT, Iron, uric acid and A: G ratio were not related to the
increasing levels of AOC. Albumin had a negative relationship, total protein and

globulin also had a negative relationship which was quadratic. Alkaline phosphatase
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increased linearly. The negative relationship shows that high levels of the oil cake
compromised nutrient utilisation of Windsnyer pigs, and it is also important to assess

the fatty acid composition of pigs fed AOC based diets.
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CHAPTER 6: Fatty acid composition and health indices of pork from pigs fed

diets containing Amarula oil cake

Abstract

The study was conducted to determine the relationship between inclusion level of
Amarula oil cake, fatty acid composition and health lipid indices of pork tissues. A total
of 25 male Windsnyer boar pigs were used. Pigs were assigned to separate pens in a
completely randomised design and allocated to the five experimental diets which were
formulated to contain 0, 50, 100, 150 and 200 g/kg DM of Amarula oil cake (AOC).
After the growth performance study, all pigs were slaughtered, and pork samples were
taken from the Longissimus dorsi muscles (from the 5th and 13th rib) and kept at -20
OC pending analyses of fatty acids. Increasing AOC inclusion level, linearly increased
C12:0, C14:1n9c, C18:1n9t and C18:3n6 (P < 0.05). Increasing levels of Amarula oll
cake linearly decreased the sum of SFA, PUFA/SFA ratio, C14:0, C16:0, C18:0,
C20:0, C18:1n11c and C20:3n3 (P < 0.05). There was a quadratic decrease in n-3
fatty acids, n-6/n-3 ratio, nutritive value, C22:0, C18:1n9c, C18:3n3, C18:2c911t,
C20:4n6 and C22:5n3 of pork (P < 0.05). The total MUFA, PUFA, n-6 fatty acids, Al
and TI were not related to Amarula oil cake inclusion level (P > 0.05). Due to the
guadratic relation of n-3 PUFA, n-6/n-3 ratio of FA and nutritional value of pork, it is

recommended that AOC based diets be fed up to 150 g/kg DM

Key words: Lipids, Saturated fatty acids, Polysaturated fatty acids, Nutritive value,

thrombogenic index.
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6.1 Introduction

Meat is an essential dietary constituent that forms the main part of consumer nutritional
requirements such as fatty acids, proteins, and amino acids (Costa et al., 2011). The
development of people’s lifestyles has changed the focus of meat consumption from
guantity to quality (Henchion et al., 2014), which requires meat consumers to demand
tastier and healthier meat of local origin due to the effects of non-organic products.
The promotion of organically produced indigenous pork on the market enhances the

choices for the increasing health-conscious population (Madzimure et al., 2017).

Costa et al. (2011), reported that morden and hybrid pigs are advantages compared
to indigenous pigs due to their high demand in markets and rapid economic returns,
however, they are reported to contain an increased amount of undesirable fatty acids
such as the saturated fatty acids (SFA), the n-6 fatty acids and are also related with
the unsuitable n-6/n-3 fatty acids ratios (Nuernberg et al., 2015). The replacement of
saturated fatty acids with unsaturated fatty acids in monogastric products and human
nutrition through feeding strategies is increasing (Bou et al., 2004; Vahmani et al.,
2015). On the other hand, superior taste and nutritional value of meat from non-
intensively reared indigenous animals was reported (Muchenje et al., 2009; Mapiye et
al., 2011). Csapo6 et al. (2002), also reported good meat quality characteristics of

Mangalitsa pigs.

The type of feed consumed by pigs mainly affects the nutritional quality of pork meat.
Therefore, changing the diet of pigs and poultry might also change the composition of
fatty acids and meat quality relative to the diet (Bee and Wenk, 1994; Dugan et al.,

2004). Incremental levels of olive oil cake in pig diets were reported to reduce
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saturated fatty acid (SFA) and increased monosaturated fatty acids (MUFA), hence
enhancing fatty acid composition of pork (Joven et al., 2014). The demand for healthy
meat that contains less amount of saturated fatty acids is increasing because
saturated fatty acids are associated with increasing the risk of heart diseases and
some cancers (Walker et al., 2005). The use of agro-industrial by-products such as oil
cakes from oil extraction industries such as the biofuel and food processing industries
could reduce environmental pollution, improve the nutritional quality and fatty acids of

pork, therefore, benefit the pig industry.

