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ABSTRACT

Bush tea (Athrixia phylicoides DC.) is an indigenous herbal tea plant in South Africa with
medicinal potential. Various parts of this plant are used to make herbal infusions and have
been used traditionally for different purposes, including treating other diseases owing to the
presence of pharmacologically active metabolites and antioxidants that are believed to be the
active ingredient in the plant. However, knowledge of the manipulation of agronomic practice
to enhance the accumulation of physicochemical antioxidant properties is not yet present.
Therefore, this research was aimed at evaluating the effects of various shade nets colours
and light intensities on the physicochemical, polyphenols and antioxidant activities of field
grown bush tea leaves. The field experiment was conducted during the 2018 and 2019 autumn
seasons at the University of Venda, School of Agriculture. Three replicates of the experiment
were conducted using a Randomized Complete Block Design (RCBD) with three distinct
degrees of light intensity (i.e., 40%, 50%, and 80%), three shade nets (specifically, black,
green, and white) and full sunshine (control, 100%). The individual plots were each 4.8 m x
4.8 min size. There were 24 plants per plot, with each plot having four plant rows spaced 1.2
m apart and 0.75 m apart within each row. When necessary, a drip watering system was
applied to irrigate the plots except during rainy periods. When necessary, weeding was done
manually using a hand hoe throughout the cropping seasons. To protect the plants from
termites, methamidophos was sprayed at a concentration of 10 mL per 20 L immediately
following each weeding session. At the end of the season, the leaves were harvested by
cutting the base of the stem and placed inside brown paper bags and stored in the shade at
room temperature to allow shade drying process as it is the best method for retaining bioactive
compounds and phytochemicals. The leaves were detached from the stems after drying, by
the process of threshing and the leaves were ground using the Retsch miller machine. The
parameters such as moisture, ash, dry matter, vitamin C, and colour attributes (a*, b*, c*, H°
and AE) were analysed. In addition, parameters such as chlorophyll content a, chlorophyll
content b, total chlorophyll content (TCC), total flavonoid content (TFC), total phenolic content
(TPC), as well as antioxidant activities following ABTS and FRAP methods were analysed
using a spectrophotometer. For each treatment, the samples were analysed three times.
Analysis of variance was conducted in all the collected data using the statistical package SAS
version 9.4 statistical software and student’s t-LSDs (Least Significant Differences) were
computed at 5%, comparing the means of substantial source effects at a considerable level.
The analysis of Pearson's Correlation Coefficient was used to establish the association
between the climatic factors and nutritional compositions, polyphenols, antioxidants activities,

chlorophyll contents and colour attributes of bush tea.
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The results revealed that different shade nets colours and light intensities significantly (p
<0.0001) influenced the nutritional compositions (moisture, ash, dry matter, vitamin C),
polyphenols (TPC and TFC), antioxidants activities (ABTS and FRAP) and physicochemical
properties (colour attributes, chlorophyll a, chlorophyll b, and TCC) of field grown bush tea in
both years 2018 and 2019. Black shade net colour had a noteworthy influence on total
chlorophyll content, chlorophyll a content, and chlorophyll b content. In contrast, green shade
net influenced on H° values and the white shade net on TFC. In contrast, the use of shade
nets colours had no effects on dry matter (92.86%), vitamin C (3.03 mg AA/100g), or colour
attributes [b* (20.65) and c* (20.65)] values of bush tea as they were highly significant at
control. The use of 80% light intensity, significantly influences the moisture content, chlorophyll
a, chlorophyll b and total chlorophyll content and H°. However, control had a higher influence
on dry matter, vitamin C, b*, ¢* and FRAP results. A very strong, strong, and moderate positive
correlation was observed between the climatic factors and nutritional compositions,
polyphenols, antioxidants, and chlorophyll contents of field-grown bush tea, under the
influence of shade nets colours and light intensities during autumn 2018 and 2019. However,
colour attributes: a*, b* and H° resulted in weak/ no correlations. This study is the first to
demonstrate different shade nets colours and light intensities as the key factor of accumulating
of chlorophyll contents and antioxidants in field-grown bush tea plants. The use of a black
shade net together with 80% light intensity resulted in being the best treatment to promote the
accumulation of antioxidants compared to other treatments. And it is evident that black shade
net together with 80% light intensity was of significant influence after control (100% light
intensity). Future studies will be to determine the regulatory effects of shade treatments on the
biosynthetic pathway of flavonoids and the accumulation pathways of chlorophyll contents

under the shade nets treatment.

Keywords: bush tea, polyphenols, physicochemical, antioxidants, light intensity, shade net

colour.
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CHAPTER ONE
1.1. Introduction

Bush tea belongs to the family Asteraceae and the genus Athrixia contains 14 species that
can be found in Madagascar, Southern Africa, tropical Africa (Van Wyk and Gericke., 2000;
Herman et al., 2000; Joubert et al., 2008). According to Leistner (2000), South Africa
comprises nine of these species, which are still collected from the forest. However, because
of the possible advantages that it may provide, primarily resulting from its traditional
applications, studies have been concentrating on the indigenous species Athrixia phylicoides
(Rampedi and Olivier, 2005). Icholocholo, Itshelo and Umtshanelo are frequent Zulu names
for bush tea. Mohlahlaishi in Pedi, Mutshatshaila in Tshivenda, Boesmans tee in Afrikaans
and in English bushman’s tea (Lehlohonolo, 2013; Lerotholi, 2017).

Bush tea contains no caffeine but abundant antioxidants (McGaw et al., 2007). A
desired feature of a healthy beverage is that it should not contain caffeine, as this implies the
existence of antioxidants, which may have health advantages (McGaw et al., 2007).
Compared to other teas, bush tea also has a low tannin level, preventing the bitter, astringent
flavour (Chabeli et al., 2008). Moreover, this gives bush tea a distinct flavour advantage over
normal green and black tea derived from camelia sinensis. Furthermore, 5-hydroxy-
6,7,8,3,4’,5-hexamethoxy flavon-3-ol (Mashimbye et al., 2006), 3-0-demethyldigicitrin,
5,6,7,8,3',4’-hexamethoxyflavone and quercetin (Mavundza et al., 2010) are found in bush tea
leaves, along with tannins (Mudau et al., 2007a), antioxidants (Mogotlane et al., 2007),

polyphenols (Mudau et al., 2006, 2007a), and has cytotoxic activities (McGraw et al., 2007).

Minimizing the intensity of solar radiation and altering other microclimatic parameters
such as temperature, dew, frost, humidity and heat balance to mention few, shade nets may
impact plant growth (Mahmood et al., 2018). Shade nets of different colours (white, green,
black, pearl, red, blue, and black) are used in agriculture to determine their effects. Even
though black nets are more frequently utilised, photo-selective nets are becoming more
popular. Consequently, they can modify both the quality and amount of light; photo-selective
nets may impact on plant growth, yield, and fruit quality (Arthurs et al., 2013; Fallik, 2009; llic
et al.,, 2017). Shade nets decrease solar radiation regardless of net colour in relation to a

decrease in air, plant, and soil temperatures.
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llic et al., (2018) state that photo-selective nets or films are being used in horticulture
to manipulate light quality to increase yield, quality, and phytochemical components.
According to Huché-Thélier et al., (2016), mild shade could enhance photosynthesis, resulting
in increased yields and quality due to a greater quantity of carbohydrates and more efficient
water usage. A new emerging agronomic method that uses photo-selective shade netting
technology that combines physical crop protection with various sunlight filtrations has been
recently practiced. Al-Helal et al., (2010) also noted that the radiometry properties are
determined by the porosity and colour of the nets, but that the net color affect light reflection.
In addition, besides that the influence extends beyond how much sunshine is received; photo-
selective netting can alter the radiation’s direction by converting from direct to diffused light
(Al-Helal et al., 2010) and entry into the plant canopy's interior. According to Stamps (2009)
and Gu et al., (2002), photo-selective netting can be utilized for pest control, prevent greater
heating or burning, and give a mild cooling benefit. Al-Helal et al., (2010) reported that
harvesting season can be extended by using photo-selective colored net technology and
agricultural crops’ agronomic-economic performance in general, also more yield, and
improved product quality. Fallik et al., (2008) researched the use of nets that are photo-
selective regarding many vegetables, ornamentals (Fallik et al., 2008, Ada et al., 2008) and
fruit trees (Shahak et al., 2004).

Biotic and abiotic variables have been found to affect the content of chemical
compounds like total flavonoids and phenolics (Fine et al., 2006). Therefore, tea quality can
be determined by the quantity of polyphenols, catechins, caffeine, flavour, taste, amino acids,
and ash (Adnan et al., 2013). Tea with high ash levels, total polyphenols, total flavonoid
content, and vital minerals will therefore have a high overall quality rating (Malongane et al.,
2020).

1.2. Problem statement

Bush tea is a herbal tea that contains phytochemicals which influence the quality of the tea.
Those phytochemicals have different antioxidant activities, giving the tea medicinal potential.
Consequently, there has been a great demand for bush tea by both communities and
researchers. It has been suggested that variations in seasonal temperatures and vapour
pressure deficit may affect the quality and antioxidants of bush tea since it is harvested from
the wild. Moreover, there is a limitation on maodification of agronomic practices to enhance the
accumulation of bush tea phytochemicals by manipulating the light quality using shade nets.
Information about accumulation of phytochemicals by parameters like light quality, quantity

and duration based on the shade net's colour and its factor on bush tea has yet to be reported.
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1.3. Justification

Bush tea is an indigenous species with many potential benefits of which high antioxidants
activities are one of the parameters which makes the researchers more interested in studying
it further. The outcome of this study will provide both community and researchers with more
knowledge about response of various selected shade nets on field-grown bush tea qualities.
Shade nets help absorb direct light and enhance the amount of light passing into the plant
canopy's interior. In addition, the colour of shade nets and its factors improves the nutritional
value. It can result in various physiological responses in the plants, due to the type of plant,

variety, and where the experimental farm is located.

1.4. Objectives
1.4.1. Main objective

Determination of the effect of various selected shade nets colours and light intensities on

physicochemical and antioxidant properties of field-grown bush tea.

1.4.2. Specific objectives

1.4.2.1. To determine the effect of various selected shade nets colours and light intensities on
nutritional composition (moisture, ash, and vitamin C) of field-grown bush tea.

1.4.2.2. To determine the effect of various selected shade nets colours and light intensities on
physicochemical properties (total chlorophyll content, chlorophyll a content, chlorophyll b

content and colour attributes) of field-grown bush tea.

1.4.2.3. To determine the effect of various selected shade nets colours and light intensities on
polyphenols (total flavonoid and phenolic content) and antioxidant activities (following FRAP

and ABTS assays) of field-grown bush tea.

1.5. Null Hypotheses (No treatment effect)

1.5.1. Various selected shade nets colours and light intensities have no effect on nutritional

compositions of field-grown bush tea.

1.5.2. Various selected shade nets colours and light intensities have no effect on the

physicochemical properties of field-grown bush tea.
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1.5.3. Various selected shade nets colours and light intensities have no effect on the

polyphenols and antioxidant properties of field-grown bush tea.

4|Page

© University of Venda



)
o

&5 ) university of Venda
C

CHAPTER TWO: LITERATURE REVIEW

2.1. Introduction

The study investigates the effects of shade nets colours and light intensities on the
accumulation of nutritional composition, polyphenols, antioxidants activities, and
physicochemical properties that include colour attributes and chlorophyll contents of bush tea
grown during autumn in year 2018 and 2019. This chapter contains the following: origin,
classification and distribution of bush tea, plant description and morphology of bush tea;
importance and uses of bush tea; antioxidants properties of herbal teas found in South Africa.
The chemical/polyphenols compounds i.e., phenolic compounds and total phenolic contents,
flavonoids and total flavonoid contents, the effect of shade drying, effects of shade nets on
physicochemical and antioxidants properties, the effects of light on the physicochemical and
antioxidants properties, and effects of light on the physicochemical and antioxidants
properties.

