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ABSTRACT 

Baby spinach (Spinacia oleracea L.) is considered to be the one of the extremely 

nutritious vegetables, rich both in phytochemicals and core nutrients. Nowadays, 

phytochemicals in plants are raising interest in consumers for their roles in the 

maintenance of human health. Variation in content of bioactive compounds and 

core nutrients is the main concern in vegetable production. Factors such as cultural 

practices specially fertilization, may affect the nutritional and medicinal properties 

of the plants 

  

Therefore, three parallel trials for NPK to investigate the response of baby spinach 

leaves to nitrogen (N), phosphorus (P) and potassium (K) on chemical composition 

were conducted, with treatments arranged as follows: 0, 45, 75, 105, 120 kg·ha-1 

N and P and 0, 60, 85, 106, 127, 148 kg·ha-1 K in a randomized complete block 

design (RCBD) with four replications. The results demonstrated that, application 

of nitrogenous, phosphorus, potassium fertilizers significantly increased the total 

phenolic content, total antioxidant activity, total flavonoid content and vitamin C 

while magnesium, iron, zinc and selenium did not exhibit significant response to 

all treatments applied. The increase in concentrations on total phenolic content, 

total antioxidant activity, total flavonoid content and vitamin C was observed, 

reaching maximum at 45 kg·ha-1 N, 75 kg·ha-1 P and 85 kg·ha-1 K.  The optimum 

rates of 45 kg·ha-1 N, 75 kg·ha-1 P, 85 kg·ha−1 K were then used to formulate the 

NPK treatment combinations as follows: 0, 30: 30: 40, 45:45:60, 60:60:70, 

75:75:90 kg·ha-1, arranged in a RCBD with three replicates. The results showed 

that total phenolic content, total antioxidant activity , total flavonoid content and 

vitamin C reached maximum in baby spinach leaves at N45:P45:K60 kg·ha-1.  

 

Keywords: baby spinach, bioactive compounds, minerals, NPK nutrition, 

concentrations, variations, phytochemicals, fertilizer, response, quality. 
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CHAPTER 1 

1. RESEARCH ON BABY SPINACH 

1.1 BACKGROUND 

Spinach is a leafy and extremely nutritious vegetable, rich both in core nutrients and 

phytochemicals. It is a vegetable that is provided fresh, frozen or canned to the 

consumer. Spinach harvested after a shorter growth period than normal is called baby 

spinach, and is marketed fresh to the consumer. This is a fairly new product that has 

turned out to be popular in recent years because of its nutritional value (Hedges and 

Lister, 2007).  Its nutrients comprise a range of vitamins and minerals, as well as 

phytochemicals. The major micronutrients in spinach are vitamins A (from β-carotene), 

C, K and folate, and the minerals, calcium, iron and potassium. The phytochemicals 

of most importance are the carotenoids, flavonoids, β-carotene, lutein and zeaxanthin 

and phenolic compounds (Bergquist, 2006). A number of studies have shown spinach 

to have strong antioxidant activity and high levels of antioxidant compounds such as 

phenolics and carotenoids (Hedges and Lister, 2007). 

 

Agronomic practices such as chemical fertilizers have made major contributions to 

improve crop yields and food nutrition (Fageria, 2009; Wang et al., 2008). There are 

many contributing factors in terms of fertilizer application that can influence the 

effectiveness of fertilizer such as the application method, application timing and the 

rate of application. All these factors must be investigated before fertilizer application 

recommendations to ensure effectiveness and to prevent problems associated with 

fertilizers. Problems such as under application and over application of fertilizers are 

seen to be challenging. On the other hand, excessive fertilizer application can have 

detrimental consequences. It can have adverse environmental effects on water quality, 

leaching, and runoff (Heckman, 2007; Heckman et al., 2003; Manotti et al., 1994; 

Sims, 1998; Sims et al., 1998). Consequently, it is imperative to investigate and 

determine fertilizer application rates that are beneficial and maximize the yield while 

minimizing environmental contamination (Fontes et al., 1997; Heckman et al., 2003). 

The efficient use of fertilizers and optimal fertilizer management of nitrogen, 

phosphorus and potassium are necessary to minimize production cost and to improve 

yield and quality (Fageria, 2009). 
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Some studies are available on the identification of bioactive compounds in fruits and 

vegetables, pre-harvest and postharvest factors.  However, information on the effect 

of mineral fertilization on nutritional quality of baby spinach is scarce. As the 

consumption of fresh-cut spinach increases, it is important to investigate the good 

management practices, specifically fertilization and its effects on quality of baby 

spinach. The consumption of spinach is increasing because people are becoming 

health cautious and spinach is regarded as one of the healthy vegetables which is rich 

in nutrients. The purpose of the present study was to investigate and quantify the 

variations on different bioactive compounds, namely, antioxidants, flavonoids, total 

phenolic content and carotenoids, as well as the trace elements (magnesium, zinc, 

iron and selenium), in baby spinach with reference to mineral nutrition.  

 

1.2 RESEARCH PROBLEM 

Spinach is an important agricultural crop, not only because of its economic importance, 

but also for the nutritional values of its leaves, mainly due to the fact that they are an 

excellent source of nutrients and phytochemicals.  Spinach is increasingly becoming 

important in health because of its micronutrients and phytochemicals. It has an 

additional advantage of being low in calories, which is very important in weight 

management. Therefore, it is becoming a food of choice to many people because of 

its nutritional importance.  Nowadays, phytochemicals and antioxidants in plants are 

raising interest in consumers for their roles in maintaining human health. Phenolics 

and flavonoids are known for their health promoting properties due to protective effects 

against cardiovascular disease, cancers and other diseases (Kaur and Kapoor, 2001; 

Sardas, 2003)  

 

The intake of these compounds in foods is an important health protecting factor. They 

have been recognized as being beneficial for preventing widespread human diseases, 

including cancer and cardiovascular diseases, when taken daily in adequate amounts 

(Kaur and Kapoor, 2001; Sardas, 2003). It is generally known that environmental 

factors and agricultural techniques have an effect on vegetable and fruit quality. In 

particular, mineral fertilization influences antioxidant composition in some fruits and 

vegetables (Jeppsson, 2000; Kaur and Kapoor, 2001; Kopsell et al., 2006; Kemal et 

al., 2007).  Some studies are available on the effect of postharvest storage and 

processing on the antioxidant constituents (Flavonoids and vitamin C) of Fresh-Cut 
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spinach (Bergquist, 2006). However, information on the effect of mineral fertilization 

on nutritional quality of spinach is scarce. Variable content of bioactive compounds 

and minerals is the main problem in the production of vegetables, due to many factors 

especially fertilization. Consequently, the nutritional and medicinal value of vegetables 

may be affected. Producers often apply large quantities of fertilizer in an attempt to 

maximize yield and advance growth, which can result in the accumulation of nitrate in 

case of excessive nitrogen, reducing the quality of some vegetables. There are no 

reports about the content of bioactive compounds and minerals in baby spinach grown 

on the principles of best management practices in South Africa.  

 

Currently the demand of baby spinach exceeds the supply and the applications of 22-

45Nkg/ha, 22-45Pkg/ha and 63-138Kkg/ha have been reported in California, USA. 

These are the application rates from the growers since there is no scientific validation 

of these rates. Limited studies are available on the effect of nutrients on bioactive 

compounds of baby spinach and data that provide recommended rates such as N, P 

and K on quality have not been well established under South African conditions.   

