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ABSTRACT

Due to increased consumer awareness, there has been a strong shift in cosmetic
product trends towards more natural and/ or greener alternatives in recent years.
This is due to several factors such as cases of adverse effects caused by certain
synthetic ingredients in products as well as the awareness of synergistic benefits of
natural ingredients. Seed oils are one of the solutions being used to satisfy this
newly found demand due to their chemical compositions that have cosmetic,
nutritional and medicinal benefits (Antignac et al., 2011; Vermaak et al., 2011;
Dangarembizi et al., 2015). Seed oils consist of essential and nonessential fatty
acids, antioxidants, and vitamins, amongst other phytochemicals. This makes seed
oils useful as emollients, active ingredients or as carriers for other active ingredients
(Vermaak et al., 2011; Dangarembizi et al., 2015). The seed oils focused on in this
study are from underutilised plants native to, or highly cultivated in Africa (Vermaak
et al.,, 2011; Dangarembizi et al., 2015). They are namely Moringa oleifera (MO),
Sclerocarya birrea (Marula), Citrullus lanatus (Kalahari melon), Schinziophyton
rautanenii (Mongongo), Adansonia digitate L. (Baobab), and Cannabis sativa L.
(Hemp). Other commercially available plant oils included for comparative purposes in
the study include avocado oil, olive olil, jojoba seed oil, grapeseed oil and sunflower
seed oil. Increasing the commercialisation of these underutilised oils will benefit rural
communities involved in harvesting, encourage maintenance of the natural
environment, provide more export products and alternative natural ingredients for the
cosmetic industry, which will overall benefit our bioeconomy (Zimba et al., 2005;
Juliani et al., 2007; Vermaak et al., 2011). Research is therefore needed to
contribute to the database of information on these oils to further understand their

potential in the natural-based cosmetic sector.

To evaluate the economic importance and potential of these seed oils for cosmetic
applications, in-depth profiling of the oils were conducted (Cheikhyoussef, 2018).
The oil profiles include physico-chemical properties; namely acid value (AV),
saponification value (SV), average molecular weight (AMW), ester value (EV),
peroxide value (PV), iodine value (IV), specific gravity and the refractive index.
Further characterisation of the oils involved Fourier Transform-Infrared Spectroscopy

(FT-IR) analysis, antioxidizing abilities using Ultraviolet-visible spectroscopy (UV-
i
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Vis), chemical composition wusing Nuclear Magnetic Resonance (NMR)
Spectroscopy, thermal behaviour using Differential scanning Calorimetry (DSC) as
well the fatty acid methyl ester (FAME) profile using Gas Chromatography-Mass
Spectrometry (GC-MS) as well as studying the effect of sunlight exposure on the

various oils.

AV is a reflection of the total acidity of the oil sample; therefore a lower value
indicates less degradation and therefore higher quality of the oil and vice versa, the
lowest AV amongst the oils of interest was obtained by Baobab oil (0.40 £ 0.01 mg
KOH/g oil). Peroxide value (PV) is a chemical characteristic used to determine the
extent of oxidative deterioration of the oil at the time of analysis, the lowest PV from
the oils of interest belonged to Baobab oil. AV and PV both confirm the stability and
high quality of Baobab making it very important to the cosmetic industry as products
often have shelf-lives of 12 months. SV is a measure of the chain length of fatty
acids present in the oil and is used to calculate an average molecular weight (AMW).
The specific SV range optimal for soap making is 188 to 199 mg KOH/ 1g oil
(Francis and Tahir, 2016). Therefore from the oils studied, Plush Organics Moringa
and Hemp seed oil having SV of 189.23 * 0.95 mg KOH /1g oil and 195,05 + 0.56
mg KOH /19 oil respectively, would be most suitable for application in soap making.

IV is related to the degree of unsaturation such that the higher the IV the more
unsaturated the oil. The IV obtained for the extracted MO oils (65.93-74.99 g/1009)
was lower than that obtained for Baobab seed oil (91.30 g/100g) and Kalahari melon
seed oil (131.90 ¢g/100g). Relative IV from 'H NMR data for Lefakong farming cold-
pressed MO oil and Soxhlet extracted MO oil (68.54-69.49 g/100g) was lower than
that obtained for Baobab seed oil (76.44 g/100g) and Kalahari melon seed oil
(126.36 g/100g). From relative fatty acid percentages, the TUFA% results for the
extracted MO oils (33.93-64.33%) is lower than the TUFA% obtained for Baobab
seed oil (65.61%) and Kalahari melon seed oil (72.24%). Multiple parameters
therefore confirm the result that Kalahari melon seed oil was the most unsaturated

followed by Baobab seed oil and MO oil was the least unsaturated from this sample

group.
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From the effect of sunlight exposure study there was a clear general trend amongst
the oils as they deteriorated with time. Many of the selected oils lost their original
colour and became pale to translucent; many also lost their original earthy and nutty
smells and formed acidic and rancid odours which are clear signs of deterioration.
Studies conducted on the thermal properties of selected oils using DSC showed
multiple endothermic and exothermic peaks, indicating that there are multiple
transition temperatures experienced by each oil due to their unique triacylglycerol
profiles. There were no major differences between the Soxhlet extracted MO and
cold-pressed MO, indicating that the extraction method used does not affect the
thermal properties of oils. NMR results gave insight to the chemical composition of
the oils and their degree of saturation which was confirmed with GC-MS fatty acid
analysis. Fatty acid analysis indicated that Olive oil had the highest relative
percentage of Oleic acid making it highly stable and able to withstand high
temperatures hence its application in cooking. The highest relative percentage of
Palmitic acid belonged to Grapeseed oil and the highest relative percentage of
Linoleic acid belonged to Kalahari melon seed oil. This would indicate that
Grapeseed oil and Kalahari melon seed oil are very valuable to skin formulations
focussed on protecting the skin barrier from dying and damage. Radical scavenging
activity of the oils indicate antioxidant content of the oil and therefore log term shelf-
life of the oil. Results indicated that Kalahari melon seed oil and Mongongo had the
highest antioxidant content which would make them ideal additives to antioxidant
type cosmetic products. Trial application of oil enhanced cosmetic bases show a
clear improvement in performance of products and an overall preferred richness in

texture and feel.

Overall, this study gave an in-depth insight into the chemistry behind the behaviour
and properties of these various oils. This gives a deeper understanding of their

potential application in cosmetic formulations.
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CHAPTER 1: INTRODUCTION

1.1 General Introduction

Seed oils were historically used for cosmetic purposes, however, during
the last century, convenient synthetic or petroleum-based substitutes,
such as mineral oil and silicones, have replaced them (Vermaak et al.,
2011). Synthetic based cosmetics have the advantage of lower cost and a
longer shelf-life but have the disadvantages of at times causing adverse
side effects, allergic reactions, and producing waste that is harmful to the
environment. Whereas natural-based cosmetics have the advantage of
being more environmentally friendly and causing fewer side effects, but
have the disadvantage of costing more and having a shorter shelf-life
(Chen, 2009). Due to the potential adverse effects of the synthetic
materials, there is currently a growing trend to replace them with natural
oils, butters and waxes in the cosmetic and pharmaceutical industries
(Shackleton et al., 2006; Vermaak et al., 2011; Hetta, 2016).

In modern years there has been an increase in consumers awareness
towards ingredients used and the validity of performance claims made on
cosmetic products. This has led to a higher global demand for more high-
quality natural-based cosmetic products (Vermaak et al.,, 2011; Hetta,
2016). Seed oils are one of the solutions being used to satisfy this problem
due to their chemical composition that have cosmetic, nutritional and
medicinal benefits (Antignac et al., 2011; Vermaak et al., 2011,
Dangarembizi et al., 2015). The seed oils are used as emollients, active
ingredients or as carriers for other active ingredients (Vermaak et al.,
2011; Dangarembizi et al., 2015). The seed oils focused on in this study
include Moringa, Marula, Kalahari melon, Mongongo, Baobab, and Hemp
seed oil. These oils are native to, or highly cultivated in Africa, which has
rich biodiversity (Vermaak et al., 2011; Dangarembizi et al., 2015). These

plants are used by locals for food, medicine, cosmetics, fuel etc. (Zimba et
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al. 2005; Vermaak et al., 2011). Increasing commercialisation of these oils
will benefit rural communities involved in harvesting, encourage
maintenance of the natural environment, provide more export products
and alternative natural ingredients for the cosmetic industry which will
overall benefit our bioeconomy (Zimba et al. 2005; Juliani et al., 2007;
Vermaak et al., 2011). These non-traditional seed oil sources, if managed
correctly, can satisfy the ever-growing demand for this important
renewable commodity by supplementing the worlds current vegetable oil
supplies (Mitei et al., 2008; Janaki, 2015).

Moringa oleifera (MO) is currently one of the most attractive plants under
study in many disciplines due to its versatility and high nutritional value
(Mehta et al., 2011). In a study by Ozcan and co-workers, it was
concluded that variations in MO oils nutritional value are likely due to
differences in plant species, locations, climatic factors, harvesting times,
cultivation conditions and extraction processing. Thus, to determine the
best extraction method of MO oil for cosmetic purposes, a comparative
study had to be conducted on the same MO source using different
extraction methods. Cold-press extraction is one of the most attractive
green extraction methods compared to traditional Soxhlet extraction.
Previous extraction of MO oil have shown that in general, fatty acids,
tocopherol and sterol contents recovered using cold-press extraction were
higher in comparison to those obtained using Soxhlet extraction but

resulted in lower yields (Ozcan et al., 2019).

To assess the economic importance and potential of these seed oils for
cosmetic applications, an in-depth profiing of the oils needed be
conducted (Cheikhyoussef, 2018). The profile of oils mainly includes
physico-chemical properties; namely acid value (AV), ester value (EV),
saponification value (SV), average molecular weight (AMW), iodine value
(IV), peroxide value (PV), density, specific gravity and the refractive index.

The triglycerol analysis using nuclear magnetic resonance spectroscopy
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(NMR), antioxidizing abilities using ultraviolet-visible spectroscopy (UV-
Vis) as well as the tocopherol, major sterol content and most importantly
the fatty acid profile using gas chromatography-mass spectrometry (GC-
MS).

The increase in demand for natural-based cosmetics is currently not being
met by industry which results in high prices for the limited range available.
An increase in the availability of natural-based cosmetics will result in
lower prices allowing more people to access this alternative. Further
research needs to be done on the potential of renewable seed oils to
attract industries to grow the natural-based cosmetic sector in Africa and
benefit our bioeconomy (Gérnas and Rudzinska, 2016). Although
researchers have already published information on numerous oils covered
in this study, it is often difficult to compare data from various sources due
to the high variability between techniques used for analysis (Tan and Che
Man, 2000). Hence the need for this broad study that looked at MO oil
extracted by four different methods, as well as profiling these oils
alongside underutilised African oils in comparison to common vegetable

oils such as olive and sunflower oil.
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CHAPTER 2: LITERATURE REVIEW

2.1 Natural oils in cosmetics

Natural oils are high in fatty acids, which are carboxylic acids with a long
aliphatic chain. When three fatty acids are combined with glycerol they
form triglycerides which are a component of fat (Leite and Maia Campos,
2018). Fats with a high unsaturated fatty acid content are usually in liquid
form whereas those with a high percentage of saturated fatty acids are
predominantly in solid form at room temperature. Seed oils are largely
made up of unsaturated fatty acids but may contain some saturated fatty
acids (SAFAs) such as palmitic, myristic and stearic acid. Unsaturated fats
are categorised as monounsaturated fats, made up of omega 9 fatty acids
or monounsaturated fatty acids (MUFASs), and polyunsaturated fats, which
are made up of either omega 6 fatty acids or omega 3 fatty acids also
known as n6 polyunsaturated fatty acids (PUFAs) or n3 PUFA
respectively. The most important fatty acids in cosmetic formulations
include palmitic (SAFA), oleic (MUFA) and linoleic (PUFA) acid
(Lautenschlager, 2003). Palmitic acid is an important component of the
natural skin barrier, it is used as a skin permeation enhancer for co-
administered molecules (Vermaak et al., 2011; Hetta, 2016). Oleic acid
enhances antioxidative ability and is effective as an absorption enhancer.
Linoleic acid is not produced in the human body naturally and is, therefore,
the most frequently used in cosmetic formulations. A deficiency of this fatty
acid leads to water loss from the skin's epidermis resulting in dryness and
scaling, it may also cause hair loss and cracking of nails (Hetta, 2016).
Linoleic acid in cosmetic formulations is used to prevent disorders of the
skin barrier, lower trans epidermal water loss which therefore moisturises
the skin, treat sunburns and regenerate epithelial tissue as it is a
membrane-forming phospholipid (Lautenschlager, 2003; Hetta, 2016).In
general, a deficiency of these important fatty acids from the skin may lead

to erythema, inflammation, poor wound healing and dryness (Brenner,
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2004). These fatty acids are known for their properties in isolation, it is
believed that using the crude natural oil sources as a carrier for other
active ingredients may have valuable synergistic effects (Vermaak et al.,
2011; Hetta, 2016). Figure 1 below shows some of the major fatty acid’s

chemical structures.

Oils that contain natural antioxidants such as vitamin E have a
substantially longer shelf life (Lautenschlager, 2003). An antioxidant is a
preservative that reduces the rate of oxidation in oils which is a chemical
process that occurs on exposure to oxygen (Muda et al.,2017). Vitamin E
includes eight types of molecules, four tocotrienols and four tocopherols,
which exhibit vitamin E activity. The purpose of vitamin E in cosmetic
formulations is therefore to extend its shelf-life and to stop chain
propagation in lipid peroxidation by scavenging lipid peroxyl radicals which
defends the cell membrane against destruction. This in turn prevents the
signs of photoaging (Muda et al.,2017). Figure 3 below shows the
chemical structures of the four tocopherols. Important plant sterols or
phytosterols found in the unsaponifiable fraction of seed oils include
stigmasterol, B-sitosterol and campesterol. Sterols molecular structures
are made up of rings, some containing unsaturated bonds, as well as
branched hydrocarbon tails. When absorbed from the diet, phytosterols
reduce the uptake of cholesterol in the body and are transferred to the
skin where they make up an important component of the skins surface
lipids (Puglia and Bonina, 2008). It is reported that phytosterols repair skin
damage by having anti-inflammatory and antipruritic properties. Sitosterol
has emulsifying effects due to its hydroxyl group that is attached to four
lipophilic carbon rings. Phytosterols have been used in creams,
conditioners and lipsticks due to their valuable properties (Svensson and
Brinck, 2003; Puglia and Bonina, 2008). Figure 2 below shows the
chemical structures of the major phytosterols of interest in this study.
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Due to factors such as environmental elements, ultraviolet radiation, air
pollution and natural ageing processes; the barrier properties of the skin
and hair may be altered which results in damage. The skin is made up of
three layers the deepest being the hypodermis, followed by the dermis
above it and finally the top layer the epidermis. Skin damage can result in
dry, flaky and rough skin that is easily irritated as well as stretch marks,
wrinkles or thin and flaccid skin (Muda et al.,2017). Oils incorporated into
cosmetic skin formulations such as moisturisers, therefore, protects the
skin by reducing water loss. The hair shaft structure is made up of three
layers, the innermost layer being the medulla, followed by the cortex and
finally the cuticle which protects the two inner layers. In the case of
damaged hair, the cuticle layer is not properly orientated in a flat and
tightly overlapped configuration and therefore cannot protect the inner
layers as effectively. Hair damage results in dry and dull hair that easily
breaks (Muda et al.,2017). Oils incorporated into cosmetic hair
formulations such as leave-in conditioners penetrate the hair shaft to
enhance lubrication and therefore protect the hair from breakage
(Gavazzoni Dias, 2015). In general, oils leave a transparent, water-
repellent film on the surface of the skin and hair which reduces friction,
adds shine and increases the softness of the skin and hair (Schueller and
Romanowski, 2003; Muda, Aziz and Aziz, 2017).
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Figure 2: Chemical structures of important phytosterols (Vermaak et al., 2011)
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2.2 Profile and characteristics of the seed oils
2.2.1 Moringa (Moringa oleifera)

The Moringa oleifera (MO) tree, also known as the Drumstick or
Malunggay tree is one of thirteen Moringa species. It is native to the
Himalayas in India but is also found and utilised in most parts of Asia and
Africa (Sengupta and Gupta, 1970; Lalas and Tsaknis, 2002; Dhakad et
al., 2019). This tree is found in dry tropics making it resilient to drought.
MO trees produce fragrant white flowers and bear fruits in the form of long
green pods that contain multiple seeds. These seeds are globular with
leaf-like wings (Leone et al., 2016). The MO tree has traditionally been
used for cooking oil, food, cosmetics, and medication. All parts of this
plant, namely the leaves, fruits, flowers seeds and roots, are edible. This
makes for a good source of crude fibre, minerals, protein, and nutrients
(Verma and Nigam, 2014; Dhakad et al., 2019). The chemical profile and
quality of the seed oil are comparable to olive oil and may be used as a
cheaper alternative (Lalas and Tsaknis, 2002; Zhao and Zhang, 2013;
Nadeem and Imran, 2016). MO oil, also known as Ben oil, has a fatty acid
composition that includes a high level of MUFAs and a lower level of
PUFAs (Mani, Jaya and Vadivambal, 2007). The MUFAs include mainly
oleic acid, which has good oxidative stability that allows for longer storage,
high-temperature frying, use in medicine and water treatment (Anwar and
Bhanger, 2003). Saturated palmitic and stearic acid are present as well as
the PUFAs linolenic and linoleic acids (Lalas and Tsaknis, 2002). MO oill
has a high vitamin E content making the oil resistant to oxidative
degradation once refined (Koheil et al., 2011). Other vitamins present
include vitamin A and B. The seed oil has high pharmaceutical value as it
is anti-inflammatory, antithrombotic, antihypertensive, antioxidizing,
hepatoprotective, antibacterial, antifungal, antiseptic, antiepileptic and
vasodilating (Cicero and Gaddi, 2001; Janaki, 2015; Nadeem and Imran,
2016; Ghafar et al., 2017). MO oil can also be used in treatment to lower
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cholesterol levels, treat venomous bites, rheumatism, gout, skin damage
such as cuts and burns as well as skin conditions such as eczema and
psoriasis (Koheil et al., 2011; Ojiako and Okeke, 2013; Ghafar et al.,
2017). MO oil has high cosmetic value as it is a non-drying and
moisturising oil that is easily absorbed by the skin. The oil can thus be
used as an active ingredient, a carrier, emollient, or preservative. It is used
in a wide range of cosmetic formulations such as cleansers, massage oils,
soaps, moisturisers, anti-aging products, lip balm, perfumes, scrubs, hot
oil hair treatments and anti-hair fall lotions (Mehta et al., 2011; Warra,
2011; Nadeem and Imran, 2016). Figure 4 below is an illustration of the
MO plants components and Table 1 contains a summary of the major

physico-chemical characteristics literature values of MO seed oil.

Figure 4: The pods, seeds and kernels of Moringa oleifera (Noh, 2018)
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Table 1: Major Physico-chemical characteristics literature values of MO seed oil

(Cold-pressed)

Physico-chemical Average literature value Literature sources

characteristic

Colour and state (25 °C) Yellow liquid (Anwar and Bhanger,
2003; Ogbunugafo et al.,
2011;
Ruttarattanamongkol et
al., 2014)

Acid value (mg KOH/qg) 0.19£0.03 (Ozcan et al., 2019)

Saponification value | 181.3 + 3.67 (Ozcan et al., 2019)

(mg.KOH/qg)

Average molecular weight | 928.30 (Ozcan et al., 2019)

(g/mol)

Ester value (mg KOH/qg) 181.11 + 3.67 Calculated from AV and
SV results (Ozcan et al.,
2019)

lodine value (g/100g) 67.53 £ 1.37 (Ozcan et al., 2019)

Peroxide value (mequiv/kg) 0.18 + 0.07 (Ozcan et al., 2019)

Density (g/ml) (25 °C) 0.819 +0.013 (Ozcan et al., 2019)

Specific gravity (25 °C) nd

Refractive index (25 °C) 1.4359 + 0.0001 (Ozcan et al., 2019)

Highest content fatty acid Oleic acid (Ozcan et al., 2019)

nd, no data

2.2.2 Marula (Sclerocarya birrea)

Marula trees are deciduous trees native to many parts of sub-Saharan
Africa such as Ethiopia, Ghana, Nigeria, Zimbabwe, South Africa, Angola,
Zambia, Botswana, Namibia, Mozambique etc. (Ngorima, 2006; Borochov-
Neori et al., 2008; Russo et al., 2013; Hetta, 2016). They are commonly
found in woodland habitats in sandy loam soil (Borochov-Neori et al.,
2008; Vermaak et al., 2011; Francis and Tahir, 2016) Marula trees are
leafless during winter, produce pink flowers during spring and bear edible
fruit during summer (Hetta, 2016). The small Marula fruits are oblong
shaped with a thick yellow skin and sticky flesh rich in vitamin C. Normally
2-3 soft edible seed kernels are encapsulated in each fruit (Ogbobe, 1992;
Vermaak et al., 2011). Oil extraction is challenging due to the shape of the
hard brown seed within the nut (Cheikhyoussef, 2018). Marula has
commonly been used for food (nutrition), alcoholic beverage, cosmetics,

leather treatment, meat preservation and medicine (Mariod, Matthaus and
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Eichner, 2004; Athar and Nasir, 2005; Kleiman, Ashley and Brown, 2008).
The roots, leaves and bark have traditionally been used to treat conditions
such as dysentery, fevers, malaria, diarrhoea, rheumatism, sore eyes,
infertility, headaches, toothache, body pains and are used in infant's nose
drops (Zimba et al, 2005). Extracts have antifungal, antioxidant,
antibacterial, astringent, anticonvulsant, antiatherogenic,
antihyperglycemic, anti-inflammatory, and aphrodisiac properties (Zimba et
al. 2005; Francis and Tahir, 2016). Marula oils phytosterol content consists
mainly of B-sitosterol and smaller amounts of 5-avenasterol. These
phytosterols add antioxidative properties to the oil and also indicate that
this seed oil is a potential source of protein (Mariod, Matthaus and
Eichner, 2004). It contains unsaturated arachidonic acid which is important
in the human diet (Mariod, Matthaus and Eichner, 2004). The seed oil
contains mainly oleic, palmitic and stearic fatty acids (Vermaak et al.,
2011). It however has a low content of tocopherols making it a poor source
of vitamin E. Despite a deficiency in the antioxidant vitamin E, Marula oil is
a rich source of oleic acid making it very stable due to the MUFAs
antioxidative properties (Mariod, Matthaus and Eichner, 2004). Marula oil
is medium-rich and silky to touch with low odour, it penetrates well making
it an excellent moisturiser (Zimba et al., 2005). This non-irritating oil is
ideal for use in cosmetic products as it improves skin hydration, reduces
skin redness and relieves skin irritation (Zimba et al. 2005; Vermaak et al.,
2011; Hetta, 2016). Cosmetic applications of this oil include massage oils,
face oil, pomades, soaps, after-sun lotions, aftershaves and makeup
removers (Zimba et al. 2005; Francis and Tahir, 2016; Cheikhyoussef,
2018). Figure 5 below is an illustration of the Marula fruit and Table 2
contains a summary of the major physico-chemical characteristics

literature values of Marula seed oil.
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Figure 5: Sclerocarya birrea (Marula) (Hetta, 2016)

Table 2: Major Physico-chemical characteristics literature values of Marula seed oil

(Cold-pressed)

Physico-chemical
characteristic

Average literature

value

Literature sources

Colour and state (25 °C)

Light yellow liquid

(Cheikhyoussef, 2018)

Acid value (mg KOH/qg) 5.16 £ 0.16 (Cheikhyoussef, 2018)

Saponification value | 187.94 +0.48 (Cheikhyoussef, 2018)

(mg.KOH/qg)

Average molecular weight | 895.52 + 2.28 (Cheikhyoussef, 2018)

(g/mol)

Ester value (mg KOH/qg) 182.77 £ 0.63 (Cheikhyoussef, 2018)

lodine value (g/100g9) 85.28 +29.30 (Cheikhyoussef, 2018)
(Robinson, Lukman and Bello,
2012)

Peroxide value (mequiv/kg) 1.16 +£2.52 (Cheikhyoussef, 2018)
(Robinson, Lukman and Bello,
2012)

Density (g/ml) (25 °C) nd

Specific gravity (25 °C) 0.93 +0.96 (Cheikhyoussef, 2018)
(Robinson, Lukman and Bello,
2012)

Refractive index (25 °C) 1.46 + 0.003 (Cheikhyoussef, 2018)
(Robinson, Lukman and Bello,
2012)

Highest content fatty acid Oleic acid (Mariod, Matthaus and Eichner,

2004; Nwabuebo,
Cheikhyoussef, 2018)

2017;

nd, no data
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2.2.3 Kalahari melon (Citrullus lanatus)

The Kalahari melon is a trailing herb native to Namibia and Botswana.
This plant has broad leaves and produces yellow flowers. It bears yellow
or green fleshy fruits that vary in size and encapsulate black or pale-yellow
seeds. Kalahari melon is commonly found on river banks, dry lakes, or
disturbed areas (Vermaak et al., 2011). This plant is commonly used for
cooking oil, food (nutrition), water source, cosmetics and medication
(Nyam et al., 2010; Lendelvo et al. 2012; Cheikhyoussef, 2018). Tar
extracted from the seeds are used for the treatment of scabies and skin
tanning. Kalahari melon is also used to treat conditions such as herpes
lesions, urinary diseases, fever, acne, venereal sores, leg ulcers and for
prevention of cancer and coronary heart disease (Cho, 2004; Mariod et al.,
2009; Vermaak et al., 2011). Kalahari melon seed oil is known to have a
high content of tocopherols (Nyam et al., 2010). This high vitamin E level
gives the oil natural antioxidative properties which make the seed oil very
stable and thus ideal for industrial, cosmetic, nutritional, and
pharmaceutical purposes (Vermaak et al., 2011). The seed oil contains
essential fatty acids, the most abundant being linoleic acid followed by
oleic, palmitic and stearic acids. Amongst the phytosterols present in the
oil, B-sitosterol is the most abundant followed by campesterol and
stigmasterol, which adds to the oil's natural antioxidant capacity (Vermaak
et al., 2011; Hetta, 2016). This seed oil is typically used in cosmetic
formulations as an emollient due to its light texture. The high essential
fatty acid content makes this oil very moisturising and nourishing to the
skin, therefore, restoring the skin's elasticity (Vermaak et al., 2011). Due to
its properties, Kalahari melon seed oil is used in cosmetic formulations
such as after-sun skincare, moisturizers, hair lotions, massage oils and
soaps (Nyam et al., 2010; Vermaak et al., 2011; Cheikhyoussef, 2018).
Figure 6 below is an illustration of Kalahari melon fruit and Table 3
contains a summary of the major physico-chemical characteristics

literature values of Kalahari melon seed oil.
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Figure 6: Citrullus lanatus (Kalahari melon) (Hetta, 2016)