Amarula oil cake, an agro industrial by product of Amarula dry kernels is produced
commercially in Eswatini by small-scale farmers and also by the Mine Workers
Development Agency Marula Project in South Africa (Malebana et al., 2018). The
kernels of Amarula are high in ether extract, with high oxidative stability as compared
to other oil cakes, high oleic acid, a hypo-cholesterolemic and also anti-diabetic
monounsaturated fatty acid (Griffin et al., 1996; Mariod and Abdelwahab, 2012;
Malebana et al., 2018). Unlike ruminants, in porcine species, fats are synthesized de
novo and the favourable fatty acids of Amarula such as monounsaturated fatty acids
could improve the fatty composition of Windsnyer pigs. Pork quality characteristics
such as fatty acid composition was reported for Large White x Landrace, Duroc and
Yorkshire breeds (Li et al., 2013; Khanyile et al., 2020). Apart from Madzimure et al.
(2017), there are no studies that have been conducted that assess fatty acid
composition and lipid health indices of Windsnyer pigs objectively. The relationships
between increasing levels of Amarula oil cake and fatty acid composition of pork from
Windsnyer pigs are unknown and the information about these relationships could give

clear recommendations about the suitable inclusion level when focusing on pork
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quality. The objective of the study was to determine the relation between increasing
levels of Amarula oil cake, fatty acid composition and health lipid indices of pork. It
was hypothesized that the inclusion of Amarula oil cake would improve fatty acid

composition and nutritional value index of pork.

6.2 Materials and methods

6.2.1 Study site

The study site has been briefly described in chapter 3.

6.2.2 Collection, preparation of Amarula oil cake and diets
The collection of Amarula oil cake and preparation of the experimental diets has been

described in chapter 3.

6.2.3 Experimental design and management of pigs
The experimental design and management of Windsnyer pigs has been briefly

described previously in chapter 3.

6.2.4 Chemical analyses of experimental diets
The chemical composition and fatty acid composition of the experimental diets has
been described previously in chapter 3 and the fatty acid composition of experimental

diets is shown in Table 6.1.
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6.2.5 Fatty acid composition of experimental diets and pork

Total lipids of pork from Windsnyer pigs were extracted according to a method
described by Folch et al. (1957). Briefly, about 1 g of pork sample from the longissimus
dorsi muscle (LD) was weighed on a balance scale. A 2: 1 chloroform—methanol
solution, containing 0.001 % butylated hydroxytoluene was used for the extraction of
lipids. The sample was homogenised (WiggenHauser D-500 Homogenizer) for 30 s.
About 250 uL of the extract was then transmethylated at 70 °C for about two hours
with 2 mL of methanol: sulphuric acid solution. Thereafter, fatty acid methyl esters
(FAMEs) were extracted with deionised water and hexane solution at room
temperature. After separating the FAMEs that had hexane solution and water, the top
hexane layer was then transferred to a tube and then dried with nitrogen in a water
bath at 45°C. After drying, about 50 uL of hexane solution was added to the FAMEs
and 1 pL of hexane was injected into the gas-chromatograph. The FAMEs were
analysed with a gas-chromatograph (Thermo Electron Corporation, Milan, Italy) that
was equipped with a flame-ionization detector, a 30 m TR-Fame capillary column with
an internal diameter of 0.25 mm and a 0.25 pL film, and a run time of 40 mins. The
analyses were conducted with an initial isothermic period (50 °C for 1 min) and a final
temperature of 240 °C that was reached after three ramps and the temperature was
increased at a rate of 25 °C/min until reaching 175 °C. Followed by an immediate
increase of temperature at a rate of 1.5 °C/min to reach 200 °C and the temperature
was maintained for a minimum of 2 minutes. The injector temperature and detector
temperature were as follows 240 °C and 250 °C, respectively with a hydrogen gas flow
rate of 40 mL/min. Fatty acid methyl esters were identified by comparing the retention
times of FAME peaks from samples with those of standard mixtures from Supelco

(Supelco 37 Component Fame Mix, 47885-U,Sulpeco, USA).
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Data for fatty acids were used to calculate the following ratios of fatty acids.

The saturation (saturated FA: unsaturated FA ratio, S:P), atherogenic index (Al), and
thrombogenic index (TI) were calculated as follows: Al = (C12:0 + 4 x C14:0 +
C16:0)/[ZMUFA + 3(n-6) + ¥(n-3)]; TI = (C14:0 + C16:0 + C18:0)/[0.5 x XMUFA + 0.5
x ¥(n-6) + 3 x Z(n-3) + 2£(n-3)/Z(n-6)] (Ulbricht and Southgate, 1991).

Where:

MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids. The
nutritive value of pork was calculated using the formulae: [(C18:0+C18:1n9c)/C16:0]

(Fernandez et al., 2007).
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Table 6.1: Fatty acid composition (% of total FAs) of Amarula kernels (Ak) and the
experimental diets

Inclusion level of Amarula oil cake (g/kg DM)

SFA AK 0 5 10 15 20
C12:0 0.012 0.063 0.057 0.015 0.0223 0.016
C14:0 0.142 0.197 0.162 0.155 0.159 0.159
C16:0 15.907 14.042 14.949 15.769 16.795 17.751
C18:0 5.360 4.141 4.328 4.634 4.841 5.018
C20:0 0.207 0.522 0.532 0.381 0.318 0.402
MUFA