 

Therefore, it was important to investigate the variation in concentrations of bioactive 

compounds (antioxidants, flavonoids, carotenoids and total polyphenols) and trace 

elements (magnesium, iron, zinc and selenium) in baby spinach with reference to 

mineral nutrition. The main aim of this study was to investigate the effect of fertilization 

(N, P and K) baby spinach on their bioactive compounds. Additionally, any information 

on the physicochemical properties and bioactive compounds of baby spinach will 

provide a knowledge base that may be of some benefit to the production of baby 

spinach in South Africa. 
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1.3 MOTIVATION FOR MY RESEARCH 

Spinach is one of the world's healthiest vegetables. Rich in vitamins and minerals, it 

is also concentrated in health promoting phytonutrients such as carotenoids (beta-

carotene, lutein, and zeaxanthin) and flavonoids to provide powerful antioxidant 

protection (Mehta and Belemkar, 2014).  Leafy green vegetables such as spinach 

provide more nutrients than any other food, when compared calorie for calorie 

(Longnecker et al., 1997).  Its nutrients include a range of vitamins and minerals 

(micronutrients), which can prevent deficiency diseases and are essential for normal 

physiological function, as well as phytochemicals thought to help prevent chronic 

health problems such as cancer and heart disease, as well as other health problems  

associated with ageing (Hedges and Lister, 2007).  

 

In recent years, considerable attention has been directed towards identifying natural 

antioxidants, namely those plant-derived that may be used for human consumption 

regarding health promotion and disease prevention. It is vital to determine a method 

of how we could grow healthy vegetables vegetable so that human body could have a 

higher intake of health promoting bioactive compounds. This fact is very important in 

these days when people are exposed to lot of health related challenges. This study 

addresses such areas where the effect of mineral fertilization can be related to the 

concentration of health promoting phytochemicals. 

 

One of the advantages of spinach is that it is readily available, just about all over the 

world and is easy to prepare. What is more interesting about spinach, it is easy to find 

in the market or easy to grow and prepare. With its fine taste, baby spinach is a 

versatile food that can be easily included into a range of dishes. It can be eaten raw in 

a salad or it can be cooked (steamed or boiled) and eaten as a dish on its own or 

added to soups and other dishes. Unlike other vegetables, it is harvested after a short 

period after planting. Over the years, ready to use fresh-cut spinach has become more 

popular as one of the important dietary vegetable (McGill et al., 1966; Burgheimer et 

al., 1967; Izumi et al., 1997). 
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Baby spinach was chosen for this study for two main reasons. It is becoming an 

increasingly popular product in South Africa and elsewhere in the world. Spinach is 

known to be a healthy product and contains relatively high concentrations of bioactive 

compounds (USDA, 2005). In addition, baby spinach has the advantage of a short 

culture time and shelf life, making it an excellent model crop. The objective of the study 

was to investigate the response of chemical composition and trace elements in baby 

spinach to fertilization with N, P, and K nutrition.   

 

1.4 AIM OF THE STUDY 

The aim of this study was to investigate and determine the response of total phenolic 

content, total antioxidant activity, total carotenoid content, total flavonoid content and 

vitamin C as well as minerals to fertilization with nitrogen (N), Phosphorus (P) and 

potassium (K) nutrition.  

 

1.5 OBJECTIVE OF THE STUDY 

1.5.1 To determine the effect of different rates/levels of application of N, P, and K 

fertilizers on chemical composition and minerals in baby spinach. 

 

1.5.2 To determine the interaction effects of NPK on the bioactive compounds in baby 

spinach. 

 

1.6 HYPOTHESES 

1.6.1 Rate of applications of fertilizer N, P and K have no influence on the bioactive 

compounds in baby spinach. 

 

1.6.2 No interaction effects on bioactive compounds in baby spinach after NPK 

application. 

  



Page | 6 
 

1.7 SCOPE AND LIMITATIONS OF THE RESEARCH 

Given the research aim and objectives of the study delineated above, the scope of the 

study entailed three aspects – rate of applications of fertilizer N, P and K, the variation 

in bioactive compounds in baby spinach as well the combined effect of N, P and K on 

the bioactive compounds.  

 

However, the study had a set of limitations inherent in the topic investigated. Firstly, 

not all varieties of baby spinach could be investigated for this research, given the 

nature of the research methods used and the time-frames selected. Secondly, the 

study was conducted in a protected environment and the effect of this was not taken 

into consideration in this study. Lastly, only one method of fertilizer application, side 

dressing was used in this study.  

 

1.8 ETHICAL CLEARANCE 

No ethical clearance of this study is required (Appendix C). 

 

1.9 ORGANISATION OF THE THESIS 

The thesis is presented in five chapters. Chapter 1 provides the research background 

on baby spinach, the importance and research problem of the study. An outline of brief 

research motivation, aim and objectives, scope and limitations of the study is also 

discussed. Chapter 2 consists of a review of the relevant literature pertaining to baby 

spinach. Chapter 3 provides a brief description of study areas, research design and 

methods, as well as data collection and analyses. Chapter 4 deals with set of research 

findings, with particular reference to the mineral nutrition and bioactive compounds in 

baby spinach. The chapter details the analyses and discussion of the variation in 

concentrations of bioactive compounds in baby spinach. The thesis ends with Chapter 

5 which gives a summary of research findings, concluding remarks and 

recommendations which set goals for further research. 
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CHAPTER 2  

2. LITERATURE REVIEW ON MINERAL NUTRITION AND QUALITY OF BABY 

SPINACH  

2.1 INTRODUCTION 

This chapter outlines and reviews literature. The review of literature includes the 

botany of baby spinach, chemical composition of baby spinach, health benefits as well 

as mineral nutrition of baby spinach. To end the chapter, a brief summary of these 

sections is also provided.  

 

2.2 THE HISTORY AND BOTANY BABY SPINACH 

2.2.1 Origin and distribution 

Spinach originates from central and south-western Asia (Boswell, 2010). It is thought 

that it was first cultivated in ancient Persia (Iran) and eventually into Africa. From there 

it spread to Europe and now it is widely grown all over the world. (Asai et al., 2004; 

Boswell, 2010). It was probably introduced into Europe during the Middle Ages; and 

brought to North America by European settlers (Asai et al., 2004).  

 

2.2.2 Botanical Description of baby spinach 

Spinach (Spinacia oleracea) is an edible flowering plant in the family Amaranthaceae 

(LeStrange et al., 1999). Common spinach, Spinacia oleracea, was long considered 

to be in the Chenopodiaceae family, but in 2003, the Chenopodiaceae family was 

combined with the Amaranthaceae family under the family name 'Amaranthaceae' in 

the order Caryophyllales. Within the Amaranthaceae family, Amaranthoideae and 

Chenopodioideae are now subfamilies, for the amaranths and the chenopods, 

respectively. It is an annual plant, which grows to a height of up to 30 cm (Boswell, 

2010). 

Spinach is dioecious; plants generally produce either male (staminate) or female 

(pistillate) flowers but only one sex is to be found on any one plant so both male and 

female plants must be grown if seed is required and are pollinated by wind. The plant 

is not self-fertile (Asai et al., 2004).  Baby spinach is harvested after a shorter growth 

period and sown at closer density than regular spinach and thus the leaves are 

smaller, hence the name. Spinach is a long-day plant that is prone to bolting during 

the summer (Bergquist, 2006). The bolting tendency varies between cultivars, and 



Page | 8 
 

cultivars that are less prone to bolting could be used during the earlier part of the 

summer. For baby spinach, bolting is often not a problem because the leaves are 

harvested early (Respondek and Zvalo, 2008).  