Table 3: Major physico-chemical characteristics literature values of Kalahari melon

seed oil (Cold-pressed)

Physico-chemical characteristic

Average literature value

Literature sources

Colour and state (25 °C) Yellow liquid (Cheikhyoussef, 2018)
Acid value (mg KOH/Q) 5.16 +0.16 (Cheikhyoussef, 2018)
Saponification value (mg.KOH/g) 189.26 £1.40 (Cheikhyoussef, 2018)
Average molecular weight (g/mol) | 889.30 +6.58 (Cheikhyoussef, 2018)
Ester value (mg KOH/qg) 188.16 £ 1.41 (Cheikhyoussef, 2018)
lodine value (g/100g9) 117.64 £ 1.96 (Cheikhyoussef, 2018)
Peroxide value (mequiv/kg) 2.12 + 0.052 (Cheikhyoussef, 2018)
Density (g/ml) (25 °C) nd

Specific gravity (25 °C) 0.922 + 0.001 (Cheikhyoussef, 2018)
Refractive index (25 °C) 1.4726 £ 0.001 (Cheikhyoussef, 2018)
Highest content fatty acid Linoleic acid (Cheikhyoussef, 2018)

nd, no data
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2.2.4 Mongongo/ Manketti (Schinziophyton rautanenii)

The Mongongo/ Manketti tree is a large deciduous and dioecious tree.
This tree is native to Southern Africa, namely Angola, Namibia, Botswana,
South Africa and Zambia, and is found in wooded hill and deep sand
habitats (Atabani et al., 2014). It has dark-green leaves and small pale-
yellow flowers appearing in spring (Vermaak et al., 2011). This tree bears
small egg-shaped green fruits covered in fine hairs, these fruits fall from
the tree in autumn and ripen on the ground (Vermaak et al., 2011). The
ripe fruit has a sweet soft flesh and relatively large off-white seed. This
tree is traditionally a source of food, cosmetics and medicine (Vermaak et
al., 2011). The fatty acid profile of the seed oil resembles that of maize oil.
It consists mainly of the PUFAs linoleic, linolenic and arachidonic acid,
followed by oleic, palmitic, stearic and erucic acids (Vermaak et al., 2011).
The seed oil is rich in phytosterols and natural proteins including vy-
tocopherol and g-sitosterol, making it nutritious and protective to the hair
and skin (Athar and Nasir, 2005; Mitei et al., 2009; Hetta, 2016). The high
vitamin E content provides the oil with high oxidative stability and long
shelf life, making it useful to the pharmaceutical, food and cosmetic
industry (Zimba et al. 2005; Juliani et al., 2007; Nyam et al., 2010). The
seed oil may be used for the treatment of eczema, atopic disorders,
reduction of itching, redness, wrinkles, age spots, scarring, burns and the
prevention of keloids (Zimba et al., 2005; Cheikhyoussef, 2018). This is
due to the oil being anti-inflammatory, antibacterial, rich in antioxidants
and promoting skin renewal (Zimba et al., 2005; Vermaak et al., 2011).
Cosmetic formulations using this light texture oil that easily absorbs into
the skin include hair lotions, cleansers, aromatherapy products,
moisturisers and emollients (Graz, 2002; Juliani et al., 2007; Vermaak et
al., 2011; Kivevele and Huan, 2014). Figure 7 below is an illustration of
Mongongo fruit and Table 4 contains a summary of the major physico-

chemical characteristics literature values of Mongongo seed oil.
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Figure 7: Schinziophyton rautaneii (Mongongo) (Hetta, 2016)

Table 4: Major physico-chemical characteristics literature values of Mongongo

seed oil (Cold-pressed)

Physico-chemical Average literature value Literature sources

characteristic

Colour and state (25 °C) Light yellow (Juliani et al, 2007;
Cheikhyoussef, 2018)

Acid value (mg KOH/q) 1.83+0.33 (Juliani et al, 2007,
Cheikhyoussef, 2018)

Saponification value | 187.66 + 1.52 (Cheikhyoussef, 2018)

(mg.KOH/qg)

Average molecular weight | 896.9 + 7.30 (Cheikhyoussef, 2018)

(g/mol)

Ester value (mg KOH/qg) 185.61 £ 1.55 (Cheikhyoussef, 2018)

lodine value (g/100g) 130.15 + 1.63 (Juliani et al, 2007,
Cheikhyoussef, 2018)

Peroxide value (mequiv/kg) 5.60 +4.12 (Juliani et al, 2007;
Cheikhyoussef, 2018)

Density (g/ml) (25 °C) nd

Specific gravity (25 °C) 0.923 + 0.003 (Cheikhyoussef, 2018)

Refractive index (25 °C) 1.48 = 0.00 (Juliani et al, 2007;
Cheikhyoussef, 2018)

Highest content fatty acid Linoleic acid (Cheikhyoussef, 2018)

nd, no data

2.2.5 Baobab (Adansonia digitate L.)

The Baobab tree, native to Madagascar, is commonly found in parts of
sub-Saharan Africa such as Malawi, Zimbabwe, Mozambique, South
Africa, Benin, Senegal, Cameroon, Kenya, Uganda, Tanzania etc.
(Vermaak et al., 2011). This slow-growing deciduous tree is the largest
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succulent in the world found in hot arid regions with low rainfall. Leaves
are hand shaped (digitate) and are only present for three months in a year
whereas the white hanging flowers, consisting of five petals, are present
for only two months of the year (Vermaak et al., 2011; Komane et al.,
2017). The seeds are found in the velvety hair covered egg-shaped fruits
(Gebauer, et al. 2006). The baobab tree has multiple purposes as each
part of the tree; namely the fruit pulp, seeds, leaves, flowers, roots, and
bark; have a valuable use. Local communities use this versatile tree for
food, medicine, cosmetic purposes as well as for raw materials for other
purposes such as fertilizer and clothing. The fruit pulp is especially
nutritious as it is high in vitamin C. Baobab is used to treat numerous
conditions such as fever, dandruff, diarrhoea, coughs, haemoptysis,
dysentery, worms, kidney diseases, burns and other skin conditions as
well as scurvy related symptoms (Watt and Breyer-Brandwijk, 1962; Zimba
et al., 2005; Vermaak et al., 2011; Mahomoodally and Ramjuttun, 2017).
These anti-inflammatory, antimicrobial, and anti-viral properties make
baobab important to the pharmaceutical industry (Chindo et al., 2010; El-
Nagerabi et al., 2013; Komane et al., 2017). This conditioning oil contains
many vitamins including vitamins A, D3, E and F (Nkafamiya et al., 2007).
Vitamins A and F(polyunsaturated) are responsible for the rejuvenation
and renewal of cell membranes, therefore, repairing the skin. Vitamin E is
an antioxidant, making the oil very stable and giving the seed oil antiaging
activity. The oil contains palmitic, linoleic and oleic essential fatty acids
(Andrianaivo-Rafehivola, A.A. Blond et al.,, 1993; Mahomoodally and
Ramjuttun, 2017). These components make baobab oil an excellent
moisturizer that can also reduce eczema and psoriasiss (Wren and Stucki,
2003; Athar and Nasir, 2005; Zimba et al., 2005). The major sterols
present are B-sitosterol, stigmasterol, and campesterol, which adds to the
anti-oxidative properties of the seed oil (Vermaak et al., 2011). The rich
seed oil is non-irritating and non-sensitizing which can be used for normal

and dry skin (Wren and Stucki, 2003). This oil is highly penetrating and
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can soften dry skin, improve its elasticity and tone without a greasy
residue (Wren and Stucki, 2003; Zimba et al., 2005; Hetta, 2016). Baobab
seed oil is therefore used in bath oil preparations, moisturisers, emollients,
massage oils, hot oil soaks and many other cosmetic applications (Wren
and Stucki, 2003; Zimba et al., 2005; Vermaak et al., 2011) This fatty acid
rich oil is therefore very important to the cosmetic industry (Chindo et al.,
2010; Komane et al., 2017). Figure 8 below is an illustration of Baobab
fruit and Table 5 contains a summary of the major physico-chemical

characteristics literature values of Baobab seed oil.

Figure 8: Adansonia digitatal (Baobab)(Hetta, 2016)

Table 5: Major physico-chemical characteristics literature values of Baobab seed

oil

Physico-chemical Average literature value Literature sources
characteristic

Colour and state (25 °C) Yellow liquid (Cissé et al., 2018)
Acid value (mg KOH/g) 18.827 + 0.309 (Cissé et al., 2018)
Saponification value | 233.587 £ 0.478 (Cissé et al., 2018)
(mg.KOH/g)
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Average molecular weight | 720.50 (Cissé et al., 2018)
(g/mol)
Ester value (mg KOH/g) 214.76 £ 0.36 (Cissé et al., 2018)
lodine value (g/100g) 99.113 + 0.528 (Cissé et al., 2018)
Peroxide value (mequiv/kg) 2.091 + 0.579 (Cissé et al., 2018)
Density (g/ml) (25 °C) 0.911 + 0.04 (Cissé et al., 2018)
Specific gravity (25 °C) 0.943 (Chindo et al., 2010)
Solvent extraction
Refractive index (25 °C) 1.464+2.8 (Cissé et al., 2018)
Highest content fatty acid Oleic acid (Muthai et al.,
2019)(Zimba et al,
2005)

2.2.6 Hemp (Cannabis sativa L.)

Hemp is a part of the Cannabis sativa species which falls under the
Cannabaceae family. Hemp is a dioecious, flowering herb with digitate
leaves and two lower leaflets. The small flower buds contain and protect
many seeds each encapsulated in a shell (Citti et al., 2018). The Hemp
plant is very versatile and can be used in food, medicine, paint, cosmetics,
fibres and textiles, animal feed etc. The seeds have a relatively high oll
content which is very rich in PUFAs mainly linoleic, linolenic, and
arachidonic acid. The oil has a favourable ratio of 3:1 omega 3 to omega 6
PUFA, which is optimal for nutrition, however making it chemically
unstable (Athar and Nasir, 2005; Smeriglio et al., 2016; Citti et al., 2018;
Tan et al.,, 2018). The far lower MUFA content includes oleic acid and
saturated stearic acid. The seed oil contains moderate to high amounts of
vitamin E and phytosterols making the oil a source of natural antioxidants
(Oomah et al.,, 2002; Mikulcova et al., 2017; Citti et al., 2018). Hemp
seeds contain no cannabinoids, therefore, any trace amounts of
cannabinoids present in hemp seed oil are impurities caused by the
extraction process, which is usually cold-pressing (Vogl et al., 2004; Citti et
al., 2018). Hemp seed oil is used in the treatment of skin conditions such
as neurodermatitis and psoriasis (Vogl et al., 2004). The oil's fatty acid

profile makes the oil anti-inflammatory, antibacterial, accelerate healing of
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skin wounds and regenerate skin and hair (Tan et al., 2018). Hemp seed
oil is ideal for cosmetic applications due to its rich PUFA content giving it
emollient and moisturizing properties (Vogl et al., 2004). Hemp seed oil is
used in cosmetic formulations aimed at skin protection via lipid barrier
restoration as well as hair moisturizing and growth products such as
shampoos and hair treatments (Athar and Nasir, 2005; Tan et al., 2018;
Paul et al., 2019). Figure 9 below is an illustration of the Hemp plants
components and Table 6 contains a summary of the major physico-
chemical characteristics literature values of Hemp seed oil.

Figure 9: Hemp seeds (left), a young hemp plant (centre), and a mature flowering
hemp plant (Smith, 2018)
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Table 6: Major physico-chemical characteristics literature values of Hemp seed oil

(Cold-pressed)

Physico-chemical
characteristic

Average literature value

Literature sources

Colour and state (25 °C)

Yellow-green liquid

(Al Jourdi et al., 2019)

Acid value (mg KOH/Qg) 1.7+0.6 (Mikulcové et al., 2017)
Saponification value | 197.6 +4.5 (Mikulcova et al., 2017)
(mg.KOH/qg)

Average molecular weight | 851.72 (Mikulcova et al., 2017)
(g/mol)

Ester value (mg KOH/qg) 195.9+ 4.46 (Mikulcova et al., 2017)
lodine value (g/100g) 155.8+1.9 (Mikulcova et al., 2017)
Peroxide value (mequiv/kg) 0.90 (Al Jourdi et al., 2019)
Density (g/ml) (25 °C) 0.908 (Al Jourdi et al., 2019)
Specific gravity (25 °C) nd

Refractive index (25 °C) 1.474 (Al Jourdi et al., 2019)

Highest content fatty acid

Linolenic acid

(Al Jourdi et al., 2019)

nd, no data

2.3 Extraction techniques

2.3.1 Cold-press extraction

Cold-press extraction of seed oil involves the application of immense
pressure on pre-treated seeds to separate the liquid and solid phase
(Zuorro et al., 2014). The cold press machine has one inlet where seeds
are fed into, two outlets that release the oil product and a protein-rich by-
product known as a seed press cake (Singh and Bargale, 2000). Moringa
seed press cakes may be used as a fertiliser (Emmanuel et al., 2011),
animal feed and as a natural coagulant in water purification
(Ndabigengesere and Narasiah, 1998; Mehta et al., 2011; Oladeji et al.,
2017). Process parameters include pressure, feeding rate, restriction dye
diameter and rotation speed of propeller (Cakaloglu, Ozyurt and Otles,
2018; Chemat et al., 2019). This technique is referred to as cold-press
extraction as no additional heat is applied during the process. Care is
however taken for some oils to limit the amount of heat generated by
friction during the process to prevent oxidation reactions and loss of
volatile compounds, such as phenolics (Parry et al., 2005; Nwabuebo,

2017; Cakaloglu, Ozyurt and Otles, 2018). Cold-pressing has the
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advantage of being fast, cheap, low-energy and safer as products
obtained are free of harmful solvents making it more environmentally
friendly (Rotkiewicz, Konopka and Zylik, 1999; Balami, 2007; Ethiopia,
2018; Ozcan et al., 2019). The oil produced is high in quality with better
nutritional properties than refined oils and very little to no refinement is
needed except for washing with water, filtering or centrifugation (Agus Bin
et al., 2014; Cakaloglu, Ozyurt and Otles, 2018). Cold-pressing, however,
has the disadvantages of lower productivity, consistency, yields and
selectivity compared to other extraction methods (Cakaloglu, Ozyurt and
Otles, 2018; Ethiopia, 2018). Figure 10 below illustrates Cold-pressing oil

extraction.

Seeds

Sl Filtration

%g Pressing Process /

Figure 10: Modified illustration of cold-pressing (Vaughn et al., 2018)

2.3.2 Soxhlet extraction

Soxhlet extraction is one of the traditional extraction techniques to which
other extraction techniques are compared (Wang and Weller, 2006).
Experimental parameters for this technique include solvent choice (like
dissolves like), the contact area of the analyte with solvent (particle size),
amount of solvent (solute to solvent ratio), temperature (diffusion rate), the

drying time of sample (moisture content), and extraction time (Daroch,
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Geng and Wang, 2013; Balcioglu, 2015; Nwabuebo, 2017; Cakaloglu,
Ozyurt and Otles, 2018) In this study, hexane will be used as the
extraction solvent. Hexane is commonly used for extracting vegetable oils
for its non-polar nature, efficiency and reliability compared to other
solvents such as benzene, toluene and chloroform (Reverchon and De
Marco, 2006; Nwabuebo, 2017). The procedure involves extraction by
repeated washing (percolation) with an organic solvent, in this case,
hexane. The prepared seed sample is placed in filter paper in an
extraction chamber situated between a round bottom flask containing
hexane, and a condenser. The solvent is heated such that it volatilises and
moves into the condenser where it condenses and drips into the extraction
chamber. The excess solvent surrounding the sample overflows and drips
back down into the solvent flask. During each cycle of the extraction
process, a portion of the analyte dissolves in the solvent. After many
cycles, the analyte is concentrated in the solvent flask and can then be
separated from the solvent using a rotary evaporator (Ethiopia, 2018).
Soxhlet extraction has numerous advantages such as high yields, high
efficiency, low costs, recyclable solvent, simple equipment and no need for
filtration of the oil (Pradhan et al., 2010; Palafox et al., 2012; Cakaloglu,
Ozyurt and Otles, 2018). The disadvantages, however, are that the
solvents are ecologically harmful, toxic and flammable (Bhattacharjee,
Singhal and Tiwari, 2007). Recovery and recycling of solvent are difficult
and therefore use high amounts of hence residual solvent in the final
product is common (Palafox et al., 2012; Nwabuebo, 2017; Cakaloglu,
Ozyurt and Otles, 2018; Tan et al., 2018). Figure 11 below illustrates the

Soxhlet extraction apparatus.
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Figure 11: lllustration of Soxhlet extraction apparatus (Bhutada et al., 2016)

2.3.3 Ultrasound-assisted extraction

Ultrasound-assisted extraction is a relatively modern extraction technique
that makes use of ultrasound waves to assist the extraction process.
Ultrasound waves are above the human hearing range with frequencies
over 20 kHz. Propagation of these high-frequency waves above the local
tensile strength of the liquid cause a negative pressure to develop which
induce vapour bubbles that result in macroturbulence and shear forces as
they collapse. Mechanical effects such as cavitation bubbles, mixing,
vibration, and pulverization, therefore, take place. Ultimately, this
mechanical disruption aids extraction as the cell walls of the sample is
agitated and damaged which allows easier permeability of the extraction
solvent and therefore intensified mass transfer. Cavitation also results in a
chemical disruption by the formation of free radicals that trigger chemical
reactions to take place that further aid the extraction process. Ultrasound-

assisted extraction is therefore a greener extraction process as the
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mechanism allows for reduced extraction time and lower temperatures
ideal for sensitive compounds. Factors that affect extraction efficiency
include frequency, solvent type, solvent volume sample size and
extraction time (Thirugnanasambandham, 2018; Mwaurah et al., 2020).
The ultrasound instrument is either in the form of an ultrasound bath or an
ultrasound probe depending on the application as illustrated in Figure 12.
Table 7 below contains average literature values for MO oil extraction

yields and efficiency.

(b)

I Ultrasonic probe I

Controller

ap=

Transducer

(a) Cooling water system

| Ultrasonic bath l

Container
—— Container

Culture medium —1}- outlet

- Culture medium

Y =

Transducer

Figure 12: Schematic illustration of an ultrasonic bath and ultrasonic

probe(Behzadnia, Moosavi-Nasab and Tiwari, 2019)

Table 7: Average literature values for MO oil extraction yields and efficiency

Method of % Oil yield Literature % Efficiency Literature sources
extraction Literature | sources Literature

values values
Soxhlet 38.3 (Lalas and | 100.00 £ 1.00 @ (Nwabuebo, 2017)
extraction Tsaknis, 2002)
(hexane)

35.30 + (Nwabuebo,

1.14 2017)

35.3 (Tsaknis et al.,

1998)
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Cold-press
extraction

Ultrasound-
assisted
extraction

Shaker
method
extraction

35.7+2.4

29.12

40.12

40.39

1.15
41.47

I+

39.16
0.19

30.8+2.19

I+

(Tsaknis et al.,
1999)

(Dinesha et al.,
2018)

(zhao and
Zhang, 2013)
(Anwar and

Bhanger, 2003)

(Ogbunugafo et
al., 2011)

(Zzhong et al.,
2018)

(Abdulkarim et
al., 2005)

Average: 32.87 £10.11

14.43

25.1

26.3

258+26

(Nwabuebo,
2017)

(Lalas and
Tsaknis, 2002)

(Tsaknis et al.,
1998)

(Tsaknis et al.,
1999)

Average: 22.1 £ 5.67

38.1
53.8 £0.43
35.77 *
0.04

(Buddin et al.,
2018)

(Mohammadpo
ur et al., 2019)
M. peregrina oil
(Zzhong et al.,
2018)

Average: 42.56 £ 9.81

27.19 *
0.91

(Nwabuebo,
2017)
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60.91 (Nwabuebo, 2017)

65.54 Estimate based on
(Lalas and Tsaknis,
2002)

74.50 Estimate based on
(Tsaknis et al.,
1998)

72.27 Estimate based on
(Tsaknis et al.,
1999)

Average: 68.34 + 6.23

59 (Thirugnanasamban
dham, 2018)

77.01+0.55 (Nwabuebo, 2017)
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2.4 Characterization and analytical techniques

2.4.1 Gas Chromatography-Mass Spectrometry

Gas Chromatography-Mass Spectrometry (GC-MS) can be utilised as both
a quantitative and qualitative technique. This combination technique can
separate mixtures of volatile and semi-volatile compounds and selectively
detect them. The GC instrument separates chemical mixtures into
individual compounds using heat. The volatilised compounds are carried
through a column with an inert gas, usually helium. As the separated
compounds exit from the column opening, they flow into the MS detector.
Individual compounds can then be identified by their unique mass using an
MS library of known compound spectra. Quantitation is made possible by
using calibration curves of known standards. GC-MS can be used for
applications such as drug and pesticide detection and quantification
(Sneddon, Masuram and Richert, 2007). The solvent selected to dissolve
the samples and rinse the column depends on the polarity of analytes
present. In some cases, a mixture of solvents is required for complex

matrices.

In this study and those similar, GC-MS is used to identify and/or quantify
tocopherol, sterols and/or fatty acids. Since these are not volatile
compounds, a derivatisation process is done to samples before analysis.
For fatty acid analysis in particular many researchers use reference
standards to identify and quantify the fatty acids present in a sample. From
the total fatty acid concentrations or relative percentages, percentages of
saturated fats (SAFA), Trans-fats (TFA), Monounsaturated fats (MUFA),
polyunsaturated fats (PUFA), and total unsaturated fats (TUFA) can be
determined. This type of data can be used as characterisation references
or fingerprint data to which future data can be compared (Danish and
Nizami, 2019).
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Cheikhyoussef (Cheikhyoussef, 2018) for example used GC-MS methods
described by Du and Ahn (Du and Ahn, 2002) to analyse major
tocopherol, sterol and fatty acid content in various Namibian seed oils,
namely manketti, marula, Ximenia, !'nara and melon seed oil. These
compounds' identification and/or quantification are of great importance to
many industries. Cheikhyoussef in particular was profiling these seed oils
for the food industry and the effect extraction techniques had on quality.
Highest total tocopherol content found was 205.64 mg/100g (Manketti;
Soxhlet extracted), 29.72 mg/100g (Marula; traditionally extracted), 10.75
mg/100g (Ximenia; traditionally extracted), 46.10 mg/100g (!Nara, Soxhlet
extracted) and 74.39 mg/100g (Melon; cold-pressed). The highest
stigmasterol (53.11 mg/100g) was found in traditionally extracted Marula
nut oil and the highest - sitosterol content (682.43 mg/100g) was found in
Soxhlet extracted Manketti nut oil. Major fatty acids found were linoleic
(31.2- 32.2%) acid, a-eleostearic (24.2-35.7%) acid (Manketti), oleic (66.6-
67.6%) acid (Marula), oleic (46.3-44.1%) acid, ximenynic (6.5-12.0%) acid
(Ximenia), linoleic (52.6-57.0%) acid, oleic (10.5-17.7%) acid (Melon) and
linoleic (53.1-54.5%) acid, oleic (12.8-13.9%) acid (INara) (Cheikhyoussef,
2018). Figure 13 bellow illustrates the main components of the GC-MS

instrument.

Injector

Gas Chromatography

CarrierGas
Inlet ™=

Column e
ass zer
e =‘Dﬂ“ tor
Filament o ——— N
Output and data analysis

Transfer Line

Figure 13: Schematic plot of the main components of the GC-MS
instrument (Fullan, 2015)
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2.4.1 Nuclear Magnetic Resonance

Nuclear Magnetic Resonance (NMR) spectroscopy is an analytical
chemistry technique that can be used qualitatively or quantitatively. It
provides information on atomic environments based on the distinct
resonance frequencies displayed by nuclei, in this case, hydrogen and
carbon, in a strong magnetic field. The identity, purity and molecular
structure of samples can be determined using this technique. NMR is a
sensitive non-destructive technique that requires minimal sample
preparation. NMR spectroscopic results are in the form of NMR spectra,
chemical shift (§) vs intensity (Sherazi and Mahesar, 2015). NMR is a
simple technique that can be used for the fast screening of large numbers
of samples and the development of a database of authentic products to

detect adulteration (Popescu et al., 2015).

In a study by Popescu and co-workers, *H and **C NMR analysis was
used for multiple pure and vegetable oil blends to determine the saturated
fatty acids, oleic acid, linoleic acid, linolenic acid and iodine value. The
major aim being to determine the capabilities of NMR and chemometrics to
be used in the quality assessment of vegetable oils in terms of their
botanical origin. What was found is that the largest contribution to the total
organic signal obtained for an oil sample was given by the 1.30 ppm signal
(53%) representing the methylene groups of all the fatty acids, followed by
2.03 ppm, 0.87 ppm and 5.37 ppm signals with contributions of
approximately 10%, the lowest signal being given by the 1.02 ppm group
(terminal methyl group of linolenic acid) with percentages around 0.68%.
The integral positions and intensities give information on the oils' overall
saturation and allowed Popescu and co-workers to correctly group the oils
with the same level of saturation which correlates to their iodine values.
Similarly, Mitei and co-workers used NMR to determine the relative
compositions of the saturated, monounsaturated and diunsaturated fatty

acids and their average chain lengths. This was done using the relative
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sizes of the NMR signals integrals for the signals corresponding to the
allylic, diallylic and methyl protons using Holmback’'s equations. Other
techniques including GC-MS were used in conjunction to confirm fatty acid
content. It was found that NMR fairly accurately elucidates the fatty acid
content in oils except for some poor resolution of the oleoyl and linoleoyl
signals in the 13C-NMR spectrum (Mitei et al., 2008). Figure 14 below

illustrates the components of the NMR instrument.
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Figure 14: Schematic diagram of an NMR spectrometer(Rankin et al., 2014)

2.4.2 Ultraviolet-visible spectroscopy

Ultraviolet-visible (UV-Vis) spectrometers are one of the most important
analytical instruments. UV-Vis spectrometry is known for its simplicity,
versatility, speed, accuracy and cost-effectiveness. Spectroscopy is
related to matters interaction with light which involves the radiation being
absorbed, transmitted, scattered, reflected or it can excite fluorescence.
When matter absorbs radiation, there is an excitation of electrons present

in the solution producing a distinct spectrum. The principle behind UV-Vis

50

C1 - Internal use



follows the Beer-Lambert Law which states that when monochromatic
radiation passes through a homogenous solution in a cell, the decreasing
rate of the radiation intensity along with the thickness of the absorbing
solution is proportional to the concentration of the solution and the incident
radiation.