2.2. Origin, classification, and distribution of Bush Tea

The genus Athrixia originated from the subtribe Athrixiinae, the tribe Inuleae from the family
Asteraceae (Herman et al., 2000; Mudau et al., 2007b). The phylicoides epithet particularly
indicates its similarities to the Rhamnaceae family's Phylica genus, while the genus names
Athrixia, which describes the leaves, derives from the Greek word thrix, which means hair
(Mbambezeli, 2005). The genus Athrixia species endemic to southern Africa are Athrixia
angustissina, Athrixia elata, Athrixia ger-rardii, Athrixia hererophylla and Athrixia phylicoides
(Herman et al., 2000; Joubert et al., 2008). According to Herman et al., (2000), Athrixia
phylicoides is one of these species that is extensively dispersed in South Africa's eastern
region (Figure 2.1), from the coast to the Drakensberg Mountain in KwaZulu-Natal and from
the Soutpansberg mountain in Limpopo Province to Queenstown, King William's Town, and
East London (Herman et al., 2000; Rampedi and Olivier, 2005).

In South Africa, bush tea adapts well to wide grassland and dense forest borders; these
regions include KwaZulu-Natal, some portions of the Eastern Cape Province, Limpopo
Province, the Free State Province, and the neighbouring country of Swaziland (Germishuizen
et al., 2006; Mudau et al., 2007b). According to Roberts (1990), good drainage, full sunlight,
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with adequate area for expanding plant branches are all necessary for good plant

establishment.

Figure 2.1. Distribution map of Athrixia phylicoides in South Africa Lerotholi et al. (2017)

2.3. Plant description and morphology of Bush Tea

Botanically, bush tea is a perennial, aromatised shrub with leaves and the plant can grow up
to 1 m maximum height, with the appearance of woolly white, fluffy stems (Fox and Young,
1982; Joubert et al., 2008). The plant of bush tea (Figure 2.2) is described as grey-white and
velvety below on stem, and fine, dark green and shining above (Roberts, 1990; Leistner,
2000). Characteristics such as tapering to a sharp point, simple and alternate linear to broadly
lanceolate have been used to describe the bush tea leaves (Herman et al., 2000), with margins
entirely or slightly revolute (Mudau et al., 2007b). Furthermore, the leaves at their base are
often auriculate and shortly stalked (Roberts, 1990; Mudau et al., 2007b). The inflorescence
head is sub sessile or sessile and terminal axillary in large sub corymbose panicles (Herman
et al. 2000; Mudau et al. 2007b).

The bush tea flowers (Figure 2.3) are daisy-like; the petals differ from pink to all pink
shades as well as pleasant purple colour and bright yellow centres or bright yellow disk florets,
and due to region and edaphic factors; they can be available all year (Van Wyk and Gericke,
2000; Joubert et al., 2008). Bush tea consist of fruits with achenes of about 0.01 to 0.06 mm
wider that are thin, cylindrical, and narrow (Araya, 2007). The seed uses 12 pappus for
dissemination and the seed length is 4 mm (Araya, 2007). However, according to Lerotholi et
al. (2017) the seed is 5 mm long and pappus are about 2 mm long (Figure 2.4). The literature

needs to be more consistent regarding flowering in southern Africa. Carruthers (2000) found
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that bush tea plants produce flowers (Figure 2.3) from May to November, covering the autumn
to summer seasons. Mbambezeli (2005) reported that flowers may bloom throughout the year,
but March to May is when they do so most frequently. Yet, according to Roberts (1990), inland
flowers begin to bloom in the middle of summer, while the blossoming period in coastal
locations lasts from May to June this might have occurred because the coastal climates have
wetter winters and drier summers. In contrast, the inland climates tend to have humid
summers and drier winters. In addition, it can be concluded that bush tea flowering periods

needs wetter or more humid conditions.

Figure 2.2. Roadside bush tea plants in Witvlag, Limpopo Province, South Africa (Tshikhudo
et al., 2019).

Figure 2.3. Athrixia phylicoides flower (Lerotholi et al., 2017).
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Figure 2.4. Botanical illustration of the aerial parts of Bush tea (Lerotholi et al., 2017).
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2.4. Bush tea’s importance and uses

In South Africa, bush tea leaves have been utilised for a long time as a traditional herbal
medicine (van Wijk, 1986; Mudau et al., 2007b). Yet, one of the most popular uses for bush
tea is the production of brooms, which involves the harvesting of long branches, the removal
of their leaves, and the binding of the stems to create a broom handle that is comfortable to
hold (Van Wyk and Gericke, 2000; Rampedi and Olivier, 2005). Large bundles of the cut
branches are therefore bundled together, transported home, and either stored in a dry location
or affixed to the roof beams. Bush tea hasn't gained as much recognition as other locally grown
South African herbal teas with commercialization feasibility (Rampedi and Olivier, 2005).
According to Mudau et al., (2007b), bush tea can be domesticated and developed into a

marketable health beverage.

Various South African ethnic groups have historically utilised different bush tea parts
for medical and domestic uses (Van Wyk and Gericke, 2000). Xhosa and Sotho tribes chew
the leaves to treat coughing, colds and swelling throat (Mbambezeli, 2005; Roberts, 1990;
Mudau et al., 2007b), and the strong brew is also used by Sothos as a soothing foot wash for
painful feet (Roberts, 1990; Mudau et al., 2007b). The roots decoction of bush tea is used as
purgative and remedy for coughing by Zulu people (Van Wyk and Gericke, 2000; Mbambezeli,
2005). The soaked leaves and roots form an extract used as an aphrodisiac by Venda people
(Mabogo, 1990; Van Wyk and Gericke, 2000; Mudau et al., 2007). The unmarried Venda boys
are prohibited from consuming these root infusions that are said to arouse sexual cravings
(Hutchings et al., 1996). Root and leaf extracts treat an anthelmintic in the Vhembe district.
(Mabogo, 1990; Mbambezeli, 2005; Mudau et al., 2007b).

Decoctions are gargled to cure the loss of voice and prevent throat diseases (Roberts,
1990). For decoctions and infusions, leaves and twigs are boiled in water for about 5 minutes;
after filtering, the delicious beverage is typically sipped without milk or sugar is added
(Rampedi and Olivier, 2005). Rural people also frequently use decoctions to treat diabetes,
diarrhoea, vomiting, hypertension, circulatory problems, and heart problems, while root
decoctions are used as purgatives. The traditional cleansing of the womb, kidneys, veins,
blood purification, and infusions to treat stomach aches, influenza, and leg wounds all point to
the detoxifying properties of bush tea (Rakuombo, 2007). It is used to treat boils, headaches,
infected wounds, and cuts (Roberts, 1990; Joubert et al., 2008; Mudau et al., 2007b). It is
further used to cleanse the skin and is smeared as a lotion to treat skin rashes and lessen

acne (Joubert et al., 2008). The bush tea uses are summarised in Figure 2.5 below.
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Bush tea plant uses and importance
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Traditional uses Uses per tribe
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Leaves and twigs Detoxifying properties: Zulu: use the roots .
decoctions treat: _ decoction as a purgative
- Cleansing of the womb, and cough cure.

-Hypertension veins, and kidney
Venda: use-soaked

-Circulation& heart -Blood purification leaves and roots’ extract

problems Tea infusions treats: as an aphrodisiac and for
_Diabetes treating as an
-Headaches and boils anthelmintic.
-Diarrh .
arrhoea -infected wounds Sotho and Xhosa: to
-Vomiting . : cure coughing, sore
Roots d " q Applied as lotion throats, and colds, leaves
ns: . :

oots decoctions. use Used for skin cleansing are chewed.
as purgative; gargled to
treat loss of voice. Sotho: use a strong brew

for a soothing foot wash.

Figure 2.5. Summary of bush tea uses/ importance

2.5. Antioxidant properties of herbal teas found in South Africa

Reactive oxygen species (ROS) is a term used to describe oxygen-derived free radicals
namely the nitric oxides, hydroxyl radicals and the superoxide anion that are accountable for
degenerative illnesses. These ROS are known to be significantly neutralized by antioxidants
(Malongane et al., 2017). All tea varieties and herbs carry bioactive compounds that are
acknowledged to defend bodily tissue from oxidative stress, including free radicals made from
oxygen and products of lipid peroxidation (Ryan and Petit, 2010). In addition, it is important to
maintain balance of antioxidants so that they can interact with free radicals. The presence of
antioxidants in teas is highly beneficial as compared to their presence in many plant species.
Thus, the concentrations of antioxidants, the concentration of internal antioxidants and the

availability of other antioxidants determine whether an antioxidant is harmful or beneficial
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(Villanueva and Kross, 2012). Compounds with high antioxidant content have the potential to
defend biological processes from the damaging effects of severe oxidization, which include
the reaction of nitrogen and oxygen species (Mogotlane et al., 2007). Moreover, Mogotlane et
al., (2007) detailed that antioxidant content is a common criterion to characterise various
materials for health benefits. Mathivha and Mudau (2017), found that bush tea had a low total
antioxidant activity of which ABTS resulted (58. 34 umol TE/g) and 77. 17 umol TE/g of DPPH)
compared to special tea which had 197. 46 umol TE/g of ABTS; and a DPPH of 109. 13 umol
TE/Q).

2.6. Chemical compounds of bush tea and other herbal teas found in South Africa
2.6.1. Phenolic compounds

Phenolic chemicals or compounds are a sizable group of diversely structured plant secondary
metabolites. The structures can range from easy molecules such as phenolic acids, through
polyphenols like flavonoids, to polymeric compounds (Kala et al., 2016). A structure of a simple
phenolic molecule or a large high-molecular-weight polymer can be found in phenolic
compounds, which have an aromatic ring with one or more hydroxyl groups (Ferrezano et al.,
2011). Figure 6 shows diverse types of phenolic compounds. Bush tea leaves are a high
source of polyphenols, which are possible quality indicators and significant antioxidants
naturally (Mudau et al., 2007a). Bush tea has high polyphenol concentrations, the main
identifier of a herbal teas’ antioxidant potential (Mudau et al., 2007a). In comparison to the sun
(6.42 mg/100 g) and oven (5.62 mg/100 g) dried samples of bush tea leaves, Mudau and
Ngezimana (2014) discovered that total phenolics were greater in the shade (8.34 mg/100 Q)
and freeze (8.34 mg/100 g) dried bush tea. Determination of total flavonoid content and total
phenolic content on different herbal teas found in South Africa namely bush tea, honeybush
tea, special tea and rooibos has been done thus, Malongane et al. (2020) found that special
tea had the highest TPC (1.10 mg GAE/Q), followed by bush tea (0.75 mg GAE/Q), rooibos (0.
60 mg GAE/g) and lastly honey bush tea (0. 48 mg GAE/qg).
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Figure 2.6. Common phenolic compounds in plants include an aromatic ring with one or more
hydroxyl substituents, simple phenolic molecules, and compounds that have conducted

significant polymerization (adapted from Velderrain-Rodrguez et al., 2014).

2.6.2 Flavonoids content

Throughout the plant kingdom, flavonoids that are polyphenolic compounds are produced as
secondary metabolites. Moreover, these compounds are found in foods, ingredients, and
medications made from plants, and have generated a great deal of interest due to their
potential abilities to prevent a wide range of degenerative diseases (Nishiumi et al., 2011).
Diwsyphenylpropanoids is a well-known group of flavonoids and is made up of one or more
phenolic groups (Figure 2.7). Consequently, it has been determined that innumerable
compounds found in plants’ food are flavonoids, and they can be classified into different
subclasses, together with flavones, flavanols, flavan-3-ols (catechins), flavanones,
isoflavones, anthocyanidins, as well as some other minor components such as chalcones,
aurones and coumarins (Nishiumi et al., 2011). Bush tea contains some of these flavonoids
as shown in Figures 2.8 and 2.9 (Mavundza et al., 2010; Mashimbye et al., 2006). Apart from
identifying compounds, other studies have been done to determine the total flavonoid content
(TFC) of herbal teas found in South Africa thus the highest TFC value was found on special
tea (12.311 mg QE/qg), then rooibos (9.717 mg QE/g), honeybush tea (8.831 mg QE/g) and
bush tea had the lowest value (7.820 mg QE/g) (Malongane et al., 2020).
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Figure 2.7. Structures of different Flavonoids (Nishiumi et al., 2011).

