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ABSTRACT 

 

 

Bush tea (Athrixia phylicoides DC) has been used for many years by the 

people of South Africa for medicinal purposes. The herbs was only harvested 

from the wild, therefore data on the effects of mineral nutrition on total 

antioxidant activity had not been established. The objective of this study was 

to determine the seasonal effect of nitrogen (N), phosphorus (P) and 

potassium (K) nutrition on total antioxidant activity (TAA) in cultivated bush tea 

leaves.  Treatments consisted of 0, 100, 200, 300, 400 or 500 kgha-1 N, P or 

K in a randomized complete block design with four replications under 50 % 

shade nets.  Three (N, P and K) parallel trials were conducted per season 

(autumn, winter, spring and summer). TAA was determined using 2,2-

diphenyl-1-picrylhydrazyl-hydrate (DPPH) method and analyzed in a 

spectrophotometer. Results of this study demonstrated that regardless of 

season, the application of N, P and K fertilizers increased quadratically levels 

of TAA in bush tea with most of the increase occurring between 0 and 300 N, 

300 P and 200 K kgha-1. Therefore, for improved total antioxidant content in 

bush tea leaves, 300 N, 300 P and 200 K kgha-1 N are recommended.   
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CHAPTER 1 
INTRODUCTION 


 


Herbalism, also known as medicinal botany, herbal medicine, herbology, 


botanical medicine and phytotherapy, is a traditional medicinal practice based 


on the use of plants and plant extracts (Lietava, 1992). Utilizing the healing 


properties of plants is an ancient practice (Karau et al., 2005). People in all 


continents relied mostly on indigenous plants for treatment of various ailments 


dating back to prehistory.  The healing properties of plants are a result of 


secondary metabolites generally termed phytochemicals (Ivanova et al., 2005). 


Plants produce chemical compounds as part of their normal metabolic activities. 


These can be categorized into primary metabolites, such as sugars and fats, 


found in all plants, and secondary metabolites found in a smaller range of 


plants, some only in a particular genus or species (Ivanova et al., 2005). 


Phytochemicals often have antiviral, antibacterial, antifungal and antihelminth 


properties (Harris et al., 2001). 


 


Bush tea (Athrixia phylicoides DC.) (figure 2.1), which is commonly known as 


Bushman or Zulu tea is among herbs traditionally used by the people for 


South Africa for treatment of various ailments. The herb belongs to the 


Asteraceae family (Bremer, 1978). It has small, dark green pointed leaves 


with white woolly backs and small pink to daisy flowers with a bright yellow 


centre (Roberts, 1990). Flowers vary from pink to all shades of pink and 


attractive purple depending on soil type and geographic area (Van Wyk and 


Gericke, 2000).  


 



http://en.wikipedia.org/wiki/Plants

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=PubMed&Cmd=Search&Term=%22Lietava%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus

http://en.wikipedia.org/wiki/Chemical_compound

http://en.wikipedia.org/wiki/Metabolism

http://en.wikipedia.org/wiki/Genus

http://en.wikipedia.org/wiki/Species
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According to Owuor et al. (2000) and Venkatesan et al. (2004) herbal teas 


have high levels of total polyphenols. The major polyphenol antioxidant 


reported in green tea is epigallocatechin-3-gallate (EGCG), which reduces the 


amount of free radicals and inflammatory prostaglandins in skin cells (Katiyar 


and Mukhtar, 1996). The newly found flavonoid in bush tea, 5-hydroxy-


6,7,8,3’,4,5’-hexamethoxyflavon-3-ol is a major flavonoid in this herbal plant 


and is regarded as a major compound responsible for its bioactivity 


(Mashimbye et al., 2006).  


 


Herbal teas protect the body against chronic ailments such as cancer of 


lungs, skin, liver, pancreas and stomach and reduce heart problems by 


lowering the tendency of blood platelets to stick together (Anon., 1992). For 


many years bush tea had been used as a medicinal herbal tea by the people 


of South Africa. Usage of this herbal infusion included the cleansing or 


purifying of blood, treating boils, bad acne, infected wounds and cuts, skin 


eruptions and for bathing (Roberts, 1990). Foam bath brew can also be used 


as a gargle for throat infections and loss of voice. In some parts of South 


Africa people drink A. phylicoides for aphrodisiac reasons (Mabogo, 1990). 


Benefits from this herbal plant were not only limited to the medicinal fraternity 


but also extended to the enhancement of socio-economic standards 


particularly of the impoverished rural communities. Stems of bush tea are 


usually tied up in bundles for brooms and traded on a small scale in Limpopo, 


Mpumalanga and KwaZulu-Natal provinces (Van Wyk and Gericke, 2000). 
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Mineral nutrition and leaf plucking practices are among cultural practices 


reported to have increased the concentration of total polyphenols in green tea 


(Owuor, 1989; Owuor et al., 1990; Owuor and Odhiambo, 1994; Owuor et al., 


2000).  Among these agronomic practices, the application of N, P and K 


fertilizers was reported to have a significant effect on leaf growth (Mudau et 


al., 2005) and on total leaf polyphenol content (Mudau et al., 2006).   


  


Agronomic practices such as the effects of mineral nutrition on total 


polyphenols in bush tea leaves had been determined (Mudau et al., 2006). 


However, N, P and K nutrition, along with seasonal effect on total antioxidant 


contents in bush tea had not been documented. The objective of this study 


was to determine the influence of N, P and K nutrition on total antioxidant 


contents of cultivated bush tea leaves over four growing seasons. 
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CHAPTER 2 
LITERATURE REVIEW 


 


2.1 Introduction 


 


Various medicinal properties have been ascribed to natural herbs (Ivanova et 


al., 2005). A whole range of plant-derived dietary supplements, 


phytochemicals and pro-vitamins that assist in maintaining good health and 


combating disease are now being described as functional foods, nutriceuticals 


or nutraceuticals (Ivanova et al., 2005). Widespread use of traditional herbs 


and medicinal plants has been traced to the occurrence of natural products 


with medicinal properties. Herbal teas have been used for many years as 


health beverages. The medical significance of herbal tea in disease 


prevention is attributed to phenolic compounds with antioxidant activities 


(Ivanova et al., 2005).  