 

2.2.3 Types of spinach 

A distinction can be made between older varieties of spinach and more modern ones. 

Older varieties tend to bolt too early in warm conditions. Newer varieties tend to grow 

more rapidly, but have less of an inclination to run up to seed (Rolland and Sherman, 

2006). The older varieties have narrower leaves and tend to have a stronger and 

bitterer taste. Most new varieties have broader leaves and round seeds (Rolland and 

Sherman, 2006). 

  

Spinach cultivars are generally categorized according to the leaf blade variations and 

are classified as savoy have wrinkled leaves,  semi-savoy have slightly crinkled leaves  

and flat or smooth leaved lacks wrinkles and are flat (Grieve and Grieve, 1971; 

Respondek and Zvalo, 2008, LeStrange et al., 1999).  

 

2.3 COMPOSITION AND QUALITY OF BABY SPINACH  

2.3.1 Micro nutrients  

Spinach has high concentration of vitamin A, E, C, and K, and also folic and oxalic 

acids. Along with these chemicals are various minerals are present in the spinach such 

as magnesium, manganese, calcium, phosphorus, iron, zinc, copper and potash. 

(Mehta and Belemkar, 2014); Van der Walt et al., 2009). Spinach is an excellent source 

of chlorophyll, (needed for the production of vitamin A), riboflavin, sodium and 

potassium. Other nutrients present in smaller quantities include some B vitamins – 

thiamine (B1), riboflavin (B2) and B6 (Hedges and Lister, 2007).  
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2.3.1.1 Magnesium 

Magnesium is one of the minerals present in the spinach (Mehta and Belemkar, 2014).  

It is part of the chlorophyll molecule existing in all green plants and is, consequently, 

important for photosynthesis and also helps to stimulate numerous plant enzymes 

required for development (Plaster, 2003; Gardiner and Miller, 2004). Magnesium 

deficiency symptoms appear first in older leaves as chlorosis (Acquaah, 2002). It was 

reported by Mengel and Kirby (1982) that shortage of magnesium impedes protein 

synthesis. 

 

In humans, magnesium is an essential mineral needed for survival. The health 

advantages of magnesium are extensive. A number of studies have previously shown 

magnesium to have many health benefits. Magnesium deficiency is associated with 

poor growth and development, weak muscles and cardiac problems (McDowell, 1992). 

 

2.3.1.2 Iron 

Spinach is known to be a source of iron (Hedges and Lister, 2007). Iron is important 

for the synthesis of chlorophyll, which gives rise to the green colour of plants (Acquaah, 

2002). Iron shortage can results in interveinal chlorosis of young leaves and chlorosis 

spreads to the older leaves as the severity of the deficiency increases (Jones, 2003). 

According to Anyoola et al. (2010), iron plays a key role in proper functioning of 

reproduction systems in both males and females.  

  

2.3.1.3 Zinc 

Zinc is an essential trace element present in spinach (Mehta and Belemkar, 2014). In 

plants, zinc helps with growth hormones, seed production and maturation, and starch 

formation (Brady and Weil, 2004). Zinc deficiency causes plant leaves to be severely 

reduced in size, while the internodes shorten to give a rosette appearance and the 

leaves become mottled (Acquaah, 2002; Gardiner and Miller, 2004).  

 

 In humans, zinc is found in all parts of the body: it is in organs, tissues, bones, fluids 

and cells. Muscles and bones contain most of the body’s zinc (90%). The known health 

benefits of zinc include proper functioning of the immune system and physical growth 

(Hotz and Brown, 2004). 

http://dx.doi.org/10.1016/j.jtemb.2006.01.006
http://dx.doi.org/10.1016/j.jtemb.2006.01.006
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2.3.1.4 Selenium 

Selenium is a trace element that is essential for human health in small amounts. 

Spinach is one of the green leafy vegetables which contain selenium as one of the 

minerals. Selenium plays a key role in metabolism. Selenium is significant in health 

because of its antioxidant properties. It has been suggested in some studies that 

selenium supplements may reduce the chances of prostate cancer (Hatfield et al., 

2012). 

 

2.3.2 Phytochemicals 

Phytochemicals are compounds that are produced by plants. They are found in fruits, 

vegetables, grains, beans, and other plant parts. With most greens like spinach, when 

eaten raw it is loaded with a high vitamin and mineral content, but when cooked it 

releases many phytochemicals. Phytochemicals are natural plant organic compounds 

often called phytonutrients that are well known for potential health benefits. The 

phytochemicals of most importance in baby spinach are the carotenoids, β-carotene, 

lutein and zeaxanthin, along with phenolic compounds (Bergquist, 2006; Hedges and 

Lister, 2007; Mehta and Belemkar, 2014). Other phytochemicals include chlorophyll, 

glutathione, α-lipoic acid and betaine (Joseph et al., 2002).  

 

2.3.2.1 Total antioxidant activity content 

Antioxidants are naturally present in fruits and vegetables. They are chemicals often 

found naturally in plant foods, which can help protect body cells from being damaged 

by 'free radicals'. Free radicals are produced both naturally in our body and due to 

exposure to pollutants and result in cell damage (Cadenzas and Packer, 1996; Nicoli 

et al., 1999). Free radicals have been implicated in the aetiology of several major 

humans’ ailments, including cancer, cardiovascular disease, neural disorders, 

diabetes and arthritis (Sies, 1996; Devasagayam et al., 2004). 

 

The positive health effects of fruits and vegetables have been credited to the fairly high 

antioxidant concentration in fruits and vegetables (Ames et al., 1993; Rice - Evans and 

Miller, 1995). Numerous studies have examined the antioxidant activity of spinach and 

other vegetables. Cao et al. (1996) gave spinach an antioxidant score of 17 (based on 

ORAC scores using three different radicals), rating it third of the 22 vegetables 

examined. Similarly, Pellergrini et al. (2003) ranked spinach first; eighth and first 
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respectively out of 31 popular vegetables. Another report (Wu et al., 2004) ranked 

spinach extremely highly for antioxidant activity.  

 

2.3.2.2 Total phenolic content 

Phenolic compounds are commonly found in both edible and non-edible plants. These 

compounds are of interest in the food industry because of their health benefit functions 

in food (Manach et al., 2004). Phenolic compounds increase the quality and nutritional 

value of food (Kahkönen et al., 1999). They are found in food sources such as fruits, 

herbs, vegetables, cereals, and other plant materials as shown in Table 1 (Manach et 

al., 2004). 

 

Chemical structures range from quite simple compounds such as caffeic acid to highly 

polymerised substances such as tannins. There are many diverse groups of phenolics 

but the most common phenolics found in foods are generally phenolic acids, 

flavonoids, lignans, stilbenes, coumarins and tannins (Harbourne, 1993). Phenolic 

compounds believed to be potentially protective factors against cancer and heart 

diseases, in part because of their potent antioxidative properties and their ubiquity in 

a wide range of commonly consumed foods of plant origin (Mehta and Belemkar, 

2014). 
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Table 1: Polyphenol content in vegetables (Source: Manach et al., (2004). 