Figure 2.8. 5,6,7,8,3",4’-hexamethoxyflavone (Mavundza et al., 2010).
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Figure 2.9. 5-hydroxy-6,7,8,3’,4’,5’-hexamethoxy flavon-3-ol (Mashimbye et al., 2006).

2.7. Shade drying

In a shady area, shade drying utilises ambient air with ambient humidity and sufficient
ventilation to conduct the UV-free drying process (Barek et al., 2015). In addition, due to the
ability to save light-sensitive materials and lessen light-induced chemical processes like
oxidation, the shade drying approach may offer advantages over sun drying (Thamkaew et
al., 2021). However, shade drying takes longer to dry than sun drying (Pirbalouti et al., 2013).
Furthermore, according to Abioye et al. (2014), shade drying of leaves takes longer than other
natural drying processes. Still, it has the potential to retain most nutrients due to considerable
variations in the concentrations of minerals, ascorbic acid, and proximate compounds.
Nonetheless, shade drying is still well-known in rural areas or small businesses due to its
cheap initial cost and high-quality dried goods (Janjai and Bala, 2012). Shade drying also
demonstrated good bioactive compounds retention in dried herbs like misai kucing
(Orthosiphon aristatus) (Abdullah et al., 2012) as well as in bush tea (Athrixia phylicoides)
(Mudau and Ngezimana, 2014).

2.8. Effects of shade nets on physicochemical and antioxidants properties of teas

Using shade nets changes the light quality being received by plants; thus, changes may occur
in crop biochemical and physiological processes, metabolite profiles, and quality. The

polymerization of catechins and glycosylation of flavonol that are essential mechanisms of
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flavonoid biosynthesis in tea leaves, have been documented to be affected by shading
treatment (Wang et al., 2012). High light intensity has a negative impact particularly on shade
plants though, biosynthesis of phenolic compounds and formation of flavonoid depend on light
intensity and density (Xie et al., 2013). When comparing open and shade cultured green tea,
Ku et al., (2010) discovered that the antioxidant activity of the green tea samples was highly
linked with their total flavonoid and total phenol contents. Shading describes the character of
the tea by slowing photosynthesis, enhancing chlorophyll content, and gaining a high level of
theanine, the leaves become dark green, and the tannin concentration is decreased, releasing
out a sweeter flavor rather than the often-sour taste of green teas (Juneja et al., 1999). This
phenomenon is related to a change in chlorophyll and other compounds when leaves are
shaded from the sun by netting in the days or weeks before harvest (Goodwin, 2012). Manja
and Aoun (2019), reported that selecting and managing shade trees are useful tools for
effective pest management. Still, they depend on selection of components (species, varieties,
provenances) and site characteristics (soil and climate), below-ground and above-ground
traits of the trees and crops and management techniques. Mycena citricolor and Phythphora
palmivora are commercially significant diseases and pests that may be more prevalent with
increased shade while Colletotrichum gloeosporioides and Cercospora coffeicola may be less
prevalent (Beer et al., 1997). Black tea produced under artificial shade had higher theaflavin
and decreased thearubigin concentrations as well as an outstanding flavor score and taste

evaluation compared to tea produced in open field (Lehlohonolo et al., 2013).

2.9. Effects of light on the physicochemical and antioxidant properties of medicinal
plants and teas

It has been documented that environmental parameters such light intensity, temperature,
water availability, type, and soil composition affect the quality and productivity of medicinal
plants RadusSiené, 2012). According to Nchabeleng (2012), the sub-groups of flavonoids in tea
might be affected differently depending on the light intensity. By photosynthesis, plants absorb
sunlight and utilize it to generate increased amounts of oxygen and secondary metabolites
(Ghasemzadeh et al., 2010). Stagnari (2014) discovered that the total phenolic compounds in
red beet were altered by higher percentage of PAR's transmittance under the photo-selective
coatings. However, Bergquist et al., (2007) demonstrated that the build-up of flavonoid
concentrations in baby spinach was affected by the low-light transmittance under the shade
nets. High blue and red-light ratios beneath pearl photo-selective nets over the winter season

had an impact on the build-up of isorhamnetin, quercetin, and myricetin in the loose lettuce
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cultivars such as "Exbury," green loose lettuce "Ashbrook," and "Aquarell" (Mashabela et al.,
2015). Also, after stored for 14 days, fresh-cut coriander, marjoram, and basil produced under
red photo-selective nets had higher antioxidant, flavonoid (quercetin), and total phenolic
compound scavenging activity (Ntsoane et al., 2016). According to Buthelezi (2015), red, blue,
or UV-A light may induce the production of phenolic compounds and an increase in antioxidant

activity.

2.10. Conclusion and summary

The current review has generally evaluated the crucial characteristics of bush tea and other
herbal teas and factors that affect their growth along with quality that influences the
accumulation of nutritional compositions, polyphenols, antioxidants activities, chlorophyll
contents and colour attributes. In addition, the bush tea plant information has been reviewed
into details. The review has further shown that environmental parameters such light intensity,
temperature, water availability, shade netting, kind, and soil composition have been observed

to influence the quality and yield of medicinal plants.
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CHAPTER THREE: MATERIALS AND METHODS

3.1. Study site

The study took place at Agriculture experimental farm at University of Venda in Thohoyandou,
Vhembe district (Figure 3.1). The site is situated at longitude and latitude of 22°58.081 S and
30°26.411 E. With an annual rainfall of less than 500 mm and temperature variations between
10°C in the winter and 40°C in the summer, the climate is described as arid and semi-arid
(receives precipitation below potential evapotranspiration). Moreover, Odhiambo (2010) found
that the area has deep, well-drained clay soil. Average daily weather data by month for the
following climatic factors: maximum temperature (°C), minimum temperature (°C), humidity
(%), rainfall (mm) and wind speed (km/h) in Table 3.1 were provided by South African Weather
Services (SAWS, 2021) for cropping season of 2018 and 2019.

Figure 3.1. Study area (Agricultural farm in Univen, Thohoyandou, Limpopo province, South
Africa). Blue line indicates the university demarcation whereas the purple rectangle shows the

site where the experiment was carried out.

Source: Mapcarta, 2022

3.2. Experimental lay out

Three replicates of the experiment were conducted using a Randomized Complete Block
Design (RCBD) (Figure 3.2) with three replicates from three distinct degrees of light intensity
(i.e., 40%, 50%, and 80%), three shade nets (specifically, black, green, and white) and full

sunshine. The individual plots were each 4.8 m x 4.8 m in size (Figure 3.2). There were 24
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plants per plot, with each plot having four plant rows spaced 1.2 m apart and 0.75 m apart

within each row.

Rep 1 Rep 2 Rep 3
T1 T4 T4
T2 T1 T2
T3 TS5 T7
T4 T7 T6
T5 T8 T10
T6 T3 T5
T7 T10 T3
T8 T2 T1
T9 T6 T8
T10 i 4.8m T9 T9

—

4.8m

T1=Black 40 %, T2=Green 40 %, T3=White 40 %, T4=Control, T5=Black 50 %, T6=Green 50
%, T7=White 50 %, T8=Black 80 %, T9=Green 80 %, T10=White 80 %

Figure 3.2. Field experimental design

3.3. Cultural practices and experimental management protocols

The land was ploughed by disc plough connected to the Tractor. The field was established
from the 3 months rooted stem cuttings and were supplemented with the nitrogen-phosphorus-
potassium (N-P-K) fertilizer. Moreover, the application was done during transplanting and, also
two weeks after transplanting and the application rates of N at 300 kg/ha, P at 300 kg/ha, and
K at 200 kg/ha were done following Mudau et al. (2007). When necessary, a drip watering
system was applied to irrigate the plots except during rainy periods. In addition, the irrigation
pipes were checked and aligned monthly to allow quality irrigation. When necessary, weeding

was done manually using a hand hoe throughout the cropping seasons. To protect the plants
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from termites, methamidophos was sprayed at concentration of 10 mL per 20 L immediately

following each weeding session.

Table 3.1. Average of the daily maximum temperature (°C), minimum temperature (°C),
humidity (%), rainfall (mm) as well as wind speed (km/h) by month during autumn season at
year 2018 and 2019 at Thohoyandou (Univen) from South African Weather Service (SAWS,
2021).

Autumn season

February March April Average (s)

Climatic factors 2018 2019 2018 2019 2018 2019 2018 2019

Daily maximum temp (°C) 289 301 289 30.0 27.6 277 285 293

Daily minimum temp (°C) 204 201 18.7 19.8 16.6 172 186 19.0

Humidity (%) at 08 am 850 820 830 840 840 860 84 84
Humidity (%) at 14 pm 620 59.0 57.0 540 540 560 57.7 56.3
Humidity (%) at 20 pm 750 720 760 710 790 780 767 737

Average daily Humidity (%) 740 71.0 720 69.7 723 73.3 728 713
Rainfall (mm) 287.2 182.8 18.8 22.6 448 28.0 1169 77.8
Wind speed (km/h) at 08 pm 2.4 1.4 1.8 1.7 1.9 1.6 2.0 1.6
Wind speed (km/h) at 14 pm 2.5 2.4 2.2 2.5 2.1 2.0 2.3 2.3
Wind speed (km/h) at 20 pm 1.9 2.0 1.9 1.8 2.0 1.6 3.0 18

Average daily wind speed 2.3 1.9 2.0 2.0 2.0 1.7 2.4 1.9
(km/h)

3.4. Materials that were used in the study

The Retsch miller machine (SM 100) was obtained at Univen, animal science laboratory. The

Ultrasonic bath, Oven, Muffle furnace, Centrifuge machine (Universal 320 R),
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Spectrophotometer (DR2800, Hach, USA), Lovibond colour machine (LC 100 Spectro
colorimeter) was obtained at Univen, Food Science and Technology laboratory. The chemicals
and reagents were purchased from Sigma-Aldrich SA (pty) Itd (Kempton Park, South Africa).

3.5. Sample collection, preparations, and analysis

The samples were collected from three distinct degrees of light intensity (i.e., 40%, 50%, and
80%), three shade nets (specifically, black, green, and white) and unshaded treatment
(control, with100% light intensity). The samples were collected by cutting the base of the stem
using the pruning shear and placed in brown paper bags and stored in the shade for drying
process at room temperature and, the shade drying process was used as it is best in retention
of bioactive compounds and phytochemicals. The leaves were detached from the stem after
drying by process of threshing. Placed inside brown paper bags, and then dried under the
shade at a room temperature for two months to allow drying before analysis. The leaves were
ground using the Retsch (SM 100) Miller machine until 10 g of uniform powder was formed.
The ground powder was poured inside polyethylene plastic bags and the plastics were sealed.
Therefore, the polyethylene plastic bags were packed inside brown paper bags until the

samples were used.

3.6. Nutritional composition of the bush tea leaf powder
3.6.1. Moisture content

The moisture content was evaluated using AOAC (2016): method 934.01. Dry coded, clean
crucibles was placed in an oven drier for about 30 min, cooled and weighed. The weight of the
samples was weighed into the crucibles. About 2 g of tea powder was separately weighed into
crucibles in triplicate. The samples were dried at 105 °C for 24 h. The percentage of moisture

was calculated using equation 1.