Cl6:1 0. 298 0.23 0.246 0.205 0.243 0.264
C18:1n9c 0. 238 0.134 0.395 0.489 0.455 0.521
PUFA

C18:2n6 9.228 32.211 32.012 30.506 30.901 28.899
C18:3n3 0.209 0.982 1.057 1.241 1.285 1.295
C20:2 0.025 0.604 0.387 0.163 0.121 0.104
Sum (SFA) 21.629 18.966 20.027 20.954 22.036 23.345
Sum (MUFA) 0.536 0.371 0. 640 0.694 0.698 0.785
Sum (PUFA) 9.463 33.798 34.455 31.911 32.308 30.298
PUFA: SFA 0.437 1.782 1.720 1.523 1.466 1.298

AK = Amarula kernels, FAs = Fatty acids, AOC = Amarula oil cake, SFA = Saturated
fatty acids, MUFA = Monounsaturated fatty acids, PUFA = Polyunsaturated fatty
acids, c = cis
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6.2.6 Statistical analyses

The response surface regression procedure of SAS, (2008) was used to determine
relationships between increasing levels of AOC with fatty acid composition,
atherogenic index, thrombogenic indices and nutritive value of pork. The LS means
statement of SAS, (2008) was used to compute the least square means using the

probability difference (PDIFF) option. The regression model used was as follows:
Y = Do+ D1A + D2A2 + e, where

Y =is the response variable (fatty acids, atherogenic index, thrombogenic indices and

nutritive value)

Do=is the intercept

D1A = is the linear regression coefficient

D2A2 = is the quadratic regression coefficient and

e =is the error

6.3 Results

6.3.1 Fatty acid composition of pork muscle tissues from Windsnyer pigs

The relationship between the fatty acid composition of pork from Windsnyer pigs fed
diets containing AOC is shown in Table 6.2. Individual fatty acids of pork from
Windsnyer pigs such as C12:0, C14:1n9c, C18:1n9t and C18:3n6 increased linearly
with increasing levels of AOC (P < 0.05). Increasing levels of Amarula oil cake in
Windsnyer pig diet linearly decreased individual fatty acids such as C14:0, C16:0,
C18:0, C20:0, C18:1nl11lc and C20:3n3 (P < 0.05). Incremental levels of AOC in
Windsnyer pig diets quadratically increased Pentadecyclic acid (C15:0) in pork

muscle tissues (P < 0.05). Feeding Amarula oil diets to Windsnyer pigs quadratically
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decreased C22:0,C18:1n9c, C18:3n3, C18:2¢911t, C20:4n6 and C22:5n3 (P < 0.05)
of pork muscle tissues. The following individual fatty acids C16:1n9c, C18:1n11t,
C20:1n5c, C22:1n13c, C18:2n6 and C20:2n6 of pork were not related to AOC

inclusion level in Windsnyer pigs (P > 0.05).

6.3.2 Sum of fatty acids, fatty acid ratios and lipid health indices of pork

The sum of fatty acids, fatty acids ratios and lipid health indicators of pork from
Windsnyer pigs fed diets containing Amarula oil cake is shown in Table 6.3. Dietary
inclusion of AOC decreased SFA and PUFA/SFA ratio of pork from Windsnyer pigs
linearly (P < 0.05). The omega n-3 fatty acids, n-6/n-3 ratio and nutritive value of pork
decreased quadratically with inclusion level of AOC (P < 0.05). The sum of MUFA,
PUFA, n-6 FA, Al and Tl were not related to the inclusion level of Amarula oil cake

diets (P > 0.05).
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Table 6.2: Relationship between increasing levels of Amarula oil cake and fatty acid (% of total FA) composition of pork

AOC inclusion level Sig. level

Fatty acids (% of total FA) 0 50 100 150 200 SEM Linear Quadratic Equations R?
C12:0 0.18 0.20 0.23 0.34 0.44 0.09 ** NS Y =37.41x + 1.24 0.32
C14:0 2.33 1.93 1.53 1.33 1.16 0.42 ** NS Y =-10.30x + 22.43 0.31
C15:0 0.29 0.27 0.22 0.15 0.12 0.07 ** i Y =125.81x%? — 115.67x + 26.14 0.45
C16:0 22.72 20.60 1894  17.67 17.67 121 w NS = - 0.05x + 28.07 0.45
C17:.0 0.61 0.56 0.42 0.35 0.25 0.16 ** NS Y =-34.178x + 20.12 0.28
C18:0 18,73 1573 14.12 13.00 11.57 1.02 xx* NS Y =-6.07x + 70.41 0.74
C20:0 0.35 0.22 0.22 0.16 0.11 0.09 * NS Y =-46.63 x +16.40 0.27
C22:0 2.02 2.00 1.67 10.79 1.28 3.32 NS o Y =-0.39x% — 12.02x +28.70 0.45
C14:1n9c 0.05 0.04 0.03 0.06 0.11 0.02 * NS Y =11.98x + 6.58 0.25
C16:1n9c 2.65 2.53 2.62 2.94 2.39 0.60 NS NS