Polyphenolic content Source By wt or vol mg∙ kg-1fresh wt 

(or mg∙ L−1) 

Flavonols 

 
Quercetin 

 
Kaempferol 

 
Myricetin 

 

 
 
 
 
 

 
Flavones 

 
Apigenin 

 
Luteolin 

 
Daidzein 

  

 
Catechin 

  

 
Sinapic acid 

Yellow onion 

 
Curly kale 

 
Leek 

 
Cherry tomato 

Broccoli 
Beans, green or white 
Tomato 

  

  

  

Parsley 

 
Celery 

 
Capsicum 
pepper 

 
Soybeans, boiled 
 
Beans 
 

Potato 
 

350–1200 

 
300–600 

 
30–225 

 
15–200 

40–100 
10–50 

2–15 

 

 
 
240–1850 

 
20–140 

 
5–10 
 

 
200–900 

 
350– 550 

 
100–190 

 

 

 

 

2.3.2.3 Total flavonoid content 

Flavonoids are found in grains, vegetables, and fruits. Spinach is very rich in the 

flavonoids. Various flavonoids are reported to be present in spinach (Mehta and 

Belemkar, 2014). The concentration of flavonoids in vegetables and other plants 

differs depending on influences such as genotype, environmental growing conditions, 

growth stage, postharvest handling, and storage conditions (Patil et al., 1995, Howard 

et al., 2002). These factors affect both total flavonoid concentration and the 

composition of flavonoids may consequently result in variation in flavonoid content. 

According to Fico et al. (2000); Vogt and Gulz (1994), the concentration in flavonoids 

and composition may also change during plant growth. According to Bergquist (2007), 

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2009.02077.x/full#b32
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the bioavailability of flavonoids is most probably lower than that of some other 

antioxidants, such as ascorbic acid. Some studies reported that a high dietary intake 

of flavonoids is related to a lower risk of coronary heart disease (Hertog et al., 1995; 

Knekt et al., 1996) dementia (Commenges et al., 2000) and some form of cancer 

(Neuhouser, 2004). According to Fico et al. (2000) and Vogt and Gulz (1994) flavonoid 

concentration and composition may also change during plant growth.  

 

Flavonols 

Flavonols are the most abundant flavonoids in foods, and the main representatives 

are kaempferol and quercetin (Manach et al., 2005). Considered as the most abundant 

dietary flavonol, quercetin is a potent antioxidant because it has all the right structural 

features for free radical scavenging activity. According to Manach et al. (2004), the 

richest sources are onions (up to 1.2 g∙kg−1 fresh weight), curly kale, leeks, broccoli, 

and blueberries.  

 

Flavones 

In fruit and vegetable flavones are much less common than flavonols. Parsley and 

celery are identified as the richest sources by Manach et al. (2005). Cereals such as 

millet and wheat contain C-glycosides of flavones (Boyle et al., 2000 and Erlund et al., 

2000). Nielsen et al. (2003) reported large quantities had been identified on the skin 

of citrus fruit. 

 

Flavanones 

In human foods, flavanones are found in tomatoes and certain aromatic plants such 

as mint, but they are present in high concentrations only in citrus fruit. The main 

aglycones (the non-sugar component that results from hydrolysis of glycoside 

flavanones) are naringenin in grapefruit, hesperetin in oranges, and eriodictyol in 

lemons (Hertog et al., 1993).  
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Isoflavones 

Isoflavones are provided only by soybean-derived products. They are found almost 

exclusively in leguminous plants. Soya and its processed products are the major 

sources of isoflavones in the human diet (Hollman et al., 1996; Moon et al., 2000). 

 

Flavanols 

Flavanols are present in both the monomer form (catechins) and the polymer form 

(proanthocyanidins). Catechins are found in many types of fruit such as apricots, which 

are the richest source (Manach et al., 2005). Catechin and epicatechin are the main 

flavanols in fruit, whereas gallocatechin, epigallocatechin, and epigallocatechingallate 

are found in certain seeds of leguminous plants, in grapes, and more importantly in 

tea (Manach et al., 1998; Wittig et al., 2001).  

  

2.3.2.4 Total carotenoid content 

Spinach shows presence of different carotenoids like lutein, β-carotene, violaxanthin 

and 9’-(Z)-neoxanhin (Mehta and Belemkar, 2014). Spinach contains some of the 

largest amounts of lutein and zeaxanthin from vegetable sources. Although kale 

contains more, it is not commonly eaten and is therefore not a major food source. 

Studies have shown that these compounds are selectively accumulated in different 

parts of the eye, where they are by far the most abundant of the major carotenoids 

present (Hedges and Lister 2007). A study reported that they may be an important 

protection against age-related eye problems, particularly macular degeneration and 

the formation of cataracts (Stahl and Sies 2003; Mares-Perlman et al., 2002).  

 

Their antioxidant activity has led to the notion that of carotenoids, particularly lutein, 

which is more widely dispersed in the body, they could protect against diseases such 

as cancer and cardiovascular disease as well as boosting the immune function 

(Hedges and Lister, 2007). In relation to cardiovascular disease, studies have found 

high serum levels of lutein and zeaxanthin to be associated with a reduced risk of 

coronary heart disease (Dwyer and Navab, 2001). Studies confirmed that the 

consumption of green leafy vegetables with carotenoids, especially lutein and 

zeaxanthin was associated with a reduced incidence of stroke (Joshipura et al., 1999). 
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2.3.2.5 Vitamin C 

Research has shown that spinach leaves that look fully alive and vital have higher 

concentrations of vitamin C than spinach leaves that are pale in colour (Edenharder 

et al., 2001). The benefits of vitamin C may include protection against immune system 

deficiencies, cardiovascular disease, prenatal health problems, eye disease, and 

even skin wrinkling. Vitamin C is important in protecting against endothelial 

dysfunction, high blood pressure, and the blood vessel changes that precede heart 

disease (Fotherby et al., 2000). 

 

2.4. OTHER PHYTOCHEMICALS IN BABY SPINACH 

2.4.1 Glutathione 

According to Pompella et al. (2003), glutathione is a significant antioxidant in plants, 

animals, fungi and some bacteria and archaea, preventing damage to important 

cellular components caused by reactive oxygen species such as free radicals and 

peroxides. It is produced within the body and is rare in foods. One of major functions 

of glutathione is to protect DNA from oxidation, but it also detoxifies carcinogens, 

boosts the immune system, supports liver health and reduces inflammation (Joseph 

et al., 2002).  

 

2.4.2 α-Lipoic acid 

Like glutathione, α-lipoic acid is a vital antioxidant present in some food and mostly 

produced in the body. It is known to be important for energy metabolism and its 

antioxidant activity may protect against chronic diseases. In addition, it may improve 

memory (Joseph et al., 2002). According to Berkson (1998), it is a remarkable 

antioxidant that may slow ageing, repair liver damage and diminish the risk of heart 

disease, diabetes and cancer. 

 

2.4.3 D-Glucaric acid 

D-Glucaric acid (GA) is a nontoxic, natural compound (Walaszek et al., 1997). It is 

believed that D-glucaric acid may lower blood cholesterol (Joseph et al., 2002). 

 

  

http://www.webmd.com/skin-beauty/default.htm
http://europepmc.org/abstract/MED/9101079/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A16002
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2.4.4 Coenzyme Q10 

Another endogenous compound, coenzyme Q10 is a critical component in energy 

metabolism. It also acts as an antioxidant in cell membranes and lipoproteins. This 

compound is present in foods such as meat, fish and oils, but spinach is one of the 

vegetable sources. It is thought that it may prevent cardiovascular disease by lowering 

levels of homocysteine, a compound associated with the development of heart disease 

(Joseph et al., 2002).  