) w w3
Moisture (%) = - p—) x 100 D

Where:
W1= weight of empty crucible

W2= weight of crucibles and tea powder sample before drying
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W3= Final weight of crucibles and tea powder sample after drying

3.6.2. Ash content

AOAC (2016): Procedure 923.03 was used to measure the ash content. Two grams of
powdered tea samples were individually weighed into triple crucibles, and the samples were
then burned at 550°C for 24 hours in a muffle furnace until a pale grey ash was visible. The
samples were weighed to get the ash content after cooling in the desiccator to prevent
moisture absorption. The ash content was calculated using equation 2:

Weight of ash

Ash (%) = x 100 2
sh (%) Weight of sample @

3.6.3. Dry matter content

The dry matter had been calculated and expressed in percentage by equation below:

100 — moisture% 3)

3.6.4. Vitamin C content

The extract of bush tea leaves powder was done following Kumar et al., (2013). About 4 g of
powder tea sample was weighed into a 500 ml beaker, 100 ml of distilled water was poured,
thereafter the beaker was shaken until the sample dissolves. The beakers containing sample
were placed in ultrasonic bath (model:703) at 25°C for 30 min. Afterwards, the sample were
transferred into centrifuge tubes and centrifuged for 10 min at a speed of 3000 rpm. The
centrifuged samples were filtered using qualitative filter paper (150 mm) to get vitamin C
extract. Vitamin C was measured by titration procedure with iodine solution according to
Helmestine (2015). The burette was filled with 0.025 M iodine solution. Approximately 25 ml
of bush tea extract was added into 250 ml beaker for each sample. Five drops of 1% starch
were added, and titration took place using iodine solution in the burette until the tea extract
changes to black colour. The samples' vitamin C concentration was reported as mg AA/100 g

wet basis.

21| Page

© University of Venda



7S
>

(o

&5 ) university of Venda
C

3.7. Determination of polyphenols and antioxidant activities of bush tea leaf powder
3.7.1. Extraction of bush tea leaf powder

About 2 g of finely ground sample was added into 500 ml beaker and 20 ml of 1% methanolic
acid was added and then sonicated at 25°C for 15 min in an ultrasonic bath. The sample was
poured into centrifuge tubes and at a speed of 3000 rpm, the samples were centrifuged for a
period of 10 min and thereafter filtered using qualitative filter paper (150 mm) to obtain an

extract.

3.7.2. Polyphenolics of bush tea leaf powder

3.7.2.1. Total Phenolic Content (TPC)

The TPC was evaluated spectrophotometrically using a process described by Lee et al.
(2015). An extract of 0.5 ml was transferred into laboratory tubes. Folin-Ciocalteu reagent of
about 1.5 ml was add to 0.5 ml of extract and left for 5 min at room temperature. After 5 min,
2 ml of 7.5% w/v of sodium carbonate was poured to the solution, therefore the laboratory
tubes were covered by a foil paper and incubated in the dark place for 45 min with intermittent
shaking to obtain blue colour. When the blue colour developed was too deep on the solution,
it was diluted by distilled water of about 10 ml, thereafter the absorbance in different samples
were read at 765 nm wavelength from a spectrophotometer (DR2800, Hach, USA). In the
standard curve equation prepared from gallic acid. Therefore, the total phenolic content was
calculated as gallic acid equivalents GAE/g on the standard curve of gallic acid (Siddiqui et
al., 2017).

3.7.2.2. Total Flavonoid Content (TFC)

The TFC was established spectrophotometrically following procedure described by Meda et
al. (2005) based on the formation of a complex flavonoid-aluminium. An extract of 0.3 ml was
poured into a 50 ml test tube together with 0.15 ml of 0.5 M sodium nitrite, 3.4 ml of 30%
methanol, and 0.15 ml of 0.3 M aluminium chloride hexahydrate and mixed thoroughly. The 1
ml of 1 M Sodium hydroxide was added after 5 min. The spectrophotometer (DR2800, Hach,
USA) was used to detect the absorbance against the reagent blank at wavelength of 506 nm.
The total flavonoids standard curve was prepared from (Y=0.0496X+0.0014; R?=0.9942)
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catechin standard solution. The total flavonoids were calculated as milligrams of catechin

equivalents per gram (mg CE/qg) of dried fraction.

3.7.3. Antioxidant activities of powder made from bush tea leaves

3.7.3.1. Radical Scavenging Activity (ABTS)

The process outlined out by Arnao et al. (2001) for the ABTS determination test was followed.
As stock solutions, 2,4 mM and 7 mM potassium persulfate solutions were used. The working
solution was then made by blending equal portions (50 ml) of the two stock solutions, and they
were allowed to react for 14 hours at room temperature in a dark environment. Dilution of the
solution was done with 60 ml of methanol and 1 ml of ABTS solution to measure 0.706 + 0.01
absorbance using a spectrophotometer at 734 nm, which came out to be. An entirely fresh
ABTS solution was created for every assay or test. A spectrophotometer (DR2800, Hach,
USA) was utilised to determine the absorbance at 734 nm after 7 minutes of allowing 1 ml of
plant extract and 1 ml of ABTS solution to react (). As a result, the % of inhibition was computed

using the following equation 4 below.

Ac—As
Ac

ABTS radical scavenging activity % = x 100 (€))

Where:

Ac= the absorbance of the control (ABTS radical in methanol)

As= the absorbance of the tea sample combined with ABTS radical solution

3.7.3.2. Ferric reducing antioxidant power (FRAP) scavenging

Bush tea leaves were evaluated for their ability to reduce ferric using an approach developed
by Benzie and Strain (1996). The mixture of 2.5 ml FeCls;.6H.O solution, 25 ml of acetate
buffer, and 2.5 ml TPTZ solution altogether made the working FRAP reagent. The Bush tea’s
sample extract (40 pL) and 2 ml of the FRAP reagent were combined in a test tube and
incubated in dark area for 15 minutes and its absorbance was read at 593 nm on the
spectrophotometer (DR2800, Hach, USA). The standard curve was prepared using ferrous

sulphate solution. The FRAP results were expressed as micromole per gram (umol/g).
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3.8. Determination of Chlorophyll content of powder made from bush tea leaves

Using the Lichtenthaler technique (1987), the concentrations of chlorophylls 'a' and 'b" were
measured. One gram of powdered dry leaf samples was incubated with 50 ml of an 80%
acetone (v/v) solution for 24 hours at room temperature to do the extraction. As the sample
needed to be filtered, 150 mm qualitative filter paper was used, and 80% acetone (v/v) was
added to the filtrate to make 100 ml. A spectrophotometer (DR2800, Hach, USA) was used to
detect absorbance at 662 nm and 644 nm to establish the levels of chlorophylls 'a’ and 'b,’
respectively. The sum of chlorophylls 'a' and 'b' was used to determine the total chlorophyll
concentration. On a dry weight basis, the amount of chlorophyll in each sample was measured

in triplicate and represented as mg/g.

3.9. Colour measurement of powder made from bush tea leaves

Colour of powdered bush tea leaves was measured using Lovibond Colour Measurement (LC
100 Spectrocolorimeter) after calibration with tile. L*, a*, b*, c*, and H° Hunter value was used
to express colour readings. L* is for lightness and measures to white from black (0-100); a*
and b* stand for hue on the green (-) to red (+) and blue (-) to yellow (+) axis, respectively; c*
stands for chroma; and h° stands for hue angle. Yellow, green, and blue hues are signified by
angles of 90°, 180°, and 270°, respectively, while red is denoted by angles of 0° or 360°. Using
equation 5, the total colour difference (AE) was computed:

AE = /(L — Lc)? + (a — ac)? + (b — bc)? (5)

where:
L = lightness, Lc = lightness of control sample
a = redness, ac = redness of control sample

b = yellowness, bc = yellowness of control
sample.

3.10. Statistical analysis of the data

The statistical analysis was performed using SAS version 9.4 software (SAS, 1999). On the
collected data, the suitable analysis of variance (ANOVA) was done. The Shapiro-test Wilk's
was carried out on the standardized residuals to look for any abnormalities from normality.

Where there was a noticeable difference from normalcy owing to skewness, outliers were
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eliminated up till the distribution was normal or symmetrical. Student’s t-LSDs (Least
Significant Differences) were computed at a 5% comparing the means of substantial source
effects at a considerable level. The analysis of Pearson's Correlation Coefficient was used to
establish the association among the climatic factors and nutritional compositions, polyphenols,

antioxidants activities, chlorophyll contents and colour attributes. The model used was:
Yijkl=p+Li+Sj+Dk+ (LS)ij+ (LD)ik+(SD)jk+(LSD)ijk+Eijkl

Where:

p=overall mean

Li=effects of the i shade nets colours

Sj=effects of the j""year

Dk=effects of the k" light intensities

(LS)ij=interaction of the i shade nets colours and j" year

(LD)ik=interaction of the i""shade nets colours and the k™ light intensities
(SD)jk=interaction of the j""year and k™ light intensities

(LSD)ijk=interaction of the i""shade nets colours, j"year and k" light intensities

Eijkl=residual
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CHAPTER 4: RESULTS AND DISCUSSION

4.1. RESULTS

4.1.1. The effects of shade nets colours and light intensities on nutritional compositions
of bush tea during autumn season in year 2018 and 2019.

A significant difference of (p < 0.0001) between the bush tea leaves from different shade net
colours and light intensities in terms of the moisture, ash, dry matter, and vitamin C contents was
found (Table 4.1). The moisture content under the influence of shade nets colours was higher in
2019 (8.3% to 9.8%) than in 2018 (7.1% to 9.0%). The white shade net colour (9.0%) and green
(9.8%) recorded higher moisture content in 2018 and 2019, than other shade net colours.

The moisture content of bush tea under the influence of light intensities was higher at 80%
light intensities in both 2018 and 2019. However, the light intensities of 40% and 50% showed no
significant difference in the years 2018 and 2019. The green shade net had the higher ash content
(8.6%), while the white shade net had the lower ash content (8.0%). However, black net shade
recorded higher ash content (9.0%), while lower ash content was recorded under control (8.3%)
in the 2019 cropping season. The ash content was found to be highly influenced by 80% light
intensity in both years, 2018 (8.4%) and 2019 (9.6%) with the lowest ash content found at 50%
light intensity in both years 2018 (8.3%) and 2019 (7.8%).

There was a decrease in dry matter content when comparing year 2018 and 2019, as it
ranged from 90.99% to 92.9% in 2018 and from 90.2% to 91.7% in 2019. The control (unshaded)
had the highest dry matter content of 92.9% in 2018 and 91.8% in 2019. The 100% light intensity
had the highest influence on dry matter in both 2018 (92.2%) and 2019 (91.5%). Control recorded
higher vitamin C content in both years, starting from 1.3 (mg AA/100g) to 3.0 (mg AA/100g) in
2018, and from 1.7 (mg AA/100g) to 2.8 (mg AA/100g) in 2019. These results indicate that the
amount of vitamin C was unaffected by shade nets. Vitamin C content ranged from 1.0 to 3.0 mg
AA/100g in the year 2018, with the highest content found at 100% light intensity, followed by 40%
then 50%, and the lowest content at 80% light intensity.
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Table 4.1. Response of nutritional compositions of bush tea grown under various selected shade

nets colours and light intensities during autumn season at year 2018 and 2019.