C18:1n%t 0.51 0.53 0.66 0.78 0.84 0.12 ** NS Y =33.84x - 7.09 0.36
C18:1n11t 0.11 0.19 0.11 0.16 0.34 0.13 NS NS

C18:1n9c 32.76 38.95 43.38 4552 49.28 553 * * Y =-0.02x2 + 2.46x — 49.16 0.47
Ci18:1nlic 20.08 2343 2221 19.01 14.22 201 * NS Y =-3.50x + 52.01 0.37
C20:1n5¢ 0.86 0.21 0.12 0.75 0.02 0.49 NS NS

C22:1n13c 0.15 0.04 0.02 0.01 0.05 0.06 NS NS

C18:2n6 16.89 16.48 16.00 15.94 15.82 1.08 NS NS

C18:3n6 0.49 0.45 0.41 0.35 0.28 0.08 * NS Y = 13.69x +13.62 0.29
C18:3n3 0.53 0.64 0.79 0.66 0.57 0.09 NS * Y =-110.85x? + 134.17x -27.56 0.34
C18:2c911t 0.53 0.55 0.70 0.72 0.74 0.24 NS ok Y = - 28.641x? +50,57x — 5.90 0.79
C20:2n6 0.82 0.85 0.84 0.86 0.94 0.20 NS NS

C20:3n3 0.76 0.79 0.84 0.86 0.89 0.05 * NS Y =-18.57x—-2.70 0.29
C20:4n6 2.15 2.18 2.28 2.39 2.04 0.59 NS * Y =-3.121x?+16.86x — 9.08 0.29
C22:5n3 0.46 0.17 0.29 0.48 0.30 0.17 NS * Y =-31.908x% + 42.03x + 2.15 0.29

FA = Fatty acids, AOC = Amarula oil cake, SEM = Standard error of the mean, R? = Coefficient of determination, Sig = Significance.
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Table 6.3: Relationship between Amarula oil cake inclusion with sum of fatty acids, fatty acid ratios and lipid health indices of pork

AOC inclusion level Sig. level

Fatty acids 0 50 100 150 200 SEM Linear  Quadratic Equations R?
SFA 47.21 41.50 37.45 44.49 32.60 2.60 **=* NS Y =-8.551x +201.624 0.808
MUFA 57.16 65.92 69.16 68.25 67.24 488 NS NS

PUFA 22.62 22.10 22.15 22.25 21.57 1.70 NS NS

PUFA/SFA ratio 0.48 0.53 0.59 0.52 0.66 0.05 * NS Y =-212.43x + 53.89 0.41
Omega n-3 1.75 1.60 1.92 2.00 1.76 0.27 NS *x Y =-14.18x2+ 61.31X — 51.34 0.48
Omega n-6 20.87 20.50 20.23 20.25 19.81 1.65 NS NS

n-6/n-3 ratio 13.90 13.42 10.76 10.20 11.37 1.94 NS * Y =-0.33x% + 8.01X — 34.43 0.37
Al 0.40 0.33 0.28 0.27 0.26 0.03 NS NS

IT 0.12 0.11 0.09 0.08 0.09 0.01 NS NS

NV 2.27 2.86 3.03 3.22 3.46 0.44 * * Y = -4.20x% + 32.00 — 45.97 0.51

Sig = significant, Al = atherogenic index, IT = thrombogenic index, NV = Nutritional value, R? = Coefficient of determination.
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6.4 Discussion

Meat is an essential dietary component which provides essential nutrients such as
fatty acids, proteins, and amino acids. Research on indigenous pigs such as the
Windsnyer pigs focuses on growth performance and digestibility of nutrients (Ncobela
et al., 2018, 2022; Hlatini et al., 2021; Hlongwana et al., 2021; Thabethe et al., 2022)
while ignoring the fatty acid composition of pork meat which forms an integral part of
meat quality. Apart from Madzimure et al. (2017), information about the fatty acid
composition of Windsnyer pork is scantly documented. The objective of the study was
to assess the relation between increasing levels of Amarula oil cake, fatty acid

composition and health lipid indicators of pork from Windsnyer pigs.