 

2.4.5 Chlorophyll content 

Not much is known about the health effects of chlorophyll, the primary photosynthetic 

pigment which causes the green colour in plants. There have been reports that it may 

protect against some form of cancer, as it binds to mutant DNA and prevents it from 

proliferating. As it is high in concentrations in so many edible plants, it may be 

associated with some protective effects observed with diets rich in green vegetables 

(Fahey et al., 2005).  

 

2.5 THE HEALTH BENEFITS OF BABY SPINACH 

2.5.1 Introduction  

Fruit and vegetables contain a wide range of substances that are suggested to be part 

of these health-enhancing effects. Numerous studies have been conducted with 

regard to the health benefits of fruits and vegetables. There is strong evidence that a 

diet rich in fruits and vegetables has a positive result on human health, offering 

protection against degenerative diseases of ageing, such as heart disease, 

cardiovascular disease, Alzheimer’s disease, cataracts and several forms of cancer 

(Williamson, 1996; Liu et al., 2000; Gandini et al., 2000; Liu et al., 2001; Joshipura et 

al., 2001; Kang et al., 2005).  

 

Fruits and vegetables are known for being rich in both micronutrients and 

phytochemicals (Hedges and Lister, 2007).  Important micronutrients such as vitamins, 

minerals, fruit and vegetables contain other compounds that may have a positive result 

on human health. Phytochemicals such as carotenoids, flavonoids and other 

polyphenols, phenolic acids, glucosinolates, allylic sulphides, isothiocyanates, dietary 
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fibres, phytosterols and monoterpenes promote human health (Lister, 1999; Kris-

Etherton et al., 2002).  

 

These are the health benefits shown by different human and animal studies in relation 

to spinach consumption:  

 

2.5.2 Protection against ageing and improves brain function 

- Spinach protects brain function from premature ageing and slow old age's 

typical negative effects on mental capabilities by preventing the harmful effects 

of oxidation on brain (Wang et al., 2005). 

-  One of the major health benefits of spinach is credited to carotenoid 

compounds, those are lutein and zeaxanthin, is that of protecting against eye 

diseases such as macular degeneration (gradual loss of central vision, 

associated with old age). More studies also indicated that spinach extracts and 

spinach compounds may delay or retard age-related loss of brain function, 

reduce the extent of post-ischaemic stroke damage to the brain. (Hedges and 

Lister, 2007; Christen et al., 2000; Morris, 2006). 

 

2.5.3 Cancer-fighting antioxidants  

- As spinach is rich in vitamin A and flavonoids, and those compounds which are 

known to help the body protected from lung and oral cavity cancers. Moreover, 

spinach leaves are believed to protect human body from cancers of colon and 

prostate (Byers and Perry, 1992). A study that was conducted on New England 

women who had less prevalence of breast cancer among those who ate spinach 

regularly. Moreover, a study with laboratory animals showed that spinach 

extracts can reduce skin cancer and have potential to slow down stomach 

cancer (Gates et al., 2007; Longnecker et al., 1997; Williamson, 1996).   
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2.5.4 Promotion of heart health 

- Spinach is an excellent promoter of cardiovascular health (Blomhoff, 2005). 

Regular consumption of spinach in the diet helps to protect human body from 

cardiovascular diseases. The antioxidant properties of spinach work collectively, 

to support good cardiovascular health by preventing the harmful oxidation of 

cholesterol (Blomhoff, 2005; Lucarini et al., 2006). 

 

2.5.5 Assistance in fetal development 

- Spinach contains amounts of many B-complex vitamins such as vitamin-B6 

(pyridoxine), vitamin-B1 (thiamin), riboflavin, folates and niacin. Folates help 

prevent neural tube defects in the offspring (Bernhoft, 2010). 

- It is also a good source of Omega-3 fatty acids. Enough consumption of Omega-

3 fatty acids is vitally important for pregnant woman as they are critical building 

blocks of fetal brain and retina. Omega-3 fatty acids may also play a role in 

determining the length of gestation as well as prevent perinatal depression 

(Jensen, 2006). 

2.5.6 Promotion of body health 

- Spinach leaves are an excellent source of vitamin K. Vitamin K plays a vital role 

in strengthening the bone mass by promoting osteotrophic (bone building) 

activity in the bone (Shearer, 2009). Regular consumption of spinach in the diet 

helps prevent osteoporosis (weakness of bones), and iron-deficiency anemia 

(Bernhoft, 2010).  

- Spinach is rich in vitamin C which helps the body to develop resistance against 

infectious agents and scavenge harmful oxygen-free radicals. It also rich in 

minerals such as potassium, manganese, magnesium, copper, iron and zinc. 

Potassium is an important component of cell and body fluids which help to 

control heart rate and blood pressure. Manganese and copper are used by the 

body as co-factors for the antioxidant enzyme, superoxide dismutase 

(McDowell, 1992). Copper is required for producing red blood cells. Zinc is a co-

factor for many enzymes that regulate growth and development, sperm 

generation, digestion and nucleic acid synthesis. Magnesium in spinach works 
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towards healthy blood pressure levels. Iron is an important trace element 

required by the human body for red blood cell production and is a co-factor for 

oxidation-reduction enzyme, cytochrome-oxidase during cellular metabolism 

(Jensen, 2006; Hotz and Brown, 2004). 

 

2.6. THE VARIATIONS IN CONCENTRATION OF BIOACTIVE COMPOUNDS   

2.6.1 Introduction  

The variations in concentration of bioactive compounds in fruits and vegetables have 

been observed in numerous studies.  The concentration of bioactive compounds in 

fruits and vegetables are definitely changing and are influenced by numerous pre- and 

postharvest factors (Bergquist, 2006).  These factors include cultivar, soil type, 

fertilization, irrigation, the degree of maturity at harvest, harvesting, storage and 

method of processing (Hedges and Lister, 2007). Variations can be higher or lower 

concentrations of a certain compound as a result of these factors (Bergquist, 2006). 

The following are the factors affecting or have some influence on the concentrations 

of bioactive compounds in spinach. 

 

2.6.2 Factors affecting concentrations of bioactive compounds in baby spinach 

leaves 

2.6.2.1 Cultivar 

The fact of inter-cultivar variation in general is well established. A study of eleven 

commercial lines and fifteen breeding lines showed large variations in antioxidant 

activity and phenolic content (Hedges and Lister, 2007). Variations were also notable 

by growing season, with significantly higher levels of antioxidant activity and phenolic 

content in over-winter spinach (Howard et al., 2002).  

 

2.6.2.2 Genetic variation 

Another study also showed phenolic content variation according to genotype, as well 

as level of maturity, with quantities significantly higher at the mid-maturity stage 

(Pandjaitan et al., 2005). Genetic factors thus have a large influence on the content of 

bioactive compounds in fruit and vegetables. Variation between cultivars of the same 

species may also be large (Mercadante and Rodriguez-Amaya, 1991; DuPont et al., 
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2000; Howard et al., 2002). Ascorbic acid is found in vegetables in widely varying 

concentrations (Lee and Kader, 2000). 

 

2.6.2.3 Climatic requirements 

Climatic conditions have a strong effect on the concentration of bioactive compounds 

(Weston and Barth, 1997). Climatic factors differ with growing site, and during the 

season (Howard et al., 2002). Temperature, both in terms of average temperature and 

the extremes during the growth period, may influence the chemical composition 

(Weston and Barth 1997; Lefsrud et al., 2005). 