Moisture Ash Dry matter Vitamin C
(%) (%) (%) (mg AA/100g)

2018

Shade net colours  Control 7.84+0.06°¢  8.38+0.01°F 92.86+0.95%A 3.03+0.31
Black 8.40+0.33E 8.47+0.18°® 91.60+0.47¢C 1.99+0.84¢°C
Green 7.14+0.95% 8.58+0.06%¢ 92.16+0.056P®2  2.25+0.96"B
White 9.04+0.523¢ 8.04+0.34%F  90.96+0.469 1.33+0.394E

Light intensity (%) Control 7.84+0.06° 8.38+0.01%¢ 92.16+0.06* 3.03+0.3124
40 8.27+0.37PP 8.38+0.243%¢  91.73+0.48¢C 2.57+0.598
50 8.07+1.72E 8.27+0.50°® 91.93+1.67"8 1.97+0.78¢°P
80 8.76+0.50%8 8.41+0.122¢ 91.76+0.55¢C 1.04+0.159%

2019

Shade net colours  Control 8.25+0.75%F  8.31+0.099€ 91.75+0.743C 2.79+0.30*
Black 8.58+1.07¢P 9.05+0.312* 91.42+1.03%°P 1.96%0.35¢C
Green 9.78+0.0624 8.56+0.99°C  90.22+0.069F 1.69+0.304P
White 9.15+0.49b8 8.83+0.99"2  90.85+0.49°F 2.12+0.28bcBC

Light intensities (%) Control 8.52+0.90¢C 8.31+0.09°C  91.48+0.902° 2.79+0.30%
40 8.71+1.098 8.87+0.16"®  91.29+1.04°E 1.79+0.394D
50 8.76+0.618 7.79+0.54%  91.24+0.61°F 1.96+0.28¢°P
80 9.78+0.055* 9.64+0.27* 90.22+0.055°€  2.02+0.37°C

P-value (P<0.0001) significant; results are represented as mean+ standard deviation. Note: different small superscripts

letters in columns signify statistically significant differences in relative amounts of moisture, ash, dry matter, and vitamin

C content of bush tea under different shade nets colours and light intensities during autumn season within year 2018

and 2019 and the capital superscripts letters in columns signify significant differences between year 2018 and 2019.

Furthermore, in 2019, vitamin C levels ranged from 1.9 to 2.8 mg AA/100g, and there was a

positive relationship observed between light intensities and vitamin C content, as when light

intensities decreased, vitamin C levels decreased as well. The results of moisture and ash content
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showed that there has been an increase from 2018 to 2019. However, there has been a decrease

on dry matter and vitamin C content from year 2018 to 2019.

4.1.2. The interaction of shade net colours and light intensities on nutritional
compositions of bush tea during autumn season in year 2018 and 2019.

The has been a significant effect in the interaction between the shade net colours and light
intensities, however some parameters resulted not significant (Table 4.2). The moisture content
ranged from 7.01% to 9.19%. The highest moisture content was found at interaction between
white shade net colour and 40% light intensity and the lowest at interaction between green shade
net colour and 50% light intensity. However, there was no variation between white shade net and
40% and 50% light intensity. The ash content was highly influenced by the combination of green
shade net colour with 80% light intensity, whereas white shade net colour with 50% light intensity
resulted lowest influence. The combination of the following shade net colours; black with 40% and
50% light intensity, green with 40%, and white with 40% showed no significant difference. The dry
matter was highest at control and lowest at white shade net colour with 40% light intensity.
However, several combinations of shade net colours and light intensities such as black with 80%
and green with 40%; black with 40% and green with 50%; black with 50% and white with 50%,
that resulted no significant difference on dry matter content. The results of vitamin C were found
to be highest at control. There was no significant difference between combination of 80% light
intensities with green and white shade net colours, as well as between green and white shade

net with 40% light intensities.

Table 4.2. Response of nutritional compositions of bush tea under interaction of various selected

shade nets colours and light intensities during autumn season at year 2018 and 2019.

Moisture (%) Ash (%) Dry matter (%) Vitamin C mg AA/Q)
Control 8.81+1.00¢ 8.3410.07¢ 93.00+1.242 2.91+0.322
Black x 40%  8.40+0.60° 8.67+0.41¢ 91.28+0.63¢ 2.44+0.64°
Black x 50%  9.07+0.50° 8.64+0.08° 90.93+0.50°f 2.00£0.31¢
Black x 80%  7.97+0.71 8.90+0.50° 92.20+0.66° 1.49+0.53¢
Green x40% 7.65+0.23°9 8.62+0.08° 92.35+0.23° 2.09+0.87¢
Green x 50% 7.01+1.24" 7.95+0.66f 91.19+1.00¢ 2.39+0.61°
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Green x 80% 8.43+0.80° 9.23+0.55% 91.57+0.80° 1.43+0.47¢
White x 40%  9.19+0.61° 8.63+0.28° 90.79+0.60" 2.00+0.24°
White x 50%  9.17+0.61° 7.65+0.159 90.90+0.55¢f 1.50+0.38¢
White x 80%  8.91+0.18° 9.03+1.00° 91.09+0.18¢% 1.68+0.75¢

Results are represented as meanz standard deviation. Note: different superscripts letters in columns signify statistically

significant differences in relative amounts of moisture, ash, dry matter, and vitamin C content of bush tea under

interaction of different shade nets colours and light intensities during autumn season at year 2018 and 2019.

4.1.3. The effects of shade nets colours and light intensities on polyphenolics contents
and antioxidants activities of bush tea during autumn season in 2018 and 2019.

Table 4.3 displays the contents of TPC, TFC, ABTS and FRAP of bush tea at different shade nets
colours and light intensities. There was a significant variation (p<0.0001) in all the above-
mentioned parameters. The TPC content was higher in 2018, ranging from 32.4 to 35.5 mg GAE/g
and lower in 2019 (20. 4 to 32.3 mg GAE/g). Green colour shade net had significantly greater
TPC in year 2018 compared to the control, black and white shade net colour. However, the white
shade net colour recorded highest TPC compared to black and green shade net colour and control
in 2019. The TPC ranged from 31.8 to 35.2 mg GAE/g, with the highest content at 40% light
intensity (35.2 mg GAE/qg), followed by 100% and 50% with the lowest content found at 80%.
Moreover, during the year 2019, the TPC ranged from 20.4 to 31.8 (mg GAE/g) and there was a

negative trend, as the TPC decreased as light intensities increased.

The TFC of bush tea in different shades net colours decreased from 2018 (2.8 mg CE/q)
to 2019 (1.7 mg CE/g). The TFC in 2018 and 2019 was significantly greater at the white shade
net colour, accompanied by green, then control and lowest was found at the black shade net
colour. The highest (3.3 mg CE/g) and lowest (2.7 mg CE/g) TFC content in year 2018 was
attained at 40% and 50% light intensities. However, in year 2019, 100% light intensity had the
highest (2.4 mg CE/g) TFC and the lowest (2.0 mg CE/g) was attained at 80% light intensity.

The antioxidant activity under the influence of shade nets colours as measured by the
ABTS scavenging activity was higher in 2018 (65.7 to 78.3%) compared to year 2019 (15.7 to
58.6%). Despite the decrease in scavenging activity, green shade net colour recorded higher
antioxidant activity, and control had the lowest values in 2018 and 2019. In addition, the highest

ABTS determination of antioxidant activity under the influence of light intensities decreased by
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13.3% from 2018 to 2019 respectively. Nevertheless, the ABTS scavenging activities during 2019,
ranged from 15.8% to 64.0%, and there was a negative relationship between the light intensities
and ABTS activities as when the light intensities increase there was a decrease in ABTS

scavenging activities.

Moreover, the FRAP's measurement of antioxidant activity in bush tea leaves was higher
at control (1036.0 umol/g) and white shade net colour (945.1 umol/g) in 2018 and 2019. The
FRAP activity on bush tea leaves under the influence of light intensities in year 2018 ranged from
605.5 to 1036.0 (umol/g), and from 710.11 to 954.80 (umol/g) in year 2019 and in both years,
there was a positive relationship between the light intensities and FRAP activities as when the
light intensities decrease the FRAP activities also decreased. When comparing year 2018 to
2019, there has been a decrease of TPC, TFC and ABTS, whereas FRAP resulted an increase.

Table 4.3. Response of polyphenolics content and antioxidant activities of bush tea grown under

various selected shade nets colours and light intensities during autumn season in 2018 and 2019.

TPC TFC ABTS FRAP
(mg GAE/g)  (mg CE/g) (%) (umol/g)
2018
Shade net colours Control 33.96+0.13°2  2.92+0.02°®  65.75+0.07¢C 1036.04+17.1134
Black 32.73+0.97¢C 2.84+0.059 74.21+4.48B 675.09+296.249
Green 35.45+1.142A 3.19+0.25PA 78.29+3.543A 689.62+77.58¢C
White 32.36+2.309° 3.20+0.9124 74.14+0.87B 854.43+181.98°P
Light intensity (%) Control 33.96+0.13%®  2.92+0.02°C  65.75+0.07®°  1036.04+17.11%
40 35.15+1.19& 2.66+0.4790 74.29+5.67¢C 605.51+257.064"
50 33.61+1.65¢¢ 3.51+0.55 77.32+2.10 682.25+44.70¢°¢
80 31.78+1.859 3.07+0.25%B 75.03+£1.97%B 031.38+125.84¢%C
2019
Shade net colours Control 20.37+0.06°F  2.42+0.01°F  15.75+0.079 883.81+0.56C
Black 30.78+0.54F 1.72+0.129F 57.93+18.92bE 806.90+219.63¢F
Green 30.72+0.16°E 2.41+0.48°F 58.55+17.562P 766.70+70.089
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White  32.34+1.05%°°  2.53+0.37%°  48.25+31.79°F  945.06+55.39%8

Light intensity (%) Control 20.37+0.06%¢  2.42+0.01*¢  15.75+0.079" 954.80+72.0928

40 31.53+0.93"F  2.28+0.61°F  64.00+22.79%*  710.11+162.52%
50 31.78+1.24%°  2.29+0.56°%  61.58+12.89°F  853.75+101.39"F
80 30.62+0.38°F  2.08+0.309¢  39.15+25.38°¢  883.81+0.56°°

TPC: total phenolic content; TFC: total flavonoid content; ABTS: radical scavenging activities; FRAP: ferric reducing
antioxidants power; GAE: gallic acid equivalent, CE: catechin equivalent; results are represented as meanzt standard
deviation. Note: different superscripts letters in columns signify statistically significant differences in relative amounts
of TFC, TPC, FRAP and ABTS of bush tea under shade nets colours and light intensities during autumn season within
year 2018 and 2019 and the capital superscripts letters in columns signify statistical differences between year 2018
and 2019.

4.1.4. The interaction of shade net colours and light intensities on polyphenolics and
antioxidant of bush tea during autumn season in year 2018 and 2019.

There has been a highly significant difference between the interaction of shade net colours and
light intensities on TPC, TFC, ABTS and FRAP results (Table 4.4). The highest TPC was found
on combination of white shade net colour with 40% light intensity (33.82 mg GAE/g) with lowest
at control. The highest TFC was obtained at green shade net colour with 50% light intensity (3.26
mg CE/g) and lowest at interaction between black shade net colour and 50% light intensity (2.31
mg CE/g). The ABTS was highest at interaction between green shade net colour and 40% light
intensity (81.61%) and lowest at combination of white shade net colour and 80% light intensity
(40.97%). The FRAP activities were found to be highest at control (1023.63 umol/g) and lowest

at combination of black shade net colour and 40% light intensity.

Table 4.4. Response polyphenolics and antioxidant activities of bush tea under interaction of
various selected shade nets colours and light intensities during autumn season at year 2018 and
20109.

TPC TFC ABTS FRAP
(mg GAE/g) (mg CE/g) (%) (umol/g)
Control 27.17+6.99' 2.67+0.26° 40.75+25.720 1023.63+15.37°

Black x 40% 32.85+1.33¢ 2.17+0.66) 51.03+18.89" 416.78+109.99'
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Black x 50% 31.88+0.97" 2.31+0.62" 77.00£0.71> 813.26+111.82°
Black x 80% 30.88+0.799 2.36+0.56" 70.19+7.16¢ 992.95+6.52°
Green x 40% 33.57+3.28> 2.72+0.45% 81.61+0.41% 655.98+71.48"
Green x 50% 33.35+2.67° 3.26+0.28% 60.11+£14.819 715.81+3.599
Green x 80% 32.33+1.83° 2.42+0.56° 63.55+18.01" 812.70+51.97¢
White x 40% 33.82+1.36% 2.53+0.49" 74.80+1.59° 900.67+11.35¢
White x 50% 32.85+0.63¢ 3.14+1.10° 67.8246.59° 774.95+166.78
White x 80% 30.39+0.70" 2.94+0.50° 40.97+37.55' 959.93+79.19°

TPC: total phenolic content; TFC: total flavonoid content; ABTS: radical scavenging activities; FRAP: ferric reducing
antioxidants power; GAE: gallic acid equivalent, CE: catechin equivalent; results are represented as meanzt standard
deviation. Note: different superscripts letters in columns signify statistically significant differences in relative amounts
of TFC, TPC, FRAP and ABTS of bush tea under interaction of shade nets colours and light intensities during autumn
season at year 2018 and 2019.