 


The widespread use of traditional and medicinal plants had been traced to the 


occurrence of natural products with medicinal properties (Ivanova et al., 


2005). These pronounced medicinal properties had given herbal tea its 


significance as a health beverage. The role of herbal teas in disease 


prevention has been attributed to their antioxidant properties of a wide range 


of amphipathic molecules, broadly termed phenolic compounds (Ivanova et 


al., 2005; Niwa and Miyachi, 1986; Yoshikwa et al., 1990). Phenolic 


compounds are also referred to as polyphenols and they are known to posses 


a wide range of beneficial biochemical and physiological properties (Hirasawa 


et al., 2002). The antioxidant activity of phenolics is mainly due to their redox 
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properties (Ivanova et al., 2005), which allow them to act as reducing agents, 


hydrogen donors, singlet oxygen quenchers, and metal chelators (Morel et al., 


1994; Rice-Evans et al., 1997). 


 


2.2 Herbal teas 


 


Herbal teas are amongst the most popular herbal preparations, providing 


healthy substitutes for tea and coffee (Jennifer, 2002). Herbal tea differs from 


other traditional black tea in that it is not only made from leaves but also from 


plant parts such as flowers, dried fruits, roots, barks and seeds (Jennifer, 


2002). Herbal tea can also be made from blends of different plants, thus, they 


exist in diverse flavours, colours and aromas (Phelan and Rees, 2003). 


Blending the flavours of different herbs results in an infinite variety of healthful 


taste sensations, and this kind of exploration is one of the most delightful 


pleasures to be found in the making of herbal tea (Jennifer, 2002). Most 


herbal teas contain no caffeine (Ukers, 1935). The lack of caffeine has helped 


to account for its mellow and soothing personality (Ukers, 1935). 


 


The history of herbs is as old as mankind (HerbalGram, 1998). Throughout 


history, herbs have had their place in every civilization in the world, with their 


usage changing very little as centuries passed by (HerbalGram, 1998).  The 


drinking of herbal teas was widespread in Europe long before the arrival of 


black tea and some of the perennial favourites such as chamomile, 


peppermint and rosehips have long been well-commercialized (Perry, 1996).  
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In recent years herbal tea cultivation is a thriving big business in many parts 


of the world and the complex industry now produces a variety of teas. Certain 


regions of the world are better known than others for producing herbs. For 


instance, peppermint is native to China and USA, rosehips to South America, 


rosemary to Tunisia and geranium to Egypt (Pagewise, 2002). South Africa is 


well known for the production of both the rooibos and honey bush teas. South 


Africa also produces black tea but most of it is consumed locally (Africantea, 


2004). Lavender, lemon verbena, lemon balm, fever tea and mint are also 


popular herbs and ingredients for making herbal tea in South Africa (Van Wijk, 


1986). 


 


 


Figure: 2.1 Bush tea (Athrixia phyliocoides DC.) in flower (Van Wyk and 


Gericke, 2000). 
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2.3 Medicinal significance of herbal teas 


 


Food phenolic compounds, particularly flavonoids, are thought to play 


important roles in human health (Ho et al., 1994). In vitro and in vivo studies 


have demonstrated that flavonoids have antioxidant and anti-mutagenic 


activities (Peterson and Dwyer, 1998) and may thus reduce the risk of 


cardiovascular disease and stroke (Duthie et al., 2000). Isoflavonoids, such as 


phytoestrogens, have a wide range of hormonal and non-hormonal activities 


in vivo or in vitro (Cassidy et al., 2000), which suggested a potential human 


health benefit of diets rich with these compounds. 


 


Flavonoids may act as antioxidants to inhibit free-radical mediated cytotoxicity 


and lipid peroxidation; as anti-proliferative agents to inhibit tumour growth; or 


as weak oestrogen agonists or antagonists to modulate endogenous hormone 


activity (Lyons-Wall and Samman, 1997). In these ways, flavonoids may 


confer protection against chronic diseases such as atherosclerosis and 


cancer and assist in the management of menopausal symptoms (Lyons-Wall 


and Samman, 1997). Thus, flavonoids have been referred to as semi-


essential food components (Caffin et al., 2004). 


 


Other studies have uncovered some properties of tea polyphenols related to 


human health (Chow and Kramer, 1990), including a capillary-strengthening 


property, an antioxidative property responsible for the radioprotective effect, 


and an antimicrobial property. Hara (1992) showed that the habit of tea 


drinking could prevent cardiovascular diseases, by increasing plasma 
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antioxidant capacity in humans (Duthie et al., 2000). Interestingly, tea 


polyphenols are rapidly absorbed after drinking with milk, and milk does not 


impair the bioavailability of polyphenols (Van het Hof et al., 1998). 


 


2.4 Antioxidants  


 


The human body constantly produces unstable molecules called oxidants, 


and also commonly referred to as free radicals (Pacher et al., 2007). To 


become stable, oxidants remove hydrogen from molecules which lose 


electrons and, in the process, damage cell proteins and genetic materials, 


thereby causing cancer. Free radicals can oxidize cholestrol, leading to 


clogged vessels, heart attack and stroke (Erickson, 2003). This damage may 


lead to many complications in the body including but not limited to cancer, 


stroke, heart disease, degenerative disease and tumour (Pacher et al., 


2007). Antioxidants, therefore, counteract the activities of oxidants thus 


protecting the body from damage. Although antioxidants do not completely 


prevent oxidation (Clifford and Cuppett, 1997; Schuler, 1990), they are 


capable of inhibiting oxygen-mediated oxidation of diverse substrates and/or 


inhibiting free radical chain-propagation reactions (Ho et al., 1994). The model 


for free radical scavenging path of antioxidants had been shown in (Figure 


2.2).  
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Free radical scavenging path 


 


 
 


Figure 2.2 Structures showing how antioxidants scavenge free radicals 


(Richards, 2004) 


 


There are generally two groups of antioxidants, synthetic and natural (Caffin 


et al., 2004). Antioxidant mechanisms of synthetics are well established, 


whereas those of naturals except for tocopherols and carotenes remain un-


established. Clifford and Cuppett (1997) classified antioxidant mechanisms of 


flavonoids into free radical chain-breaking, metalchelating and singlet oxygen 


quenching, with inhibition of enzymatic activity possibly being included. Bors 


et al. (1996) also suggested that mechanisms might include the synergistic 


effects. 


 


2.5 Natural versus synthetic antioxidants  


 


Herbal medicine is the oldest form of healthcare known to mankind. Herbs 


have been used by all cultures throughout history (Kloss, 1994; Newman et 


al., 2000). According to Daugneaux (1981), most medicines and cosmetics 


were obtained from only roots, barks and leaves until the early 1900’s.  
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Explosion of petroleum by-products into the marketplace in the mid 1900’s led 


cosmetic companies to abandon natural products in favour of synthetic 


materials due to easy availability and cost considerations (Cavender, 1995). 