A decrease in total amount of saturated fatty acids and individual saturated fatty acids
was observed with increasing levels of Amarula oil cake. Arjin et al. (2021), also
observed a reduction in the sum of saturated fatty acids of pork from pigs fed diets
containing perilla cake. A linear decrease in total amount of saturated fatty acids of
pigs to leaf meal diets was previously reported (Khanyile et al., 2020). The reduction
of the total saturated fatty acid might be due to the de novo synthesis of lipids in
adipose tissue of pigs since these fatty acids are less readily influenced by dietary
changes like polyunsaturated fatty acids. It is also quite difficult to relate the linear
reduction in total saturated fatty acids to the inclusion level of AOC due to the in vivo
synthesis of saturated fatty acids in monogastric animals as previously reported by

Enser et al. (2000).
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Pork from conventionally reared pigs such as the Large White, Landrace and Duroc
pigs is associated with high levels of unfavourable fatty acids such as the saturated
fatty acids. The reduction in total amount of saturated fatty acids suggest that pork
from indigenous pigs might improve the health status of meat, therefore improving the
health of consumers relying on organic food products. Increasing Amarula oil cake
diets also increased the dietary fibres which might have also contributed to the
reduction of the total saturated fatty acids. Nutrient absorption varies depending on
physico-chemical characteristics of fibres. Fibres are reported to affect nutrient
utilization in monogastrics, they adsorb other dietary compounds such as lipids during
transit in the gastrointestinal tract of animals (Ndou et al., 2019). Individual saturated
fatty acids such as Lauric (C12:0) and Pentadecylic acid (C15:0), increased with the
inclusion level of Amarula oil cake. Teye et al. (2006) also reported an increase in

Lauric acid of pork from pigs supplemented with palm kernel oil.

An increase in the amount of total monounsaturated fatty acids of pork was expected.
However, the total amount of monounsaturated fatty acids and polyunsaturated fatty
acids were not related to the inclusion level of Amarula oil cake. Similarly, increasing
levels of olive cake-based diets had no effect on the sum of monounsaturated fatty
acid composition of pork from Bisaro pigs (Leite et al., 2022). Most of the
monounsaturated fatty acids found in pork were not detected in our diets which also

support the de no synthesis of lipids in monogastric animals.

Another possible factor which might have contributed to the diminishing of
monounsaturated fatty acids in the experimental diets might be due to oxidation of

lipids during the collection of dietary samples after the formulation of experimental
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diets. Our observation contradicted that of Joven et al. (2014) who indicated an
increase in the sum of monounsaturated fatty acids from pigs fed olive-based diets. A
quadratic increase in the sum of monosaturated fatty acids of pork from pig fed on
Vachellia tortilis leaf meal was also indicated by Khanyile et al. (2020). The
discrepancies between the authors might be attributed to breed differences and the
age at which pigs were slaughtered. Some individual monounsaturated fatty acids of
pork such as C14:1n9c and C18:1n9t increased linearly as expected. These fatty acids
were not detected in Amarula kernels, and the experimental diets as previously

indicated by Mthiyane and Hugo, (2019).

Oleic acid (C18:1n9c) is known as the main monounsaturated fatty acid found in
Amarula kernels and it decreased quadratically with AOC inclusion level on pork
muscle tissues. The numerical values for Oleic acid were high and were closely similar
to the values that were previously reported by Malebane et al. (2018). Remarkably
high numerical values of Oleic acid from Amarula kernels were also indicated
(Mthiyane and Mhlanga, 2017; Mthiyane and Hugo 2019). Oleic acid has been
reported to have high oxidative stability as compared to other olive oils therefore
suggesting that it might have the potential to increase shelf-life of pork of Windsnyer
pigs (Mariod and Abdelwahab, 2012; Burger et al., 1987). Oleic acid is also reported
to play a role in lowering blood fat, having anti-diabetic properties and it prevents many
inflammatory processes in the blood (Burger et al., 1987; Mariod and Abdelwahab,

2012; Miura et al., 2013).

Increasing levels of AOC linearly increased PUFA/SFA ratio of pork of Windsnyer pigs.

This observation contradicted with Khanyile et al. (2020) and Leite et al. (2022).
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Similarly, our observation was similar to Sringarm et al. (2022) who also observed an
increased PUFA/SFA ratio of pigs supplemented with Perilla cake meal. Besides,
nutrition, the genetics of the animal is another main factor that influences the
PUFA/SFA ratio of pigs (De Smet et al., 2004). The increasing content of PUFA/SFA
ratio of pork was between the recommended ratio which is 0,4 to 0,7 therefore
suggesting that pork from Windsnyer pigs might be beneficial (Wood et al., 2003; Teye
et al., 2006). The linear increase also suggests that further increasing AOC in pig diet

will continue to increase the PUFA/SFA ratio of pork.

A linear increase in Omega 3 fatty acids and the ratio between n - 6 and n - 3 fatty
acids was expected due to the high residual oil of Amarula oil cake which is proven to
alter the fatty acid composition of pork tissues (Arjin et al., 2021). However, that was
not the case in the current study, a quadratic decrease inn - 3 and n - 6/n - 3 fatty
acids was observed. The numerical values for n - 6/n - 3 ratio of fatty acids were far
beyond the standard values recommended in foods which is less than 4, however, a
high n - 6/n - 3 ratio of 7.22 % of total fatty acids was reported in fast growing pigs
(Wood et al., 2003). The increasing ratio of n-6:n-3 PUFA increases the incident of
heart diseases and some cancers (Enser, 2001). The quadratic decrease in n-6/n-3
PUFA indicates that high levels of AOC have the potential of decreasing n-6/n-3 PUFA
in Windsnyer pigs. Mthiyane and Hugo, (2019) also indicated highly significant values
(23 and 27 %) of n - 6/n - 3 PUFA from Amarula kernels cultivated in South African

and Eswatini.