4.1.5. The effects of shade nets colours and light intensities on chlorophyll contents of
bush tea during the autumn season in 2018 and 2019.

The results in Table 4.5 show the response of chlorophyll ‘a’, chlorophyll ‘b’ and total chlorophyll
content of bush tea under the influence of different shade nets colours and light intensities. There
was a significant variation (p<0.0001) in all the above-mentioned parameters. The chlorophyll ‘a’
content, chlorophyll ‘b’ content and total chlorophyll content were highly influenced by black shade
net colour in both 2018 and 2019, compared to green and white shade net colours and control.
The chlorophyll ‘a’ content, chlorophyll ‘b’ content and total chlorophyll content under the effects
of light intensities, resulted in 80% light intensity highly increased the accumulation of all

chlorophyll contents. The chlorophyll contents increased from year 2018 to 2019.
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Table 4.5. Effect of shade nets colours and light intensities on chlorophyll content of field-grown

bush tea during the autumn season in 2018 and 2019.

Chlorophyll ‘a’ Chlorophyll ‘b’ Total chlorophyll content
(mg/9g) (mg/g) (mg/g)

2018

Shade net colours Control 6.18+0.01 9.60+0.09°F 10.82+0.1924¢
Black 9.59+3.173¢ 13.02+4.76%4 15.58+1.65%
Green 8.72+1.86"F 10.37+2.42C 14.14+4.07"8
White 8.63+2.67°F 8.84+0.909F 12.27+0.99°P

Light intensity (%) Control 6.18+0.019H 9.60+0.09°F 10.82+0.19%
40 6.39+1.13¢ 9.98+2.29C 13.25+2.03°
50 9.51+1.72° 8.95+1.63% 13.64+3.04°C
80 11.05+2.08%8 13.31+4.45%A 15.91+3.29%A

2019

Shade net colours Control 8.27+0.0224¢ 7.44+0.1191 11.36+0.02%
Black 11.07+£2.142A 10.99+1.70% 15.58+2.79%A
Green 10.13+4.99%8 10.08+4.87°° 14.15+6.918
White 9.03+1.21°P 8.29+1.12¢¢ 12.43+1.69°¢

Light intensity (%) Control 8.27+0.02¢9F 7.44+0.1191 11.36+0.029¢
40 9.72+3.30¢ 8.83+3.06°¢ 13.32+4.66"°°
50 9.17+1.56¢F 9.85+1.53P 13.11+£2.01F
80 11.34+4.14%A 10.66+3.9828 15.73+5.78%8

(P<0.0001) significant; results are represented as meanz standard deviation. Note: different superscripts letters in
columns signify statistically significant differences in relative amounts of chlorophyll ‘a’, chlorophyll ‘b’ and total
chlorophyll content of bush tea under shade nets colours and light intensities during autumn season at year 2018 and

2019 and the capital superscripts letters in columns signify statistical differences between year 2018 and 2019.
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4.1.6. The interaction of shade net colours and light intensities on chlorophyll contents of
bush tea during autumn season in year 2018 and 2019.

The interaction of black shade net colour and 80% light intensity resulted highest chlorophyll a, b,
and total chlorophyll content, with lowest contents being found at interaction of green shade net
and 50% light intensity (Table 4.6).

Table 4.6. Response of chlorophyll contents of bush tea under combination of various selected

shade nets colours and light intensities during autumn season at year 2018 and 2019.

Chlorophylla  Chlorophyll b Total chlorophyll content
Control 7.23+1.08" 8.52+1.12f 11.09+0.31¢
Black x 40% 9.51+4.82¢ 14.44+1.60° 17.53+1.86°
Black x 50% 10.33+0.55° 11.22+0.19° 15.85+1.64°
Black x 80% 15.28+1.632 15.99+3.562 21.35+2.142
Green x 40% 7.10+0.70' 8.26+2.63¢ 10.68+2.17"
Green x 50% 7.18+0.07" 7.55+0.141 10.40£0.12
Green x 80% 9.72+0.29° 8.82+0.06° 13.36+0.22°
White x 40% 7.55+1.349 8.96+1.18¢ 11.64+0.43f
White x 50% 10.51+0.07° 9.04+0.77¢ 13.88+0.73¢
White x 80% 8.57+.87F 7.70+0.50" 11.16+0.87¢

results are represented as meanz standard deviation. Note: different superscripts letters in columns signify statistically
significant differences in relative amounts of chlorophyll ‘a’, chlorophyll ‘b’ and total chlorophyll content of bush tea

under interaction of shade nets colours and light intensities during autumn season at year 2018 and 2019.

4.1.7. The effects of shade nets colours and light intensities on colour attributes of bush
tea during autumn season in 2018 and 2019.

The results in Table 4.7 show the response of colour attributes: lightness (L*), green (-) or red (+)
(@*), blue (-) or yellow (+) (b*), chroma (c*), hue angle (H°) and colour difference (AE) of bush tea
at different shade nets colours and levels of light intensities. There were highly significant
(p<0.0001) differences between the shade nets colours and light intensities in all colour attributes.

The shade net colours influence was observed, therefore the values of L* were highly influenced
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by control in 2018 and by white shade net colour in 2019. The a* values were higher at the white
shade net colour in 2018 and in the control sample in 2019. Moreover, the control sample highly
influenced the b* and c* values in both years 2018 and 2019. However, the H° were highly
influenced by the green shade net colour than other colours of shade net in 2018 and 2019. The
AE was influenced by white shade net colour (2018) and green colour (2019). The value of a*
was found at the green terminal for the bush tea leaves grown at control, black and green shade
net colour, whereas the tea found in the white shade net colour was at red terminal. However, in
2019 all a* values were found at the red terminal. The b* values were all found at the yellow
terminal in 2018 and 2019.

The light intensity of 100% had a higher influence on values of L*, b* and C* in 2018, and
for a*, b* and C* in 2019. The values of a* and AE were highly influenced by 40% light intensity
in year 2018. The 80% light intensity resulted in higher values of H° during 2018, and H°, AE in
year 2019. Fundamentally, the values of a* were found to be at the green terminal for samples
found at 100 and 80% light intensities whereas 40 and 50% light intensities resulted at the red
terminal; however, in 2019 the bush tea samples were found to be at the red terminal. The b*
values at the yellow terminal in 2018 and 2019. The colour attributes; L*, b*, c*, H* and AE showed

an increase from results obtained in year 2018 to 2019, except for an a* values
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2019.
L* a* b* c* H° AE
2018
Shade net colours Control ~ 43.56+0.01* -0.34+0.05°  20.65+0.01* 20.65+0.01**  90.76+0.08°® 0.00+0.009¢
Black 41.63+1.39°C  -0.17+0.54°F  18.25+1.44% 18.27+1.44%°  90.63+1.78°® 3.17+1.50PB
Green 43.01+1.16°8  -0.64+0.529¢ 18.99+1.05°® 18.98+1.00°4 92.00+1.62** 2.19+0.95¢C
White 41.05+2.67° 0.96+2.193° 18.72+1.74°C  18.88+1.62°C  86.54+7.08°C 3.97+3.223A
Light intensity (%) Control 43.56+0.01** -0.34+0.05°¢ 20.65+0.01* 20.65+0.01**  90.76+0.08°® 0.00+0.00¢
40 41.09+2.61%° 0.91+1.982 18.16+1.36%°® 18.28+1.22%°  86.81+6.70°® 4.00+3.192
50 42.67+1.94°®  0.08+0.84° 18.81+1.86°C 18.82+1.85°C  89.90+2.63°¢ 2.78+1.73°
80 42.16+1.09°¢  -0.84+0.73¢ 18.99+0.88"® 19.02+0.89°®  92.47+2.07** 2.55+0.89°
2019
Shade net colours  Control 34.04+0.04°¢  2.63+0.03*A 13.18+0.22%¢ 13.46+0.36%F  77.33+0.099¢ 0.00+0.009
Black 33.24+1.05%  2.54+0.26"8 11.63+0.31%9" 11.89+0.361% 77.69+1.02°F 1.23+0.52°F
Green 34.90+1.54°F  2.39+0.99°¢ 11.84+0.01¢¢ 12.13+0.01°¢  79.86+4.05%° 2.37+0.19%°
White 35.18+0.80%F 2.40+0.29 12.58+1.32°F 12.79+1.32°F  79.28+1.04°F 1.63+1.24B¢
Light intensity (%) Control  34.04+0.04°¢ 2.76+0.602 13.18+1.00®¢ 13.38+0.96%¢  77.33+0.09°" 0.00+0.00¢
40 34.33+1.62°F  2.63+0.03° 12.17+0.97°F 12.47+1.07°F  77.43+1.64°¢ 1.76+0.76°
50 35.01+0.72% 2.35+0.27°¢ 12.05+0.67°¢ 12.14+0.63°¢  78.99+1.35°F 1.21+0.74°
80 33.98+1.68™ 2.21+0.73¢ 11.84+0.019" 12.13+0.01°¢  80.42+3.43%¢ 2.25+0.982

P-value (P<0.0001) significant; results are represented as mean+ standard deviation. Note: different superscripts letters in columns signify statistically significant
differences in relative values of L* (lightness), a* (+redness) and (-greenness), b* (+yellowness) and (-blueness), c* (chroma), H° (hue angle) and AE (total colour
difference) of bush tea under shade nets colours and light intensity during autumn season at year 2018 and 2019 and the capital superscripts letters in columns
signify statistical differences between year 2018 and 2019.
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4.1.8. The interaction of shade net colours and light intensities on colour attributes of

bush tea during autumn season in year 2018 and 2019.

The colour attributes b* and c* were highly influenced by control, whereas the values of a* and

AE were higher at interaction between white shade net colour and 40% light intensity. The

lightness (L*) was found to be high at green shade net colour with 50% light intensity. The highest

hue angle was found at interaction between green shade net colour and 80% light intensity with
a value of 88.86 (Table 4.8).

Table 4.8. Response on colour attributes of bush tea under interaction of various selected shade

nets colours and light intensities during autumn season at year 2018 and 2019.