 

2.6.2.4 Agronomic practices 

Agronomic practices, such as nutrient and water availability, also have influence on 

the bioactive compounds (Weston and Barth, 1997). There are many contributing 

factors in terms of fertilizer application that can influence the concentrations of 

bioactive compounds. To predict the response of bioactive compounds to nitrogen 

fertilizer may be complicated. The results may show both increasing and decreasing 

concentrations due to fertilization. This may depend on how plant growth responds to 

the fertilisation (Mozafar, 1993). Nitrogen fertilisation may also enhance foliage, 

reduce light intensity reaching shaded parts of the plant and this may affect the 

concentration of the bioactive compounds (Mozafar, 1994; Lee and Kader, 2000).  

 

2.6.2.5 Method of processing 

Processing, such as freezing, influences the nutrients in spinach. The amounts of 

some nutrients such as vitamin C and folate are reduced with freezing, but others, 

such as β-carotene, lutein and zeaxanthin, are improved (Hedges and Ledger, 2007). 

Cooking has influence over nutrients in spinach. Cooking has both positive and 

negative effects on nutrients (Joseph et al., 2002). It can reduce vitamin C and folate, 

on the other hand it can increase the bioavailability of total carotenoid content like β-

carotene and lutein and zeaxanthin. Light cooking or steaming is often recommended 

to enhance carotenoid bioavailability while minimising the loss of other nutrients 

(Joseph et al., 2002). 
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2.6.2.6 Harvesting factors 

There is considerable variation in the concentration of bioactive compounds during 

growth and maturation of fruits and vegetables. The variation is most likely or obvious 

in fruit ripening, where the carotenoids or flavonoids provides the colour of the ripe 

fruit (Kalt, 2005).  

 

Harvesting baby spinach leaves early, while they are slightly smaller than at 

conventional harvest, may give increased concentrations of bioactive compounds. 

Harvesting later than the current conventional time may give a higher yield of bioactive 

compounds, but the concentrations may not be improved although some compounds 

are likely to be higher at a later harvest (Bergquist, 2006). 

 

Timing of harvest during the day is also of significance, as there may be great variation 

in the concentrations during the day, probably related to water content (when 

concentrations are given on a fresh weight basis) or to light intensity (Mozafar, 1994; 

Veit et al., 1996).  

 

2.6.2.7 Storage 

Storage environment after harvest may have a significant influence on the 

concentrations of bioactive compounds (Kalt, 2005). Storage not only affects the 

concentration of these compounds, but the concentration of these compounds may 

affect storability as well. Baby spinach is generally sold fresh in polypropylene bags 

and the maximum storage time is about 10 days (Lucier et al., 2004; Bergquist, 2006).  

 

Temperature plays an important role in storability and it should be managed well to 

enhance storability. Storability can be significantly enhanced by lowering 

temperatures, increasing humidity and by modifying the surrounding atmosphere. 

Temperature must be managed well during storage as it can result in deterioration of 

baby spinach (Wills et al., 1998).  Appropriate temperature is crucial for keeping the 

quality of harvested fruits and vegetables, both in terms of appearance and 

biochemical composition. A lower temperature decreases metabolic rates and thereby 

slows down deterioration. However, very low temperatures may also impose 

problems, for example freezing reduces vitamin C in spinach. Recommended storage 

temperature is close to 0°C (Wills et al., 1998).  
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The storage period is also of major importance, since the concentrations change over 

time. Light conditions during storage generally affect concentrations of bioactive 

compounds as well. Lighted storage may also increase ascorbic acid production 

(Toledo et al., 2003). Carotenoids, on the other hand, may extremely decline if 

vegetables are stored in light (Kopas-Lane and Warthesen, 1995).  

 

2.7 THE AGRONOMIC MANAGEMENT OF BABY SPINACH 

2.7.1 Seeding/Planting 

Spinach is commonly sown into rows spaced 20-30 cm apart. In recent years, growers 

have experimented with spinach being grown in rows 5 cm apart and seed spaced 5 

cm apart in the row. Spinach is seeded on raised beds with 10-20 rows in the bed. A 

bed that is raised a few centimetres will aid in air and water drainage. For the baby 

spinach market, commercial growers have been experimenting with seeding in rows 

spaced 5 cm apart and seeds spaced 1-1.5 cm apart in the rows. 2-5 rows of spinach 

are grown on raised beds which could be 50-100 cm wide (Respondek and Zvalo, 

2008).  

 

2.7.2 Soils 

Spinach grows well on a variety of soils, although fertile, sandy loams with high organic 

matter content are preferred. Spinach grows well on well drained sandy loams or 

loams high in organic matter. Soil sampling and testing must be done before planting 

and regularly to determine the soil pH. Spinach is not tolerant to acidic soils; therefore 

soil pH should be between 6 and 6.8. Spinach is not tolerant to acidic soils, therefore 

it is recommended to take samples regularly to ensure the right soil pH. Soils with 

good drainage and that warm up early in the season are recommended for spinach 

especially early and over wintered crops should be planted on such soils (SADAFF, 

2010).  
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2.7.3 Irrigation 

Baby spinach has a relatively shallow root system and thrives on frequent, short 

irrigations to maintain uniformly moist soil for maximum leaf production (Bergquist, 

2006). Spinach requires a regular supply of moisture since it is a shallow rooted crop 

and should receive 25 mm of water every five days from rainfall or irrigation. The first 

five days of plant growth (germination and seedling emergence) are very moisture 

dependant and require 5 mm-12 mm of water. (Respondek and Zvalo, 2008; Joseph 

et al., 2002).  

 

2.7.4 Fertilization 

Fertilization is one of the most practical and effective pre-harvest methods to regulate 

and increase yield and nutritional quality of crops for human consumption (Fallovo, 

2009).  

Recommendations for supplemental organic matter, inorganic fertilizer, lime or 

manure should be based on a soil test and a nutrient management plan. Nutrient 

management plans balance the crop requirements and nutrient availability with the 

aim to optimize crop yield and minimize ground water contamination, while improving 

soil productivity. If spinach is stressed by a lack of nutrients, growth is retarded and 

the plants are more prone to bolting (Respondek and Zvalo, 2008). 

 

Mineral nutrients are very important in vegetable production to maximize yield and to 

enhance quality. Fourteen mineral nutrients known, and these are classified as either 

macronutrients or micronutrients based on their plant requirements. Six 

macronutrients: Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), 

magnesium (Mg), and sulphur (S), and these are often classified as ‘primary’ 

macronutrients, because deficiencies of N, P and K are more common than the 

‘secondary’ macronutrients, Ca, Mg, and S. The micronutrients include boron (B), 

chlorine (Cl), copper (Cu), iron (Fe), manganese (Mn), molybdenum (Mo), nickel (Ni) 

and zinc (Zn) (Wiedenhoeft, 2006). 
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2.7.4.1 Nitrogen 

Nitrogen is used by the plant to produce leafy growth and formation of stems and 

branches. Plants most in need of nitrogen include grasses and leafy vegetables such 

as cabbage and spinach. Basically, the more leaf a plant produces, the higher its 

nitrogen requirement (Wiesler, 1998). Nitrogen supply is one of the major 

environmental factors that control plant mechanisms and is closely correlated to crop 

quality. The effects of N on spinach on the content of nitrate, oxalic acid, vitamin C 

and other antioxidants have been reported in previous studies (Elia et al., 1998; 

Zornoza and Gonzalez 1998; Logan et al., 1999). The management of nitrogen 

fertilizer supply is important, particularly to ensure the adequate levels for normal plant 

growth and the levels that are suitable for human consumption (Maereka et al., 2007) 

as per WHO standards. 