Petrochemicals found in most shampoos and cosmetics can be absorbed 


through the scalp and the skin and, gradually accumulate in organs and 


tissues (Matthew et al., 1995). Accumulation of these may result in mounting 


brain, nerve and liver damage (Matthew et al., 1995). Other pronounced 


breakthrough which appeared in the last three decades was antioxidant-


based drugs/formulations for prevention and treatment of complex diseases 


like atherosclerosis, stroke, diabetes, Alzheimer and cancer (Devasagayam et 


al., 2004). Though the breakthroughs increased usage of synthetic 


compounds, they also attracted a great interest in natural antioxidants (Aqil et 


al., 2006). Subsequently, a worldwide trend towards the use of natural 


petrochemicals present in berries, teas, herbs, oilseeds, beans and 


vegetables has increased (Deiana et al., 1999; Lee and Shibamoto, 2000; 


Wang and Jiao, 2000). 


 


Most petrochemicals break down collagen in skins and most of preservatives 


used in synthetic cosmetics that are drawn into skin are known carcinogens 


(Matthew et al., 1995). Synthetic antioxidants are the most popular and widely 


used antioxidants, however, concerns about safety to both human and animal 


health is encouraging research on substances from natural origin showing 


antioxidant properties (Valenzuela and Nieto, 1996). 
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2.5.1 Dangers of synthetic antioxidants 


 


 Synthetic antioxidants such as butylated hydroxianisole (BHA), butylated 


hydroxytoluene (BHT) and tertiary butylhydroquinone (TBHQ) are suspected 


to be human carcinogens (Altmann et al., 1986; Dunkin and Murphy, 1997). 


Animal studies demonstrated that BHA, BHT and TBHQ caused metabolic 


stress, depression of growth rate, loss of weight, damage to the liver, 


baldness, fatal abnormalities, stomach tumours and damage to DNA (Altman 


et al., 1986). BHA and BHT are suspected causes of hyperactivity and 


behavioural disturbances in children (Altmann et al., 1986). These compounds 


both act as a synthetic oestrogen or xeno-oestrogen and cause allergic 


contact dermatitis (Altman et al., 1986). When in contact with the body these 


chemical substances cause skin and eye irritation (Altman et al., 1986). 


Synthetic antioxidants such BHA, BHT and TBHQ have been banned in 


countries such as Canada, Japan and Europe (Richards, 2004; Tang et al., 


2001; Wanasundara and Shahidi, 1998). 


 


2.5.2 Natural vs. Synthetic Vitamin E 


According to Farrell and Roberts (1994) and Traber and Packer (1995), 


vitamin E is a powerful biological antioxidant. This biological antioxidant is fat-


soluble and exists in eight different forms (Stone and Papas, 1997). Each 


form has its own biological activity, which is the measure of potency or 


functional use in the body (Traber and Packer, 1995). Alpha-tocopherol (α-


tocopherol) is the name of the most active form of vitamin E in humans (Stone 


and Papas, 1997).  
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Vitamin E in supplements is usually sold as alpha-tocopheryl acetate, a form 


of alpha-tocopherol that protects its ability to function as an antioxidant 


(Farrell and Roberts, 1994; Traber and Packer, 1995). The synthetic form is 


labeled "D, L" while the natural form is labeled "D". The synthetic form is only 


half as active as the natural form (USDA, 2004). Natural vitamin E 


supplements outperform the synthetic forms, in that natural vitamin E is more 


bio-available and is retained in body tissues significantly longer than its 


synthetic counterparts (Burton et al., 1990; Kiyose et al., 1997; Traber et al., 


1998). Primary sources of natural vitamin E are vegetable oils, primarily 


soybean oil (Bauernfeind, 1980), whereas synthetics are produced from 


petrochemicals. There is a great variation in the structure of these two forms 


of vitamin E (Stone and Papas, 1997). Natural vitamin E is a single 


stereoisomer, whereas the synthetic one is a mixture of eight stereoisomers, 


with only one being the same as natural vitamin E (Stone and Papas, 1997).  


 


Humans strongly discriminate between natural and synthetic vitamin E and 


believe that anyone taking vitamin E should be taking the natural form (; 


Ferslew et al., 1993; Jiang et al., 2001). Traber et al. (1988) compared 


synthetic with natural vitamin B using deuterated alpha-tocopherol acetates in 


human urine. In this study, six people were given 150 mg each of natural and 


synthetic vitamin E. The researchers found that the body seems to 


discriminate between the two forms, favouring retention of the natural form. 


Also, the researchers observed about twice the increase in plasma tocopherol 


concentrations following administration of natural forms when compared with 


synthetic forms. Almost three times as much of a degradation product of 
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alpha-tocopherol was observed in urine following ingestion of synthetic forms 


(Traber et al., 1988). Results suggested that natural forms might be 


preferentially bound to tocopherol-binding proteins in the liver before being 


secreted into circulation, whereas synthetic forms were metabolised at a 


higher rate and excreted. With numerous studies indicating that vitamin E 


supplements may help reduce risks of age-related health conditions, it is likely 


that research would continue to be conducted in this area.  


 


The observations that the body prefers natural over synthetic forms, opened a 


new era in the study of naturals. No major set back had been reported on 


natural antioxidants that poses any major threat to human health. Synthetic 


antioxidants unlike natural antioxidants might yield detrimental results posing 


danger to human life and where possible should be avoided (Acuff et al., 


1994). 


 


2.6 Solubility of antioxidants 


 


Antioxidants can also be classified according to their solubility. Some can 


function in a lipid phase, others in water and some are amphipathic (Niwa and 


Miyachi, 1986; Yoshikwa et al., 1990). Vitamin A and E are liposoluble and 


vitamin C is water soluble. Phenolic compounds on the other hand are called 


amphipathic molecules because they contain both polar and non-polar 


domains. The antioxidant activity of phenolics is mainly due to their redox 


properties, which allow them to act as reducing agents, hydrogen donors, 


singlet oxygen quenchers, and metal chelators (Rice-Evans et al., 1997). The 
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solubility of antioxidants in diverse substrates enables the latter to work in 


synergy to protect the cell against oxidants at any phase. 


 


2.7 Antioxidant activities of polyphenols  


 


Polyphenols, common in plants, act as sunscreens, insect attractants and/or 


repellents, antimicrobial and antioxidants (Joseph and Nadeau, 2002; Pietta, 


2000). The polyphenol group can further be divided into subgroups such as 


flavonoids and phenolic acids, which scavenge free radicals such as 


peroxides, hydroperoxides or lipid peroxyl and thus, inhibit the oxidative 


mechanisms that lead to degenerative diseases (Erickson, 2003). 