This law is expressed through the equation: A =log (lo/l) = ECL, where lo
is the intensity of the incident radiation, | is the intensity of transmitted
radiation, C is the concentration of the solute, L is the length of the sample
cell and E is the molar absorptivity. UV-Vis spectroscopy is mainly used for
the quantitative determination of different compounds in a solution. It may
also be used for applications such as determining the purity of a
substance and identifying unknown compounds by comparing its spectrum

to the spectrum of a reference compound(ThermoSpectronic, 2012).

Nwabuebo (Nwabuebo, 2017) as well as Delfan-Hosseini and co-workers
used UV-VIS to study the radical scavenging activity, of various oils
extracted in different ways, towards 2, 2-diphenyl-1-picrylhydrazyl (DPPH)
radical. This was done to elucidate their antioxidant properties and
therefore their oxidative stability. This simple colourimetric analysis
involved monitoring the decrease in absorbance at 517 nm for the
prepared oil samples in comparison to a reference sample. In the study
conducted by Nwabuebo, % Inhibition, which correlates directly to
antioxidant content, was as follows for both marula and moringa seed oil:
Aqueous extraction at 37 °C > Aqueous extraction at 60 °C> Screw press>
Hexane extraction (shaker)> Hexane extraction (Soxhlet) Hexane
(Nwabuebo, 2017). In the study conducted by Delfan-Hosseini and co-
workers antioxidant content in Purslane seed oil was found to be in the
following order: microwave pre-treatment cold press extracted> Solvent
extracted> Cold press extracted. In both cases, it was concluded that the
oil extraction method used does indeed affect the oils' antioxidant

properties and therefore oxidative stability. According to Nwabuebo, this is
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due to differences in solvent and temperature between the different
extraction methods that affect natural antioxidant content present thus
leading to a lower scavenging ability/ % inhibition (Nwabuebo, 2017).

Figure 15 below illustrates the components of a UV-Vis instrument.
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Figure 15: Schematic diagram of a UV-Vis spectrometer(Sobarwiki, 2013)

2.4.3 Differential scanning calorimetry

Differential scanning calorimetry (DSC) is a thermoanalytical technique
that has been used in different ways over the years to determine and
monitor several different characteristics and trends in oils and fats (Tan
and Che Man, 2000). It is a fast and sensitive technique that requires very
little sample for analysis (Differential Scanning Calorimetry for Routine
Analysis, 2015). DSC works on the basic principle that both a sample and
reference sample are taken through a temperature programme and
maintained at the same temperature throughout. It is the energy needed
by the system to maintain both sample and reference at the same

temperature that allows for the identification and quantification of physical
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transformations that are taking place in the sample by measuring the
enthalpies associated with transitions and reactions and the temperatures
at which these take place. Differences in heat flow take place when the
analyte/sample absorbs or releases heat due to thermal effects such as
melting, chemical reactions, crystallization, vaporization, polymorphic
transitions, and many other processes (Differential Scanning Calorimetry
for Routine Analysis, 2015). Due to the complex chemical profiles of oils,
they do not have specific melting and freezing/ crystalizing temperature
but rather thermal profiles showing associated changes in enthalpy and
therefore phase transitions (Tan and Che Man, 2000). By determining the
oxidation onset temperature of oils, the thermal stability can be measured
and old or used oils can be distinguished from new or fresh oils
(Differential Scanning Calorimetry for Routine Analysis, 2015).

Mohammadpour and co-workers made use of DSC to study the difference
in thermal behaviour between Moringa peregrina extracted in different
ways, namely ultrasound-assisted extraction and Soxhlet extraction.
Melting profiles of the two samples both produced two exothermic peaks
with onset temperatures of —12.5 °C and 6.4 C for UAE as well as -21 °C
and 6.2°C for the Soxhlet method. Cooling profiles showed a single
endothermic peak for both samples with onset temperatures of -37.4 °C for
UAE and -35.9 °C for the Soxhlet extracted oil. This indicated that the UAE
sample contained a higher degree of saturated fatty acids. In conclusion,
they found that the different extraction techniques had no significant effect
on the thermal properties of M. peregrina oil (Mohammadpour et al.,
2019).

Nyam and co-workers however used the DSC to compare thermal
properties amongst different oils namely bittermelon, Kalahari melon,
kenaf, pumpkin and roselle seed oils. Melting and heating profiles
indicated that bittermelon seed oil crystallized at a lower onset

temperature of -12.10 °C, and melted at a higher onset temperature of
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37.52 °C, in comparison to the other seed oils. A significant difference in
melting and cooling profiles could be seen between different oils allowing
this technique to be used as an identification analysis for unknown seed oll
samples. According to the general trend that samples with a high content
of saturated fatty acids produce DSC melting and cooling profiles with
higher temperatures as compared to oil samples with a high content of
unsaturated fatty acids, bittermelon seed oil contains a higher content of
saturated fatty acids compared to the other oils studied (Nyam et al.,
2009). Figure 15 below illustrates the components of a DSC instrument.

Reference Sample Heat Sink

SR ' / Heater

1 Heat Driver CPU
| 1
] Thermocoupe L
Temp. Control
Heat @stor } -
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l } | Amplifier | Recording
)._.. — | Temp. Difference
Thermocoupe Amplifier (Heat Flux)
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Figure 16: Schematic diagram of DSC(Bibi et al., 2015)

2.4.4 Fourier transform- Infrared spectroscopy

Fourier transform infrared spectroscopy (FT-IR) is a simple and fast
analytical technique that can give accurate and reliable data. Fragments of
structure can be elucidated due to characteristic vibrations, and
guantitative information can be determined using peak intensity as a direct

relationship to concentration. Characteristic absorption peaks at specific
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wavelength ranges take place due to the unique vibrational or rotational
energy transformations a chemical bond in a molecule undergoes from the
ground to the excited state when exposed to infrared light. The spectrum
produced is thus a series function of absorbed energy responses. Due to
these characteristic infrared absorption frequencies, each molecule,
except for isomers, has a unique fingerprint spectrum. This can be used to
identify molecules and confirm the purity of a sample (Laboratories, 2015;
Li et al., 2019).

Oji and Vivian (Oji and Vivian, 2020) used FT-IR to determine the
compounds present in coconut, avocado and carrot oil. From the three FT-
IR spectra it was evident that all three oils possessed similar major
compounds. These functional groups include the O-H group of carboxylic
acids aromatics and C-O stretch in esters. The aromatic overtone of ring
bends band peak at 1744.4cm-1 was a deep peak for coconut and carrot
oil however a narrow peak for avocado oil. Due to the striking similarities in
the FT-IR spectra of coconut and carrot olil, it was very clear that coconut
oil was used as the base oil in the extraction of carrot carrier oil (Oji and
Vivian, 2020).0Oladipo and Betiku (Oladipo and Betiku, 2019) used FT-IR
as one of the characterisation techniques to assess the difference
between Moringa oleifera seed oil extracted by Soxhlet extraction using
three different solvents namely ethyl acetate, ethanol and n-hexane. The
results showed equivalent peaks in all the spectra, indicating that the
choice of solvent did not affect the functional groups of the oil samples
(Oladipo and Betiku, 2019). Figure 17 below illustrates the components of

an FT-IR instrument.
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Figure 17: Schematic diagram of FT-IR(Bibi et al., 2015)

CHAPTER 3: AIMS AND OBJECTIVES

3.1 Aims

This study aimed to investigate the chemical composition of commercial
Moringa, Marula, Kalahari melon, Mongongo, Baobab, and Hemp seed oil

for use in cosmetics. This was achieved through the following objectives:

3.2 Objectives

e Extraction of Moringa seed oil using Cold-press, Soxhlet,
Ultrasound-assisted and Shaker extraction techniques.

e Determination of the chemical profile of commercial Moringa,
Marula, Kalahari melon, Mongongo, Baobab and Hemp seed oils.

e Understand from the chemical and physical composition, the
strength of each oil in cosmetic industry applications.

e Trial formulation of a cosmetic product(s) incorporating these

commercial seed oils using modified existing formulation.
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3.3 Motivation

The significance of this research study stems from the fact that high
variability exists amongst seed oil literature currently available. An in-depth
study on the chosen oils using the same seed source for extraction and
the same analysis techniques significantly reduced variability and
therefore allowed one to make more accurate comparisons between
parameters of the different oils (Tan and Che Man, 2000). This broad
study looked at MO oil extracted by four different methods, as well as
profiling these oils alongside underutilised African oils in comparison to
well-known commercial vegetable oils such as olive and sunflower oil. This
study aimed to increase the database of knowledge available on
underutilised African oils to assess their economic importance. Increasing
commercialisation of these oils will benefit rural communities involved in
harvesting, encourage maintenance of the natural environment, provide
more export products and alternative natural ingredients for the cosmetic
industry which will overall benefit our bioeconomy (Zimba et al., 2005;
Juliani et al., 2007; Vermaak et al., 2011). These non-traditional seed oll
sources, if managed correctly, can satisfy the ever-growing demand for
this important renewable commodity by supplementing the world's current
vegetable oil supplies (Mitei et al., 2008; Janaki, 2015).

CHAPTER 4: MATERIALS AND METHODS

4.1 Materials and reagents

All reagents and solvents used in this study were purchased from Merck
as an analytical grade. Hexane, anhydrous sodium sulphate, ethanol,
phenolphthalein, sodium hydroxide, potassium hydroxide, hydrochloric
acid, calcium oxide, chloroform, iodine, potassium iodide, sodium
thiosulphate, starch, acetic acid, 2, 2-diphenyl-1-picrylhydrazyl, ascorbic
acid, ethanol, 5-a cholestane, campesterol, f- sitosterol,

57

C1 - Internal use



stigmasterol, a, 8,y and § tocopherol standards, Supelco 37 components
FAMES mix. Moringa oleifera (MO) seeds and remaining seed oils were
locally sourced. Cosmetic bases were purchased from Nautica organics.
Working solutions were prepared by appropriate dilution of the stock

solutions with solvent.

4.2 Extraction of Moringa oleifera seed oil

4.2.1 Sample preparation

MO seeds were sourced from Lefakong Farming based in Hammanskraal.
The seeds were manually cracked and deshelled to obtain the kernel. The
kernels were then air-dried over two days to reduce water content. The
kernels (~1 kg) were then ground into a fine powder using a domestic
blender and stored at -20 °C until extraction. Figure 18 below shows the

state of the MO seed during sample preparation.
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Figure 18: lllustration of the MO sample preparation steps from A- Whole seed, to

B- De-shelled kernel and lastly C-Kernel/seed powder

4.2.2 Cold-press extraction

Cold-press extraction of MO oil was carried out at the Innovation Hub by
Lefakong Farming. Whole MO seeds were used for extraction, after which
the oil was filtered to remove impurities and stored in an amber glass
bottle. In Figure 19 below the MO oil, the cold-pressing process is
explained. A- Power was switched on; pressure and heat settings were

adjusted. B- Whole MO seeds were added to a feed hopper. C- Milling/
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screw component then fed the seeds into the main component of the
machine in a uniform manner. D- A controlled amount of seeds then
entered the squeezing/ pressing chamber. E- The MO oil was then
pressed out from the whole seeds. F- Crude oil drips out from below
squeezing/ pressing chamber into a container fitted with a sieve to catch
large seed material. G- Leftover seed material form solid seed cakes that
were expelled at the end of the pressing process. H- Seed cake by-

product to be used for animal feed. From this point, oil would then be

filtered and packaged.
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Figure 19: lllustrations of the MO oil Cold-pressing process (A-H)

4.2.3 Soxhlet extraction

About 45 g of seed kernel powder was placed in filter paper inside a
Soxhlet extractor with cotton wool at the base. A 500 mL round bottom
flask containing boiling stones and 450 mL of hexane was attached below
the Soxhlet extractor and a condenser attached above it. An oil bath was
used to boil the solvent at 65°C for six hours of extraction (Zhao and
Zhang, 2013). Thereafter the solvent volume was reduced using a rotary
evaporator at 65 °C (Yang et al., 2013; Adeniyi, 2019; Latimer, 2019). The
mixture was then dried using anhydrous sodium sulphate and filtered into
a pre-weighed 100 mL round bottom flask using filter paper to remove any
solid impurities. The residual extraction solvent was then removed by once
again using a rotary evaporator at 65 °C followed by placing the sample in
an oven for four hours at 60 °C and by blowing with nitrogen gas. The

extracted oil was stored in amber glass bottles and kept at 4 °C until further

analysis. Figure 20 below illustrates the Soxhlet extraction set-up.

Figure 20: Images of Soxhlet extraction process where A= Soxhlet tube set up and

B= Rotary evaporator set up
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4.2.4 Ultrasound-assisted extraction

The extraction method used was based on optimised conditions reported
by Mohammadpour and co-workers. About 20 g of MO seed powder was
mixed with 360 mL of hexane in a DURAN laboratory glass bottle which
was secured with parafilm and foil and shaken for 10 minutes. The bottle
was placed into the water bath set at 30 °C and sonicated for 30 minutes.
Ice was used to maintain the water bath temperature throughout the
extraction process. After extraction, the mixture was centrifuged to
separate the seed sample from the solvent and filtered into a 500 mL
round bottom flask. The solvent volume was reduced using a rotary
evaporator at 65°C(Yang et al., 2013; Adeniyi, 2019; Latimer, 2019).
Contents were transferred to a pre-weighed 100 mL round bottom flask
and residual extraction solvent was then removed by once again using a
rotary evaporator at 65 °C followed by placing the sample in an oven for
four hours at 60 °C and by blowing with nitrogen gas. The extracted oil was

stored in amber glass bottles and kept at 4 °C until further analysis.

4.2.5 Hexane extraction at ambient temperature (shaker method)

About 120 g of MO seed powder was mixed with 300 mL of hexane in a
DURAN laboratory glass bottle which was secured with parafilm and foll
and shaken (Labcon 150 RPM) for 8 hours. After extraction, the mixture
was centrifuged (Hettich zentrifugen ROTOFIX 32 A 4000 RPM) to
separate the seed sample from the solvent and filtered into a 500 mL
round bottom flask. The solvent volume was reduced using a rotary
evaporator (BUCHI Switzerland Rotavapor RIl) at 65 °C (Yang et al., 2013;
Adeniyi, 2019; Latimer, 2019). Contents were transferred to a pre-weighed
100 mL round bottom flask and residual extraction solvent was then
removed by once again using a rotary evaporator at 65 °C followed by

placing the sample in an oven for four hours at 60 °C and by blowing with
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nitrogen gas. The extracted oil was stored in amber glass bottles and kept
at 4 °C until further analysis (de Oliveira et al., 2014; Nwabuebo, 2017).

4.2.6 Determination of percentage oil yield and efficiency

The oil yield was calculated using the following equation:

0il vield = Mass of extracted oil % 100%
Hyeld = Mass of seed sample °

The extraction efficiency was calculated based on the oil yield result
obtained by Soxhlet extraction as this is the standard analytical method for
the determination of oil content. The Soxhlet oil yield % was considered to
be 100 % of the oil content in the seed. The extraction efficiencies of the
other extraction methods were calculated in relation to the Soxhlet

extraction using the equation(Nwabuebo, 2017):

% oil yield for other extraction method

Extracti J = X 1009
xtraction ef feciency % oil yield for soxhlet extraction &

4.3 Determination of physico-chemical characteristics

4.3.1 Oil preparation

Once room temperature, clear sediment-free oil samples were shaken up

by hand used directly.

4.3.2 Colour and state of oils

The colour and state of the oils were determined by visual observation at
25 °C (Onyeike and Acheru, 2002).
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4.3.3 Determination of the acid value

The acid value (AV) was determined according to the AOAC Official
Method 940.28 (Latimer, 2019). In a 100 mL conical flask, 1 g of oil was
added, followed by 7 mL of alcohol previously neutralized by adding
phenolphthalein solution and enough 0.10 M sodium hydroxide (NaOH) to
produce a faint permanent pink. The mixture was vigorously stirred while
being titrated with standardised 0.10 M NaOH until a permanent faint pink

appeared and persisted for more than 1 min.

The AV was then calculated from the following equations (Wrolstad et al.,
2005; Cheikhyoussef, 2018):

mL NaOH x normality of NaOH X 28.2
sample weight (g)

FFA as % oleic acid =

Acid value (mg KOH / g oil) = % FFA (as oleic acid) x 1.99

4.3.4 Determination of the saponification value and average

molecular weight

The saponification value (SV) (mg KOH/g of oil) was determined according
to the Association of Official Analytical Chemists (AOAC) Official Method:
920.160. Alcoholic potassium hydroxide (KOH) solution was prepared by
adding crushed 20 g KOH and 22.5 g calcium oxide (CaO) to 500 mL
alcohol. The mixture was shaken for 25 min and inverted several times
during the day. The next morning the mixture was filtered and stored in a

clean, dry, glass-stoppered bottle (Latimer, 2019).

Determination: 1 g of oil was weighed into a round bottom flask, 10 mL of
alcoholic KOH was pipetted into the flask to dissolve the oil. The mixture
was then refluxed for 30 min to completely saponify the oil. Once cool the

saponified mixture was titrated with standardised 0.5 M hydrochloric acid
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(HCIl) using a phenolphthalein indicator. The same procedure was

followed for the blank omitting the oil.

Calculations:

(V2 -V1) x 56.1N

Saponification value (mg KOH /g of oil) = Sample weight (g)

Where N = Normality of HCI, V1 = Volume of HCI used in the sample
titration and V2 = Volume of HCI used in the blank titration (Dangarembizi
et al., 2015).

The average molecular weight (AMW) was calculated from the
saponification value according to the following equation (Yang et al., 2013;
Cheikhyoussef, 2018):

Average molecular weight = (3*56.1*1000)/saponification value of oil

4.3.5 Determination of the ester value

Ester value (EV) was calculated from the difference between the
determined saponification value (SV) and the acid value (AV) of the oll
(Cheikhyoussef, 2018).

EV =SV -AV

4.3.6 Determination of the iodine value

The lodine value (IV) (mg KOH/g of oil) was determined according to the
Hanus Method AOAC Official Method: 920.158. Determination: Weighed
0.100 g into a 100 mL conical flask and dissolved it in 4 mL of chloroform
(CHCI3). Next, 10 mL of prepared Hanus diiodine (I2) solution was pipetted
into the flask and left to stand for 30 minutes in the dark. Thereafter 4 mL
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of 15% KI solution was added as well as 40 mL deionised (DI) water. The
mixture was titrated with standardised 0.05 M sodium thiosulfate
(Na2S203) solution using a starch indicator. A blank run was performed

using no oil.

The number of mL 0.05M Na2S203 required by blank (B) minus mL used in
sample determination (S) gives Na2S203 equivalent of |2 absorbed by the

oil. Calculate % by weight of |2 absorbed (I2 number, Hanus method) :

(B—S)xMx12.69
g test portion

I, number =

Where M = molarity of Na2S203 solution, B = Titer value of blank and S =

Titer value of the sample.

4.3.7 Determination of the peroxide value

The peroxide value (PV) (milliequivalent peroxide/kg oil) was determined
according to the AOAC Official Method: 965.33 (Latimer, 2019) in diffuse
daylight. The acetic acid-chloroform solution was prepared by mixing three
volumes acetic acid (CH3COOH) with two volumes CHCIs. Saturated
potassium iodide (KI) solution was prepared by dissolving excess Kl in
distiled water until excess solid remained at the bottom of the amber
bottle which was covered in foil. A 1% starch solution was prepared by

dissolving 0.5 g soluble starch powder in 50 mL boiling water.

Determination: 1 g of oil was weighed into a 100 mL conical flask. 6 mL
CH3COOH - CHCI3 was added to dissolve the oil. Next, 100 yL saturated
Kl solution was added, the mixture was swirled and left to stand for 1
minute before 6 mL of distilled water was added. The mixture was slowly
titrated with standardised 0.01M Naz2S203, with vigorous shaking until pale

yellow. 100 pyL of 1% starch solution was then added, and titration
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continued until the blue colour just disappeared. The same procedure was

followed for the blank omitting the oil. Calculations were as follows:

(S - B)xMx1000
Sample weight (g)

Peroxide value (meq/ kg of oil) =

Where S= mL Na2S20s3 for sample, B= mL Na2S203 for blank, and M =
molarity Na2S20s3 solution.

4.3.8 Determination of density and specific gravity

The bulk density of seed oils was determined using a 1000 uL micropipette
at room temperature calibrated using deionised water. Three successive
additions of 500 uL of distilled water and samples were accurately
weighed in a pre-weighed Eppendorf tube. Specific gravity was then
calculated as the mass of seed oil divided by the mass of DI water at the
same temperature (Gbogouri et al., 2011). Calculations were as follows
(Taylor, 1967; Paquot, 1979; Latimer, 2019):

Density=(W1-WO0) / Volume of oll

Specific gravity = (W1-WO0) / (W2-W0)

Where W1 = weight of tube with oil, Wo = weight of the empty tube, and W2

= weight of the tube with water.

4.3.9 Determination of the refractive index

The refractive indices of the oil samples were determined according to
AOAC Official Method 921.08 (Latimer, 2019) using an Abbe
refractometer at 20 °C. Readings were standardised using DI water at 20
°C.
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4.4 Determination of thermal properties

The thermal properties of selected oils were studied using a differential
scanning calorimeter (DSC). Differential scanning calorimetry data were
collected using a Mettler Toledo DSC 3 with aluminium pans under
nitrogen gas (flow rate = 10 mL/min). Exothermic events were shown as
peaks. Samples were heated and cooled to determine melting points,
recrystallization as well as any additional phase transitions. The
temperature and energy calibrations were performed using pure indium
(purity 99.99%, Melting point 156.6 °C, the heat of fusion: 28.45 J g*) and
pure zinc (purity 99.99%, Melting point 479.5°C, the heat of fusion: 107.5 J
gl). Samples were heated to 80 °C from 25 °C and held as an isotherm for
5 minutes before being cooled to -80 and held at that temperature for 5
min. Finally, the sample was heated back to 25 °C. The heating/cooling
rate was done at 5 °C/min. Figure 21 below illustrates the DSC instrument

used in this study.

Figure 21: lllustration of the DSC instrument used in this study

4.5 Fourier Transform-Infrared Spectroscopy analysis

Fourier transform infrared spectroscopy (FT-IR) analysis was used to
expose the functional groups present in the twenty-three oil samples
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(Prakash Maran et al. 2015). The FTIR spectra of extracted oil samples
were recorded using a Bruker Tensor 27 FT-IR spectrophotometer. The
FT-IR spectrum was reported in % transmittance. The wavenumber region
for the analysis was 4000-400 cm™. Figure 22 below illustrates the FT-IR

spectrophotometer used in this study

Figure 22: lllustration of the FT-IR spectrophotometer set-up

4.6 Nuclear Magnetic Resonance (NMR) spectroscopy

'H NMR and 3C NMR spectroscopic analysis were performed once per
selected sample using the Bruker Avance 500 MHz spectrometer
(Germany) to determine acyl composition of selected seed oils using
deuterated chloroform (CDCls) solvent at 25°C. Data were recorded as
“‘chemical shifts (8)” reported in ppm (Cheikhyoussef, 2018). Figure 23
below illustrates the NMR instrument used in this study.
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Figure 23: lllustration of the NMR set-up

4.7 Determination of fatty acid content

A stock solution of standard fatty acid methyl esters (FAMEs standard mix,
37 components) was prepared with high - performance liquid
chromatography (HPLC) grade hexane and used as a reference for
identification and quantification of the fatty acid content in the various oils.
The twenty-three oil samples were prepared as follows: about 50 mg of oil
was dissolved in 5 mL hexane in a centrifuge tube followed by adding 0.5
mL potassium hydroxide methanol solution (2 M). The tube was capped
and vigorously shaken (Labcon 150 revolutions per minute (RPM)) for 15
min and then centrifuged (Hettich zentrifugen ROTOFIX 32 A 4000 RPM)
for 15 min. A portion of the top hexane layer containing the FAME’s was

removed into a gas chromatography (GC) vial and briefly stored at -20 °C
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until analysis (Yang et al., 2013; Cheikhyoussef, 2018). Instrumentation
details were as follows gas chromatography electron capture detector
(GC-ECD) Agilent Technologies, (7890A) with a BPX5 capillary column
(29.616 x 0.25 mm ID, 0.25 m film thickness) and Chemstation software
was used for analysis. An injection volume of 1 pyL was used, oven
temperature programme started with an initial target temperature of
50 °C for 1 min., increased to 150 °C at 15 °C/min and lastly to 250 °C at
5°C/min for 5 min. with a solvent delay of 1.7 min. The carrier gas used
was helium at a flow rate of 1.4 mL/min with an injector temperature
maintained at 250 °C and operated in a splittess mode. The transfer line
temperature was maintained at 285 °C. Figure 24 below illustrates the gas
chromatography — mass spectrometry (GC-MS) instrument used in this

study.
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Figure 24: lllustration of the GC-MS set-up

4.8 Effect of sunlight exposure

Samples of selected oils were placed in clear glass vials and left on a

laboratory benchtop exposed to full natural sunlight.

Physical

observations; namely physical state, colour and odour; were made at the

start of the study and changes were noted accordingly over various time

intervals. Figure 25 below is an illustration of the various samples at time

zero (TO) of the sunlight exposure study.