Baby spinach is a short – season crop that is harvested when the crop is young. As a 

result, the nutrient uptake is relatively low. For instance, the nitrogen (N) content of 

spinach may vary from twenty pounds of nitrogen per acre (22 to 45 kg∙ha-1). Spinach 

is a medium – heavy nitrogen feeder (Hedges and Lister, 2007). Nitrogen encourages 

leaf growth so it is useful for lawns, houseplants, spinach or other leafy vegetables. 

Nitrogen supplied during growth greatly increases the size and quality of spinach. 

Good leaf coverage is also important for photosynthesis so virtually all plants need 

nitrogen but too much can make a plant soft (Cao et al., 1996). 

Autumn application of nitrogen is not recommended due to the risk of nitrate leaching 

beyond the root zone by the winter rains. Small quantities of nitrogen, 20 pounds per 

acre (22 kg∙ha-1) are applied before planting or at planting, an additional top dress or 

water – run application of 20 to 30 pounds of nitrogen per acre (22 to 34 45kg∙ha-1) is 

generally sufficient for baby spinach production. Soil nitrate levels greater than twenty 

parts per million in the top 15 cm are adequate for crop growth (Williamson, 1996). 

Increased additions of N usually result in increased yield of crop plants (Greenwood 

et al., 1980; Szwonek, 1986). However, toxicity from excessively high N 

concentrations is possible. Severe yield decrease was reported when cabbage 

(Brassica oleracea L. var. Capitata) was grown at elevated N rates (602 mg∙N L-1 

(Huett, 1989).  
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2.7.4.2 Phosphorus 

Phosphorus is essential for seed germination and root development. It is needed 

particularly by young plants forming their root systems and by fruit and seed crops. 

Root vegetables such as carrots, swedes and turnips obviously need plentiful 

phosphorus to develop well (King et al., 2008; Nielsen et al., 2001). 

 

Levels above 60 parts per million are adequate for spinach growth, for soils below this 

level, especially in winter, pre-plant applications of 20 to 40 pounds per acre of P2O5 

(22 to 45 kg∙ha-1) or applications of 20 pounds per acre of P2O5 at (22 to 45kg∙ha-1) 

planting are recommended (Joseph et al., 2002).  

 

2.7.4.3 Potassium 

Potassium is used in the process of building starches and sugars so is needed in 

vegetables and fruits. Potassium in the form of form of potash encourages flowering, 

fruiting and good colour (Bergquist, 2006). Potassium deficiency can results in 

decrease in both the number of leaves produced and the size of individual leaves. The 

reduction in both photosynthetic assimilates production and assimilate transport out of 

the leaves to the growing fruit significantly contributes to the undesirable 

consequences that shortages of potassium have on yield and quality determination 

(Pettigrew, 2008). Different nutrients and phytochemicals in fruits and vegetables, 

including potassium, may be independently or jointly responsible for an apparent 

reduction in cardiovascular disease risk (Ignarro et al., 2007).  

 

2.7.4.4 Lime  

On acidic soils, spinach has low germination, yellowing and browning of the leaf tips, 

the roots will burn and growth of the plant is slowed. If the soil pH is too high, chlorosis 

may result in leaves. Lime should be applied to maintain the soil pH in the range 6.5 

to 6.8. Spinach is very sensitive to soil acidity, therefore it is recommended to test the 

soil regularly to ensure the maintenance of pH in the acceptable range (Respondek 

and Zvalo, 2008).  
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2.7.5 Harvest 

Harvesting for baby spinach can begin as early as a month after sowing, few leaves 

from each plant can be harvested. Bigger leaves can be pinched off right at the base 

of the plant, leaving the smallest leaves for next harvest. Leaves can be harvested 

when they are 3-4 inches tall at 35 days after planting (USDA, 2005; Gandini et al., 

2000). The entire plant can be harvested when it reaches maturity, just prior to bolting. 

The time of harvest is crucial as there may be variations in the concentrations on 

chemical composition during the day as result of pre-harvest factors such as water 

availability and light intensity (Mozafar, 1994). Harvested spinach can be kept in a 

moisture-retentive container in the refrigerator for as long 40-50 days (Gandini et al., 

2000). 

 

2.7.5.1 Postharvest handling  

Spinach is fairly perishable and yellows when stored at higher than recommended 

temperatures. Spinach must be stored in low temperatures of 0°C-5°C (Lucier et al. 

(2004). Lower temperature has positive effect on ascorbic acid and carotenoids 

content (Kalt, 2005). The content of ascorbic acid in spinach rapidly decreases during 

storage at ambient temperature (Beuscher et al., 1999). However, the main cause of 

postharvest losses is decay related with mechanical damage during harvest and 

postharvest processes. Spinach has a large surface-to-weight ratio and a very high 

respiration rate, it should be cooled rapidly to prevent excessive weight loss and 

wilting. Spinach is sensitive to ethylene (increases yellowing and may increase decay) 

and moderately sensitive to freezing injury after harvest (Pellegrini et al., 2003; 

Respondek and Zvalo, 2008). 

 

Spinach can be stored for 10-14 days at a temperature of 0°C and a relative humidity 

of 95-100%. Wilting, yellowing of leaves and decay are likely to occur after 10-14 days 

of storage (Pellegrini et al., 2003). Spinach is very sensitive to ethylene and should 

not be stored or transported with apples, melons or tomatoes because accelerated 

yellowing may result (Respondek and Zvalo, 2008). 

 

 

  



Page | 27 
 

2.8 BRIEF SUMMARY OF THE LITERATURE REVIEW 

Spinach is known for being nutritious vegetable, with wide range of vitamins and 

minerals. This review states very clearly the importance of baby spinach in terms of 

human health as it is rich in nutrients which can prevent deficiency diseases and are 

essential for normal physiological function, and phytochemicals which are believed to 

help prevent chronic health problems such as cancer and heart disease, as well as 

other health problems associated with ageing. Both minerals and phytochemicals are 

essential to promote good health.  

The study discussed the agronomic management of baby spinach from planting to 

harvesting. Agronomic practices such as soil requirements, water availability and 

nutrition were conferred. It is crucial for these requirements to be adequate for the 

maximisation of yield and enhancement of quality.  

Pre-harvest and post-harvest factors have effects on minerals and phytochemicals in 

vegetables. These factors may lead to lower or higher concentrations (Bergquist, 

2006). Agronomic practices such as the selection of suitable planting material, field 

preparation, fertilizer application, weeding and irrigation have influence on 

phytochemicals in vegetables. Genetic factors, cultivar selection, harvesting and 

storage also have influence on the phytochemicals in baby spinach. All these factors 

and their influence on the phytochemicals in baby spinach were discussed.  Good 

agricultural practices remain the key in the production of vegetables for the 

maximisation of yield and enhancement of quality. It is without a doubt that agronomic 

practices such as fertilization are important in relation to quality, and proper 

management of such factors is essential in vegetables. 

 

Therefore, this present review serves as groundwork to a research to investigate and 

determine the effects of nitrogen, phosphorus and potassium fertilization on bioactive 

compounds (antioxidants, flavonoids, total phenolic content and carotenoids) of baby 

spinach. The importance of baby spinach in human health can never be over-

emphasized; therefore it is crucial to investigate agronomic practices such as mineral 

nutrition (nitrogen, phosphorus and potassium fertilization) that can enhance the 

quality of baby spinach. This can contribute to South African food security and 

olericultural industry.  
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CHAPTER 3  

3. DESCRIPTION OF STUDY AREA AND RESEARCH METHODOLOGY 

3.1 INTRODUCTION 

This section of thesis deals with the details of experiments which have been carried 

out. Chapter 3 provides a description of the study area, followed by a clarification of 

data collection methods and analyses techniques. The study employed quantitative 

research approach to address its objectives.  