 


Flavonoids and phenolic acids in herbal teas are the major sources of 


antioxidants. Flavonoids are a group of polyphenolic compounds, diverse in 


chemical structure and characteristics (Caffin et al., 2004). About 4 000 


individual flavonoid compounds are documented (Harborne, 1988), with the 


actual number of flavonoids possibly being closer to 5 000 (Cadenas and 


Packer, 1996). Though a number of these compounds had been identified 


and quantified, it is likely that most are still to be identified or quantified 


(Erickson, 2003). According to Joubert (1996), a 150 to 200 ml serving of 


fermented rooibos tea can have from 60 to 80 mg total polyphenols, whereas 


a 150 ml serving of fermented rooibos tea, brewed with 2.5 g of leaves, 


provided 14 mg flavonoids (Joubert, 1996). 
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Flavonoids are generally classified into six classes according to their chemical 


structures, which include flavanones, flavones, isoflavonoids, flavans 


(flavanols), anthocyanins and flavonols (Peterson and Dwyer, 1998). The 


classes vary in their structural characteristics around the heterocyclic oxygen 


ring, forming a unique carbon skeleton C6-C3-C6 (Caffin et al., 2004). The 


structural components common to these molecules include two benzene rings 


on either side of a 3-carbon ring (Schewe and Sies, 2005). The described 


structure can have various numbers of hydroxyl substitutions and other 


functional groups attached to form many different types of flavonoids 


(Harborne, 1988). Chalcones, rich in fruit such as apples, are usually 


classified as yellow flavonoids because of a similar C6-C3-C6 skeleton and 


properties (Harborne and Turner, 1984).  


 


In general, all flavonoids are derivatives of the 2-phenylchromone parent 


compound composed of 3 phenolic rings referred to as A, B and C rings, all of 


which contain varying levels of hydroxylation and  methoxylation (Clifford and 


Cuppett, 1997). According to Caffin et al. (2004), the chemical structure of 


flavonoids has a significant influence on the biochemical activities and 


metabolites. 


 


Studies using chromatography of demonstrated that most flavones and 


flavonols exhibit two major absorption bands: Band I 320-385 nm represents 


the B ring absorption, whereas Band II 250-285 nm represents the A ring 


absorption (Cook and Samman, 1996; Rice-Evans et al., 1997). Functional 


groups attached to the flavonoid skeleton may cause a shift of absorption, 
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such as from 367 nm in kaempferol with 3,5,7,4' hydroxyl groups, to 371 nm in 


quercetin with 3,5,7,3',4' hydroxyl groups, and to 374 nm in myricetin with 


3,5,7,3',4',5' hydroxyl groups (Rice-Evans et al., 1997).  


The absence of a 3-hydroxyl group in flavones, which distinguishes flavones 


from flavonols, means that Band I in flavones always absorbs at a shorter 


wavelength (20-30 nm), such as the 337 nm for apigenin (5,7,4’), than the 


equivalent Band I in flavonols (Rice-Evans et al., 1997). O-methylation and 


glycosylation produce hypochromic shifts. Flavanones have a saturated 


heterocyclic C ring, with the consequent lack of conjugation between the A 


and B rings being defined by their ultraviolet spectral characteristics and in 


their lower antioxidant activity (Rice-Evans et al., 1997). 


 


Flavanones exhibit a very strong maximum absorption (Band II) between 270 


and 295 nm, namely 288 nm (naringenin) and 285 nm (taxifolin) and only a 


shoulder for Band I at 326 and 327 nm. Band II appears as one peak (ca·270 


nm) in compounds with a monosubstituted B ring, but as two peaks or one 


peak (ca· 258 nm) with a shoulder (ca· 272 nm) when a di-, tri- or o-


substituted B ring is present. The colour of anthocyanins varies according to 


the number and position of the hydroxyl groups (Wollenweber and Dietz, 


1981). Anthocyanins showed distinctive Band I peak in the 450-560 nm region 


due to the B ring hydroxyl cinnamoyl system and Band II peaks in the 240-280 


nm regions due to the A ring benzoyl system (Harborne, 1988). The structure 


of flavonoids is the basis of many hypotheses about their physiological 


actions. 
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2.8 Factors affecting antioxidant activities  


 


Various factors affect the activities of antioxidants. However, only structure, 


processing and synergy were reviewed. 


 


2.8.1 Structure of an antioxidant 


 


Antioxidant activities of phenols are determined by their molecular structures, 


more specifically, by the position and degree of hydroxylation of ring 


structures (Caffin et al., 2004). Phenols are inactive as antioxidants, but 


substitution of alkyl groups into the 2, 4 or 6 positions increases the electron 


density on the hydroxyl group by an inductive effect, and, thus, increases the 


reactivity with lipid radicals. Reactivity can further be increased by substitution 


of an ethyl or n-butyl group rather than a methyl group on the 4-position, but 


longer chain or branched alkyl groups in this position decrease the activity 


(Cuvelier et al., 1990; Gordon, 1990). Antioxidant activity is not only 


determined by reactivity of a phenolic compound with lipid radicals but also by 


the ability to delocalise unpaired electrons, stabilizing the formed phenoxyl 


radical after reaction with lipid radical (Caffin et al., 2004). Strong electron 


donating abilities of the methoxy substitutes of BHA account for their high 


antioxidant activities. Stability of this phenoxyl radical is further enhanced by 


bulky groups in the 2’ and 6’ positions (BHT), although they decrease the rate 


of reaction of phenols with lipid radicals (Gordon and Mursi, 1994).  
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The position and degree of hydroxylation are of primary importance in 


antioxidant activities of flavonoids, which follow the redox type mode of action 


(Bermond, 1990). The presence of a single hydroxyl group on the B-ring of 


flavonoids only results in slight antioxidant activity. All flavonoids with 3’,4’-


dihydroxy configuration such as quercetin possess marked antioxidant 


activities (Dziedzic and Hudson, 1983; Hermann, 1993), whereas an 


additional hydroxy group at the 5’ position in case of myricetin enhances 


further activity (Pratt and Hudson, 1990). However, the said activity increased 


with the number of hydroxyl groups substituted on the A-and B-rings (Husain 


et al., 1987; Kühnau, 1976), although meta-5, 7 hydroxylation of the A-ring 


had little or no effect on antioxidant activities (Pratt and Hudson, 1990). 


Flavonoids with a carbonyl group at position 3 and/or 5 exhibited antioxidant 


activities (Hudson and Lewis, 1983). 


 


Flavonones and flavones were shown to be less active than their 


corresponding chalcones, their natural precusors, whereas the 


dihydrochalcones were more effective than their corresponding chalcones 


(Dziedzic and Hudson, 1983; Dziedzic et al., 1985; Pratt and Hudson, 1990). 