Wr— T — A == S —
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Figure 25: lllustration of the selected oils at the start of the sunlight exposure study
(14/12/2020). Where 1= Jojoba seed oil. 2= Grapeseed oil, 3= Avocado oil, 4=

Sunflower oil, 5= Sunflower oil, 6= Lefakong Farming cold-press MO oil, 7= Bright

mountains MO oil, 8= Marula Seed Oil, 9= Mongongo Seed o0il, 10= Kalahari Melon
Seed Qil, 11= Baobab Seed QOil, and 12= Hemp seed oil

4.9 Determination of radical scavenging activity towards
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical

The radical scavenging activity of each oil was determined by monitoring
the decrease in absorbance at 517 nm using an Agilent Technologies
Cary Series ultraviolet — visible (UV-Vis) Spectrophotometer. A 5 mL
freshly prepared 0.01 mM ethanol solution of 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) was added to 5 mL of a 5 mg/mL extracted oil
sample. The sample was mixed thoroughly and left to stand for thirty
minutes in the dark to allow the radical-antioxidant reaction to occur.
Thereafter, the absorbance was measured at 517 nm against a blank in
triplicate. A synthetic antioxidant, ascorbic acid was also prepared in the
same manner as the oil sample and used as a positive control or
reference standard for this assay (Brand-Williams, Cuvelier and Berset,
1995; Delfan-Hosseini et al., 2017; Nwabuebo, 2017). A further
investigation was done on a selected oil exposed to different storage

conditions to see its impact on radical scavenging activity.

4.10 Statistical methods and analysis

Experiments were carried out in triplicate unless otherwise stated, and
means were compared with an analysis of variance (ANOVA) on Microsoft
excel. Extracted MO oil data were further analysed with the Tukey test

using excel. A probability value at P<0.05 was considered a statistically
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significant difference. A covariance matrix of results was conducted for

guantitative parameters.

4.11 Trial formulation application of cosmetic products

Cosmetic bases purchased from Nautica Organics; namely a cream,
lotion, and castile soap, were modified with 1% of a MO and Kalahari
melon seed oil bend (1:1). The control samples (unmodified sample) and
modified samples were given to a few friends and family members with
different skin types in neutral packaging with no indication of the
differences between the samples. They were then asked to use the two
samples in the same category on equal but opposite parts of the body and
give basic feedback on skin feel and the overall impression of which one
they would purchase (Appendix E). This simple application was done to
physically feel the effect of seed oils added to cosmetic formulations to get

an understanding of consumer preference.

CHAPTER 5: RESULTS AND DISCUSSION

5.1 Moringa oleifera oil extraction yield and efficiency

percentages

Amongst the extraction techniques, Soxhlet extraction of Moringa oleifera
(MO) gave the highest % vyield of 32.50 £ 1.04 % in comparison to the
other techniques. According to de Oliveira and co-workers, this means that
Soxhlet extraction is the most economically viable technique. This was
due to the use of heat which increases solubility and diffusivity which
improves mass transfer (Bhutada et al., 2016). This was also due to the
high purity of the solvent during each Soxhlet extraction reflux causing a
high concentration gradient between seed sample and extraction solvent
favouring oil solubility (de Oliveira et al., 2014). A common difficulty found

with Soxhlet, Ultrasound-assisted and Shaker method extraction was
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residual solvent. The oil produced from these methods had a soft nutty
smell with a slight solvent smell as opposed to the cold-pressed oil which
purely had a nutty smell. According to the ANOVA single factor test, the %
yield, as well as efficiency % results, are significantly different from each
other (p-value =3.92 x103). For both % yield and % extraction efficiency
results obtained for Soxhlet extraction was not significantly different
(p<0.05) to those obtained for shaker method extraction, however they
were significantly different (p<0.05) to the results obtained for Cold-press

and Ultrasound-assisted extraction as indicated in Table 8 below.

For Soxhlet extraction, average literature values (Table 7) were 32.87 +
10.11% and 100.00 £ 1.00% for % yield and % extraction efficiency
respectively whereas experimentally they were found to be 32.50 £ 1.04 %
and 100 % respectively which was very similar. Ultrasound-assisted
extraction gave a % vyield and % extraction efficiency lower than the
average literature values. Cold-press and shaker method extraction of MO
oil however gave higher experimental values than those in literature. Cold-
press extraction gave experimental values of 28.77 % and 88.52 % for %
yield and % extraction efficiency respectively whereas in literature
averages of 26.3 % and 74.5% respectively were obtained (Tsaknis et al.,
1998). Shaker method extraction gave experimental values of 30.47 + 0.67
% and 93.76 % for % vyield and % extraction efficiency respectively
whereas in literature Nwabuebo obtained 27.19 + 0.91% and 77.01 = 0.55
% respectively (Nwabuebo, 2017).

Discrepancies between experimental values and literature values may be
caused by several factors such as differences in experimental techniques
due to differences in apparatus and equipment available as well
differences in seed source. Seeds from different regions have different oil
content due to factors such as water availability, soil conditions, nutrients,
seasonal temperatures, and as well as the maturity of the trees (Anwar
and Bhanger, 2003).
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Table 8: MO oil extraction vield and extraction efficiency percentages

Extraction method % Yield %Extraction efficiency
Cold-press 28.77° 88.520

Soxhlet 32.50 £ 1.042 1002

Ultrasound 28.55 + 0.14° 87.83°

Shaker 30.47 £ 0.672P 93.76ab

Values are mean = SD of MO oils from different extraction methods analyzed in triplicate except for
the cold-press method. Mean values in the same column followed by different superscript letters

are significantly different (p<0.05) for the oil yield and extraction efficiency %, respectively.

5.2 Physico-chemical characteristics of the various oils

In Table 9 below; physico-chemical characteristics of the twenty-three
various oils studied are presented; namely, the extracted four Moringa
oleifera (MO) oils, nine commercially available MO oils, Kalahari melon,
Marula, Baobab, Mongongo, Hemp, Olive, Sunflower, Jojoba, Grapeseed

and Avocado oil.

5.21.1 Acid value

The chemical property acid value (AV) is a relative measure of an oil's
rancidity at the time of analysis and therefore determines the quality of the
oil. AV reflects the total acidity of the oil sample; therefore a lower value
indicates less degradation and therefore higher quality of the oil and vice
versa. Many factors contribute to this parameter such as seed source,
extraction method, water content which results in hydrolytic degradation,
storage conditions (sunlight, temperature etc.) etc.(Nwabuebo, 2017).
Extraction conditions namely temperature and organic solvent negatively
affect the natural antioxidants content in oils which reduces their ability to
scavenge the free fatty acids present thereby leading to a lower quality of
oil (Kaul et al., 2009). Oils with higher AVs would be better suited to
anhydrous cosmetic formulations as the presence of water may accelerate
their degradation and poorly affect the quality of the final cosmetic product

over time.
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Amongst the extracted MO oils results obtained at the time of analysis,
Shaker extracted MO AV is significantly different to Soxhlet, Ultrasound-
assisted and Cold-pressed MO oil. The value obtained for Shaker
extraction, 1.41 = 0.15 mg KOH/g oil, was by far the highest out of the
extracted MO oils however lower than the result obtained by Nwabuebo
which was 3.31 £ 0.06 mg KOH/g oil (Nwabuebo, 2017). Many of the
commercially purchased Moringa oleifera (MO) oils had very high AV
results in comparison to the MO oil samples extracted for this study,
namely Moyo moringa SA- Moringa Behen olil for skin, Leaf- Moringa seed
oil, Moringa 5000 Pure Moringa Ben oil, Bright mountain - Moringa Seed
Oil, and Karibaa - Moriveda moringa basic oil. This was expected since
the duration from oil extraction to AV analysis was shorter for the extracted
MO oil samples compared to the commercially available MO oils. In other
words, the longer storage period undergone by these commercially
available MO oils was most likely the reason for the higher AV results
(Oomah et al., 2002).

5.2.2 Saponification value and Average molecular weight

The chemical property saponification value (SV) is a measure of the chain
length of fatty acids present in the oil and is used to calculate an average
molecular weight (AMW). SV and AMW are inversely proportional such
that higher SVs, which indicate shorter fatty acid chains, produce lower
AMWSs and vice versa. Low AMW may also indicate the formation of lower
molecular weight oxidation products such as aldehydes and carboxylic
acids (Chindo et al., 2010). SV would be determined by the oil's inherent
fatty acid content and may therefore be affected by seed source, which is

influenced by growing conditions, geographical location etc.

It is known that oils with higher SV and therefore lower AMW are better
suited for soap making due to their chain length (llesanmi et al., 2021).

The specific SV range optimal for soap making is 188 to 199 mg KOH/ 1g
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oil (Francis and Tahir, 2016). Therefore from the oils studied Plush
Organics Moringa and Hemp seed oil having SV of 189.23 + 0.95 mg
KOH /1g oil and 195,05 £ 0.56 mg KOH /1g oil respectively would be
most suitable for application in soap making. Amongst the extracted MO
oils, all of which were significantly different from each other, Lefakong
farming cold-pressed MO had the highest SV and therefore lowest AMW
of 176.83 + 0.59 mg KOH /1g oil and 951.78 + 3.16 g/mol respectively.
These values are most similar to Marula, Grapeseed and Olive oil. The
results differ significantly from Ozcan and co-worker's findings of 181.3 +
3.67 mg KOH /1g oil and 928.30 g/mol respectively however they are
more comparable to the findings by Tsaknis and co-workers of 179.80 mg

KOH /1g oil and 936.04 g/mol respectively for cold-pressed MO oil.

5.2.3 Ester value

The chemical property ester value (EV) is the amount of mg KOH required
to saponify esters contained in one gram of fat or oil. The greater the
number, the higher the ester content of the oil sample (Istiningrum et al.,
2017). It is also a measure of the amount of saponifiable glyceride that is
present in the oil (Dileesh et al., 2013). Since this parameter is calculated
using acid value (AV) and saponification value (SV), variables affecting

these parameters will influence the EV result.

The simulated EV result obtained by Ozcan and co-workers for cold-
pressed Moringa oleifera (MO) oil is 181.11 + 3.67 mg KOHY/g oil. This is
higher than the value obtained for Lefakong farming cold-pressed MO oill
of 175.97 + 0.58 mg KOH/g oil this is due to the differences in AV and SV

as beforementioned.

5.2.4 lodine value

The chemical property iodine value (V) is an indication of the degree of
unsaturation within the oils. The higher the IV, the more unsaturated the
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fatty acids are in the oil making the oil more susceptible to oxidation and
free radical production which overall makes the oil less stable compared to
oils with lower IVs (Yang et al., 2013). Since IV depends on the saturation
of the fatty acids present in the oil, this parameter may vary with seed
source, which is influenced by growing conditions, geographical location
etc. It is also affected by age, storage conditions as well as exposure to
heat and therefore the extraction method used (Nkafamiya et al., 2007;
Alajtal et al., 2018).

Oils with 1V’s in the range 130- 200 g/100g are classified as drying olils;
those with IV’s between 90-130 g/100g are semi-drying oils whereas those
with 1V’s below 90 g/100g are considered as non-drying oils (Lambert J,
1979). Oils with IVs between 100- 150 g/100g are said to be useful to
soap making due to their oxygen-absorbing properties (Anhwange et al.,
2010). According to this classification and the obtained results Moringa
oleifera (MO), Marula and Olive oil are non-drying. Baobab, Avocado and
Jojoba oils are semi-drying. Kalahari melon, Mongongo, Hemp,
Grapeseed and Sunflower oil are drying and fall in the range most useful

for soap making.

The general 1V range for MO oil (65-88 g/100g) was comparable only to
Marula seed oil. Amongst the extracted MO oils there was notable
variability as only Soxhlet extracted MO and Ultrasound-assisted MO are
not significantly different. From the solvent extracted techniques (Soxhlet,
Ultrasound-assisted and Shaker method) there was an increase in IV with
an increase in temperature used during the extraction. Amongst the
extracted MO oils, Lefakong farming cold-pressed MO oil had the highest
IV value of 74.99 + 0.82 g/100g which is higher than the value reported by
Ozcan and co-workers (67.53 + 1.37 g/100g ) This discrepancy may be

caused by the variables affecting this parameter beforementioned.
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5.2.5 Peroxide value

Peroxide value (PV) is a chemical characteristic used to determine the
extent of oxidative deterioration of the oil at the time of analysis. It gives a
quantitative measure of the products of primary oxidation in the oil.
Therefore, a higher PV indicates more extensive deterioration of the oil at
the time of analysis. The rate of oxidation is affected by the age of the ail,
quality of seed source as well as exposure to temperature, light, moisture,

metals and oxygen (Nwabuebo, 2017).

Amongst the extracted Moringa oleifera (MO) samples Lefakong farming
cold-press MO oil was significantly higher than the other samples most
likely caused by the age of the oil in comparison to the other three
methods samples. From the solvent extracted techniques (Soxhlet,
Ultrasound-assisted and Shaker method) the PV value for Soxhlet (1,75 *
0,01 mequiv/ikg ) was higher than Ultrasound-assisted extraction (0,97 +
0,18 mequiv/kg) and Hexane shaker method extraction (1,54 = 0,33
mequiv/kg). Although both Ultrasound-assisted extraction and Hexane
shaker method extraction do not use high heat for the extraction process,
there is a higher PV for the Shaker method sample. This was most likely
caused by the longer extraction time used for the shaker method as well

as the exposure to sunlight in the shaker instrument.

In general, the commercially available MO oils that were purchased had a
higher PV (1.80-63.68 mequiv/kg) as opposed to the extracted MO
samples (0.97-6.42 mequiv/kg). The reason for this would most likely be
the difference in age of the oils as well as possible poor storage conditions
before purchase causing further deterioration of these oils.

5.2.6 Density and specific gravity

Density and specific gravity are physical properties that give information
on how heavy the oil is. These characteristics affect the sensoriality
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properties of the oil on its own and in cosmetic products, it also affects
industrial processing in terms of moving the oils through pipelines and the
force needed for mixing etc.(Alomair et al., 2016). Density and specific
gravity are affected by temperature such that density decreases with an
increase in temperature (Dinesha et al., 2018). Since density is directly
proportional to mass, any sediment in the oil would give a false-positive
result and likewise, density is inversely proportional to volume, therefore,

any residual solvent may give a false-negative result.

The lowest density and specific gravity values belonged to Jojoba seed
whereas the highest was obtained by Mongongo seed oil. Amongst the
extracted Moringa oleifera (MO) there is no significant difference between
the different extraction techniques. This indicated that different extraction
temperatures did not affect the density and specific gravity which was in
agreement with the findings of Adejumo and co-workers. Ozcan and co-
workers only reported a density value for cold-pressed MO of 0.819 *
0.013 g/ml which is lower than the density value of Lefakong farming cold-
pressed MO oil of 0.84 £ 0.20 g/ml which was most likely due to the

sediment that was present in this sample.

5.2.7 Refractive index

The physical property refractive index (RI) is a dimensionless number that
describes how radiation such as light, propagates through a medium. For
oils, RI is characteristic and therefore indicates the purity of the oil as well
as the rancidity development in oil (Sarkar et al., 2015). The RI of oils is
related to the degree of saturation as well as free fatty acid content,
oxidation, and heat treatment (Ethiopia, 2018). An increase in the degree
of saturation increases iodine values and therefore increases the refractive
index of the seed oil (Mitei et al., 2008).

81

C1 - Internal use



Amongst the significantly different extracted Moringa oleifera (MO) RI
values, the shaker method extracted MO oil had the lowest RI value of
1.46 + 0.00. This may be due to a higher amount of residual solvent being
present in the batch analysed as hexane has a RI of 1.375. RI results in
Table 9 below follow the same trends as mentioned for iodine value above
such that the same oil samples fall in the categories of drying, semi-drying
and non-drying which as beforementioned affects the usefulness of the oil

in soap making.
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Table 9: Physico-chemical characteristics of the various oils

Sample Acid value | Saponificat | Average Ester value | lodine Peroxide Density Specific Refractive
(mg KOH/g | ion value molecular (mg KOH/g | value value (g/ml) gravity index
oil) (mg KOH weight oil) (g/100g) (meqg/kg
/1g oil) (g/mol) oil)
Soxhlet extracted MO oil | 0.66 + 0.082 | 166.00 * 1013.84 £ 165.40 £ 70.31 + 1.75 + 0.86£0.062 | 0.86 £ 0.06 | 1.47 +0.002
0.282 1.722 0.28 0.892 0.012
Shaker extracted MO oil | 1.41 +0.15° | 160.48 + 1048.76 + 159.06 + 65.93 + 155 + 0.84 +£0.022 | 0.84 £ 0.02 | 1.46 + 0.00°
0.45b 2.93° 0.42 0.80° 0.332
Ultrasound extracted | 0.74 + 0.062 | 170.60 * 986.53 + 169.86 * 69.27 + 097 + 0.89+0.062 | 0.89+£0.06 | 1.47 +0.00¢
MO oll 0.55¢ 3.20¢ 0.55 0.312 0.182
Lefakong Cold-pressed | 0.85+ 0.062 | 176.83 + 951.78 + 175.97 + 74.99 + 6.42 + 0.84 +0.20% | 0.85+0.20 | 1.47 £0.00¢
MO oll 0.59¢ 3.16¢ 0.58 0.82¢ 0.62b
Moyo moringa SA- | 8.30+0.23 | 180.29 + 933.49 + 17251 + 74.95 + 63.68 + 0.86+0.06 | 0.87+0.06 | 1.47+0.00
Moringa Behen oil for 0.87 4.50 0.84 0.89 0.23
skin
Leaf- Moringa seed oll 257+0.03 | 177.70 947.09 + 175.13 75.61 + 26.26 + 0.84+0.02 | 0.84+0.02 |1.47+0.00
0.42 2.23 0.42 0.16 0.52
Essentially Natural | 0.67 £ 0.05 | 180.32 % 933.37 + 179.64 + 89.55 + 44,96 + 0.86 +£0.03 | 0.86+0.03 | 1.47 +0.00
Moringa oil 0.67 3.48 0.67 0.80 0.89
Moringa 5000 Pure | 2.25+0.13 | 175.92 + 956.73 + 173.67 73.44 + 21.85 + 0.85+0.02 | 0.85+0.02 | 1.47+0.00
Moringa Ben oil 0.89 4.81 0.88 0.58 0.16
Bright mountain -|16.86+0.42 | 179.83 935.91 + 172.97 + 76.18 + 1.80 £0.21 | 0.83+0.02 | 0.84+0.02 | 1.47+0.00
Moringa Seed Oil 0.84 4.36 0.73 0.47
Karibaa - Moriveda | 1.57 +0.21 | 173.59 + 969.55 + 172.02 + 77.59 + 1453 + 0.86+0.01 | 0.86+0.01 | 1.47+0.00
moringa basic oil 0.99 5.57 0.97 0.68 0.21
Plush Organics Moringa | 0.48 +0.04 | 189.23 + 889.39 + 188.76 = 88.49 + 14.41 = 0.85+0.01 |0.85+0.01 |1.47+0.00
0.95 4.47 0.95 0.69 0.16
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Tree of life Pure organic | 0.91 + 0.02 171.39 = 982.00 £ 170.47 76.31 £ 21.07 £ 0.84+£0.03 | 0.85+0.03 1.47 £ 0.00

moringa oil 0.60 3.42 0.59 0.30 0.56

Moringa world- MO oil 1.14+0.12 180.40 = 932.93 £ 179.25 72.98 + 9.28 £0.58 | 0.87+£0.02 | 0.87+£0.02 1.47 £ 0.00
0.42 2.15 0.40 0.81

Baobab Seed OiIl 0.40+£0.01 183.75 = 915.95 + 183.35 ¢ 91.30 £ 6.67 £0.13 [ 0.83+£0.01 | 0.83+£0.01 1.47 £ 0.00
0.99 4.94 0.99 0.98

Kalahari Melon Seed Oil | 0.46 £ 0.05 | 204.25 % 823.97 203.79 131.90 * 573 £0.06 | 0.88+x0.01 | 0.89+0.01 1.48 + 0.00
0.42 1.69 0.42 0.76

Marula Seed Oil 2.95+0.13 176.16 = 955.37 £ 173.21 £ 79.48 £ 1.17 £0.27 | 0.90£0.05 | 090+ 0.05 | 1.47£0.00
0.73 3.95 0.72 0.36

Mongongo Seed oil 0.67 £ 0.06 | 202.28 + 832.00 201.61 * 133.70 £ 2591 + 0.91+£0.05 |0.91+0.05 1.48 + 0.00
0.33 1.38 0.33 0.26 0.44

Hemp seed oil 0.43+£0.01 195.05 + 862.85 + 194.62 £ 147.66 * 1254 + 0.87£0.02 | 0.88+0.02 1.48 + 0.00
0.56 2.49 0.56 0.97 0.53

Avocado oil 2.16 £ 0.09 181.33 928.17 + 179.17 £ 90.92 + 1242 + 0.88+0.01 |0.88+0.01 1.47 £ 0.00
0.90 4.61 0.90 0.65 0.79

Grapeseed oil 0.17 £0.02 176.07 = 955.88 + 175.90 £ 142.86 * 9.07 £0.16 | 0.88+£0.01 | 0.88+0.01 1.48 + 0.00
0.46 2.48 0.46 0.73

Jojoba seed oll 0.58+0.01 | 90.03 1869.45 + 89.45 + 90.87 * 0.97 £0.08 [ 0.81+£0.01 |0.81+£0.01 1.47 £ 0.00
0.58 12.07 0.58 0.24

Sunflower oil 0.30 £ 0.03 183.49 917.25 £ 183.19 130.67 = 13.23 0.87+£0.01 |0.87x0.01 1.48 + 0.00
0.98 4.91 0.98 0.52 0.08

Olive oil 0.85 + 0.03 173.22 + 971.62 172.36 £ 89.62 * 14.61 + 0.87+£0.01 |0.87x0.01 1.47 £ 0.00
0.17 0.97 0.17 0.86 0.46

p-value (ANOVA) 1x 1075t 3x 1076 4x1077% | N/A 5x 1079 2 x 10768 0.89 N/A 2x 1078

Data are shown as means with + SD of three replicates. The p-value between sample groups determined using the ANOVA single factor test are presented where

samples values within each parameter are significantly different if p<0.05 except for EV and SG as they are calculated using averages and therefore have no replicates.

Extracted MO oil means with different letters in the same row are significantly different (p<0.05) as determined with Tukey’s test for EV and SG as they are calculated

using averages and therefore have no replicates.
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5.3 Thermal properties of selected oils

Figure 26 below shows the DSC cooling profiles of Cold-pressed MO,
Soxhlet extracted MO, Baobab and Kalahari melon seed oil. This
information correlates to the summary in Table 10. Figure 27 below shows
the DSC heating profiles of Cold-pressed MO, Soxhlet extracted MO,
Baobab and Kalahari melon seed oil. This information correlated to the
summary in Table 11.

The enthalpy values indicated whether the phase change experienced by
the oil took place by absorbing energy in other words endothermically or
by releasing energy in other words exothermically (Gbogouri et al., 2011).
For the cooling profiles (Figure 26) there were two exothermic peaks,
which indicated crystallisation, for cold-pressed MO, Kalahari melon and
Soxhlet extracted MO oil whereas only one exothermic peak for baobab
oil. For the heating profiles (Figure 27) there were four endothermic peaks

for all the oils which indicated melting of the crystalline fraction.

Gbogouri and co-workers obtained similar DSC results for Kalahari melon
seed oil of two exothermic peaks for the cooling profile and four
endothermic peaks for the heating profile. The cooling profiles exothermic
peaks occurred at -10.2+0.2°C and -39.5+0.5°C, and the heating
profiles endothermic peaks occurred at -36.5+1.5 °C, -18.1+0.3 °C, -
8.8+0.1 °C, and -1.6+0.1 °C. In this study, the Kalahari melon seed oil
cooling profile had exothermic peaks that occurred at -6.96°C and -
29.43°C, and the heating profile had endothermic peaks occurred at -
46.03°C, -31.32 °C, -16.05 °C, and -12.28 °C.

Abdulkarim and co-workers, as well as Zhong and co-workers previously
analysed Soxhlet extracted Moringa oleifera seed oil, amongst other oils,
using DSC. Abdulkarim and co-workers reported three endothermic peaks
in the heating profile at -24.95 °C, -12.6 °C and 14.7 °C. Whereas Zhong
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and co-workers reported three endothermic peaks in the heating profile at
-17.8 °C, -0.35 °C and 23.1°C, as well as two exothermic peaks in the
cooling profile at 4 °C and -37 °C. In this study, DSC results for Soxhlet
extracted MO oil displayed four endothermic peaks in the heating profile at
-20.43 °C, -12.96 °C, 5.71°C and 17.10°C and two exothermic peaks in the
cooling profile at 6.34°C and —-35.32 °C.

The multiple transition temperatures are said to have been caused by the
oil sample's unique triacylglycerol (TAG) composition as well as the
melting-recrystallization of the original TAG crystallites and their
subsequent melting known as the polymorphism phenomenon (Tan and
Che Man, 2000; Gbogouri et al., 2011). Therefore, when heated, the
lowest temperature transitions are caused by the least stable polymorphs
melting. The transitions that occur at higher temperatures are then caused
by the remaining TAG rearranging and recrystallizing into more stable
polymorphs. From both sets of data, there are clear differences between
the different types of oils namely moringa, baobab and Kalahari melon
seed oil. However, there were slight differences between the two moringa
oil samples that were extracted in different ways namely by Soxhlet
extraction and cold-pressing. This is in agreement with conclusions made
by Mohammadpour and co-workers who studied Moringa peregrina oil
extracted with different techniques namely Ultrasound-assisted extraction

and Soxhlet extraction.
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Figure 26: DSC cooling profile of various seed oils
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Figure 27: DSC heating profile of various seed oils
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Table 10: Transition temperatures during cooling processes of various seed oils

Sample Transition Onset temperature | Enthalpy AH (J/g)
C)
Cold-pressed MO oil a 8.58 N/A
b -35.51 30.34
Baobab oil a -26.30 8.26
Kalahari melon oil a -6.96 N/A
b -29.43 14.81
Soxhlet extracted MO | a 6.34 2.21
oil b -35.32 30.62

Table 11: Transition temperatures during heating processes of various seed oils

Sample Transition Onset temperature | Enthalpy AH (J/g)
(°C)

Cold-pressed MO oil A -18.35 -0.62
B -9.38 -47.69
C 6.13 -1.88
D 16.79 -1.55

Baobab oil A -40.35 -1.23
B -23.14 -3.74
C -6.83 -7.68
D 3.22 -1.07

Kalahari melon oil A -46.03 -8.72
B -31.32 -0.17
C -16.05 -1.38
D -12.28 -28.41

Soxhlet extracted MO | A -20.43 -49.66

oil B -12.96
C 5.71 -4.06
D 17.10 -1.56

5.4 Nuclear Magnetic Resonance (NMR) spectroscopy of

selected oils

The assignments of the main resonances in the 3C and H NMR spectra

were assigned according to Cheikhyoussef and Popescu and co-workers

and displayed in Table 12 and 13 below. Relative integral percentages

presented in Table 14 were used to calculate the relative saturates fatty

acid (SAFA) content as described by Popescu and co-workers as well as
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Manina and co-workers. Individual spectra are presented in Appendix B
(Figure 37-44).