The quadratic relation of Omega 3 fatty acids suggests that pork from indigenous pigs

fed low levels of AOC might have the potential of reducing the risk of cardiovascular
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diseases through their mode of action such as decreasing the rate of growth of the
atherosclerotic plague and reducing the risk of arrhythmias (Kris-Etherton et al., 2003).
Our results however, contradicted those of Khanyile et al. (2020), who observed an
increase in Omega 3 fatty acids of pigs fed Vachellia leaf meal diets. High amount of
Omega 3 fatty acids were also reported in Large White gilts compared to Windsnyer
gilts (Madzimure et al., 2017). The inconsistencies between the studies might be due

to breed, dietary and age differences.

The atherogenic index was not related to the inclusion level of Amarula oil cake,
however, the numerical least square mean values attained were less than 0.5 as
previously recommended by the World Health Organisation (WHO, 2003). The
guadratic decrease in nutritional value of pork could be related to the linear reduction

in saturated fatty acids of pork tissues which in turn reduces the n-6/n-3 ratio of pork.

6.5 Conclusions

The result of this study showed that the dietary inclusion of Amarula oil cake had
positive consequences on pork by reducing the total unsaturated fatty acids and
PUFA/SFA ratio of pork. Amarula oil cake inclusion had a quadratic effect on omega
3 fatty acids, n - 6/n - 3 ratio and the nutritional value of pork meat. Due to the quadratic
relation of n - 3 PUFA, n - 6/n - 3 ratio of FA and nutritional value of pork, it is
recommended that AOC based diets be fed up to 150 g/kg DM. The high oxidation
rate of Amarula oil and high proportions of oleic acid in pork muscles, makes it
important for future studies to investigate the oxidative stability and shelf-life of pork

from Windsnyer pigs fed on different levels of Amarula oil cake-based diets.
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Chapter 7: General discussion, Conclusions and Recommendations

7.1 General discussion

The broad objective of the study was to assess the relationship between feeding
increasing levels Amarula oil cake diets with growth performance of South African
Windsnyer pigs and selected pork quality parameters of Windsnyer pigs. The use of
dose response trials to determine the relationship between increasing levels of
Amarula oil cake, growth indicators of Indigenous pigs and pork quality would provide
a cost-effective strategy that predicts the optimum point of inclusion level of AOC that
does not affect growth and welfare of pigs. This will benefit farmers more especially
resource limited farmers based in rural communities who can’t afford to buy expensive
chemicals and use laboratory resources to deactivate the toxic effects of Amarula
based diets. Additionally, relationship between pork quality parameters of pork such
as the fatty acid composition and health lipid indicators to increasing levels of AOC

would also give the correct level of AOC that positively affects fatty acids of pork meat.

In chapter 3, the objective of the study was to determine the maximum inclusion level
of Amarula oil cake diets based on growth performance parameters of Windsnyer pigs.
It was hypothesized that the inclusion level of AOC beyond the maximum point would
elicit a quadratic response in terms of average daily gain of Windsnyer pigs. The
results for chapter 3 indicated that the diet had a significant effect on ADFI, ADG, FCR
and SADG of Windsnyer pigs. However, the SADFI of Windsnyer pigs was not
significantly affected by Amarula oil cake diet. Feed conversion ratio of Windsnyer pigs
was also affected by the age of the pig. Increasing levels of Amarula oil cake diets

guadratically decreased ADFI of Windsnyer pigs. Low levels of the oil cake showed
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an increase in ADFI, as AOC was increasing the ADFI of pigs also decreased after
attaining the maximum ADFI. This suggests that Windsnyer pigs were efficient at low
levels of the oil cake that was not beyond 100 g/kg DM. Increasing levels of AOC had
a negative relationship on ADG, FCR and SADG. The negative relationship of ADG,
FCR and SADG is also supported by the negative quadratic relationship of ADFI of
pigs which suggest that high incremental levels of Amarula oil cake diets compromised

growth performance indicators of pigs.