L* a* b* c* H° AE
Control 38.80+4.909 1.15+1.53° 17.18+3.117 17.42+3.89% 84.05+6.91" 0.00%0.00’
Black x 40% 37.61+5.86" 1.26+£1.049 15.39+4.44" 1550+4.349 84.04+5.53" 1.69+0.19¢
Black x 50% 35.77+2.36)  0.89+1.927 13.94+2.64 14.08+2.51" 85.09+8.62° 2.82+2.36°
Black x 80% 36.98+4.50" 1.41+1.49° 15.49+3.819 15.66+3.66' 83.35+7.12" 2.10+1.02f
Green x 40%  39.30+3.74° 1.26+2.49% 16.03+2.85% 16.27+2.62° 84.24+9.74° 2.43+0.18¢
Green x 50%  40.22+4.66% 1.22+.28¢ 16.64+4.05° 16.39+4.38° 84.70+5.63Y 1.63+0.62"
Green x 80%  37.35%4.939 0.14+1.20" 15.59+2.64" 15.63+2.627 88.86+4.582 2.87+0.52°
White x 40%  36.23+1.51" 3.00+£0.492 14.07+2.56' 14.36+2.59" 78.07+0.16' 4.53+4.06°
White x 50%  38.23+4.12° 1.54+0.53* 15.71+4.42° 15.83+4.38° 83.54+3.709 1.54+0.85
White x 80%  39.89+4.01° 0.50+2.329 16.24+4.53° 17.32+3.03" 87.12+8.10°> 2.33+1.05°

Results are represented as meanz+ standard deviation. Note: different superscripts letters in columns signify statistically

significant differences in relative values of L* (lightness), a* (+redness) and (-greenness), b* (+yellowness) and (-

blueness), c* (chroma), H° (hue angle) and AE (total colour difference) of bush tea under interaction of shade nets

colours and light intensity during autumn season at year 2018 and 2019.
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4.2. Correlation between climatic factors and nutritional and physicochemical properties
of bush tea

4.2.1. Correlation between climatic factors and nutritional compositions, polyphenolics,
and antioxidants activities of bush tea leaves

Relationships/association between the climatic factors and nutritional compositions, total
polyphenolics contents and antioxidant activities were calculated for leaves of bush tea (Table
4.9). The results revealed a weak (0.2-0.39), moderate (0.4-0.59), strong (0.6-0.79), and very
strong (0.8-1) association between climatic factors and nutritional compositions, total
polyphenolics, and antioxidants activities of bush tea. There was a very strong correlation
between vitamin C and all climatic factors except for rainfall. Similar trend was observed between
climatic factors and TPC. A strong relationship was observed between vitamin C and wind speed
(0.784**) while a moderate association was observed between wind speed and dry matter
(0.596 **). In contrast, no association was found between the wind speed and ash content
(0.109ns). A strong relationship was observed between rainfall and ash content (0.752***),
whereas a strong correlation was recorded between rainfall and ABTS (0.694**). There was no
association observed between rainfall and TPC (0.024ns), TFC(0.033ns) and antioxidant activity
FRAP (0.020ns). The relationship between humidity and FRAP was very strong (0.825***), but no
relationship between humidity and ABTS (0.150ns).
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Table 4.9. Association between climatic factors and nutritional compositions, polyphenolics, and antioxidants activities of bush tea

leaves.
Climatic factors Nutritional compositions Polyphenolics Antioxidant’s
activities
Moisture | Ash Dry matter | vitamin C | TPC TFC ABTS FRAP
Max temp 0.227ns | 0.160ns | 0.224ns 0.903*** | 0.980*** 0.168ns | 0.057ns | 0.625**
Min temp 0.022ns | 0.372* 0.021ns 0.844** | 0.944*** 0.011ns 0.020ns | 0.297ns
Rainfall 0.008ns | 0.752*** | 0.007ns 0.230ns | 0.024ns 0.033ns | 0.694** | 0.020ns
Wind speed 0.597** | 0.109ns | 0.596** 0.784*** | 0.556** 0.663** 0.459* 0.916***
Humidity 0.425* 0.104ns | 0.422* 0.891*** | 0.867*** 0.370* 0.150ns | 0.825***

*=P< 0.05, **=P<0.01, ***=P<0.001, ns=not significant, TPC=Total phenolic content, TFC=Total flavonoid content, ABTS=Radical scavenging activities, FRAP=Ferric
reducing antioxidant power scavenging activity.

4.2.2. A relationship between climatic factors and physicochemical properties of bush tea

A relationship between climatic factors and physicochemical properties (chlorophyll contents and colour attributes) were determined
for leaves of bush tea as shown in Table 4.10. The findings indicate a strong association between climatic factors and chlorophyll
contents and a weak correlation between climatic factors and colour attributes. A very strong relationship was established between
chlorophyll a, and rainfall (0.885***) with no association between rainfall and chlorophyll b. Moreover, the relationship between
chlorophyll b and minimum temperature was very strong (0.962***) while there was no correlation between chlorophyll a, and minimum

temperature. The relationship between rainfall and lightness (L*) was moderate (0.588**).
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Table 4.10. Relationship between climatic factors and chlorophyll contents and colour attributes of bush tea leaves.

Climatic Chlorophyll contents Colour attributes

factors Chlorophyll a | Chlorophyllb | TCC L* a* b* c* H° AE

Max temp 0.165ns 0.737** 0.467* | 0.051ns | 0.003ns | 0.217ns | 0.248ns | 0.000ns | 0.090ns
Min temp 0.316ns 0.962*** 0.702** | 0.081ns | 0.104ns | 0.343ns | 0.364* | 0.077ns | 0.001ns
Rainfall 0.885*** 0.148ns 0.542* | 0.588* | 0.076ns | 0.236ns | 0.240ns | 0.116ns | 0.000ns
wind speed 0.201ns 0.300ns 0.293ns | 0.081ns | 0.254ns | 0.009ns | 0.003ns | 0.290ns | 0.495*
Humidity 0.140ns 0.548* 0.362* | 0.005ns | 0.031ns | 0.079ns | 0.102ns | 0.044ns | 0.255ns

*=P<(0.05, *=P<0.01, **P<0.001, ns= not significant, TCC=Total chlorophyll L* =lightness, a*=redness, b*=yellowness, c*=chroma, H°=hue angle, AE=total colour

difference.

4.2.3. The relationship between nutritional compositions, polyphenolics, antioxidants activities of bush tea leaves.

The relationship between nutritional compositions, polyphenolics and antioxidants activities were analyzed and presented in Table
4.11. Generally, the results show a moderate relationship between the nutritional compositions and total polyphenolics contents.
However, there was a weak relationship amongst the antioxidant’s activities. A very strong relationship was found between the
following: moisture and FRAP (0.818**), dry matter and FRAP (0.816***), however, TFC and FRAP (0.772***) resulted strong
relationship. Nevertheless, a moderate association was found between vitamin C and FRAP (0.593**) and between TPC and FRAP
(0.487*). The results show a weak relationship between chlorophyll contents and colour attributes. Nevertheless, a strong association
was observed between the following parameters: chlorophyll ‘@’ and total chlorophyll content (0.842***), chlorophyll ‘b’ and total
chlorophyll content (0.821***). However, a moderate relationship was observed between chlorophyll a and chlorophyll b (0.440%). There
was a very strong correlation between lightness and chroma (0.866***), yellowness and chroma (0.998***). A strong relationship was

observed between redness and chroma (0.645**).
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Table 4.11. The relationship between nutritional compositions, polyphenolics, and antioxidants activities of bush tea leaves.

Nutritional compositions Polyphenols A;(t:it?\)/(iit?:sm Chlorophyll contents Colour attributes

Moisture  Ash Dry matter Vit%mi” TPC TFC ABTS  FRAP Crr]‘)'/‘l’lrgp Cgl;ljlrgp Tcc L a* b c* He AE
Moisture 1.000***
Ash 0.106ns  1.000%**
Dry matter 1.000***  0.107ns 1.000***
Vitamin C 0.180ns 0.381* 0.179ns 1.000***
TPC 0.127ns  0.188ns 0.125ns  0.860%*  1.000%**
TFC 0.914**  0.020ns 0.915%*  0.204ns 0.077ns  1.000%*
ABTS 0.195ns  0.257ns 0.196ns  0.244ns  0.019ns  0.461*  1.000%**
FRAP 0.818**  0.002ns 0.816%*  0.593*  0.487* 0.772* 0.271ns  1.000%**
IC:'(’mphy' 0.030ns  0.959%** 0.030ns 0.424* 0.169ns 0.002ns  0.452% 0.029ns  1.000%**
Icg"(’mphy' 0.001ns  0.532* 0.001ns  0.762%** 0.822** 0.00lns 0.020ns 0.158ns  0.440%  1.000***
TCC 0.013ns  0.886%* 0.014ns  0.689*  0.507* 0.000ns 0.205ns 0.092ns  0.842%*  0.821%*  1.000%**
L* 0.038ns  0.120ns 0.039ns  0.003ns 0.102ns  0.220ns  0.794** 0.019ns 0.256ns 0.059ns  0.024ns  1.000%**
a* 0.557**  0.040ns 0.560*  0.005ns 0.037ns 0.766**  0.552** 0.295ns 0.000ns 0.172ns  0.049ns  0.562%*  1.00%*
b 0.062ns  0.000ns 0.064  0.058ns 0.325ns 0.226ns  0.517* 0.00lns 0.026ns 0.326ns  0.046ns  0.868***  0.690**  1.000%*
c* 0.041ns  0.000ns 0.043  0073ns  0.357* 0.188ns  0.493* 0.000ns 0.027ns 0.337ns  0.047ns  0.866%*  0.645% 0.998%*  1.000%**
He 0.543* 0.017ns 0.546  0.015ns 0.025ns 0.773"*  0.621* 0.313ns 0.005ns 0.132ns  0.024ns  0.609%* 0.995%*  0.699**  0.654**  1.000%**
AE 0.946***  0.114ns 0.948*** 0.089ns  0.028ns  0.960***  0.300ns 0.673* 0.025ns 0.037ns 0.038ns 0.148ns 0.772*** 0.215ns 0.178ns 0.754**  1.000***

*=P<0.05, **=P<0.01, **=P<0.001, ns=not significant, TCC=total chlorophyll content, L* =lightness, a*
AE=total colour difference.
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4.3. DISCUSSION

First time, this research showed how different net shade colours and light intensities affect the
nutritional compositions, polyphenols, antioxidant activities, chlorophyll contents, and colour
attributes of field grown bush tea, a native plant in South Africa's Limpopo Province. Indeed,
net shade colours and light intensities of field grown bush tea were important determinants of
nutritional compositions, polyphenols, antioxidant activities, chlorophyll contents, and colour
attributes. The nutritional compositions, polyphenols, antioxidant activities, chlorophyll
contents, and colour attributes were all significantly (p<0.0001) higher under shade net colours
and light intensities. The results show solid evidence that the leaves of field grown bush tea
contain diverse nutritional compositions and antioxidants that may have health benefits.
Moreover, all parameters measured resulted high contents influenced by different net shade
except for parameters such as vitamin C, dry matter, b*, c* and FRAP results.

Significant practical experience and scientific research have proved that an increase of
tea plants’ overall internal and external quality has been influenced by shading (Chen et al.,
2021). Moreover, the quality and yield of several crops under horticulture such as ornamental,
tea, the vegetables, the herbs, and fruits has been published to be enhanced by shading (Hirai
et al., 2008; Zhao et al., 2012; Liu., 2014; Abbasnia Zre., 2019; Diaz-Perez and John., 2019;
Milenkovi'c., 2019; Sabir et al., 2020). However, the knowledge of how shade nets alter light
quality and how these alterations affect the chemical content of leaves and other plant
responses is currently limited (Kotilainen et al., 2018). Several mechanical, physical, and
optical characteristics of shading nets permit changing amounts of light and temperature
surrounding crops (Castellano et al., 2008). Shade nets can change the solar radiation's
degree and quantity on nets like grey or black nets while leaving the light's spectral
compositions unchanged (Ben-Yaki et al., 2008; Elad et al., 2008; Shahak, 2008).

The red, blue, pearl, and white photo-selective nets can maximize diffused radiation and
regulate too-high light, temperature, humidity, and wind speed levels (Stamps, 2009), allowing
for more effective vegetable production under protected production (Ferreira et al., 2012).In
addition, photo-selective nets have reportedly been proven to improve the grade for the
vegetables when harvested (lli'c et al., 2018) and after the harvest stage (Mashabela et al.,
2015; Selahle et al., 2015; Sivakumar and Jifon, 2018).