From the *C NMR data in Table 12, four major signal groupings were
evident at 14.27-34.36 ppm for the aliphatic carbons, 62.24-69.01 ppm for
the glycerol backbone, 129.81-130.36 ppm for the unsaturated carbons
and 172.98-173.45 ppm for the carbonyls (Cheikhyoussef, 2018). 'H NMR
resonance groups signals were integrated, which reflects the number of
equivalent nuclei in the environment. The percentage of each group was
then determined from the total signal (Mannina et al., 2003). From Table
14, the largest contribution signal (51.8-62.75%) to the total organic signal
obtained for the selected oil samples was for the 1.25-1.35 ppm signal
corresponding to methylene protons (CH2)n.The lowest contribution signal
(0.90-0.97%) to the total organic signal obtained for the selected oll
samples was for the 5.24-5.28 ppm signal corresponding to glycerol

(triacylglycerals).

From the values in Table 14, the relative level of saturation of the oils
could be estimated in the form of % Saturated Fatty Acid (SAFA) and
lodine value (IV). A high content of linolenic acid would decrease %SAFA
and increase the IV, whereas a high content of oleic acid would increase
%SAFA and decrease IV (Popescu et al., 2015). From the %SAFA results
obtained for the selected oils saturation was in the order of Kalahari melon
seed oll, Lefakong farming cold-pressed MO oil, Soxhlet extracted MO oil
and the highest being Baobab seed oil. However, according to the relative
IV degree of saturation was in the order of Kalahari melon seed oill,
Baobab seed oil, Lefakong farming cold-pressed MO oil, and the highest
being Soxhlet extracted MO oil. This discrepancy is due to the low

accuracy of this estimation using relative percentages.
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Table 12: Chemical shifts and assignments of main resonances in ppm (&) of the

13C NMR spectra of selected seed oils

Assignment Lefakong Soxhlet Kalahari melon | Baobab seed oil
farming cold- | extracted MO oil | seed oil
pressed MO oil
Solvent (CDClz) | 77.16 77.16 77.16 77.16
C18 (w1) 14.27 14.27 14.23-14.27 14.23-14.27
C17 (w2) 22.84 22.84 22.73-22.84 22.73-22.84
C3 24.99 nd 24.98 24.99
Cl11,C14 25.01-25.03 25.00-25.04 25.02-25.77 25.01-25.77
C8, C11 27.32-27.37 27.33-27.38 27.32-27.37 27.32-27.37
(CH2)n 29.14-29.92 29.15-29.92 29.19-29.92 29.20-29.92
C16 (w3) 31.94 31.94 31.67 31.68
C2,sn-1,3 32.06-32.08 32.06-32.08 32.06-32.08 32.06-32.08
C2,sn-2 34.17-34.34 34.18-34.36 34.17-34.33 34.20
CH20-, sn-1,3 62.24 62.24 62.24 62.24
CHO-, sn-2 69.01 69.01 69.01 69.01
C10, C12, C13 nd nd 128.01-128.21 128.02-128.21
C9, C10 129.81-129.97 129.82-129.97 129.84 129.82-129.84
C9, C13 130.06-130.16 130.07-130.16 130.11-130.35 130.11-130.36
C1,sn-2 172.99 nd 172.98 172.98
C1,sn-1,3 173.42-173.44 173.42-173.45 173.39-173.44 173.40-173.44
nd, no data

Table 13: Chemical shifts and assignments of main resonances in ppm (&) of the

1H NMR spectra of selected seed oils

Assignment Lefakong Soxhlet Kalahari Baobab seed

farming cold- | extracted MO | melon seed | oil

pressed MO | oil oil

oil
Solvent (CDCls) 7.26 7.26 7.26 7.26
—CH2—CH2>—CH2>—CH3s 0.86-0.89 0.86-0.89 0.87-0.90 0.86-0.90
(CH2)n 1.25-1.34 1.25-1.34 1.25-1.35 1.25-1.35
—CH>—CH>—COOH 1.57-1.63 1.59-1.63 1.60 1.60-1.62
—CH>—CH=CH— 1.99-2.02 1.98-2.20 2.02-2.05 2.00-2.05
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—CH>—COOH 2.29-2.33 2.29-2.33 2.29-2.33 2.29-2.38
—CH=CH—CH>— nd nd 2.75-2.78 2.75-2.78
CH=CH—

—CH>—0OCO—R 4.12-4.16 4.12-4.6 4.12-4.6 4.12-4.6
—CH>—0O—COR 4.27-4.31 4.27-4.31 4.27-4.31 4.27-4.31
CH—OCO—R 5.25-5.27 5.24-5.28 5.25-5.27 5.24-5.27
—CH=CH- 5.30-5.37 5.30-5.37 5.31-5.39 5.30-5.39
nd, no data

Table 14: Integrals of the 'H NMR main resonance groups for the selected oil

samples (% from the total area of the signals)

Assighment Lefakong Soxhlet Kalahari Baobab seed
farming cold- | extracted MO | melon  seed | oil
pressed MO | oil oil
oil

—CH>—CH2>—CH2>—CH3 8.10 % 8.29 % 8.59 % 8.78 %

(CH2)n 62.75 % 62.53 % 51.80 % 59.24 %

—CH>—CH2>—COOH 6.19 % 6.27 % 7.04 % 6.92 %

—CH>—CH=CH— 8.56 % 8.59 % 9.59 % 7.36 %

—CH>—COOH 5.45 % 5.47 % 5.87 % 5.92 %

—CH=CH—CH>— nd nd 3.75% 1.72%

CH=CH—

—CH>—0OCO—R 1.85% 1.78 % 1.99 % 1.98 %

—CH,—O—COR 1.80 % 1.75% 1.97 % 1.95%

CH—OCO—R 0.93 % 0.90 % 0.97 % 0.92 %

—CH=CH- 4.36 % 4.41 % 8.42 % 5.21 %

SAFA 21% 22% 16% 37%

Relative IV 69.49 68.54 126.36 76.44

nd, no data

5.5 Fourier Transform-Infrared Spectroscopy analysis of

the various oils

Distinct functional groups are seen across all the oil samples (Appendix C

Figure 45-67) characteristic to plant oils presented in Table 15 below.

These include a weak broad O-H stretching at 3200-2700 cm, strong
alkane C-H stretch at 3000-2840 cm™, a strong C=0 stretch at 1750-1735

cm?, a medium alkane C-H bending at 1465 cm, a strong ester C-O
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stretching at 1210-1163 cm* and a strong alkene C=C bending at 730-665
cmL. These findings confirm the presence of the ester and carboxylic acid
functional groups expected for plant oils. Slight variations in wavenumber
and intensities are due to the different fatty acid compositions in the
various oils. In Figure 28 below, the FT-IR spectra of the four extracted
MO oils are overlapped. They are almost identical except for the weak
peak for Lefakong farming cold-pressed MO at around 1096.24 cm which
may be an impurity. This indicates that the extraction method used has
virtually no effect on the molecular fingerprint, in other words, the

functional groups, present in the final oil product.

Thirugnanasambandham who investigated Ultrasound-assisted extracted
MO using FT-IR analysis reported similar results of an ester functional
group (CO stretch) at 1776 cm, an ether linkage at 1168 cm, broad OH
stretch peak at 3420 cm™ and peaks of ortho-substituents at 753 cm™. An
alcohol or phenol OH stretch at 3510-3100 cm™, CH stretching at 2925
cm™ and 2860 cm™, an ester functional group in the region 1770-1668
cm™? and a carboxylic acid signal in the region 3000-2700

cm~Y(Thirugnanasambandham, 2018).

Table 15: Common FT-IR signals for the various seed oils (Appendix C Figure 45-

67)

Wavenumber Functional group | Mode of vibration | Intensity
range cm!

3200-2700 O-H Stretching Weak
3000-2840 C-H Stretching Strong
1750-1735 C=0 Stretching Strong
1465 C-H Bending Medium
1210-1163 C-0 Stretching Strong
730-665 c=C Bending Strong
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Transmittance %

Overlapped FT-IR Spectra of MO oil

1,1
1
0,9
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Soxhlet extracted MO
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0,6 —— Ultrasound extracted MO
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0,4
4100 3600 3100 2600 2100 1600 1100 600

Wavenumber cm-1

Figure 28: Overlapped FT-IR Spectra of extracted MO oil

5.6 The relative fatty acid content of the various oils

Analysis of the Supelco 37 FAMES (Fatty Acid Methyl Esters) standard
using the described Gas Chromatograph-Mass Spectroscopy (GC-MS)
methodology (4.7), resulted in all standards being eluted and visible in a
similar order to that found in literature (Danish and Nizami, 2019).
Reference Table 19 ad Figure 68 were used in processing the oil samples
results. There were however difficulties in peak identification for the oil
samples due to matrix effects resulting in a wider retention time search
range per analyte to be used. As a result, analyte of similar elution times
became problematic to differentiate and be correctly picked up by the
automatic processing function. Hence, in general, larger standard

deviations resulted for fatty acids in the range of 17.00-22.00 minutes.
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In Table 19 below, a sample of relative fatty acid content of various oils
are presented, any results below 0.01% were regarded as not detected
(nd). The relative percentage of each fatty acid was determined out of the
total fatty acid content which was used to quantify the total Saturated Fatty
Acid % (SAFA %) and The Total Unsaturated Fatty Acid % (TUFA %).
Figure 29 is a sample chromatogram of Shaker extracted Moringa oleifera
(MO) oil. The remaining relative fatty acid content, GC-MS chromatograms

and major mass spectra are presented in Appendix D below.

Recovery calculations were not possible in this analysis as the standard
was already in a derivatised form and could not be used to spike samples
undergoing derivatisation before analysis, hence 100% recovery is
assumed across all results. In Table 16 results for three oils; namely
Mongongo seed oil, Plush Organics Moringa oil, and Olive oil; of sample
sizes n=3 and n=9 are displayed to show the close similarity in results

hence the remaining oils were analysed as n=3.

Amongst the extracted Moringa oleifera (MO) oils there were a few notable
differences between the individual fatty acids detected and their relative
percentages but a similarity in their saturation trends. Discrepancies may
be caused by contamination of the sample or the instruments column. The
highest relative fatty acid % (24.46-57.95%) across the extracted MO oils
was cis-9-Oleic acid methyl ester (Oleic acid) and the second highest
being Methyl palmitate (Palmitic acid) (14.40-25.56%). This order is in
agreement with results presented by Ozcan and co-workers for Soxhlet
and Cold-pressed MO oil. However, the third highest fatty acid % reported
by Ozcan and co-workers was for Methyl docosanoate (Behenic acid)
however, results obtained in this study indicate Methyl Arachidate
(Arachidonic acid) was the third highest fatty acid present (8.97-14.03%).

Discrepancies in the percentage values of fatty acids in comparison to

literature values may be contributed to by different ranges of analyte of
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interest. Such that many researchers focussed only on major fatty acids
such as oleic, linoleic, stearic, palmitic etc. whereas in this study fatty acid
% was calculated out of the total 37 fatty acid range. The relative fatty acid
percentages present in seed oils may also depend on seed source,
extraction method and storage conditions (Nwabuebo, 2017). Soxhlet
extracted MO oil had high SAFA% and PUFA% which suggests that these
triglycerides require high temperature and a solvent for their extraction

which is in agreement with findings by Nwabuebo (Nwabuebo, 2017).

GC-MS analysis of oils fatty acid content gives insight into which fatty
acids are present and absent within the oil which affects the benefits in
cosmetic application. The major fatty acids important to cosmetic
application are palmitic acid, linoleic acid, and oleic acid for their benefits
beforementioned (2.1). The level of saturation in the oil affects the state of
the oil at different temperatures as well as the oils long term stability as
susceptibility to oxidative degradation is affected by functional groups
present required for degradation reactions to take place. A high
percentage of oleic acid in oil is said to make the oil desirable in terms of
nutrition and high stability cooking and frying oil (Bhutada et al., 2016).
This correlates with the results obtained as the highest oleic acid content
was obtained for Olive oil which is used for such applications. The highest
relative percentage of Palmitic acid belonged to Grapeseed oil and the
highest relative percentage of Linoleic acid belonged to Kalahari melon
seed oil. This would indicate that Grapeseed oil and Kalahari melon seed
oil are very valuable to skin formulations focussed on protecting the skin

barrier from dying and damage.

As beforementioned, and presented in Table 9, lodine value (V) is related
to the degree of unsaturation such that the higher the IV the more
unsaturated the oil. This parameter as well as the relative IV estimates
calculated from 'H NMR data (5.4) correlates well with the GC-MS
findings. The IV obtained for the extracted MO oils (65.93-74.99 g/100g)
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was lower than that obtained for Baobab seed oil (91.30 g/100g) and
Kalahari melon seed oil (131.90 g/100g). Relative IV from *H NMR data for
Lefakong farming cold-pressed MO oil and Soxhlet extracted MO oll
(68.54-69.49 g/100g) was lower than that obtained for Baobab seed oil
(76.44 g/100g) and Kalahari melon seed oil (126.36 g/100g). The TUFA%
results for the extracted MO oils (33.93-64.33%) is lower than the TUFA%
obtained for Baobab seed oil (65.61%) and Kalahari melon seed oil
(72.24%). Overall, this indicated that Kalahari melon seed oil was the most
unsaturated followed by Baobab seed oil and MO oil was the least

unsaturated from this sample group.

The highest relative fatty acid % obtained for Mongongo seed oil was
Methyl Linoleate (Linoleic acid) which is in agreement with the results
presented in literature (Cheikhyoussef, 2018). The highest relative fatty
acid % obtained for Baobab seed oil was cis-9-Oleic acid methyl ester
(Oleic acid) which is in agreement with the results presented in literature
(Muthai et al., 2019; Zimba et al., 2005). The highest relative fatty acid %
obtained for Marula seed oil was cis-9-Oleic acid methyl ester (Oleic acid)
which is in agreement with the results presented in literature (Mariod,
Matthaus and Eichner, 2004; Nwabuebo, 2017; Cheikhyoussef, 2018).
The highest relative fatty acid % obtained for Kalahari melon seed oil was
Methyl Linoleate (Linoleic acid) which is in agreement with the results

presented in literature (Cheikhyoussef, 2018).
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12:50.50
14:15.90
15:53.80
16:18.10
17:35.70
18:00.90
24:42.20
25:51.90
26:19.30
27:45.30
29:25.50




Figure 29: GC-MS chromatogram of Shaker extracted Moringa seed oil
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Table 16: Relative fatty acid composition of the various oils

Fatty acid Lefakong | Soxhlet Ultrasound | Shaker Mongongo | Mongongo | Olive oil Olive all Plush Plush
Cold- extracted | extracted extracted | seed oil seed oll (n=9) (n=3) Organics | Organics
pressed MO oil MO oll MO oll (n=9) (n=3) Moringa | Moringa
MO oll oil (n=9) | oil (n=3)

Methyl laurate 0.03 + 0.02 + 0.03 + 0.02 + nd nd nd nd nd nd
0.02 0.01 0.02 0.01

Methyl 0.49 0.29 + 0.28 + 0.20 % 0.07 % 0.06 + 0.02 £ 0.01 + 0.02 £ nd

tetradecanoate 0.09 0.08 0.1 0.05 0.03 0.01 0.02 0.02 0.02

Methyl 0.04 £ 0.01 £ 0.02 + 0.01 % 0.02 * 0.02 + 0.01 £ nd 0.01 £ 0.01 £

pentadecanoate 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Methyl 6.98 + 4.65 + 4.09 + 333 % 0.11 = 0.12 £ 225 + 2.07 145 + 114 +

Palmitoleate 1.71 1.52 0.61 0.64 0.05 0.03 1.02 0.44 0.42 0.13

Methyl palmitate 25.26 + 14.40 + 20.55 £ 1490 + | 1527+ 23.10 + 9.81 6.81 + 1892 + | 13.36 +
4.73 10.65 5.71 2.83 0.26 6.29 8.90 2.12 15.50 13.43

cis-10- 0.21 0.13 + 0.10 £ 0.08 * 0.05 % 0.04 + 0.36 + 0.31 + 0.35 £ 0.28 +

Heptadecenoic +0.05 0.03 0.02 0.02 0.03 0.01 0.19 0.02 0.08 0.05

acid methyl ester

Methyl 0.39 £ 0.25 £ 0.21 + 0.18 * 0.18 * 0.16 + 0.31 £ 0.28 + 0.27 £ 0.23 £

heptadecanoate 0.08 0.05 0.03 0.03 0.08 0.05 0.16 0.04 0.08 0.03

Linolelaidic acid nd nd nd nd 0.86 + 1.13 + nd nd 5.36 + 593 +

methyl ester 1.71 1.96 6.80 5.34

trans-9-Elaidic nd 6.32 + nd nd nd nd nd nd nd nd

acid methyl ester 10.95

Methyl Linolenate | nd nd nd nd nd nd 1220 + |1080 + |14.78 + |1954 +

10.06 9.57 12.72 3.20

Methyl Linoleate nd nd nd nd 27.05 2454 + nd nd nd nd

12.54 4.78
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cis-9-Oleic acid 35.63 * 24.46 + 40.66 * 57.95 + | 8.01 + 6.83 + 62.80 * 67.04 + 47.36 + 50.27 +
methyl ester 12.13 24.78 21.85 11.42 8.38 5.92 12.27 12.06 21.84 7.17
Methyl nd 21.58 + 10.68 + 5.07 + 8.01 + 5.97 + 10.40 + 10.86 + 10.02 + 8.02 +
octadecanoate 14.83 4.55 4.39 5.48 5.17 3.33 2.12 2.63 0.86
Methyl cis- nd nd nd nd 20.87 * 19.46 * nd nd nd nd
5.8.11.14- 4.82 4.93
Eicosatetraenoic
Methyl cis- nd nd nd nd 18.54 + 18.45 * nd nd nd nd
5.8.11.14.17- 8.12 4.79
Eicosapentaenoat
e
cis-8.11.14- nd nd nd nd 0.04 + nd nd nd nd nd
Eicosatrienoic 0.08
acid methyl ester
cis-11.14- nd nd nd nd 0.37 £ 0.35 nd nd 0.59 + 0.50 +
Eicosadienoic 0.08 0.10 0.14 0.04
acid methyl ester
Methyl cis-11- 5.31 + 1.84 + 441 + 2.93 + 0.45 * 0.41 + 0.64 + 0.63 + nd nd
eicosenoate 1.09 3.18 1.52 0.54 0.12 0.11 0.23 0.13
cis-11.14.17- nd 2.76 nd nd nd nd nd nd nd nd
Eicosatrienoic 2.50
acid methyl ester
Methyl 10.50 + 8.84 + 8.60 + 5.88 + 0.40 * 0.39 + 0.98 +* 0.98 + 0.79 0.62 +
heneicosanoate 2.12 1.73 2.98 1.13 0.09 0.09 0.38 0.22 0.22 0.03
All cis- nd nd nd nd nd nd nd nd nd nd
4.7.10.13.16.19-
Docosahexaenoa
te
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Cis-13-16- nd nd nd nd nd nd nd nd nd nd

Docosadienoic

acid methyl ester

(22:2)

Methyl Erucate 0.08 * 0.09 = 0.09 0.04 * nd nd nd nd nd nd
0.01 0.03 0.02 0.03

Methyl Arachidate | 14.03 * 13.41 + 9.71 + 8.97 + 0.03 + 0.04 + 0.18 * 0.17 + 0.07 * 0.07 *
2.02 2.61 7.39 1.76 0.02 0.01 0.08 0.02 0.02 0.02

Methyl 0.06 * 0.07 * 0.04 * 0.04 + 0.01 * 0.01 % 0.02 * 0.01 + 0.01 % 0.01 +

docosanoate 0.01 0.02 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.01

Methyl 0.04 = nd nd nd nd nd nd nd nd nd

tricosanoate 0.04

Methyl Nervonate | nd nd nd nd nd nd nd nd nd nd

Methyl 0.95 * 0.87 * 0.54 * 0.41 + 0.04 + 0.03 * 0.03 * 0.03 + 0.01 #* 0.01 +

lignocerate 0.06 0.34 0.10 0.07 0.02 0.00 0.04 0.04 0.01 0.02

SAFA % 51.78 59.74 50.65 35.67 24.02 29.77 21.76 19.16 30.12 22.34

MUFA % 48.22 31.17 49.35 64.32 8.62 7.40 66.05 70.04 49.16 51.70

PUFA % 5.31 2.76 0.09 nd 66.87 62.80 12.20 10.80 15.36 20.04

TFA % nd 6.32 nd nd 0.86 1.13 nd nd 5.36 5.93

TUFA % 53.53 33.93 49.44 64.33 75.49 70.20 78.25 80.84 64.52 71.74

nd, not detected. SAFA = Saturated Fatty Acids, TFA = Trans Fatty Acids, MUFA = Monounsaturated Fatty Acids, PUFA = Polyunsaturated Fatty Acids, and TUFA

= Total Unsaturated Fatty Acids. Data are shown as means with + SD of n replicates.

C1 - Internal use

100



5.7 The effect of sunlight exposure on selected oils

It is known that exposure to higher temperatures, oxygen and light are the
main external factors that contribute to the autoxidation of fatty acids
(Nwabuebo, 2017). This experiment was intended to roughly indicate the
selected oil's oxidative stability. Poor oxidative stability results in low-
quality oil with a shorter shelf life. Poor oxidative stability results in
rancidity which is indicated by an unpleasant odour and/or taste caused by
the aldehydes and ketones formed during the degradation process
(Nwabuebo, 2017).

There were clear trends in the decrease in the quality of these oils as they
deteriorated, which can be seen in Figure 30 below. In terms of the
property colour, the oils either remained the same colour or lost their
pigment and became dull or completely transparent. In terms of the state
of oils, all but one oil remained a homogeneous liquid, that oil being the
cold-pressed MO oil from Lefakong farming. Over time this oil formed a
white precipitate causing the oil sample to appear murky, this may have
been sediment caused by poor filtration or the formation of a by-product
caused by the sunlight exposure. The odours of the oils were by far been
the most affected by this accelerated deterioration study. None of the oils
had their original earthy, nutty and/or herbal smells by the end of this
experiment. The odours intensities fluctuated and had changed to rancid,
acidic and/or fishy smells which was a clear sign of deterioration of the

sample.

Given that peroxide value (PV) (Table 9) is a quantitative measure of
oxidative stability, there is a clear correlation between the PV results and
the sunlight exposure results presented in Table 17 below. From the
selected oils, Jojoba oil had the lowest PV of 0,97 = 0,08 mequiv/kg
whereas Mongongo oil had the highest with a value of 25,91 + 0,44

mequiv/kg. From Table 17 below we see very little changes over the 2
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months for Jojoba oil whereas the Mongongo oil showed signs of rancidity
after just 1 month indicating poorer oxidative stability in comparison to

jojoba oil.

For application in cosmetics, oil's colour and odour are very important as it
affects the quality and integrity of the final product over time. If oils
susceptible to degradation are to be used in a formulation, additional
active ingredient, namely antioxidants and chelating agents are necessary
to protect the product's integrity by preventing decomposition of the natural

oil phase.
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Figure 30: Images of the selected oils during the sunlight exposure study A=
14/12/2020, B= 14/05/2021 and C=14/08/2021. Oils were positioned as follows: 1=
Jojoba seed oil. 2= Grapeseed oil, 3= Avocado oil, 4= Sunflower oil, 5= Sunflower

oil, 6= Lefakong Farming cold-press MO oil, 7= Bright mountains MO oil, 8= Marula
Seed Oil, 9= Mongongo Seed oil, 10= Kalahari Melon Seed Qil, 11= Baobab Seed

Qil, and 12= Hemp seed oil
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Table 17: Physical effect of sunlight exposure summary on various oils

Sample Original Condition Condition Condition Condition Condition Condition Condition Condition
conditions after 1| after 2 | after 3 | after 4 | after 5 | after 6 | after 7 | after 8
month months months months months months months months
Jojoba seed | Bright yellow Bright Bright Bright Bright yellow. | Yellow. Yellow. Pale yellow. Pale yellow.
oil Homogeneous Yellow, Yellow, Faint, | Yellow, Mild Acidic and Acidic and Rancid and Faint rancid Faint rancid
liquid earthy aroma | almost no acidic smell. | herbal smell. | herbal smell. | herbal smell. | smell. smell.
Earthy aroma smell.
Grapeseed Very pale yellow | Very pale Very pale Very pale Very pale Very pale Very pale Clear. Faint Clear. Strong
oil Homogeneous yellow. Acidic | yellow. Faint | yellow. yellow yellow yellow rancid smell. | rancid acidic
liquid rancid smell. | rancid smell. | Rancid smell. | almost clear. | almost clear. | almost clear. smell.
Earthy acidic Rancid Rancid Pungent
smell smell. smell. acidic smell.
Avocado oil | Dark olive green | Dark olive Slightly paler | Slightly paler | Pale olive Pale yellow- | Dull yellow. Dull faint Very faint
Homogeneous green. olive green. olive green. green. green. Pungent yellow. yellow.
liquid Herbal acidic | Herbal acidic | Pungent Pungent Pungent acidic smell. | Pungent Pungent
Herbal nutty smell. smell. herbal acidic | herbal acidic | acidic smell. acidic herbal | acidic herbal
aroma smell. smell. smell. smell. Murky
Precipitate. precipitate.
Sunflower Very pale yellow | Very pale Very pale Very pale Very pale Completely Completely Completely Completely
oil Homogeneous yellow. yellow. Faint | yellow. Faint | almost clear. Strong | clear. Mild clear. Faint clear. Strong
liquid Slightly acidic smell. | rancid smell | completely rancid smell. | herbal rancid | rancid smell. | rancid smell.
Slightly earthy earthy clear. Faint
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aroma aroma. rancid smell smell.

Olive oil Bright yellow Bright yellow. | Bright yellow. | Bright yellow. | Bright yellow. | Bright yellow. | Dull yellow. Dull yellow. Dull yellow.
Homogeneous Pungent Mild acidic Pungent Pungent Mild herbal Pungent Pungent Pungent
liquid earthy/ acidic | smell. acidic smell. | acidic smell. | acidic smell. [ herbal acidic | herbal acidic | herbal acidic
Pungent earthy/ | smell. smell. smell. smell.
acidic

Lefakong Dull yellow Dull yellow. Formed a Dull yellow. Murky pale Murky pale Pale yellow Pale yellow Pale yellow

Farming Homogeneous Acidic rancid | separate Medium yellow. yellow. with white with white with white

cold-press liquid smell. murky pale- rancid smell. | Strong rancid | Strong rancid | solids. solids. Faint | solids. Faint

MO oil Nutty aroma yellow layer. smell. nutty smell. Strong rancid | rancid smell. | rancid smell.