In chapter 4, the objective of the study was to determine the relationship between
carcass traits, primal pork cuts and visceral organ weights of Windsnyer pigs to AOC
inclusion level. It was hypothesized that feeding incremental levels of Amarula oil cake
diets would linearly increase carcass traits, primal pork cuts and visceral organ weight
of Windsnyer pigs. There was a negative linear relationship between increasing levels
of Amarula oil cake, carcass length, warm carcass weight and cold carcass weight.
This suggests that high inclusion levels of Amarula oil diets negatively affect the
above-mentioned parameters of Windsnyer pigs. Stomach weight, backfat thickness,
drip loss and the hepatosomatic index increased linearly with increasing levels of
Amarula oil cake. The high fibre characteristics, high ether extract and anti-nutritional
compounds of Amarula kernels, increased the stomach weight, backfat thickness, drip
loss and the hepatosomatic index of pigs. The kidneys, small intestines, and large
intestines weight of Windsnyer pigs had a quadratic response to Amarula oil cake
inclusion level. When carcass traits and visceral organ weight are of particular interest
in Windsnyer pigs, Amarula oil cake diets can be included in pig diets up to100 g/kg

DM.
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In chapter 5, the objective of the study was to assess the changes in nutritionally
related blood metabolites and liver enzymes of Windsnyer pigs fed on increasing
levels of AOC based diets. It was hypothesized that increasing levels of AOC will
linearly decrease nutritional related blood metabolites and liver enzymes of Windsnyer
pigs. Increasing levels of AOC had a negative linear relationship on the concentration
of albumin. As AOC increased in the diets, albumin concentration was observed to be
decreasing. Albumin indicates the protein status of animals, the decreasing albumin
concentration of pigs could also indicate the unavailability of nutrients in AOC diets
which in turn negatively affected growth performance of Windsnyer pigs. The
concentration of total protein and globulin decreased quadratically with incremental
levels of AOC. High levels of AOC negatively affect the concentration total protein and
globulin of Windsnyer pigs. The protein content of the experimental diets was
formulated to meet or exceed the requirements of pigs, however, the results indicated
that the diet had a significant effect on serum protein of pigs which make it more
important to investigate the mechanism at which the secondary compounds of
Amarula kernels affects the protein function of indigenous pigs. Liver enzymes such
as ALP, AST and ALT are some of the important parameters used in monogastric
nutrition to assess the nutritional quality, toxic effects and hepatic diseases in pigs.
Alkaline phosphatase (ALP) increased quadratically with increasing levels of AOC.
The quadratic increase shows that low levels of AOC decreased ALP but high levels
of AOC increased it. Our values of ALP were below the values of those who were
reported by other researchers. Increasing ALP is associated with acute toxicosis and
hepatocellular damage of the liver in pigs, therefore high inclusion levels of Amarula

oil cake must be avoided.

144



In chapter 6, the objective of the study was to determine the fatty acid composition and
health lipid indices of pork from Windsnyer pigs fed different levels of AOC. It was
hypothesized that high inclusion level of AOC would improve the fatty acid composition
and health lipid indices of pork. Feeding incremental levels of AOC to Windsnyer pigs
increased the following individual fatty acids linearly namely, C12:0, C14:1n9c,
C18:1n9t and C18:3n6. The sum of SFA, PUFA/SFA ratio and some individual fatty
acids such as C14:0, C16:0, C18:0, C20:0, C18:1nl1lc and C20:3n3 linearly
decreased with the inclusion level of Amarula oil cake diets in Windsnyer pigs. This
indicates that pork from indigenous pigs fed with Amarula based diets contains less
amount of SFA which are deemed to be undesirable for human consumption.
Secondary compounds of plants act as natural antioxidants in meat, thereby improving
meat quality and shelf-life and tannins for example, are reported to reduce nutrient
availability by precipitating protein, minerals and saturated fatty acids in muscle tissues
of pork. There was a quadratic decrease in n - 3 fatty acids, n - 6/n - 3 ratio, nutritive
value, C22:0, C18:1n9c, C18:3n3, C18:2c911t, C20:4n6 and C22:5n3 of pork.
Feeding low levels of AOC improved the composition of n - 3 fatty acids, n - 6/n - 3
ratio and the nutritional value of pork from indigenous Windsnyer pigs. The n - 6/n - 3
ratio observed in the study was far beyond the recommended values for foods which
could have been attributed to the high proportion of some of the monounsaturated and

polyunsaturated fatty acids.

7.2 Conclusions
The inclusion of Amarula oil cake in Windsnyer pig diets negatively affected growth
performance of slow growing Windsnyer pigs by reducing ADFI, ADG, FCR and