Presumably, the observation was due to the dihydro derivatives that formed 


more stable free radicals than the unsaturated compounds as a result of 


electron delocalisation (Dziedzic et al., 1985). Pentahydroxydihydrochalcone, 


for example, is about 2-3 times as effective as the corresponding unsaturated 


chalcone (Dziedzic et al., 1985). 
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In comparison with flavones, flavanones and chalcones, isoflavones have low 


antioxidant activities because no products of this class have ever been shown 


to possess the important 3’, 4’-dihydroxy structure (Pratt and Hudson, 1990). 


Hydrogenation of the double bond between C2 and C3 reduced the antioxidant 


activities as demonstrated with the formation of dihydroquercetin from 


quercetin (Hermann, 1993). However, the presence of a double bond between 


C2 and C3 was not important for antioxidant activities (Husain et al. 1987; Pratt 


and Hudson 1990). Hudson and Lewis (1983) demonstrated that the 


flavanones were as effective as the flavones concerning the C2-C3 double 


bond. Methylation of hydroxyl groups of quecertin at positions 3 or 5 or 3 and 


5, or 5 and 7 displayed a significant reduction of antioxidant activity. 


Substitution of C3 hydroxyl with a disaccharide such as flavonol rutin also 


considerably decreased antioxidant activities (Hermann, 1993).  


 


2.8.2 Processing 


 


Reduction of antioxidant levels might occur during processing and storage of 


food because of their physical and chemical properties (Kochlar and Rossell, 


1990). The antioxidant composition of tea (Camellia sinensis) is greatly 


influenced by processing, especially at the fermentation stage, mainly due to 


changes in phenolic composition. Catechins, the major leaf polyphenols in 


tea, undergo oxidation to form theaflavins and thearubigens, with relative 


amounts depending on the extent of fermentation (Xie et al., 1993). According 


to Ho et al. (1992), unfermented fresh green tea showed higher antioxidant 


activity than both partially and fully fermented tea. However, Yen and Chen 
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(1994; 1995), reported that the antimutagenic effect of semi-fermented tea 


was stronger than unfermented or fully fermented teas, which suggested that 


some antimutagenic substances might be formed during the processing of 


teas. Aspalathin, the major antioxidant in rooibos tea, undergoes cyclisation to 


form dihydro-orientin and dihydro-iso-orientin, which are oxidised to form 


orientin and iso-orientin during fermentation (Ferreira et al., 1995). 


 


2.8.3 Synergy 


 


Flavonoids are labelled as ‘high level’ antioxidants based on their abilities to 


scavenge free radicals and active oxygen species. Auroma (1997) 


demonstrated that antioxidant activities varied among flavonoids. Quercetin 


and 5,3',4'-trihydroxyl-7-methoxyflavone had shown some synergism when 


tested in a mixture, whereas the relative antioxidant effectiveness of tea 


polyphenols in an aqueous solution had been found to be different from that 


tested in a lipid medium (Auroma, 1997).  Synergists refer to substances 


which enhance the activity of antioxidants and their main mechanism of 


working entails complexation of metal ions (Belitz and Grosch, 1987). 


Chelating agents, sequestrants and scavengers of metal ions such as citric, 


phosphoric, citraconic and fumaric acids are cited as examples of synergists. 


Each of these substances improves the activity of a different antioxidant to a 


different degree (Belitz and Grosch, 1987).  
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2.9 Measurements of total antioxidant content 


 


Various antioxidant activity methods are being used to monitor and compare 


antioxidant contents of foods. Generally, used methods for determining 


antioxidant contents include the automated Rancimat method, active oxygen 


method (AOM), peroxide value (PV), conjugated diene formation, bleaching of 


β–carotene, thiobarbituric acid method (TBA) and gas chromatographic (GC) 


analysis of fatty acids and/or breakdown products. Iodometric determinations, 


chemiluminescence, electron spin resonance (ESR) and the thiocyanate 


methods are also used (Kochlar and Rossell, 1990; Narita, 1993). Akaike et 


al. (1995) developed a method which used the bactericidal action of alkyl 


peroxyl radical for the measurement of scavenging capacity of various 


substances. The α,α–diphenyl-β-picrylhydrazyl (DPPH) radical scavenging 


method and the ABTS, 2,2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) 


diammonium salt radical cation decolourisation test have emerged as a 


popular and more applied methods of determining hydrogen donating ability of 


compounds (Brand-Williams et al., 1995; Miliauskas et al., 2004). In this 


study, the DPPH and ABTS methods will be used, since they are the most 


recent methods developed for determining antioxidant contents. 


 


2.9.1 DPPH antiradical method 


 


DPPH (2,2-diphenyl-1-picrylhydrazyl) is among the commonly used and 


reliable methods for analysing the antioxidant contents. The method provides 


information on the reactivity of compounds with a stable free radical. This 
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method is being widely used to test the ability of compounds to act as free 


radical scavengers or hydrogen donors and to evaluate antioxidant contents 


of foods. Also, the method had been used in to quantifying antioxidants of 


complex biological systems (Miller et al., 2000). The method determines 


antioxidant contents of  substances by measuring their ability to “quench” α, α-


diphenyl-β-picrylhydrazyl (DPPH), which is a stable free radical, by donating 


H+ atoms (Molyneux, 2004).  


 


The working wavelength of maximum absorbance, (λmax), used in 


absorbance measurements is estimated as 515 nm (Bondet et al., 1997; 


Brand-Williams et al., 1995; Gōmez-Alonso et al., 2003; Lebeau et al., 2000; 


Sānchez-Moreno et al., 1999), 516 nm (Schwarz et al., 2001), 517 nm (Blois, 


1958; Lu and Foo, 2000; Zhu et al., 2002), 518 nm (Leitāo et al., 2002) or 520 


nm (Kim et al., 2002). However, in practice, given that the “peak” is a 


maximum, that is, round topped, and that the absolute absorbance values are 


not important, the wavelength could still be set to that giving maximum 


absorbance in the instrument being used. Similarly, although it is general 


practice to use a spectrophotometer to determine absorbance, it should be 


possible to use a simpler and cheaper colorimeter with the filter chosen to 


give the maximum absorbance with DPPH solutions. 