Mild nutty smell.
and rancid
smell.

Bright Bright yellow Bright yellow. | Dull medium | Dull medium | Very pale Very pale Very pale Clear. Clear.

mountains Homogeneous Acidic rancid | yellow. Mild yellow. peach. peach almost | peach almost | Strong Strong

MO oil liquid smell. nutty, earthy, [ Medium Medium clear. Strong | clear. Strong | earthy rancid | earthy rancid
Nutty aroma and rancid earthy rancid | earthy rancid | earthy rancid | earthy rancid | smell. smell.

smell. smell. smell. smell. smell.

Marula Seed | Very pale yellow/ | Very pale Very pale Very pale Very pale Very pale. Very pale Clear. No Clear. Faint

oil peach yellow/ yellow/ yellow/ almost clear. | Mild fishy almost clear. | smell. earthy rancid
Homogeneous peach. Soft peach. Faint, | peach. Faint | No smell. smell. Mild fishy smell.
liquid earthy smell. | almost no acidic smell. earthy smell.

Nutty roasted smell.
aroma

Mongongo Dull medium Dull medium | Dull medium | Dull medium | Pale yellow. Pale yellow. Pale yellow. | Very pale Very pale

Seed oil yellow yellow. yellow. Mild yellow. Pungent Pungent Pungent yellow. yellow.
Homogeneous Earthy and Pungent Pungent Pungent
liquid
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Earthy aroma acidic. rancid smell. | rancid smell. [ rancid smell. | rancid smell. | rancid smell. | rancid smell. | rancid smell.
Kalahari Pale yellow Pale yellow. Pale yellow. Pale yellow. Pale yellow. | Very pale Very pale Very pale Clear. Faint
Melon Seed | Homogeneous Earthy acidic | Very faint Acidic rancid | Pungent yellow. yellow. yellow rancid smell.
Oil liquid smell. earthy smell. | smell. rancid smell. | Pungent Pungent almost clear.

Earthy acidic acidic rancid | rancid smell. | Faint rancid

smell smell. smell.
Baobab Bright yellow Bright yellow. | Bright yellow. | Bright yellow. | Bright yellow. | Bright yellow. | Dull yellow. Dull yellow. Dull yellow.
Seed QOil Homogeneous Nutty and Mild earthy Mild earthy Acidic and Acidic and Rancid and Faint rancid Faint rancid

liquid acidic smell. | and rancid and rancid herbal smell. | herbal smell. | herbal smell. | and herbal smell.

Nutty roasted smell. smell. smell.

aroma
Hemp seed | Dull medium Dull medium | Dull medium | Dull medium | Pale yellow. Very pale. Very pale. Dull faint Very faint
oil yellow yellow. yellow. yellow. Pungent Pungent Pungent yellow. yellow.

Homogeneous Earthy and Earthy and Earthy and earthy and earthy and earthy and Pungent Pungent

liquid acidic. acidic. acidic. acidic smell. | acidic smell. | acidic smell. | earthy and earthy and

Herbal/ earthy acidic smell. | acidic smell.

aroma
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5.8 Radical scavenging activity towards 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical of the various oils

In Table 18 below, the % inhibition results of the various samples as well
as the positive control, ascorbic acid, are presented. Overall, according to
the ANOVA single factor test, the results are significantly different from
each other (p-value =7,06 x10%"). The higher the percentage inhibition, the
higher the sample's radical scavenging activity towards the DPPH radical.
In the chemical reaction that takes place, the solution changes from purple
to light yellow depending on the extent of the radical scavenging ability of
that sample at the time of analysis. The synthetic antioxidant, ascorbic
acid, as expected exhibited high radical scavenging ability having a %
inhibition of 88.31 + 1.82%. From the extracted MO oils, all results were
significantly different (p<0.05) according to Tukey’s test. Ultrasound-
assisted and shaker method extracted MO had the higher % inhibition
values. This is most likely due to their low/no heat extraction techniques
which prevent the natural antioxidant content from being destroyed.
Lefakong Farming cold-pressed MO had a surprisingly low % inhibition
considering the absence of heat from the extraction process. This however
correlates with other parameters conducted on the extracted oils as
Lefakong Farming cold-pressed MO oil had the highest peroxide value
(PV) of 6.42 £ 0.62 mequiv/kg as well as the highest acid value (AV) of
0.85 £ 0.09 mg KOH/g oil. This may be due to the age of the oil and/or the
storage conditions of the product before receiving it which may have
caused deterioration of the natural antioxidant content. As a result oils with
high antioxidant content such as Mongongo and Kalahari melon seed oil

would be best suited in antioxidant rich cosmetic formulations.

The remaining commercially available MO oil had a wide range of %
inhibition values from 5.46 = 0.03% for the Leaf moringa seed oil to 16.48
+ 0.02% for Plush organics moringa oil. There could be several reasons

for this observation such as varying extraction methods, storage
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conditions, age of the sample, seed source etc., which may have affected
the natural antioxidant content of the oils. In literature, some researchers
used similar methods to determine their oil/s of interests % inhibition. Bayir
and co-workers reported % inhibition values of 56-65% for sunflower oil
(Baydir and Ascioglu, 2018). Nwabuebo reported 54.24 + 0.53% for screw
pressed marula oil and 51.21 + 0.53%, 53.33 + 0.53% 56.06 + 0.53% for
Soxhlet extracted, shaker extracted and screw pressed moringa oil
respectively (Nwabuebo, 2017). Zhong and co. workers reported a 10%
inhibition % for ultrasound-assisted extracted moringa oil which falls in the
range of the experimental values obtained in this study (Zhong et al.,
2018).

The comparison made by Nwabuebo showed that moringa seed oil had an
overall higher radical scavenging ability compared to marula seed oil given
her experimental data. The experimental data from this study however
contradict her findings as results for commercially purchased marula and
moringa seed oil from the same supplier (Bright Mountains) showed that
marula oil had a lower AV (2.95 + 0.13 mg KOH/g oil) in comparison to
moringa oil (6,86 * 0,42 mg KOH/g oil). As well as the results for PV,
marula oil had a lower value of 1,17 + 0,27 mequiv/kg whereas moringa oil
had a higher value of 1,80 + 0,21 mequiv/kg. These two parameters
confirm the results obtained for the radical scavenging activity experiment
as marula oil had a higher % inhibition of 11.68 + 0.13% whereas the
moringa oil had a lower result of 10.77 + 0.02%. Therefore, from the
results obtained in this study, for marula seed and moringa seed oil from
the same supplier, marula oil had an overall higher radical scavenging

activity.

To further investigate if storage conditions affected the natural antioxidant
content of oils one oil selected at random, namely hemp seed oil was
used. Hemp seed oil in three different conditions was analysed for radical

scavenging activity. One sample was taken from the originally purchased
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bottle that was only opened once to decant a sample and thereafter has
been stored in the fridge. The second sample was from the decanted
portion of this oil stored in the fridge in a glass amber bottle but was
opened multiple times for previous analyses and had therefore been
exposed to oxygen and room temperature conditions several times. The
third sample was taken from the clear glass vial of this oil used in the
sunlight exposure study for 6 months. This sample was exposed to oxygen
when opened and was constantly in full sunlight and room temperature
conditions. From this study, as expected, storage conditions have a
significant impact on the oil's radical scavenging ability. The Hemp seed oill
sample exposed to sunlight for 6 months had the lowest % inhibition value
of 3.55 + 0.03%, whereas the decanted hemp seed oil sample used for
prior studies had an intermediate result of 14.22 + 0.1% and as suspected
the original hemp sample opened only once had the highest value of 30.53
+ 0.87% inhibition. This indicated that it had the highest antioxidant
content amongst the 3 samples at the time of the study. Seeing that all 3
of these samples come from the same source the only possible difference
between them was their storage conditions which could have caused
these results hence proper storage of plant oils is necessary to preserve

their natural antioxidant content.

Discrepancies for this parameter may be caused by several factors such
as the age of oil at the time of analysis, storage conditions, experimental
procedures, oil or seed source etc. which may have caused deterioration

of the natural antioxidant content.
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Table 18: % Inhibition results for various oils

Sample % Inhibition
Ascorbic acid positive control 88.31+1.82
Soxhlet extracted MO oil 2.97 £ 0.062
Ultrasound-assisted extracted MO oil 12.17 £ 0.27°
Hexane shaker method extracted MO oil 13.47 £ 0.03¢
Lefakong Cold- pressed MO oil 4.25 + 0.064
Moyo moringa SA- Moringa Behen oil for skin 11.20 £ 0.04
Leaf- Moringa seed oll 5.46 £ 0.03
Essentially Natural Moringa oil 19.63+0.14
Moringa 5000 Pure Moringa Ben oil 13.57 £0.02
Bright mountain - Moringa Seed Oil 10.77 £0.02
Karibaa - Moriveda moringa basic oil 13.78 £ 0.03
Plush Organics Moringa Oill 16.48 £ 0.02
Tree of life Pure organic moringa oil 9.53 + 0.05
Sell- SA - Moringa world MO oil 9.67 £ 0.07
Baobab Seed Oil 30.21 +£0.03
Kalahari Melon Seed Oill 39.06 £ 0.03
Marula Seed Oil 11.69 +0.13
Mongongo Seed oil 64.19 £ 0.02
Avocado oil 12.27 £ 0.02
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Grapeseed oil 14.97 £ 0.01
Jojoba seed oil 10.26 £ 0.25
Sunflower oil 23.90 £ 0.19
Olive ol 16.80 + 0.05
Original hemp sample 30.53 + 0.57
Decanted hemp sample 14.22 £ 0.1

Hemp sample exposed to sunlight for 6 months 3.55+0.03

Data are shown as means with + SD of three replicates. Extracted MO oil means with different
letters in the same row are significantly different (p<0.05) as determined with Tukey'’s test.

5.9 Statistical analysis of quantitative parameters

Figure 31 below illustrates a heat map of the covariance matrix results
determined for the quantitative parameters of all twenty-three oils studied
namely the extracted four Moringa oleifera (MO) oils, nine commercially
available MO oils, Kalahari melon, Marula, Baobab, Mongongo, Hemp,
Olive, Sunflower, Jojoba, Grapeseed and Avocado oil. A strong positive
correlation or directly proportional relationship between two parameters
are indicated by values close to one and indicated by the lighter range of
colours. Whereas a strong negative correlation or inversely proportional
relationship is indicated by values close to negative one and are indicated
by the darker range of colours. It is evident that there is a directly
proportional relationship between saponification value (SV) and ester
value (EV), this is expected as EV is calculated by SV minus acid value
(AV). There is also a directly proportional relationship between density (D)
and specific gravity (SG) as D is used to calculate SG. SG and D relate to
the thickness of the oils and would therefore affect cosmetic properties

such as the skin feel of the final product.
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A directly proportional relationship is seen between iodine value (IV) and
refractive index (RI), this is due to their connection with the degree of
saturation. Such that high iodine and specific gravity values indicate a
higher presence of unsaturated compounds whereas low iodine and
specific gravity values indicate a higher presence of saturated compounds
(Craig, 1961). Therefore a positive correlation is also observed between
radical scavenging ability (RSA) and RI, as the main antioxidants present
in naturals are tocopherols which contain high degrees of unsaturation in
their structures as shown in Figure 3. The degree of saturation affects the
behaviour of oils in a cosmetic application as it affects the state of the oil
at different temperatures, this was evident as the MO oil samples were
solid at fridge temperature whereas hemp seed oil was in a liquid state at
this temperature.

On the other hand, there is an inversely proportional relationship between
SV and average molecular weight (AMW) as AMW is calculated by
dividing a constant by SV hence the relationship. This leads to the
inversely proportional relationship between AMW and EV as SV and EV
are directly proportional due to the reasons before mentioned. Oils with
higher SV and therefore lower AMW are better suited for soap making
(lesanmi et al., 2021) due to chain length. AMW would also affect the
degree of penetration of the oils such that higher AMW oils would
penetrate the skin and hair surface to a lesser degree and therefore form a
thicker occlusive layer that affects properties such as lubrication and shine

in final products.
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Figure 31: Covariance matrix of quantitative results. Where AV = Acid value, SV

Saponification value, AMW = Average molecular weight, EV = Ester value, IV =

lodine value, PV = Peroxide value, D = Density, SG = Specific gravity, RI

Refractive index, and RSA = Radical scavenqging ability

5.10 Trial application of cosmetic products

A few friends and family members were given a pair of indistinguishable
samples of each type of cosmetic product namely a liquid hand soap,
lotion, and cream (Figure 23). One sample from the pair from each type of
cosmetic product was modified with an additional 1% Moringa oleifera
(MO) and Kalahari melon seed oil and the unmodified base that was

unaltered was used as a control. Kalahari melon seed oil was chosen for
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its high antioxidant and linoleic fatty acid content and MO oil was chosen
for its high oleic fatty acid content; both of these fatty acids are important
in cosmetic formulations as previously mentioned (2.1). For the liquid hand
soap, the overall experience was that the oil-enriched sample left the
hands feeling less dry compared to the control after washing. For the
lotion and cream, the modified sample gave a longer playtime to the
products, in other words, was more spreadable compared to the control, it
also left the skin slightly shinier and softer which most people favoured.
The overall consensus was that the modified samples were preferred, and
the majority would purchase the oil-enriched samples over the control. It is

evident that even a small addition of seed oils to cosmetics provides a

richness to products that most consumers prefer.

Figure 32: lllustration of cosmetic product samples
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CHAPTER 6: CONCLUSION

This study aimed to investigate the effect of extaction technique used on
the characterisation and physico-chemical composition of Moringa oleifera
(MO) seed oil. This was achieved through the extraction of MO seed oil
using Cold-press, Soxhlet, Ultrasound-assisted and Shaker extraction
techniques from the same seed source. In addition, characterisation and
physico-chemical composition of commercial Moringa, Marula, Kalahari
melon, Mongongo, Baobab and Hemp seed oils were determined
alongside common commercial oils for comparison namely olive oll,

sunflower seed oil, grapeseed oil, jojoba seed oil, and avocado oil.

From the extraction of MO oil, as expected, Soxhlet extraction produced
the highest oil yields amongst the different oils, making it the most
economically valuable. Many characterisation results were indifferent to
the extraction method namely, density, thermal properties determined by
Differential scanning calorimetry (DSC), Nuclear Magnetic Resonance
(NMR) signals, Fourier transform infrared spectroscopy (FT-IR) results as
well as fatty acid content. This indicated that the inherent structure and
nature of the oil is relatively unaffected by the extraction type, as these are
fingerprint type parameters. However, characteristics that affect the shelf
life in other words stability and longevity of the oil sample, is largely
affected by the extraction type. The parameters significantly affected by
extraction type include acid value, saponification value, average molecular
weight, ester value, iodine value, peroxide value, refractive index, as well

as radical scavenging activity.

Through this research, the various oils studied are now comparable as
variability in methodology is eliminated. For the extracted MO oils,
variability of seed source is eliminated as they were all extracted from the
same seed source, variability only existed in the storage time from

extraction until analysis. In general, one of the major contributing factors to
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long term stability of oils was shown to be storage conditions as proven by
the extended radical scavenging activity towards 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical evaluation of Hemp seed oil. This indicated
a clear decrease in antioxidant content with increased sunlight, air and
temperature exposure. Enhancement of cosmetic bases with Kalahari
melon and MO oil proved to positively improve the performance of the

products and had an overall preferred richness in texture and feel.

Results obtained through this research contributes to the database of
knowledge available on underutilised African oils, which can be used to
assess their economic importance and assist in the development of value-

added products.
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CHAPTER 7: RECOMMENDATIONS

e Other oil extraction methods could be explored for moringa oil
extraction with the same seed source, to determine the quality of
those oils in comparison to the extraction methods used in this
study, namely cold-pressing, Soxhlet, ultrasound and shaker-
method extraction. To add, for example, steam distillation,
microwave-assisted extraction, supercritical fluid extraction etc.

e Further studies on application-specific processing of the crude oils
would be advantageous, such as for the food and biodiesel
industries, for the further value-addition initiative of the crude oils.
To date, the oils studied here are scarce and relatively highly priced
in comparison to other common oils available commercially.

e Results produced in this study, in particular NMR data, could be
used in the future in the classification of the oils to assess the
quality of oils produced to detect cases of adulteration such as
dilution of oils with cheaper carrier oils etc. (Popescu et al., 2015).

e Further confirmation of the studied oils in the cosmetic application
can be professionally tested for their synergistic effects on hair and
skin.

e |tis recommended to study the tocopherol and sterol content of the

seed oils.

117

C1 - Internal use



REFERENCES

Abdulkarim, S. M. et al. (2005) ‘Some physico-chemical properties of
Moringa oleifera seed oil extracted using solvent and aqueous enzymatic
methods’, Food Chemistry, 93(2), pp. 253-263. doi:
10.1016/j.foodchem.2004.09.023.

Adejumo, B. ., Alakowe, A. . and Obi, D. . (2013) ‘Effect of Heat Treatment
on the Characteristics and Oil Yield of Moringa Oleifera Seeds’, The

International Journal of Engineering And Science, 2(1), pp. 232—-239.

Adeniyi, O. O. (2019) ‘Extraction and Characterization of Underutilized
Seed Oils Sampled in South-western Nigeria’, International Annals of
Science, 7(1), pp. 48-52. doi: 10.21467/ias.7.1.48-52.

Agus Bin, A. et al. (2014) ‘A comparative study of various oil extraction
techniques from plants’, Reviews in Chemical Engineering, 30(6), pp.
605-626. doi: 10.1515/revce-2013-0038.

Alajtal, A | et al. (2018) ‘Acid, Peroxide, Ester and Saponification Values
for Some Vegetable Oils Before and After Frying Physico-chemical and
Biological Variables of Three Hospitals Wastewater in Misurata City View
project Acid, Peroxide, Ester and Saponification Values for Some ’,
American Association for Science and Technology. Journal of Materials,

4(2), pp. 43—-47. Available at: http://www.aascit.org/journal/materials.

Alomair, O. et al. (2016) ‘Heavy oil viscosity and density prediction at
normal and elevated temperatures’, Journal of Petroleum Exploration and
Production Technolog, 6(2), pp. 253-263. doi: 10.1007/s13202-015-0184-
8.

Andrianaivo-Rafehivola, A.A. Blond, J. P. et al. (1993) ‘Influence of

118

C1 - Internal use



cyclopropene fatty acid (baobab seed oil) feeding on the in vitro A9
desaturation of stearic acid in rat liver microsomes’, The Journal of

Nutritional Biochemistry, 4, pp. 92-96.

Anhwange, B. A. et al. (2010) ‘Chemical analysis of citrullus lanatus
(Thunb.), cucumeropsis mannii (Naud.) and telfairia occidentalis (Hook F.)

seeds oils’, Journal of Applied Sciences Research, 6(3), pp. 265-268.

Antignac, E. et al. (2011) ‘Safety of botanical ingredients in personal care
products/cosmetics’, Food and Chemical Toxicology. Elsevier Ltd, 49(2),
pp. 324-341. doi: 10.1016/j.fct.2010.11.022.

Anwar, F. and Bhanger, M. I. (2003) ‘Analytical Characterization of
Moringa oleifera Seed Oil Grown in Temperate Regions of Pakistan’,
Journal of Agricultural and Food Chemistry, 51(22), pp. 6558—-6563. doi:
10.1021/jf0209894.

Atabani, A. E. et al. (2014) ‘A study of production and characterization of
Manketti (Ricinodendron rautonemii) methyl ester and its blends as a
potential biodiesel feedstock’, Biofuel Research Journal, 1(4), pp. 139-
146. doi: 10.18331/BRJ2015.1.4.7.

Athar, M. and Nasir, S. M. (2005) ‘Taxonomic perspective of plant species
yielding vegetable oils used in cosmetics and skincare products’, African
Journal of Biotechnology, 4(1), pp. 36—44.

Balami, S. (2007) No Title. Baldosano.

Balcioglu, G. (2015) Kabak Cekirdeginden Enzimatik Sulu Ekstraksiyon lle
Yag Eldesi Ve Yanit Yiizey Ybéntemiyle Optimizasyonu. Fen Bilimleri

Enstitlisu.

119

C1 - Internal use



Baydir, A. T. and Ascioglu, C. (2018) ‘Effects of Antioxidant Capacity and
Peroxide Value on Oxidation Stability of Sunflower Oil’, Chemistry and

Materials, 1(November), pp. 5-7.

Behzadnia, A., Moosavi-Nasab, M. and Tiwari, B. K. (2019) ‘Stimulation of
biosurfactant production by Lactobacillus plantarum using ultrasound’,
Ultrasonics Sonochemistry, 59, p. 104724. doi:
10.1016/j.ultsonch.2019.104724.

Bhattacharjee, P., Singhal, R. S. and Tiwari, S. R. (2007) ‘Supercritical
carbon dioxide extraction of cottonseed oil’, Journal of Food Engineering,
79(3), pp. 892-898.

Bhutada, P. R. et al. (2016) ‘Solvent assisted extraction of oil from
Moringa oleifera Lam. seeds’, Industrial Crops and Products. Elsevier
B.V., 82, pp. 74-80. doi: 10.1016/j.indcrop.2015.12.004.

Bibi, S. et al. (2015) ‘A preliminary investigation to group disparate
batches of licit and illicit diazepam tablets using differential scanning
calorimetry’,  Analytical Methods, 7(20), pp. 8597-8604. doi:
10.1039/C5AY01711D.

Borochov-Neori, H. et al. (2008) ‘Phenolic Antioxidants and
Antiatherogenic Effects of Marula (Sclerocarrya birrea Subsp. caffra ) Fruit
Juice in Healthy Humans’, Journal of Agricultural and Food Chemistry,
56(21), pp. 9884-9891. doi: 10.1021/jf801467m.

Brand-Williams, W., Cuvelier, M. E. and Berset, C. (1995) ‘Use of a free
radical method to evaluate antioxidant activity’, LWT - Food Science and
Technology, 28(1), pp. 25-30. doi: 10.1016/S0023-6438(95)80008-5.

Brenner, J. (2004) ‘Applications of essential fatty acids in skin care,

120

C1 - Internal use



cosmetics and cosmeceuticals’, Cosmetics and toiletries, 119(3), pp. 75—
80.

Buddin, M. M. H. S. et al. (2018) ‘Ultrasonic assisted extraction (UAE) of
Moringa oleifera Seed Oil: Kinetic study’, ASM Science Journal, 11(3), pp.
158-166.

Cakaloglu, B., Ozyurt, V. H. and Otles, S. (2018) ‘Cold press in oil
extraction. A review’, Ukrainian Food Journal, 7(4), pp. 640-654. doi:
10.24263/2304-974X-2018-7-4-9.

Cheikhyoussef, N. (2018) Profiling Studies of Five Namibian Indigenous
Seed Oils Obtained Using Three Different Extraction Methods. PhD

Thesis, University of Namibia.

Chemat, F. et al. (2019) ‘Green extraction of natural products. Origins,
current status, and future challenges’, Trends in Analytical Chemistry.
Elsevier Ltd, 118(May), pp. 248—-263. doi: 10.1016/j.trac.2019.05.037.

Chen, Q. (2009) ‘Evaluate the Effectiveness of the Natural Cosmetic
Product Compared to Chemical-Based Products’, International Journal of
Chemistry, 1(2), pp. 57-59. doi: 10.5539/ijc.vin2p57.

Chindo, I. Y. et al. (2010) ‘Comparison Of The Quality Parameters Of The
Seed And Condiment Oil Of Adansonia Digitata’, Journal of American
Science, 6(12), pp. 990-994.

Cho, E. (2004) ‘Prospective Study of Intake of Fruits, Vegetables,
Vitamins, and Carotenoidsand Risk of Age-Related Maculopathy’,
Archives of Ophthalmology, 122(6), p. 883. doi:
10.1001/archopht.122.6.883.

121

C1 - Internal use



Cicero, A. F. G. and Gaddi, A. (2001) ‘Rice Bran Qil and g-Oryzanol in the
Treatment of Hyperlipoproteinaemias and Other Conditions’, Phytotherapy
Research, 15(4), pp. 277-289. doi: 10.1002/ptr.907.

Cissé, M. et al. (2018) ‘Impact of Extraction Method on Physicochemical
Characteristics and Antioxidant Potential of Adansonia digitata Oil’, Food
and Nutrition Sciences, 09(08), pp. 937-955. doi:
10.4236/fns.2018.98069.

Citti, C. et al. (2018) ‘Analysis of cannabinoids in commercial hemp seed
oil and decarboxylation kinetics studies of cannabidiolic acid (CBDAY),
Journal of Pharmaceutical and Biomedical Analysis. Elsevier B.V., 149,
pp. 532-540. doi: 10.1016/j.jpba.2017.11.044.

Constantinou, C., Papas, A. and Constantinou, A. I. (2008) ‘Vitamin E and
cancer: An insight into the anticancer activities of vitamin E isomers and
analogs’, International Journal of Cancer, 123(4), pp. 739-752. doi:
10.1002/ijc.23689.

Craig, B. M. (1961) ‘Refractive Indices of Some Saturated and
Monoethenoid fatty acids and methyl esters’, CANADIAN JOURNAL OF
CHEMISTRY, 31. doi: 169.1.16.65.

Dangarembizi, R. et al. (2015) The fatty acid composition and
physicochemical properties of the underutilised Cassia abbreviata seed

oil, Pakistan Journal of Pharmaceutical Sciences.

Danish, M. and Nizami, M. (2019) ‘Complete fatty acid analysis data of
flaxseed oil using GC-FID method’, Data in Brief. Elsevier Ltd, 23, p.
103845. doi: 10.1016/j.dib.2019.103845.

Daroch, M., Geng, S. and Wang, G. (2013) ‘Recent advances in liquid

122

C1 - Internal use



biofuel production from algal feedstocks’, Applied Energy, 102, pp. 1371-
1381.

Delfan-Hosseini, S. et al. (2017) ‘Effect of extraction process on
composition, oxidative stability and rheological properties of purslane seed
oil, Food Chemistry. Elsevier Ltd, 222, pp. 61-66. doi:
10.1016/j.foodchem.2016.11.150.