The moisture content that ranges from 2.5 to 6.5% has been reported to indicate
the best tea quality (Adnan et al., 2013); nevertheless, the moisture content of bush tea in
current research is higher. The results might have been influenced by the ability of coloured

nets (white) to alter the type and amount of light, which could affect growth, yield, and fruit
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quality (Arthurs et al., 2013; Fallik, 2009; llic et al., 2017). Based on the investigation done by
Malongane et al., (2020), bush tea resulted in an ash content of 8.01%; meanwhile, in this
study the ash content ranged from 7.79 to 9.64% which might have been influenced using
black and green shade nets colour and the reduced light intensity. The black shade nets are
known to hold greater light than shade nets of other colours (Mokoka, 2007), which might have
influenced the ash content accumulation. Moreover, vegetative growth is also promoted
depending on the colour of the net and with black nets outperforming red nets (Manja and
Aoun, 2019).

To maintain the standard of tea while being stored, the ash concentration of the tea
should be less than 5.5%. (Adnan et al., 2013; Ismail et al., 2000; Rehman et al., 2002). On
the other hand, a high ash concentration in teas indicates a high mineral content (Malongane
et al., 2020). Therefore, this study revealed that bush tea had higher mineral content as per
ash content results. Furthermore, rainfall and ash content resulted the strong positive
correlation (0.752***), and the results concur with Boehm et al., (2016) who revealed that tea

yield is influenced by increased rainfall.

The control sample influenced the dry matter and vitamin C accumulation. In
vegetables, ascorbic acid has been found to be the major vitamin and with antioxidant
properties (Lee and Kader, 2000) and on current study the vitamin C content of bush tea in
control is higher compared to shade treatments. Thus, this could be one of the reasons for a
positive correlation between this compound and light intensity, as per findings of Kosma et al.
(2013). Caruso et al. (2020), found similar outcomes; that the ascorbic acid content (vitamin
C) in the wall rocket’s leaves planted in unshaded control was consistently higher than that of
shade treatments and low vitamin C in shaded bush tea may be because of the reduced plant’s
photosynthetic performance. Although the dry matter and vitamin C levels were greater at
100% light intensity, vitamin C may be related to its function in avoiding abiotic plant damage
(Ntsoane, 2015).

The TPC and TFC were both influenced by white shade net colour than black shade
net and the reason for these results might be because light coloured (white) nets generally
transmit a higher photosynthetically active radiation and increase light scattering compared
with dark-coloured ones (red and black) (Cronje, 2020). In addition, according to Mditshwa et
al. (2019), light-coloured nets also reduce air and soil temperature as well as increase relative
humidity (depending on net density) more than dark-coloured nets, due to reducing the
incoming radiant energy. Nevertheless, Wang et al. (2020) discovered that the use of shade
profoundly affected TPC and TFC, as their contents were higher than that found on the control.

Thus, their results agree with the results in this study as higher TPC and TFC were found in
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leaves produced under a white shade net colour than in leaves grown at full sunlight
considered as control. Corresponding effects were found by Ili’'c et al. (2017), wherein lettuce
exposed to shade treatments had higher flavonoid content compared to unshaded treatment.

However, several biotic and abiotic factors or stress signals were reported to influence
the concentration and secondary metabolism of phenolics and total flavonoids that make up
chemical compounds (Fine et al., 2006; Pavarini et al., 2012). Research has revealed that light
intensity may impact the buildup of amino acids and minerals (Riga et al., 2019; Stagnari et
al., 2015; Zrig et al., 2016), and more light is considered to promote the formation of phenols
and flavonoids to conserve the live plants (Liu et al., 2018; Riachi et al., 2018). The results of
the study on bush tea are consistent with those found by Kumari et al. (2009), who reported
that the production of total phenols caused by increased light intensity could be caused by
higher light-triggered activation of the phenylalanine amino lysis enzyme in the synthesis
pathway of phenolic acids. In addition, the expression of phenylalanine ammonia lyase is
associated with the formation of flavonoids due to elevated light intensity (Graham, 1998; Saito
et al., 2013).

According to Mogotlane et al. (2007), the antioxidant content is frequently utilized as
a criterion to characterize various materials for health advantages. In this study, the antioxidant
activities were investigated via ABTS and FRAP activities. The findings demonstrated that the
radical scavenging activity of bush tea determined by ABTS was highly influenced by green
shade net colour. In contrast, the ferric reducing antioxidant power (FRAP) exhibited high
activity at white shade net colour. The light intensities that had the greater antioxidant activities
were 100% in 2018 and 2019. Thus, the outcomes are in line with findings by Jin et al. (2009),
who showed that a full light environment produced markedly increased antioxidant activity of
rocket in comparison to lesser light intensity. Light is an important ecological factor that
influences plant photosynthesis as well as the chemical make-up of plants (Fukuda, 2019;
Kyriacou et al., 2016; Rouphael et al., 2018). It is generally indicated that light affects plant
development, and that the intensity of the light has an immediate impact on the physiology
and growth of plants (Chen et al., 2017; Shao et al., 2014). However, to be more precisely,
the build-up of certain secondary metabolites is determined by light intensity. Contrariwise,
using 80% shade nets created a microclimate with reduced amount of light being received by
bush tea but increased the humidity. However, the higher antioxidant activity might have been
caused by various variables like the age of plant, plant characteristics and the climatic
conditions like humidity and wind speed as a positive correlation has been found.
Environmental factors also have an impact on plant nutrients due to having an influence on
their growth, development, and distribution (Siracusa and Ruberto, 2014; Tounekti and

Khemira, 2015; Tounekti et al., 2010).
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As chlorophyll functions as the primary pigment for photosynthesis in plants, its
biosynthesis is a fundamental metabolic mechanism (Garrone et al., 2015). Moreover,

[ [

Chlorophyll is available in two varieties: chlorophyll 'a,’ the main pigment active in
photosynthesis, and chlorophyll 'b’, the accessory pigment that accumulates energy to transfer
to chlorophyll 'a’, thus both chlorophyll ‘a’ and ‘b’ are essential photosynthetic pigment for the
process of photosynthesis, and they make up the total chlorophyll content. A significant
environmental parameter that influences the production of plant chlorophyll is the modification
of the light environment set about through shade (Fiorucci and Fankhauser, 2017). Moreover,
the increase on the tea plant’s chlorophyll levels were influenced by the shading treatments

(Ku et al., 2010; Wang et al., 2012; Lee et al., 2013; Liu et al., 2018; Sano et al., 2018).

Further, the current results revealed considerable impact of black shade net than
control on the build-up of total chlorophyll content, chlorophyll ‘@’, and chlorophyll ‘b’
throughout the cropping seasons. Moreover, the fact that black shade nets are not able to
change the spectral spectrum of the light that plants receive may be the reason behind this
increase (Arthurs et al., 2013). Similar results have been found in sweet peppers, when
comparing the leaves produced under red, pearl, and white shade nets and the unshaded
control, pepper leaves grown under black and blue shade nets were shown to have greater
chlorophyll contents (lli'c et al., 2017). In addition, a study conducted by Diaz-Pérez and John.
(2019) on bell peppers, resulted in higher chlorophyll ‘a’ and chlorophyll ‘b’ concentrations in

shaded leaves than unshaded leaves.

However, several studies have shown that shading has a considerable significant
impact on the fresh leave’s chlorophyll content, however, these increases are not influenced
by the age of a leaf, the season to apply shading, and the quantity of shading treatments but
rather by the shading’s degree and duration (Lee et al., 2013; Sano et al., 2018; Yamashita et
al., 2020) and the current findings, revealed that light intensity of 80% had a high significant
to the accumulation of all the chlorophyll contents of bush tea, whereas 100% light intensity
resulted to least significant in both year 2018 and 2019. Moreover, shade considerably
reduces light intensity, the primary environmental component that stimulate the accumulation
of chlorophyll in tea leaves (Chen et al., 2021). The changes in chlorophyll contents can be
due to a reduction of its biosynthesis and or increase of its degradation caused by the quantity
of light intensity which determines the amount of chlorophyll content that will be used for
photosynthesis. Several studies on multiple species, have been conducted and revealed that
temperature, quality of light as well as humidity have an impact on plant chlorophyll

concentrations (Bourque and Naylor, 1971; Lopez-Figueroa and Niell, 1990; Huang et al.,
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2017), and this has been proved by the results in this study as positive correlation has been

found between the climatic factors i.e., temperature and humidity and the chlorophyll contents.

The research conducted by Sano et al. (2018), revealed that the leaves cultivated
under the shade are greener, which expand the economic worth of the tea plant’s dry leaves
when compared with dry leaves grown in the sun. Thus, the lightness (L*), a*, b*, chroma (c*),
H° and AE colour attributes in this study were significantly affected by shade nets (green
colour) and light intensities (80%), and this may be because the green shade net colour
attracts more sunlight and thereafter works like a filter and prevents the plants from receiving
too much sunlight as it can control the heat around the plants with the 80% shading level as
bush tea leaves were only receiving 20% of the sunlight. However, these findings differ from
those of Il'c et al. (2017) when comparing the effectiveness of photo-selective shade nets on
lettuce’s visual quality traits during a summer cycle, where in it was found that shade nets did

not have an influence on the measured colour attributes L* and a*.

The climatic conditions might affect the development and proliferation of plant (Beg
etal., 2002; Steffen, 2008; Saenz-Romero et al., 2010). For instance, soil moisture has a direct
impact on plant development and is more readily available to plants in cold and wet climates
(Opio et al., 2017). Plant water interactions and growth are impacted by relative humidity
(Mortensen, 1986). Reduced transpiration rates are caused by high relative humidity and
temperatures that are low (Schippers et al., 2015). However, the degree to which these three
environmental factors; rainfall, relative humidity, and temperature affect the development and
proliferation of plant may vary (Bareja, 2011). To support this a positive correlation has been
found in this study (Table 4.9 and 4.10) except for a*, b* and H°. In addition, according to
Fiorucci and Fankhauser, (2017), shading would alter the microclimate of tea growth as well
as other environmental parameters, since they typically lower the temperature and sunlight,

alter the quality of light, and raise humidity of the environment.

In Limpopo Province, precipitation occurrences are extremely sporadic and strong,
frequently linked to thunderstorms with convection (SARDC, 2002). Considering the major
convective rainfall of Limpopo Province is significantly correlated with high temperatures, it is
probable that temperature was automatically associated with the growth of vegetative parts
by convective rain. The ElI Nino incident, which occurs when Pacific Ocean surface
temperatures rise abnormally and cause precipitation to drastically drop and the dry season
to stretch, is another risk that Limpopo Province faces (Mulungisi, 2015). This may help to
explain why both maximum and minimum temperatures increased while the rainfall decreased

from year 2018 to year 2019 (Table 3.1). Thus, the effect has been revealed in the
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accumulation of nutritional compositions and physicochemical properties of bush tea grown at

Agriculture experimental farm, University of Venda, Limpopo Province.

CONCLUSION

The utilisation of herbal tea has risen during the recent decades owing to its health benefits;
therefore, it is crucial to choose the finest treatment that is related to tea’s quality and improved
nutritious compositions. The current study presented the best shading nets and light intensities
in respect to different characteristics such as moisture, ash, dry matter, vitamin C, TPC, TFC,
antioxidants activities using ABTS and FRAP assays, total chlorophyll content, chlorophyll ‘a’
, and chlorophyll ‘b’ contents and colour attributes of bush tea and the treatments were found
to be effective in enhancing the accumulation of the mentioned characteristics during autumn
season in year 2018 and 2019. The black shade net colour was more efficient to accumulate
the total chlorophyll content, chlorophyll a, and chlorophyll b contents of bush tea, whereas,
dry matter content, vitamin C, yellowness (b*) and chroma (c*) were influenced positively by
control sample. The 80% light intensity had higher influence on the contents of chlorophyll a
content, moisture content, total chlorophyll content, and chlorophyll b content. However,
vitamin C, dry matter, b*, c*, FRAP were influenced by 100% light intensity. These findings
showed that shade nets application seem to be environmentally friendly method for changing
agricultural microclimate characteristics. Moreover, those characteristics control both yield,
guality as well as phytochemicals or antioxidants of field grown bush tea which can be used

as a basic dietary intake.
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