 


DPPH is purple coloured which disappears upon reduction by an antiradical 


compound, accompanied by a colour change from purple to yellow (Brand-


Williams et al., 1995). DPPH is characterized as a stable free radical because 


it has a spare electron over the molecule as a whole. As this electron 
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becomes paired off in the presence of a free radical scavenger, the absorption 


vanishes, and the resulting decolourisation is proportional to the number of 


electrons taken up (Miller et al., 2000). The faster the colour changes, the 


better the antioxidant activity of a substance. Measurement can take place 


continuously over time or at a specified end point, which is rapid, straight-


forward and inexpensive method of determining antioxidant contents of 


substances since there is no need for much apparatus or chemicals (Blois, 


1958). The method can be used for solid or liquid samples and is not specific 


to any particular antioxidant component, but applies to the overall antioxidant 


capacity of the sample. A measure of total antioxidant contents aid in 


understanding the functional properties of food. 


 


The DPPH radical method has been used to determine, among others, the 


antioxidant properties of isoeugenol, ascorbic acid, tocopherol, rosmarinic 


acid, phenol, coumaric acid, vanillin, vanillic acid, ferulic acid, eugenol, 


zingerone, guaiacol, BHA, BHT, protocatechuic acid, caffeic acid, gentisic 


acid and gallic acid (Brand-Williams et al., 1995), ethanol extract of propolis, 


(Scheller et al., 1990), clove, cinnamon, marjoram, oregano, cumin, 


bearberry, rosemary, lemon-balm, peppermint and hyssop (Lugasi et al., 


1995), sesamol and ethyl protocatechuic acid (Kurechi et al., 1980), 


polysaccharides (Shimada et al., 1992), methanolic extracts of peanut hulls 


(Yen and Duh, 1994) and green tea and black tea (Yen and Chen, 1995; Yeo 


et al., 1995). 
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The DPPH method is currently the best tool to measure antioxidant contents 


of compounds when compared with other methods, due to the fact that 


antioxidant analyses by other methods had been limited to compounds 


soluble in selected solvents (Miller et al., 2000). Antioxidant content of 


insoluble compounds could previously not be accounted in a single extraction 


method. On the other hand, extraction techniques using different solvents and 


concentrating the solvent is time consuming. In this method, the DPPH is 


allowed to react with the whole sample (in methanol/water) and sufficient time 


allowed the DPPH to react slowly with weak antioxidants. Reaction of an 


aqueous-methanolic DPPH solution with the sample for 4 hours at 35 0C 


facilitates the extraction of antioxidant compounds from the sample thereby 


increasing the measured antioxidant activity of the sample. Determination of 


antioxidant activity of various types of foods using DPPH is comparable to 


other methods (Miller et al., 2000). For instance, antioxidant content of 


vegetables and fruits were previously reported using ORAC and other 


methods (Cuvelier et al., 1992). Similar trends in antioxidant activity were 


observed for grains, vegetables and fruits when comparing results of other 


methods and the DPPH method (Pyo et al., 2004). 


 


2.9.2 ABTS antiradical method 


 


The ABTS, 2,2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium 


salt radical cation decolourisation test is also a spectrophotometric method 


widely used for the assessment of antioxidant contents of various substances 


(Miliauskas et al., 2004). The assay is applicable for screening both lipophilic 
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and hydrophilic antioxidants (Miliauskas et al., 2004). The method had been 


used to screen the relative radical-scavenging abilities of flavonoids and 


phenolics through their properties as electron- or H-donor agents (Miller et al., 


2000). 


 


In this method, antioxidant contents of a substance are determined by 


measuring its ability to scavenge free radicals in a solution of ABTS+ (Stewart 


et al., 2005). ABTS has an absorption band at 734 nm which disappears upon 


reduction by an antiradical compound, accompanied by a colour change from 


purple to yellow (Brand-Williams et al., 1995). The faster the colour changes, 


the better the antioxidant activity of a substance. Measurement can take place 


continuously over time or at a specified end point. 


 


2.10 Antioxidant efficiency 


 


The ability of a compound to inhibit lipid peroxidation can be defined in 


various ways according to the method used to determine its antioxidant 


activity. A relative value can usually be calculated from the ratio according to 


numerous formulae. For example, the antioxidant factor, AF, is expressed as 


follows: (Belitz and Grosch, 1987) 


                      AF = Ia /Io 


where, 


Ia = the oxidation induction period for a fat or oil in the presence of an 


antioxidant and 


Io = the oxidation induction period of the oil or fat without an antioxidant 
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The higher the AF value, the more efficient is the antioxidant. Factors 


influencing the AF include the amount of antioxidant, type of substance, 


processing steps that the substrate and the antioxidant have undergone, 


oxygen exposure, temperature, etc. (Belitz and Grosch, 1987). 


 


2.11 Summary and conclusions 


 


Antioxidant contents of various foods can be determined accurately, 


conveniently and rapidly using the DPPH and the ABTS methods. In a study 


comparing antioxidant activity by both DPPH and ABTS assays, a good 


correlation was obtained between the two methods (Miller et al., 2000). The 


correlation coefficients between DPPH and ABTS assays were 0.64, 0.83 and 


0.76 for acetyl acetate, acetone and methanol extracts, respectively (Miller et 


al., 2000). The major difference between the two methods is the reaction time 


as ABTS was quite faster than the DPPH. This suggested that the kinetics of 


radical scavenging reactions in the two methods differed. 


 


The two methods, when compared with others, are inexpensive in that they do 


not require more sophisticated apparatus and skills for analysis. Another 


advantage of these two methods is that the trend in antioxidant contents 


obtained from the DPPH and ABTS is comparable with trends found using 


other methods. The DPPH method can be used successfully for solid samples 


without prior extraction solvents, thus saving time and energy and can also be 


used for liquid samples. The method measures the antioxidant content of the 
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whole compound whereas other methods are limited to compounds soluble in 


selected solvents. Relative antioxidant content in foods or beverages provides 


an indication of importance of each food. Generally, vegetables and fruits are 


rich in antioxidants and mineral nutrition. Herbal teas such as rooibos, honey 


bush and bush teas are among beverages rich in antioxidants. 


 


The review indicated that antioxidants play a role in defending the body 


against several chronic diseases. Hence, foods with high antioxidant levels 


have a greater potential to reduce the free radicals in the body than foods that 


contain low antioxidants. Consequently, it is uttermost significance to know 


the antioxidant content of foods, in addition to the common nutritional 


information such as the protein, fibre, carbohydrate vitamin and mineral 


contents. 
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CHAPTER 3 
RESPONSE OF TOTAL ANTIOXIDANT CONTENT IN BUSH TEA 


(ATHRIXIA PHYLIOCOIDES DC.) TO NITROGEN, PHOSPHORUS AND 
POTASIUM NUTRITION AS AFFECTED BY SEASON 


 
3.1 Introduction 


 


Cultural practices have been reported to have a pronounced effect on tea 


yield (Mudau et al., 2005) and total polyphenolic content (Mudau et al., 2006). 