Dhakad, A. K. et al. (2019) ‘Biological, nutritional, and therapeutic
significance of Moringa oleifera Lam’, Phytotherapy Research, 33(11), pp.
2870-2903. doi: 10.1002/ptr.6475.

Differential Scanning Calorimetry for Routine Analysis (2015) METTLER
TOLEDO. Available at:
http://my.mt.com/dam/Analytical/ThermalAnalysi/TA-
PDF/TGA2_Broch_EN_30247078 _V04.15 Original_38299.pdf (Accessed:
3 December 2021).

Dileesh, S. et al. (2013) ‘Determination of saponification, acid and ester
values; percentage of free fatty acids and glycerol in some selected edible
oils: Calculation of concentration of Lye Needed to Prepare soap from

These Qils’, Scholars Association of Kerala, pp. 1-10.

Dinesha, B. L. et al. (2018) °‘Effect of extraction methods on
physicochemical, nutritional, antinutritional, antioxidant and antimicrobial
activity of Moringa (Moringa oleifera Lam.) seed kernel oil’, Journal of
Applied and Natural Science, 10(1), pp. 287-295. doi:
10.31018/jans.v10i1.16109.

Drake, E. (2006) A book of baobabs. Cape Town: Aardvark Press.

Du, M. and Ahn, D. U. (2002) ‘Simultaneous Analysis of Tocopherols,

123

C1 - Internal use



Cholesterol, and Phytosterols Using Gas Chromatography’, Journal of
Food Science, 67(5), pp. 1696-1700. doi: 10.1111/;.1365-
2621.2002.tb08708.x.

El-Nagerabi, S. A. F. et al. (2013) ‘The Potential of Baobab (Adansonia
digitata L.) Extracts as Biocontrol on the Growth and Aflatoxin Production
by Aspergillus flavus and A. parasiticus’, Journal of Food Research, 2(3),
p. 93. doi: 10.5539/jfr.v2n3p93.

Emmanuel, S. et al. (2011) ‘Biodiversity and agricultural productivity
enhancement in Nigeria: application of processed Moringa oleifera seeds
for improved organic farming’, Agriculture and Biology Journal of North
America, 2(5), pp. 867-871. doi: 10.5251/abjna.2011.2.5.867.871.

Ethiopia, M. (2018) Extraction, characterization and optimization of

essential oil from pumpkin seed.

Francis, K. A. and Tahir, A. R. (2016) ‘Evaluation of the physico-chemical
properties of Northern Ghana Sclerocarya birrea seed oil and proximate
analysis of the process waste’, African Journal of Food Science, 10(4), pp.
48-53. doi: 10.5897/AJFS2016.1425.

Fullan, M. (2015) ‘Chapter 8 Gas Chromatography—Mass Spectrometry of
Biofluids and Extracts’, in Bjerrum, J. T. (ed.) Metabonomics. New York,
NY: Springer New York (Methods in Molecular Biology), pp. 1-12. doi:
10.1007/978-1-4939-2377-9.

Gavazzoni Dias, M. F. (2015) ‘Hair cosmetics: An overview’, International
Journal of Trichology, 7(1). doi: 10.4103/0974-7753.153450.

Gbogouri, G. et al. (2011) ‘Comparative study of physicochemical and

thermal properties of the seed oils of three cucurbit species’, International

124

C1 - Internal use



Journal of Biological and Chemical Sciences, 5(3), pp. 1165-1177. doi:
10.4314/ijbcs.v5i3.72246.

Gebauer, J., EI-Siddig, K. and Ebert, G. (2002) ‘Baobab (Adansonia
digitata L.): A Review on a multipurpose tree with promising future in the
Sudan’, Gartenbauwissenschaft, 67(4), pp. 155-160.

Ghafar, F. et al. (2017) ‘Total Phenolic Content And Total Flavonoid
Content In Moringa Oleifera Seed’, Science Heritage Journal, 1(1), pp.
23-35. doi: 10.26480/gws.01.2017.23.35.

Goérnas, P. and Rudzihska, M. (2016) ‘Seeds recovered from industry by-
products of nine fruit species with a high potential utility as a source of
unconventional oil for biodiesel and cosmetic and pharmaceutical sectors’,
Industrial Crops and  Products, 83, pp. 329-338. doi:
10.1016/j.indcrop.2016.01.021.

Graz, F. P. (2002) ‘Description and ecology of Schinziophyton rautanenii
(Schinz) Radcl.-Sm. in Namibia’, (January 2002).

Hetta, M. H. (2016) ‘Phytocosmetics in Africa’, International Journal of
Phytocosmetics and Natural Ingredients, 3(1). doi: 10.15171/ijpni.2016.01.

llesanmi, J. O. Y. et al. (2021) ‘Effect of Analytical Extraction Methods and
Storage Time on the Quality of Moringa Seed Oil’, Nigerian Journal
ofTechnology, 40(3), pp. 526-533. doi: 10.4314/njt.v40i3.18.

Istiningrum, R. B. et al. (2017) ‘Measurement uncertainty of ester number,
acid number and patchouli alcohol of patchouli oil produced in
Yogyakarta’, in AIP Conference Proceedings, p. 020080. doi:
10.1063/1.4978153.

125

C1 - Internal use



Janaki, S. (2015) ‘Characterization of Cold Press Moringa Oil,
International Journal of Science and Research , 4(4), pp. 386—389.
Available at: https://www.ijsr.net/archive/v4i4/SUB153049.pdf.

Al Jourdi, H. et al. (2019) ‘Comparative study regarding the physico-
chemical properties and microbiological activities of Olea europaea . oil
and Cannabis sativa |. seed oil obtained by cold pressing’, FARMACIA,
67(5), pp. 759-763. doi: 10.31925/farmacia.2019.5.2.

Juliani, H. R. et al. (2007) ‘Mungongo cold-pressed oil (Schinziophyton
rautanenii): A new natural product with potential cosmetic applications’,
Acta Horticulturae, 756(756), pp. 407-412. doi:
10.17660/ActaHortic.2007.756.43.

Kaul, S. et al. (2009) ‘Effect of ageing on quality of jojoba oil from Indian
locations’, Industrial Crops and Products, 29(1), pp. 102-107. doi:
10.1016/j.indcrop.2008.04.014.

Kivevele, T. and Huan, Z. (2014) ‘Mungongo Seeds Oil (Schinziophyton
rautanenii) as a Potential Source of Bio-Diesel’, Applied Mechanics and
Materials, 472, pp. 780-784. doi:
10.4028/www.scientific.net/ AMM.472.780.

Kleiman, R., Ashley, D. A. and Brown, J. H. (2008) ‘Comparison of two
seed oils used in cosmetics, moringa and marula’, Industrial Crops and
Products, 28(3), pp. 361-364. doi: 10.1016/j.indcrop.2008.04.003.

Koheil, M. A. et al. (2011) ‘Anti-inflammatory and antioxidant activities of
Moringa peregrina Seeds’, Free Radicals and Antioxidants, 1(2), pp. 49—
61. doi: 10.5530/ax.2011.2.10.

Komane, B. M. et al. (2017) ‘Beauty in Baobab: a pilot study of the safety

126

C1 - Internal use



and efficacy of Adansonia digitata seed oil’, Revista Brasileira de
Farmacognosia. Sociedade Brasileira de Farmacognosia, 27(1), pp. 1-8.
doi: 10.1016/j.bjp.2016.07.001.

Laboratories, R. (2015) FTIR Analysis. Available at:
https://rtilab.com/techniques/ftir-analysis/#:~:text=Fourier Transform
Infrared Spectroscopy%2C also,samples and observe chemical

properties. (Accessed: 11 November 2021).

Lalas, S. and Tsaknis, J. (2002) ‘Characterization of Moringa oleifera Seed
Oil Variety “Periyakulam 1™, Journal of Food Composition and Analysis,
15(1), pp. 65-77. doi: 10.1006/jfca.2001.1042.

Lambert J, M. T. A. (1979) Lipids practical chemistry. 3rd edn. H.E.R.
London. ,.

Latimer, G. W. (2019) ‘Chapter 41 - Oils and fats’, in Firestone,David;
Yurawecz, M. P. (ed.) Official methods of analysis of Association
of Official Analytical Chemists International. 21st edn. Rockville, Maryland:
AOAC International, pp. 1-72.

Lautenschlager, H. (2003) ‘Essential fatty acids - cosmetic from inside and
outside’, Beauty Forum, 2003(4), pp. 54-56.

Leite, M. G. A. and Maia Campos, P. M. B. G. (2018) ‘Development and
efficacy evaluation of hair care formulations containing vegetable oils and
silicone’, International Journal of Phytocosmetics and Natural Ingredients,
5(1), pp. 9-9. doi: 10.15171/ijpni.2018.09.

Lendelvo, S., Munyebvu, F. and Suich, H. (2012) ‘Linking Women’s
Participation and Benefits within the Namibian Community Based Natural

Resource Management Program’, Journal of Sustainable Development,

127

C1 - Internal use



5(12), pp. 27-39. doi: 10.5539/jsd.v5n12p27.

Leone, A. et al. (2016) ‘Moringa oleifera Seeds and Oil: Characteristics
and Uses for Human Health’, International Journal of Molecular Sciences,
17(12), p. 2141. doi: 10.3390/ijms17122141.

Li, Q. et al. (2019) ‘Application of Fourier transform infrared spectroscopy
for the quality and safety analysis of fats and oils: A review’, Critical
Reviews in Food Science and Nutrition, 59(22), pp. 3597-3611. doi:
10.1080/10408398.2018.1500441.

Mahomoodally, M. F. and Ramjuttun, P. (2017) ‘Phytocosmetics from the
African Herbal Pharmacopeia’, International Journal of Phytocosmetics
and Natural Ingredients, 4(4). doi: 10.15171/ijpni.2017.04.

Mani, S., Jaya, S. and Vadivambal, R. (2007) ‘Optimization of solvent
Extraction of Moringa (Moringa oleifera) Seed Kernel Oil using response
Surface Methodology, Food Bioproducts Processing’, Transactions of the
Institution of Chemical Engineers, 85(4), pp. 328—-335.

Mannina L, S. A. P. and A., S. (2003) ‘Olive oil as seen by NMR and
chemometrics’, Spectroscopy Europe, 15(3), pp. 6-14.

Mariod, A. A. et al. (2009) ‘A comparative study of the properties of six
sudanese cucurbit seeds and seed oils’, Journal of the American Oil
Chemists’ Society, 86(12), pp. 1181-1188. doi: 10.1007/s11746-009-
1459-3.

Mariod, A., Matthaus, B. and Eichner, K. (2004) ‘Fatty acid, tocopherol and
sterol composition as well as oxidative stability of three unusual Sudanese
oils’, Journal of Food Lipids, 11(3), pp. 179-189. doi: 10.1111/}.1745-
4522.2004.01131.x.

128

C1 - Internal use



Mehta, J. et al. (2011) ‘The magic remedy of Moringa oliferia: an
overview’, International Journal of Biomedical and Advance Research,
2(5), pp. 215-227.

Mikulcova, V. et al. (2017) ‘Formulation, Characterization and Properties of
Hemp Seed Oil and Its Emulsions’, Molecules, 22(5), p. 700. doi:
10.3390/molecules22050700.

Mitei, Y. C. et al. (2008) ‘NMR, GC-MS and ESI-FTICR-MS Profiling of
Fatty Acids and Triacylglycerols in Some Botswana Seed Oils’, Journal of
the American Oil Chemists’ Society, 85(11), pp. 1021-1032. doi:
10.1007/s11746-008-1301-3.

Mitei, Y. C. et al. (2009) ‘Profiling of Phytosterols, Tocopherols and
Tocotrienols in Selected Seed Oils from Botswana by GC-MS and HPLC’,
Journal of the American Oil Chemists’ Society, 86(7), pp. 617—625. doi:
10.1007/s11746-009-1384-5.

Mohammadpour, H. et al. (2019) ‘Optimization of ultrasound-assisted
extraction of Moringa peregrina oil with response surface methodology
and comparison with Soxhlet method’, Industrial Crops and Products.
Elsevier, 131(December 2018), pp. 106-116. doi:
10.1016/j.indcrop.2019.01.030.

Muda, R. H., Aziz, A. and Aziz, R. (2017) ‘Cosmeceuticals and Natural
Cosmetics’, in Hasham, R. (ed.) Recent Trends in Malaysia Medicinal
Plants Research. 1st edn. Penerbit UTM Press. Available at:

https://www.researchgate.net/publication/313796813.

Muthai, U. K. et al. (2019) ‘Quantitative variation of fatty acid composition
in seed oil from baobab (Adansonia digitata L.) wild populations in sub-

Sahara Africa’, South African Journal of Botany. South African Association

129

C1 - Internal use



of Botanists, 123, pp. 1-8. doi: 10.1016/.sajb.2019.01.026.

Mwaurah, P. W. et al. (2020) ‘Novel oil extraction technologies: Process
conditions, quality parameters, and optimization’, Comprehensive Reviews
in Food Science and Food Safety, 19(1), pp. 3—20. doi: 10.1111/1541-
4337.12507.

Nadeem, M. and Imran, M. (2016) ‘Promising features of Moringa oleifera
oil: recent updates and perspectives’, Lipids in Health and Disease. Lipids
in Health and Disease, 15(1), p. 212. doi: 10.1186/s12944-016-0379-0.

Ndabigengesere, A. and Narasiah, K. S. (1998) ‘Quality of water treated
by coagulation using Moringa oleifera seeds’, Water Research, 32(3), pp.
781-791. doi: 10.1016/S0043-1354(97)00295-9.

Ngorima, G. T. (2006) Towards sustainable use of Marula ( Sclerocarya
birrea ) in the Savannah woodlands of Zvishavane District , Zimbabwe.

MSc dissertation, University of the Witwatersrand.

Nkafamiya, I. I. et al. (2007) ‘Studies on the chemical composition and
physico- chemical properties of the seeds of baobab (Adasonia digitata)’,
African  Journal of Biotechnology, 6(6), pp. 756-759. doi:
10.4314/ajb.v6i6.56898

Noh, K. B. M. D. (2018) Extraction and characterization of oil from Moringa

oleifera seeds using soxhlet extraction.

Nwabuebo, A. T. (2017) The effect of extraction methods on the oxidative

stability of marula and moringa seed oil. Westville.

Nyam, K. L. et al. (2009) ‘Physicochemical properties and bioactive

compounds of selected seed oils’, Lebensmittel-Wissenschaft &

130

C1 - Internal use



Technologie - Food Science and Technology, 42(8), pp. 1396-1403. doi:
10.1016/j.lwt.2009.03.006.

Nyam, K. L. et al. (2010) ‘Extraction of tocopherol-enriched oils from
Kalahari melon and roselle seeds by supercritical fluid extraction (SFE-
CO2), Food Chemistry. Elsevier Ltd, 119(3), pp. 1278-1283. doi:
10.1016/j.foodchem.2009.08.007.

Ogbobe, O. (1992) ‘Physico-chemical composition and characterisation of
the seed and seed off of Sclerocarya birrea’, Plant Foods for Human
Nutrition, 42, pp. 201-206.

Ogbunugafo, H. A. et al. (2011) ‘Physico-chemical and Antioxidant
Properties of Moringa oleifera Seed Oil’, Pakistan Journal of Nutrition,
10(5), pp. 409-414. doi: 10.3923/pjn.2011.409.414.

Oji, A. and Vivian, |. C. (2020) ‘Extraction and Characterization of Selected
Carrier Qils’, Chemical Science International Journal, 29(2), pp. 48-54.
doi: 10.9734/CSJI/2020/v29i230163.

Ojiako, E. N. and Okeke, C. C. (2013) ‘Determination of antioxidant of
Moringa oleifera seed oil and its use in the production of a body cream’,

Asian Journal of Plant Science and Research, 3(3), pp. 1-4.

Oladeji, O. et al. (2017) ‘Studies on Chemical Constituents and Nutrients
Bioavailability in Moringa oleifera Leaf and Seed’, Journal of Scientific
Research and Reports, 14(1), pp. 1-12. doi: 10.9734/jsrr/2017/32458.

Oladipo, B. and Betiku, E. (2019) ‘Process optimization of solvent
extraction of seed oil from Moringa oleifera: An appraisal of quantitative
and qualitative process variables on oil quality using D-optimal design’,

Biocatalysis and Agricultural Biotechnology. Elsevier Ltd, 20, p. 101187.

131

C1 - Internal use



doi: 10.1016/j.bcab.2019.101187.

de Oliveira, R. C. et al. (2014) ‘Effect of process variables on the oil
extraction from passion fruit seeds by conventional and non-conventional
techniques -’, Acta Scientiarum. Technology, 36(1), pp. 87-91. doi:
10.4025/actascitechnol.v36i1.15217.

Onyeike, E. N. and Acheru, G. N. (2002) ‘Chemical composition of
selected Nigerian oil seeds and physicochemical properties of the oil
extracts’, Food Chemistry, 77(4), pp. 431-437. doi: 10.1016/S0308-
8146(01)00377-6.

Oomabh, B. D. et al. (2002) ‘Characteristics of hemp ( Cannabis sativa L.)
seed oil’, Food Chemistry, 76(1), pp. 33-43. doi: 10.1016/S0308-
8146(01)00245-X.

Ozcan, M. M. et al. (2019) ‘Effect of cold-press and soxhlet extraction on
fatty acids, tocopherols and sterol contents of the Moringa seed oils’,
South  African Journal of Botany, 124, pp. 333-337. doi:
10.1016/j.sajb.2019.05.010.

Palafox, J. O. et al. (2012) ‘Extraction and Characterization of Oil from
Moringa oleifera Using Supercritical CO2 and Traditional Solvents’,
American Journal of Analytical Chemistry, 03(12), pp. 946-949. doi:
10.4236/ajac.2012.312A125.

Paquot, C. (1979) Standard Methods for the Analysis of Oils, Fats and
Derivatives. 6th Ed. New York, NY, USA.: Elsevier. doi: 10.1016/C2013-0-
10129-8.

Parry, J. et al. (2005) ‘Fatty Acid Composition and Antioxidant Properties
of Cold-Pressed Marionberry, Boysenberry, Red Raspberry, and Blueberry

132

C1 - Internal use



Seed Oils’, Journal of Agricultural and Food Chemistry, 53(3), pp. 566—
573. doi: 10.1021/jf048615t.

Paul, R. et al. (2019) ‘Detection of cannabinoids in hair after cosmetic
application of hemp oil’, Scientific Reports. Springer US, 9(1), p. 2582. doi:
10.1038/s41598-019-39609-0.

Popescu, R. et al. (2015) ‘Discrimination of vegetable oils using NMR
spectroscopy and chemometrics’, Food Control. Elsevier Ltd, 48, pp. 84—
90. doi: 10.1016/j.foodcont.2014.04.046.

Pradhan, R. C. et al. (2010) ‘Supercritical CO2 extraction of fatty oil from
flaxseed and comparison with screw press expression and solvent

extraction processes’, Journal of Food Engineering, 98(4), pp. 393-397.

Puglia, C. and Bonina, F. (2008) ‘In vivo spectrophotometric evaluation of
skin barrier recovery after topical application of soybean phytosterols’,

Journal of cosmetic science, 59(3), pp. 217-224.

Rankin, N. J. et al. (2014) ‘The emergence of proton nuclear magnetic
resonance metabolomics in the cardiovascular arena as viewed from a
clinical perspective’, Atherosclerosis, 237(1), pp. 287-300. doi:
10.1016/j.atherosclerosis.2014.09.024.

Reverchon, E. and De Marco, |. (2006) ‘Supercritical fluid extraction and
fractionation of natural matter’, The Journal of Supercritical Fluids, 38(2),
pp. 146-166.

Robinson, E., Lukman, A. and Bello, A. (2012) ‘Investigation of extracted
Sclerocarya birrea seed oil as a bioenergy resource for compression
ignition engines’, International Journal of Agricultural and Biological
Engineering, 5(3), pp. 59-67. doi: 10.3965/j.ijabe.20120503.007.

133

C1 - Internal use



Rotkiewicz, D., Konopka, I. and Zylik, S. (1999) State of Works on the
Rapeseed Oil Processing Optimalization. I. Oil Obtaining. Ros’liny
Oleiste/Qilseed Crops.

Russo, D. et al. (2013) ‘Profiling of phytochemicals in Tissue from
sclerocarya birrea by HPLC-MS and their link with Antioxidant Activity’, 11,
pp. 3-8.

Ruttarattanamongkol, K. et al. (2014) ‘Pilot-scale supercritical carbon
dioxide extraction, physico-chemical properties and profile characterization
of Moringa oleifera seed oil in comparison with conventional extraction
methods’, Industrial Crops and Products. Elsevier B.V., 58, pp. 68-77. doi:
10.1016/j.indcrop.2014.03.020.

Sarkar, A. et al. (2015) ‘A novel method of using refractive index as a tool
for finding the quality of aqueous enzymatic extracted algae oil’, Advances

in Applied Science Research, 6(4), pp. 50-60.

Schueller, R. and Romanowski, P. (2003) ‘Beginning Cosmetic Chemistry’,
in Basics of Cosmetic Chemistry. Allured Pub Corp.

Sengupta, A. and Gupta, M. P. (1970) ‘Studies on the Seed Fat
Composition of Moringaceae family’, European Journal of Lipid Science
and Technology, 72(1), pp. 6-10. doi: 10.1002/1ipi.19700720103.

Shackleton, S. et al. (2006) ‘Livelihood trade-offs in the commercialisation
of multiple-use NTFPs: lessons from marula (Sclerocarya birrea subsp.
caffra) in Southern Africa. Non-timber forest products: integrating ecology,
management and policy.’, in. India: ATREE Press, pp. 139-173. Available
at: https://www.jstor.org/stable/43740293.

Sherazi, S. T. H. and Mahesar, S. A. (2015) ‘Chapter 2 - Analysis of Edible

134

C1 - Internal use



Oils and Fats by Nuclear Magnetic Resonance (NMR) Spectroscopy’, in
https://www.sciencedirect.com/science/book/9781608059638, pp. 57-92.
doi: https://doi.org/10.1016/B978-1-60805-963-8.50002-0.

Singh, J. and Bargale, P. C. (2000) ‘Development of a small capacity
double stage compression screw press for oil expression’, Journal of Food
Engineering, 43(2), pp. 75-82. doi: 10.1016/S0260-8774(99)00134-X.

Smeriglio, A. et al. (2016) ‘Polyphenolic Compounds and Antioxidant
Activity of Cold-Pressed Seed Oil from Finola Cultivar of Cannabis sativa
L.’, Phytotherapy Research, 30(8), pp. 1298-1307. doi: 10.1002/ptr.5623.

Smith, J. L. M. F. (2018) From Seeds To Flowers, What Vermonters Will
Need To Know About Legally Growing Marijuana. Available at:
https://www.vpr.org/post/seeds-flowers-what-vermonters-will-need-know-

about-legally-growing-marijuana.

Sneddon, J., Masuram, S. and Richert, J. C. (2007) ‘Gas
Chromatography-Mass Spectrometry-Basic Principles, Instrumentation
and Selected Applications for Detection of Organic Compounds’,
Analytical Letters, 40(6), pp. 1003-1012. doi:
10.1080/00032710701300648.

Sobarwiki  (2013) Schematic of UV- Vvisible spectrophotometer,
WIKIMEDIA COMMONS. Available at:
https://commons.wikimedia.org/wiki/File:Schematic_of UV-

_visible_spectrophotometer.png (Accessed: 4 November 2021).

Svensson, M. and Brinck, J. (2003) ‘Surfactants based on sterols and
other alicyclic compounds’, in Holmberg, K. (ed.) Novel Surfactants:
Preparation Applications And Biodegradability, Second Edition, Revised
And Expanded. 2nd edn. Stockholm: CRC Press, pp. 217-240.

135

C1 - Internal use



Tan, C. P. and Che Man, Y. B. (2000) ‘Differential scanning calorimetric
analysis of edible oils: Comparison of thermal properties and chemical
composition’, Journal of the American Oil Chemists’ Society, 77(2), pp.
143-155. doi: 10.1007/s11746-000-0024-6.

Tan, C. X. et al. (2018) ‘Characterization of Virgin Avocado Oil Obtained
via Advanced Green Techniques’, European Journal of Lipid Science and
Technology, 120(10), p. 1800170. doi: 10.1002/€jlt.201800170.

Taylor, J. K. (1967) ‘Measurement of Density and Specific Gravity’, in
Kolthoff, .M. ; Elving, P. J. (ed.) Treatise on Analytical Chemistry, Part 1.
Theory and Practice. New York: Interscience Publishers, pp. 4561-4610.

ThermoSpectronic (2012) Basic UV-Vis Theory, Concepts and
Applications Basic UV-Vis Theory, Concepts and Applications,
ThermoSpectronic. Available at: http://www.uni-
salzburg.at/fileadmin/oracle_file_imports/359201.PDF (Accessed: 15 April
2020).

Thirugnanasambandham, K. (2018) ‘Ultrasound-assisted extraction of oll
from Moringa oleifera Lam. seed using various solvents’, Energy Sources,
Part A: Recovery, Utilization, and Environmental Effects. Taylor & Francis,
40(3), pp. 343—-350. doi: 10.1080/15567036.2017.1416708.

Tsaknis, J. et al. (1998) ‘A total characterisation of Moringa oleifera Malawi
seed oil', Rivista Italiana delle Sostanze Grasse, 75(1), pp. 21-27.

Tsaknis, J. et al. (1999) ‘Characterization of Moringa oleifera variety
Mbololo seed oil of Kenya’, Journal of Agricultural and Food Chemistry,
47(11), pp. 4495-4499. doi: 10.1021/jf9904214.

Vaughn, A. R. et al. (2018) ‘Natural Oils for Skin-Barrier Repair: Ancient

136

C1 - Internal use



Compounds Now Backed by Modern Science’, American Journal of
Clinical Dermatology. Springer International Publishing, 19(1), pp. 103-
117. doi: 10.1007/s40257-017-0301-1.

Verma, K. S. and Nigam, R. (2014) ‘Nutritional Assessment of Different
parts of Moringa oleifera Lamm collected from Central Indi The Journal of
Natural Product and Plant Resources,4(1), pp. 81-86. Available at:

http://scholarsresearchlibrary.com/archive.html.

Vermaak, I. et al. (2011) ‘African seed oils of commercial importance —
Cosmetic applications’, South African Journal of Botany. SAAB, 77(4), pp.
920-933. doi: 10.1016/j.sajb.2011.07.003.