SADG. By using the broken stick model of regression, the optimum inclusion level of
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AOC was attained at 102,17 g/kg DM and further increment of AOC beyond the
optimum point compromised ADFI of Windsnyer pigs. Therefore, when feeding
Windsnyer pigs AOC diets it is recommended to use appropriate inclusions that are
not above 100 g/kg DM. Increasing levels of Amarula oil cake negatively affected the
slaughter weight, carcass length, warm carcass weight, cold carcass weight, dorsal
fat thickness, stomach weight, kidney weight, small and large intestine weight of
Windsnyer pigs, however, increasing levels of AOC showed a positive influence on
backfat thickness and drip loss of Windsnyer pigs. Incremental levels of Amarula oil
cake diets impaired carcass characteristics and selected visceral organs of pigs.
Feeding incremental levels of AOC diets to Windsnyer pigs negatively affected the
concentration of albumin, total protein, and globulin. Alkaline phosphatase
concentration of the serum of Windsnyer pigs was positively affected by AOC. Dietary
inclusion of Amarula oil cake had positive consequences on pork of Windsnyer pigs
by reducing the sum of saturated fatty acid and PUFA/SFA ratio of pork. However,
high inclusion of the oil cake negatively affected Omega 3 fatty acids, n - 6/n - 3 ratio
and the nutritional value of pork. Due to the quadratic relation of n - 3 PUFA, n - 6/n -
3 ratio of FA and nutritional value of pork, it is recommended that AOC based diets be

fed up to 150 g/kg DM when pork quality is of particular interest.

7.3 Recommendations

The results of the study indicated that AOC can be used in pig diets as an alternative
protein source. The appropriate recommendations for AOC inclusion in pigs diets are
100 g/kg DM for optimum growth responses of Windsnyer pigs while for pork quality
characteristics, inclusion levels of up to 150 g/kg DM can be used. However, the

effectiveness of AOC diets in pigs is also affected by the presence of anti-nutritional
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factors, therefore ways of deactivating these compounds prior to feeding pigs are

important hence, worth investigating.

Studies that require further investigation include the following:

Determining the effect of AOC based diets on shelf-life of pork from Windsnyer
pigs.

Determining the oxidative stability of pork from indigenous pigs fed increasing
levels of AOC diets.

Determining the antioxidant potential of pork from indigenous pigs fed
increasing levels of AOC diets.

Determining the effect of season on nutritional related blood metabolites and
liver enzymes of indigenous pigs fed on increasing levels of AOC diets.
Determining the effect of AOC diets on gut morphology of Windsnyer pigs.
Determining the mineral composition of pork from indigenous pigs fed

increasing levels of AOC diets.
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Appendix 1: Growth performance of South African Windsnyer pigs to the
dietary inclusion of Amarula oil cake
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Abstract

Dietary inclusion of Amarula o1l cake (AOC) in pig diets can ease pressure of relying on non-native feed sources and benefit
the swine industry. The study was conducted to determine the growth performance of Windsnyer pigs fed increasing levels of
AQC. Twenty-five clinically growing male boars with an initial body weight of 19.92 +8.74 kg were used in the study that
lasted 6 weeks. All pigs were allocated to diets in a completely randomised design. Five experimental diets were formulated
to contain (0, 50, 100, 150 and 200 g/kg DM of AOC. Average daily feed intake (ADFI), average daily gain (ADG), feed
conversion ratio (FCR), scaled average daily feed intake (SADFI), scaled average daily gain (SADG) and body weight (BW)
were calculated weekly. The diet affected ADFI, ADG, FCR and SADG (P <0.05). Scaled average daily feed intake was not
affected by the diet (P> 0.05). There was a significant interaction between AOC inclusion and weeks of feeding on ADFI,
ADG and FCR (P <0.03). Age of pigs decreased FCR quadratically (P < 0.001). A quadratic relationship between ADFI and
increasing levels of AOC was observed (P <(.05). Average daily gain, FCR and SADG decreased linearly with increasing
AOC levels (P <0.03). Using the broken stick analyses, the maximum inclusion of AOC was 102.17 g/kg DM. Amarula oil
cake can be incorporated in diets of Windsnyer pigs up to 100 g/kg DM without constraining growth performance.

Keywords Amarula oil cake - Windsnyer pigs - Feed intake - Neutral detergent fibre - Maximum inclusion level

Introduction

The global production of animal feed industry has experi-
enced soaring prices of cereal grains and soybean meal com-
monly used in diets as competition with the ethanol industry
and human consumption which is expected to double by
2050 (Van Huis 2013; Martens et al. 2014). Large-scale live-
stock producers, particularly pig and poultry, rely heavily on
soybean meal as a protein source due to its high nutritional

value (Kocher et al. 2002). The demand for soybean meal
in South Africa exceeds its supply (DAFF 2012), thus forc-
ing importation. On the contrary, smallholder pig farmers in
South Africa rely on cereal by-products and oil seed meals to
improve the quality of imbalanced diets for pigs. This places
the pig production sector under severe pressure in order to
sustain current levels of demand for pork production. Fur-
thermore, and with particular relevance to tropical countries,
most of such protein sources have to be imported, some-
thing very costly and that uses hard currency. Finally, such
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Your Amended application APAEC [2019/17].for the ethical evaluation of the project entitled
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Nut Cake on nutritional and anti-nutritional factors, nutrient digestibility, growth
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| would like to inform you that the project was evaluated and found to be ethically acceptable.
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