Among such practices are mineral nutrition, plucking and irrigation (Barauh et 


al., 1986; Hilton and Palmer-Jones,1973; Owuor et al., 1990; Owuor et al., 


2000; Stephens and Carr, 1991 Wanyoko, 1983). These practices have been 


widely reported to improve the total antioxidant contents. 


 


Application of fertilizers such as nitrogen, potassium and phosphorus to tea is 


a common practice (Owuor et al., 1987). Nitrogen applications have been 


reported to enhance plant growth (Mudau et al., 2005), thereby improving total 


polyphenol (Owuor and Odhiambo, 1994; Owuor et al., 2000; Mudau et al., 


2006). Although nitrogen improves tea yield, over application have adverse 


effects on tea quality (Owuor et al., 1987). Thus, for the production of quality 


herbal tea and maximum yields, nitrogen should be applied at optimal levels. 


In bush tea the optimum levels for bush tea growth and concentration of 


polyphenols were 300 kg ha-1 N, 300 kg ha-1 P and 200 kg ha-1 K (Mudau et 


al., 2006). However, the effect of N, P, and K application on total antioxidant 


contents (TAC) has not yet been documented. Therefore, the objective of this 


study was to investigate the effect of N, P, and K on TAC in bush tea with 


respect to seasonal effect. 
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3.2 Material and methods 


 


The work was a continuation of Mudau’s (2006) work, who provided 


secondary samples. Hence, the materials and methods of this study were 


adapted from those of Mudau et al., (2007a).  


 


3.2.1 Preparation of leaf extracts for total antioxidant content 


 


Approximately 15 g finely ground leaf material were sieved (≤ 1.0 mm; 


Endocotts test sieves) for 5 minutes. From the sieved material, 0.5 g was 


mixed with 5 ml of 70% of acetone and mechanically shaken for 2 hours 


(Nanotech 5553/630, Johannesburg, South Africa), and then centrifuged for 5 


minutes at 40 000 x g. The supernatant was carefully decanted and the 


extraction procedure repeated three times on residues. Three supernatants 


were combined and made-up to a volume of 15 ml filtrate extracts.  


 


3.2.2 Determination of total antioxidant content 


 


 Total antioxidant contents were analysed using the 2,2-diphenyl-1-


picrylhydrazyl (DPPH) antiradical assay protocol (Awika et al., 2003). In this 


method, 24 mg DPPH was dissolved in 100 ml methanol, mechanically 


shaken for 20 minutes to produce a mother solution, with 10 ml of the mother 


solution being adjusted to 1.1 at 515 nm by adding 20 ml mother solution. 


Extract of 2 850 µl DPPH solution was added to 150 µl sample extract and 


incubated for 6 hours to allow for the completion the completion of reactions. 


Absorbance was measured at 515 nm in a spectrophotometer (Cecil 


Instruments, Cambridge, UK) and expressed in percentage Trolox per dry 


sample basis. Assays were standardised with Trolox solution from 0 to 800 


µM. 
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3.2.3 Statistical analysis 


 


Analyses of variance were performed on data using the General Linear Model 


(GLM) procedure of SAS version 8.0 (SAS Institute Inc., 1999). In all trials, 


treatment sum of squares were partitioned into linear and quadratic 


polynomial contrasts for total antioxidant contents. 


 
3. 3 Results and discussion 


 


Separate experiments for N, P and K nutritions were conducted, each over 


four seasons. Thus, results and discussion were partitioned per nutrient 


element. 


 


3.3.1 Nitrogen experiments 


 


 Regardless of season, there was a highly significant quadratic (P≤ 0.01) 


increase of TAC in response to N application (Table 3.1). Generally, most of 


the TAC occurred between 100 and 400 kgha-1, with the maximum at 300 kg 


Nha-1.  Similar pattern on growth parameters, leaf tissue N and total 


polyphenols were reported by Mudau et al. (2005; 2006; 2007b) on growth 


parameters, leaf tissue N and total polyphenols. Chabeli et al. (2007) and 


Mudau et al., (2007a) demonstrated similar trends on tannin contents versus 


levels of N nutrition. Results in Table 3.1 also demonstrated that TAC 


significantly decreased with higher rates of N application from 400 to 500 kg 


N·ha-1, presumably due to trade-offs between synthesis of other secondary 


compounds such as phenolic acids and protein. Generally, bush tea has 
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vigorous shoot growth (Roberts, 1990), with maximum shoot growth being 


attained when N was applied at 300 kgha-1(Mudau et al. (2005; 2006). 


 
Table 3.1 Response of total antioxidant contents (TAC) of cultivated 
bush tea to Nitrogen nutrition as affected by seasons  


 


Quadratic (Q) effect at P = 0.01 (**).  


 
3.3.2 Phosphorus experiments 


 


Regardless of season, TAC increased quadratically (P ≤ 0.01) with P 


application (Table 3.2). Generally, most of the TAC occurred between 100 and 


400 kg P ·ha-1, regardless of season, with the maximum being at 300 kg P ·ha-1.  


Similar pattern on leaf tissue P and total polyphenols were reported by Mudau 


et al. (2005) and Mudau et al. (2006). Chabeli et al. (2007) and Mudau et al. 


(2007a) demonstrated similar trends of tannin contents versus levels of P 


 Total Antioxidant Contents (%) 


Applied N 


(kgha-1)  


Summer Autumn Winter Spring 


    0 68   56   75   72 


100 82   94   93   95 


200 85   96   92   99 


300 93 100 100 100 


400 85   87   99   79 


500 77   76   87   75 


Response Q**  Q**  Q**  Q** 
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nutrition. Results in Table 3.2 also demonstrated that TAC significantly 


decreased with higher rates of P application from 400 to 500 kg P ·ha-1.  In 


contrast, carbon-based secondary compounds such as total polyphenols 


derivatives (theaflavins and thearubigins) in black tea vary with time of the year 


reaching maximum at 150 kg·ha-1 P (Owuor et al., 1991; Owuor and Odihiambo, 


1994).  