Vogl, C. R. et al. (2004) ‘Hemp (Cannabis sativa L.) as a Resource for
Green Cosmetics: Yield of Seed and Fatty Acid Compositions of 20
Varieties Under the Growing Conditions of Organic Farming in Austria’,
Journal of Industrial Hemp, 9(1), pp. 51-68. doi: 10.1300/J237v09n01.

Wang, L. and Weller, C. L. (2006) ‘Recent advances in extraction of
nutraceuticals from plants’, Trends in Food Science & Technology, 17(6),
pp. 300-312.

Warra, A. A. (2011) ‘Cosmetic Potentials of African Shea Nut (Vitellaria
paradoxa) Butter’, Current Research in Chemistry, 3(2), pp. 80-86. doi:
10.3923/crc.2011.80.86.

Watt, J. M. and Breyer-Brandwijk, M. G. (1962) The medicinal and
poisonous plants of Southern and Eastern Africa. 3rd edn. Edinburgh:

Livingstone.

Wren, S. and Stucki, A. (2003) ‘Organic essential oils, indigenous cold

pressed oils, herbs and spices in Sub-Saharan Africa’, International

137

C1 - Internal use



Journal of Aromatherapy, 13(2-3), pp. 71-81. doi: 10.1016/S0962-
4562(03)00093-6.

Wrolstad, R. E. et al. (eds) (2005) Handbook of Food Analytical Chemistry,
Volume 1: Water, Proteins, Enzymes, Lipids, and Carbohydrates. New
Jersey: John Wiley & Sons, Inc. Available at:
https://books.google.co.za/books?hl=en&Ir=&id=98TS3dtFStAC&oi=fnd&p
g=PP2&dg=Wrolstad,+R.E.,+Acree,+T.E.,+Decker,+E.A.,+Penner,+M.H.,+
Reid,+D.S.,+Schwartz,+S.J.,+Shoemaker,+C.F.,+Smith,+D.+%26+Sporns,
+P.+(2005).+Handbook+of+Food+Analytical+Chemistry:+Water.

Yang, X. Q. et al. (2013) ‘Extraction and characterization of seed oil from
naturally grown Chinese tallow trees’, Journal of the American Oil
Chemists’ Society, 90(3), pp. 459-466. doi: 10.1007/s11746-012-2178-8.

Zhao, S. and Zhang, D. (2013) ‘A parametric study of supercritical carbon
dioxide extraction of oil from Moringa oleifera seeds using a response
surface methodology’, Separation and Purification Technology. Elsevier
B.V., 113, pp. 9-17. doi: 10.1016/j.seppur.2013.03.041.

Zhong, J. et al. (2018) ‘The application of ultrasound and microwave to
increase oil extraction from Moringa oleifera seeds’, Industrial Crops and
Products. Elsevier, 120(December 2017), pp. 1-10. doi
10.1016/j.indcrop.2018.04.028.

Zimba, N., Wren, S. and Stucki, A. (2005) ‘Three major tree nut oils of
southern central Africa: Their uses and future as commercial base oils’,
International Journal of Aromatherapy, 15(4), pp. 177-182. doi:
10.1016/j.ijat.2005.10.009.

Zuorro, A. et al. (2014) ‘Use of cell wall degrading enzymes for the

production of high-quality functional products from tomato processing

138

C1 - Internal use



waste’, Chemical Engineering Transactions, 38, pp. 355-360. doi:
10.3303/CET1438060.

139

C1 - Internal use



APPENDICES

APPENDIX A: DSC thermal profiles
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APPENDIX B: NMR Spectra

RO ENORLNSSNNNOREREaNUaY
mmmmmmmmmmmmmmmmmmmmmmmmm
e L e A
. J
A.A i }I i
|
| L.‘ Jlg\qu " .
& ol h T "_l" T
235 53 5. 2 8 & =
5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
fl (ppm)

Figure 37: 'H NMR (500 MHz, CDCIs) spectrum of Lefakong farming cold-pressed
MO seed oil
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Figure 38: 133C NMR (500 MHz, CDCls) spectrum of Lefakong farming cold-pressed
MO seed oil
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Figure 39: 'H NMR (500 MHz, CDClI3) spectrum of Soxhlet extracted MO seed oil
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Figure 40: 13C NMR (500 MHz, CDCI3) spectrum of Soxhlet extracted MO seed oil
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Figure 41: 'H NMR (500 MHz, CDCI3) spectrum of Kalahari melon seed oil
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Figure 42: 13C NMR (500 MHz, CDCIs) spectrum of Kalahari melon MO seed oil
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Figure 44: 13C NMR (500 MHz, CDCI3) spectrum of Baobab seed oil
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APPENDIX C: FT- IR Spectra
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Figure 45: FT-IR spectra of Ultrasound-assisted extracted MO seed oil
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Figure 46: FT-IR spectra of Lefakong farming cold-press MO seed oil

146

C1 - Internal use



o
(=]
[
£ o
fae]
(&)
=
E
;2
=
i
=
=
=
= |
o
058 T ? 2 D ENYE. -
= = = = P W moiw—t e bt
o I I ) =t [Lul 0 O-— @m0 o0 [
B as = I8 d-oceegy
T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wawenumber cm-1
Figure 47: FT-IR spectra of Soxhlet extracted MO seed oil
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Figure 48: FT-IR spectra of Shaker method extracted MO seed oil
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Figure 49: FT-IR spectra of Moyo moringa SA seed oil
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Figure 50: FT-IR spectra of Leaf- Moringa seed oil
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Figure 51: FT-IR spectra of Essentially Natural Moringa oil
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Figure 52: FT-IR spectra of Moringa 5000 Pure Moringa Ben oil
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Figure 53: FT-IR spectra of Bright mountain - Moringa Seed Oil
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Figure 54: FT-IR spectra of Moriveda moringa basic oil
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Figure 55: FT-IR spectra of Plush Organics Moringa Oil

— Ltk

— BLESET
— &'lZRT

— 0's00e

0ol

08 09
[9%] 8ouUBIIWSURL |

ot

0c

1000

1500

2000

2500

3000

3500

4000

Wavenumber cm-1

Figure 56: FT-IR spectra of Tree of life Pure organic moringa oil
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Figure 57: FT-IR spectra of Moringa world MO oil
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Figure 58: FT-IR spectra of Baobab seed oil
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Figure 59: FT-IR spectra of Kalahari Melon seed oil
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Figure 60: FT-IR spectra of Marula seed oil
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Figure 61: FT-IR spectra of Mongongo seed oil
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Figure 62: FT-IR spectra of Hemp seed oil
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Figure 63: FT-IR spectra of Avocado seed oil
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Figure 64: FT-IR spectra of Grapeseed oil
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Figure 65: FT-IR spectra of Jojoba seed oil
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Figure 66: FT-IR spectra of Sunflower seed oil
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Figure 67: FT-IR spectra of Olive ail
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APPENDIX D: Gas chromatograms for fatty acid profile

Table 19: Supelco 37 component FAME Mix FAME analysis data used for

quantitation & identification of the unknown peaks in the oil samples.

Elution | Fatty acid name Short | Formula Molecular | Fatty Retention | Peak area | % Peak
number name weight acid time area
group
1 Methyl butyrate C4:0 | CsH1002 102,13 SAFA 01:45.5 33995304 | 0.37
2 Methyl hexanoate C6:0 C,H.40, 130.19 SAFA 03:38.1 357833716 | 3.93
3 Methyl octanoate C8:0 | CoH1802 158.24 SAFA 05:46.8 436416214 | 4.80
4 Methyl decanoate C10:.0 | C4;H;,0, 186.3 SAFA 07:43.2 603834101 | 6.64
5 Methyl undecanoate | C11:0 | C12H2402 200.32 SAFA 08:43.7 267788121 | 2.94
6 Methyl laurate C12:0 | CizH2602 214.34 SAFA 09:53.8 568933997 | 6.26
7 Methyl tridecanoate | C13:0 | Ci14H2802 228.37 SAFA 11:16.5 225475120 | 2.48
8 Myristoleic Acid C14:1 | CisH2s02 240.38 MUFA | 12:38.2 140557619 | 1.55
Methy! Ester
9 Methyl C14:0 | CisH3002 242.40 SAFA 12:49.1 549061088 | 6.04
tetradecanoate
10 cis-10- C15:1 | Ci6H3002 254.41 MUFA | 14:18.0 139710243 | 1.54
Pentadecenoic acid
methyl ester
11 Methyl C15:0 | Ci6H3202 256.42 SAFA 14:29.1 266309612 | 2.93
pentadecanoate
12 Methyl Palmitoleate | C16:1 | Ci7H3202 268.40 MUFA | 15:51.5 146133894 | 1.61
13 Methyl palmitate C16:0 | Ci7H3402 270.50 SAFA 16:13.6 820295541 | 9.02
14 cis-10- C17:1 | CisHz402 282.50 MUFA | 17:36.3 149315963 | 1.64
Heptadecenoic acid
methyl ester
15 Methyl C17:0 | CisH3602 284.50 SAFA 17:57.9 203516168 | 2.24
heptadecanoate
16 gamma-Linolenic C18:3 | Ci19H3202 292.50 PUFA 18:52.0 105588174 | 1.16
acid methyl ester
17 Linolelaidic acid C18:2 | Ci9Hz402 294.50 TFA 19:09.4 70377637 | 0.77
methyl ester
18 trans-9-Elaidic acid | C18:1 | C1oH3602 296.50 TFA 19:16.2 668087447 | 7.35
methyl ester
19 Methyl Linolenate C18:3 | Ci9H3202 292.50 PUFA 19:18.6 196680452 | 2.16
20 Methyl Linoleate C18:2 | Ci19H3402 294.50 PUFA 19:18.6 196680452 | 2.16
21 cis-9-Oleic acid C18:1 | CioH3602 296.50 MUFA | 19:22.0 375404916 | 4.13
methyl ester
22 Methyl C18:0 | Ci9oH3s02 298.50 SAFA 19:42.5 484913192 | 5.33
octadecanoate
23 Methyl cis- C20:4 | C21Hz402 318.49 PUFA 21:55.2 55050320 | 0.61
5,8,11,14-
Eicosatetraenoic
24 Methyl cis- C20:5 | Ca1H3202 316.48 PUFA 22:03.0 92375013 | 1.02
5,8,11,14,17-
Eicosapentaenoate
158
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25 cis-8,11,14- C20:3 | C21H360 320.51 PUFA 22:14.0 103451752 | 1.14
Eicosatrienoic acid
methyl ester
26 cis-11,14- C20:2 | C21H3802 322.50 PUFA 22:335 81084318 | 0.89
Eicosadienoic acid
methyl ester
27 Methyl cis-11- C20:1 | C21H4002 324.50 MUFA 22:37.9 132493822 | 1.46
eicosenoate
28 Cis-11,14,17- C20:3 | C21H360 320.51 PUFA 22:41.3 219009213 | 2.41
Eicosatrienoic acid
methyl ester
29 Methyl C21:0 | C22H4402 340.00 SAFA 23:04.0 383469197 | 4.22
heneicosanoate
30 All cis- C22:6 | C23H3402 342.51 PUFA 25:02.3 65131261 | 0.72
4,7,10,13,16,19-
Docosahexaenoate
31 Cis-13-16- C22:2 | C23H4202 350.60 PUFA 25:46.4 41408205 | 0.46
Docosadienoic acid
methyl ester (22:2)
32 Methyl Erucate C22:1 | CasHa4aO2 352.60 MUFA | 25:49.1 202421856 | 2.23
33 Methyl Arachidate C20:0 | C21H4202 326.60 SAFA 26:13.0 272159250 | 2.99
34 Methyl docosanoate | C22:0 | C23H460:2 354.60 SAFA 27:42.0 87817531 | 0.97
35 Methyl tricosanoate | C23:0 | C24H4s02 368.60 SAFA 27:42.0 87607511 | 0.96
36 Methyl Nervonate C24:1 | C25Hag02 380.60 MUFA 28:56.0 62259343 | 0.68
37 Methyl lignocerate C24:0 | C25H5002 382.70 SAFA 29:22.4 200978834 | 2.21

SAFA = Saturated Fatty Acids, TFA = Trans Fatty Acids, MUFA = Monounsaturated Fatty
Acids, and PUFA = Polyunsaturated Fatty Acids.
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Figure 68: GC-MS chromatogram of Supelco 37 component FAME mix reference

Peak True - sample "20ppm A:1", peak 144, at 19:22.40 min:sec
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Figure 69: Mass spectra of major FAMES oleic acid and palmitic acid
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Figure 70: Gas chromatogram of Mongongo seed oil
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Figure 71: Gas chromatogram of Olive oil
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Figure 72: Gas chromatogram of Plush organics Moringa oil
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Figure 73: Gas chromatogram of Baobab seed oil
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Figure 74: Gas chromatogram of Kalahari melon seed oil
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Figure 75: Gas chromatogram of Bright mountain Moringa seed oil
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Figure 76: Gas chromatogram of Moyo moringa SA oil
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Figure 77: Gas chromatogram of Sunflower seed oil
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Figure 78: Gas chromatogram of Moringa world oil
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Figure 79: Gas chromatogram of Karibaa - Moriveda moringa basic oil
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Figure 80: Gas chromatogram of Essentially Natural Moringa oil
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Figure 81: Gas chromatogram of Grapeseed oil
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Figure 82: Gas chromatogram of Avocado oil
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Figure 83: Gas chromatogram of Jojoba seed oil
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Figure 84: Gas chromatogram of Tree of life Pure organic moringa oil
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Figure 85: Gas chromatogram of Moringa 5000 Pure Moringa Ben oil
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Figure 86: Gas chromatogram of Leaf- Moringa seed oil
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Figure 87: Gas chromatogram of Hemp seed oil
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Figure 88: Gas chromatogram of Marula seed oil
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Figure 89: Gas chromatogram of Lefakong Cold-pressed MO oil
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Figure 90: Gas chromatogram of Soxhlet extracted MO oil
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Figure  91: Gas chromatogram of Ultrasound extracted MO oil
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Table 20: Additional relative fatty acid content of various oils

Fatty acid name Baobab seed | Kalahari melon Marula seed Hemp seed oil Bright Moyo moringa | Moringa world- Karibaa -
oil seed oil oil mountain - SA- Moringa MO oil Moriveda
Moringa Seed Behen oil for moringa basic
Oil skin oil
Mean | Std. Mean | Std. Mean | Std. Mean | Std. Mean | Std. Mean | Std. Mean | Std. Mean | Std.
dev. dev. dev. dev. dev. dev. dev. dev.
Methyl butyrate nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Methyl hexanoate nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Methyl octanoate nd nd nd nd nd nd 0.01 0.01 nd nd nd nd nd nd nd nd
Methyl decanoate nd nd nd nd nd nd nd nd 0.02 0.02 nd nd nd nd nd nd
Methyl undecanoate nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Methyl laurate nd nd 0.01 0.01 nd nd nd nd 0.06 0.04 0.05 0.02 0.03 0.02 0.02 0.00
Methyl tridecanoate nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Myristoleic Acid Methyl | nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Ester
Methyl tetradecanoate | 0.24 0.08 0.34 0.07 0.19 0.04 0.14 0.06 0.83 0.30 0.59 0.15 0.37 0.15 0.18 0.03
cis-10-Pentadecenoic 0.01 0.01 nd nd nd nd nd nd 0.01 nd 0.01 0.01 nd 0.01 nd nd
acid methyl ester
Methyl pentadecanoate | 0.04 0.00 0.15 0.03 0.02 0.00 0.02 0.01 0.09 0.05 0.03 0.01 0.03 0.02 0.02 0.01
Methyl Palmitoleate 0.22 0.08 0.61 0.09 0.33 0.07 0.16 0.06 10.03 | 4.00 6.21 1.42 5.55 2.58 2.84 0.45
Methyl palmitate 24.05 |18.01 |5.91 1.44 31.44 |5.90 21.85 | 6.58 1091 | 13.34 | 25.39 |5.52 14.36 | 10.03 | 18.65 | 3.04
cis-10-Heptadecenoic 0.45 0.12 0.19 0.06 0.14 0.02 0.10 0.03 0.28 0.07 0.17 0.04 0.12 0.05 0.14 0.02
acid methyl ester
Methyl heptadecanoate | 0.26 0.07 0.57 0.11 0.35 0.06 0.15 0.04 0.53 0.19 0.36 0.09 0.29 0.13 0.19 0.02
gamma-Linolenic acid nd nd nd nd nd nd 0.89 0.29 nd nd nd nd nd nd nd nd
methyl ester
Linolelaidic acid 2.73 0.57 3.72 3.29 nd nd nd nd nd nd nd nd nd nd nd nd
methyl ester
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trans-9-Elaidic acid nd nd nd nd nd nd nd nd 0.56 0.97 nd nd 0.30 0.52 nd nd

methyl ester

Methyl Linolenate 30.53 | 7.31 nd nd nd nd 29.88 | 2229 |nd nd nd nd nd nd nd nd

Methyl Linoleate nd nd 67.95 |19.32 |nd nd nd nd nd nd nd nd 31.35 |30.01 |nd nd

cis-9-Oleic acid methyl | 34.08 | 8.14 nd nd 51.12 | 6.86 3553 |[11.64 | 42.77 | 9.43 41.70 | 13,57 | 9.94 17.22 | 49.26 | 7.90

ester

Methyl octadecanoate 5.96 1.45 15.97 | 13.79 |14.78 | 1292 | 10.08 | 3.22 nd nd nd nd 11.87 | 5.61 17.14 | 2.28

Methyl cis-5.8.11.14- nd nd nd nd nd nd 0.01 0.01 nd nd nd nd nd nd nd nd

Eicosatetraenoic

Methyl cis-5.8.11.14.17- | nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Eicosapentaenoate

cis-8.11.14- 0.04 0.01 2.74 0.38 nd nd 0.02 0.02 nd nd nd nd nd nd nd nd

Eicosatrienoic acid

methyl ester

cis-11.14- 0.28 0.09 nd nd 0.52 0.11 0.07 0.03 nd nd nd nd 459 2.25 2.22 0.40

Eicosadienoic acid

methyl ester

Methyl cis-11- nd nd 0.76 0.18 nd nd 0.52 0.18 1.17 2.04 nd nd nd nd nd nd

eicosenoate

cis-11.14.17- nd nd nd nd nd nd nd nd 1042 | 4.31 5.51 1.29 nd nd nd nd

Eicosatrienoic acid

methyl ester

Methyl heneicosanoate | 0.93 0.26 0.95 0.18 0.94 0.20 0.49 0.17 8.25 5.01 9.43 2.24 8.46 4.09 4.00 0.71

All cis-4.7.10.13.16.19- nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd

Docosahexaenoate

cis-13-16- nd nd nd nd nd nd nd nd 0.11 0.09 nd nd nd nd nd nd

Docosadienoic acid

methyl ester (22:2)

Methyl Erucate nd nd nd nd nd nd nd nd 0.08 0.14 0.09 0.04 0.11 0.08 0.07 0.01

Methyl Arachidate 0.13 0.03 0.11 0.02 0.12 0.02 0.05 0.02 12.73 | 4.58 9.53 2.46 11.87 | 5.38 4.74 0.85
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Methyl docosanoate 0.02 0.02 0.01 0.01 0.01 0.00 nd nd 0.07 0.04 0.05 0.02 0.03 0.02 0.03 0.01
Methyl tricosanoate 0.02 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Methyl Nervonate nd nd nd nd nd nd nd 0.01 nd nd nd nd nd nd nd nd
Methyl lignocerate 0.03 0.01 0.03 0.01 0.04 0.04 0.01 0.01 1.00 0.51 0.83 0.28 0.68 0.30 0.49 0.09
Fatty acid name Essentially Tree of life Moringa 5000 Leaf- Moringa Sunflower Grapeseed oil Avocado oil Jojoba seed oil
Natural Pure organic Pure Moringa seed oil seed oil
Moringa oil moringa oil Ben oil
Mean | Std. Mean | Std. Mean | Std. Mean | Std. Mean | Std. Mean | Std. Mean | Std. Mean | Std.
dev. dev. dev. dev. dev. dev. dev. dev.
Methyl butyrate nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Methyl hexanoate nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Methyl octanoate nd nd nd nd nd nd nd nd nd nd 0.16 0.03 nd nd nd nd
Methyl decanoate nd nd 0.01 0.01 nd nd 0.01 0.01 nd nd 0.01 0.01 nd nd nd nd
Methyl undecanoate nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Methyl laurate 0.07 0.01 0.03 0.00 0.02 0.02 0.03 0.02 0.02 0.01 0.03 0.01 0.02 0.01 nd nd
Methyl tridecanoate nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Myristoleic Acid Methyl | nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Ester
Methyl tetradecanoate | 0.10 0.02 0.32 0.01 0.26 0.23 0.46 0.07 0.29 0.04 0.34 0.02 0.07 0.01 0.09 0.08
cis-10-Pentadecenoic nd nd nd nd 0.01 0.02 nd nd nd 0.01 0.06 0.01 0.00 nd nd nd
acid methyl ester
Methyl pentadecanoate | 0.02 0.00 0.02 0.01 0.02 0.02 0.04 0.01 0.04 0.01 0.06 0.03 nd nd 0.03 0.00
Methyl Palmitoleate 2.50 0.37 4.69 0.13 3.45 3.15 4.19 3.54 0.39 0.02 0.57 0.03 9.53 0.09 0.32 0.06
Methyl palmitate 41.93 | 6.97 19.20 | 0.92 20.16 |18.36 |19.51 |16.24 |25.47 |1.70 58.65 | 0.68 3252 |0.34 3.41 0.33
cis-10-Heptadecenoic 0.25 0.01 0.10 0.01 0.11 0.09 0.15 0.02 0.10 0.03 0.39 0.03 0.22 0.02 0.49 0.32
acid methyl ester
Methyl heptadecanoate | 0.19 0.01 0.22 0.01 0.20 0.18 0.32 0.05 0.14 0.02 0.54 0.03 0.07 0.02 0.06 0.11
gamma-Linolenic acid nd nd nd nd nd nd nd nd nd nd 0.01 0.01 nd nd nd nd
methyl ester
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Linolelaidic acid nd nd nd nd nd nd nd nd 1.10 0.99 nd nd 1.50 2.59 0.23 0.22
methyl ester
trans-9-Elaidic acid nd nd nd nd nd nd nd nd nd nd nd nd nd nd 30.49 | 2.35
methyl ester
Methyl Linolenate nd nd nd nd nd nd nd nd 59.21 | 3.78 nd nd nd nd 9.26 16.04
Methyl Linoleate nd nd nd nd nd nd nd nd nd nd nd nd nd nd 20.98 | 18.17
cis-9-Oleic acid methyl | 36.33 | 15.71 | 47.60 | 4.22 10.97 |[18.99 |[49.64 |11.06 |nd nd nd nd 54.68 | 2.25 nd nd
ester
Methyl octadecanoate 9.64 1.99 8.32 0.76 nd nd nd nd 11.56 [ 5.96 35.51 |0.82 1.04 0.01 0.15 0.08
Methyl cis-5.8.11.14- nd nd nd nd nd nd nd nd nd nd nd nd 0.03 0.01 0.01 0.03
Eicosatetraenoic
Methyl cis-5.8.11.14.17- | nd nd nd nd nd nd nd nd nd nd 0.03 0.05 0.01 0.02 nd nd
Eicosapentaenoate
cis-8.11.14- 0.01 0.01 nd nd nd nd nd nd 0.06 0.01 nd nd nd nd nd nd
Eicosatrienoic acid
methyl ester
cis-11.14- 0.76 0.19 3.60 0.28 nd nd nd nd 0.72 0.07 0.12 0.20 0.14 0.11 23.47 | 0.59
Eicosadienoic acid
methyl ester
Methyl cis-11- nd nd nd nd 5.40 494 5.27 1.26 nd nd 2.12 0.11 0.07 0.13 nd nd
eicosenoate
cis-11.14.17- nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Eicosatrienoic acid
methyl ester
Methyl heneicosanoate | 1.00 0.24 7.37 0.57 10.88 [ 10.08 | 10.25 | 2.59 0.64 0.06 1.17 0.07 0.08 0.01 0.08 0.07
All cis-4.7.10.13.16.19- nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Docosahexaenoate
cis-13-16- nd nd nd nd nd nd 0.05 0.08 nd nd nd nd nd nd 6.16 5.35
Docosadienoic acid
methyl ester (22:2)
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Methyl Erucate nd nd 0.06 0.02 0.09 0.08 0.07 0.02 nd nd 0.01 0.02 nd nd 4.67 8.08
Methyl Arachidate 0.23 0.04 7.73 1.52 13.78 | 12.63 | 8.88 4.83 0.84 0.07 0.10 0.01 0.01 0.01 0.12 0.07
Methyl docosanoate 0.01 0.01 0.04 0.00 0.07 0.06 0.06 0.04 0.02 0.01 0.01 0.00 nd nd nd 0.01
Methyl tricosanoate nd nd nd nd nd nd 0.01 0.03 nd nd nd nd nd nd nd nd
Methyl Nervonate nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Methyl lignocerate 0.03 0.01 0.62 0.03 1.20 1.07 1.05 0.16 0.12 0.01 0.01 0.01 0.01 0.01 nd Nd
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APPENDIX E : Cosmetic product questionnaire

Cosmetic product guestionnaire

Thank you for taking part in this preference testing study, no personal information will be recorded. You will receive
3 types of cosmetics namely a liquid soap, lotion, and cream. Each type of product has 2 samples labelled with a
letter to be used in filling in this questionnaire to differentiate them. Please evaluate each sample per cosmetic type
on equal but opposite parts of the body i.e. one on your left wrist and the other on your right wrist etc. Please fill in
this questionnaire based on your honest experience.

A. General information

What is your gender? What is your age?

Describe your body skin type? Describe the type of body skin products yvou use
and prefer in terms of cleansers and moisturizers?

B. Cosmetic product comparison

Liguid soap

Which sample spread more easily? Which sample foamed more?

Which sample rinsed off more easily? Which sample left the skin feeling dry if any?
Which sample left a cleaner feel? Which sample would you purchase?

General comments on choice:

Lotion

Which sample spread more easily? Which sample absorbed the fastest?
Which sample left the most shine? Which sample left the skin tacky if any?
Which sample left the skin softer? Which sample would you purchase?

General comments on choice:

Cream

Which sample spread more easily? Which sample absorbed the fastest?
Which sample left the most shine? Which sample left the skin tacky if any?
Which sample left the skin softer? Which sample would you purchase?

General comments on choice:

Figure 92: Cosmetic product guestionnaire template
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