 
Table 3.2 Response of total antioxidant contents (TAC) of cultivated bush tea 
to Phosphorus nutrition as affected by seasons 


 
Quadratic (Q) effect at P = 0.01 (**) 


 


3.3.3 Potassium experiments  


 


In all seasons, total antioxidant contents were increased quadratically with K 


application (Table 3.3). Generally, most of the TAC occurred between 100 and 


500 kg K·ha-1, regardless of season reaching maximum at 100 kg K·ha-1 except 


 Total Antioxidant Contents (%) 


Applied P 


( kg·ha-1 ) 


Summer Autumn Winter Spring 


    0 39   15   40   20 


100 82   95   94   95 


200 86   97   93   99 


300 94 100 100 100 


400 88   88   99   79 


500 78   76   88   75 


Significance Q**   Q**   Q**   Q** 
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during autumn (88%). Mudau et al. (2006) and Chabeli et al. (2007) reported 


that the highest leaf tissue K, total polyphenol and tannin concentrations in bush 


tea occurred when K was applied at 200 kg P·ha-1.  In another similar study, 


Ruan et al. (1998) reported that K nutrition increased leaf and root tissue K by 


3.5 % to 4.1 %. In contrast with the bush tea results Ruan et al. (1998) reported 


that total polyphenols significantly increased with K applications at maximum 


levels of 150 kg·ha-1K during spring and autumn in black tea. Wanyoko (1983) 


reported that the normal harvestable tea leaves had leaf tissue K content of 1.5 


% to 1.8 %.  


 


Table 3.3 Response of total antioxidant contents (TAC) of cultivated bush tea 
to Potassium nutrition as affected by season 


Quadratic (Q) effect at P = 0.01 (**) or at P = 0.05 (*)  
 


In conclusion, results of the study suggested that regardless of season N, P 


and K nutritions significantly improved TAC of cultivated bush tea. TAC was 


quadratically increased reaching maximum when N or P were applied at 300 


 Total Antioxidant Contents (%) 


Applied K 


( kg·ha-1 ) 


Summer Autumn Winter Spring 


    0 54   64   69   48 


100 62   88 100 100 


200 62 100 100 100 


300 61 100 100 100 


400 60 100 100 100 


500 61 100 100 100 


Significance Q* Q** Q** Q** 
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kg·ha-1 and 100 K kg·ha-1for K irrespective of season.   For the N trial, the 


maximum total antioxidant content was 100% during autumn, winter and 


spring and 93% during and summer. For P trials the highest total antioxidant 


contents were 100% during autumn, winter and spring and 94% during 


summer. The highest total antioxidant contents as affected by K nutrition were 


83% for during autumn, 100% (winter; spring) and 62% during summer. In 


plants, antioxidants are produced as secondary metabolites, which play a role 


in defence mechanisms against pests and pathogens (Haukioja et al., 1998). 


Generally, in plants, the TAC increases as the stress levels increase 


(Haukioja et al., 1998). Results of this study, which confirm those of others 


(Chabeli et al. 2007; Haukioja et al., 1998; Mudau et al., 2007a; Ruan et al., 


1998), suggest that in herbs like bush tea, optimum N, P and K nutrition is 


necessary to enhance the production of TAC as secondary metabolites. 
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CHAPTER 4 
SUMMARY AND CONCLUSIONS 


Three experiments for N, P and K were individually conducted to determine 


the effects of N, P or K nutrition as affected by season on total antioxidant 


contents (TAC) in bush tea grown under shaded nursery environment. Results 


of the study demonstrated that regardless of season N, P or K nutrition 


increased TAC in cultivated bush tea. Generally, the maximum concentrations 


of TAC were obtained when N or P were applied at 300 kg·ha-1 whereas for K 


the maximum TAC was at 100 kg K·ha-1. The highest TAC contents as 


affected by N nutrition were 100 % for three seasons (autumn, winter and 


spring) and 93 % for summer. In P trial, the highest TAC as influenced by P 


nutrition was 100 % for three seasons (autumn, winter and spring) and 94 % 


for summer. For K trial, TAC as influenced by K nutrition was 88 % for 


autumn, 100 % for winter and spring and 62 % for summer. Therefore, for 


improved TAC in bush tea, 300 kg N·ha-1, 300 kg P·ha-1 and 100 kg ·Kha-1 for 


K are recommended. 


 


Experiments for N, P and K were separate over four seasons. Consequently, 


results of this study should be interpreted with caution. Generally, with the 


three combined their interactions could either be additive or synergistic 


(Salisbury and Ross, 1998). Thus, further studies would be necessary to 


evaluate the interaction effects of the three quantities, namely 300 kg N·ha-1, 


300 kg P·ha-1 and100 kg·Kha-1, on the TAC in bush tea over four seasons. 


 


Current experiments were conducted under nursery environments. Future 


studies should focus on assessing TAC under various environments, such as 
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soils with different textures and/or soils infested with nematodes, under 


various moisture levels. This is intended to stimulate real field conditions, and 


to determine whether the TAC is stress-related. 
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APPENDICES 


Appendix 1 Analysis of variance for N nutrition on seasonal variation of total  


antioxidant contents in bush tea 


 DF Mean squaresa 


Source of 


Variation 


 Total antioxidant contents (%) 


  Autumn Winter Spring Summer 


Model 8 0.08 0.02 0.07 0.02 


Treatment 5 0.12    0.03**a   0.06** 0.02 


Nitrogen (L)b 1 0.02*       0.0NS   0.03NS 0.0NS 


Nitrogen (Q)c 1 0.41**     0.12** 0.10* 0.08* 


Error 15 0.04     0.0 0.01 0.01 


aF-values significant (*), highly significant (**) or not significant (NS) at 5% 


level; bL = linear; cQ = quadratic. 
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Appendix 2 Analysis of variance for P nutrition on seasonal variation of total  


antioxidant contents in bush tea 


 DF Mean squaresa 


Source of variation  Total antioxidant contents (%) 


  Autumn Winter Spring Summer 


Model   8 0.28 0.14 0.25       0.10 


Treatment   5 0.43**a 0.20** 0.37**       0.15** 


Phosphorus (L)b   1 0.02* 0.01NS 0.03NS         0.0 NS 


Phosphorus (Q)c   1 2.00** 0.98** 1.62**         0.7** 


Error 15 0.04 0.04 0.01       0.01 


aF-values significant (*), highly significant (**) or not significant (NS) at 5%  


level, bL = linear; cQ = quadratic. 
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Appendix 3 Analysis of variance for K nutrition on seasonal variation of total  


antioxidant contents in bush tea 


 DF Mean squaresa 


Source of variation  Total antioxidant contents (%) 


  Autumn Winter Spring Summer 


Model   8 0.09 0.06 0.14   0.0 


Treatment   5 0.13**a 0.09** 0.21**   0.0* 


Potassium (L)b   1 0.06* 0.02* 0.03*   0.0 NS 


Potassium (Q)c   1 0.54** 0.43** 1.06** 0.01* 


Error 15 0.01 0.02 0.02   0.0 


aF-values significant (*), highly significant (**) or not significant (NS) at 5%  


level, bL = linear; cQ = quadratic. 


  


 


 