 

3.2 MATERIALS AND METHODS 

3.2.1 Experimental site 

The study was carried out at Agricultural Research Council  - Vegetable and 

Ornamental Plant Institute (ARC-VOPI) in Roodeplaat farm, situated in the sourish mix 

of bushveld, 25 km north of central Pretoria, KwaMhlanga (R573) road; GPS 

coordinates: 25,56S;28,35E (Gauteng province, South Africa).  The area is a relatively 

cool subtropical climate with summer rainfall and cold, dry winter.  

 

3.2.2 Experimental site design and treatment details  

3.2.2.1 Experimental site design 

Baby spinach (Spinacia oleracea L.) cv. Ohio was used as a model crop in the studies 

reported in this thesis. Three trials were conducted to determine the optimum fertilizer 

rate(s). Seedbeds were prepared and filled with virgin red soil.  A total of twelve 

seedbeds were prepared for all three trials. Each trial had five treatments, replicated 

four times. For each trial, four seedbeds were allocated and twenty plots were 

demarcated for planting. Each experimental plot size was 1.2m x 1m. 

 

Timed sprinkler irrigation system was used for irrigation. All trials were planted twice 

at different times under a protected environment and planting of seedlings was done 

from February to March 2014 for first the 1st planting of trials and from April to June 

2014 for the 2nd planting of trials. Spinach seeds were sown in seed trays filled with 

agro mix as a growing medium and later transplanted into beds. Thirty seedlings were 

transplanted into three rows on each plot with 20 cm between rows and 10 cm between 

plants. The 1st and 3rd rows were border plants, and the 2nd row was the net plot. 

Samples were collected only from the data plants as displayed below in Plate 1. 
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Plate 1: A bed of baby spinach demarcated into five different plots and five different treatments 

of N, P and K as shown in Table 2 

 

The spinach was grown and harvested after 35 to 45 days. The leaves were harvested 

manually using sharp scissors by simply cutting the leaves at the stem as 

demonstrated in Plate 2. Each trial was harvested twice at 35 days and 45 days as 

last harvest. The outer oldest leaves were harvested first and the centre of the plant 

was harvested as those leaves matured. This method was used to allow it to re-sprout 

and give another partial harvest. After harvest, the samples were labelled accordingly, 

weighed for fresh mass and oven dried for 48 hours at 35°C.  
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Plate 2: Manually harvesting of baby spinach using sharp scissors 

 

3.2.2.2 Treatment details 

Three (N, P, and K) parallel trials were conducted under protected environment. 

Treatments consisted of 0, 45, 75, 105, 120 kg∙ha-1  N;  0, 45, 75, 105, 120 kg∙ha-1  P 

and 0, 60, 85, 106, 127, 148 kg∙ha-1 K in a RCBD with five treatments replicated 4 

times as shown in Table 1. Fertilizer sources applied were Limestone Ammonium 

Nitrate (LAN, N = 28%) for N trial, Superphosphate (P = 83%) for P trial and Potassium 

Chloride (K = 50%) for K trial.  N, P and K fertilizers were applied as side dressing 

applications in the form of granules at two weeks after sowing.  
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Table 2: Treatment arrangement for Nitrogen (N), Phosphorus (P) and Potassium (K) trials 

N P K trial treatments 

Applied Nitrogen  (kg/ha) Applied Phosphorus (kg/ha) Applied Potassium (kg/ha) 

0 0 0 

45 45 60 

75 75 85 

105 105 127 

120 120 148 

Z 22-45N, P kg∙ha-1ha and 63 -138K kg∙ha-1 recommended rates in California, USA, from 

growers without published scientific work. 

 

 

 

Plate 3: Three parallel NPK trials layout 
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After the first experiment of N, P, K was conducted and completed as shown in Table 

1, the results were analysed and the optimum rates of nitrogen, phosphorus, 

potassium were recorded. The maximum rates where the concentrations on bioactive 

compounds in baby spinach increased were used to conduct the second experiment 

of this study which was NPK treatments combinations. The trial consisted of five 

treatments and replicated four times. The treatment combinations were arranged as 

follows: 0, 30:30:48; 45:45:60; 60:60:78; 75:75:93. 

 

3.2.3 Visual appearance 

The variations in growth as a results of different levels of NPK treatments as shown in 

Plate 4. 

 

Plate 4: Two plots of baby spinach displayed the variations in growth and leaves 

appearance in different NPK treatments  
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3.2.4 Chemical analyses of bioactive compounds  

After harvest, the leaf samples were collected in paper bags, labelled accordingly, 

weighed for fresh mass and oven dried for 48 hours at 35°C, and the compounds were 

extracted using suitable solvents.  Dry weights of the plants were taken prior to 

grinding the leaf samples in a laboratory mill. After grinding, these samples were 

placed in a dry place until the chemical determinations could be made. Analyses of 

the bioactive compounds were conducted using reversed-phase high-performance 

liquid chromatography.  

 

3.2.4.1 Trace element content 

The minerals, magnesium, iron, zinc and selenium were determined in a dilute solution 

of the ashed samples by atomic absorption spectrophotometer (3300 Perkin-Elmer) 

as described in Official Methods of Analysis of the Association of Official Analytical 

Chemists (AOAC), edited by Horwitz (2000). The results were expressed on a dry 

weight basis.  

 

3.2.4.2 Total phenolic content 

About 15 g of finely ground leaf material was sieved. Total polyphenol concentrations 

were determined using the Folin-Ciocalteu the method by Waterman and Mole (1994) 

as described by Mudau et al. (2006).  

 

3.2.4.3 Total carotenoid content 

About 15 g of finely ground leaf material was sieved. For carotenoids gradient a 

reversed-phase HPLC elution was used, β-carotene for the carotenoids as described 

by Bergquist, et al. (2005). The detector used for quantification purposes and 

identification of carotenoids was a diode array detector. Total carotenoid content was 

described as mean ± standard deviation in mg 100 g–1 dry mass (Müller, 1997). 
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3.2.4.4 Total antioxidant activity  

About 15 g of finely ground leaf material was sieved. For antioxidants, TEAC (Trolox 

equivalent antioxidant capacity technique was used as described by Miller et al. 

(1993).TEAC is a spectrophotometric technique that measures the relative ability of 

hydrogen-donating antioxidants to scavenge the ABTS+ radical cationchromogen in 

relation to that of Trolox, the water soluble vitamin E analogue which is used as an 

antioxidant standard. The ABTS+ which was produced by mixing equal volume of 8mM 

ABTS with 3mM potassium persulfates was prepared in distilled water and allowed to 

react in the dark for at least 12 hours at room temperature before use. The ABTS+ 

solution was diluted with a phosphate buffer solution (pH 7.4) mixed with 0.2 M of 

NaH2PO4, 0.2 M NaHPO4 and 150mM NaCl in 1 litre of distilled water, with pH 

adjustment using NaOH when necessary. A freshly-prepared solution was used for 

each analysis. The ABTS+ solution (2900µl) was added to the methanol extracts of 

baby spinach (100 µl) of Trolox in a test tube and mixed. Absorbencies reading (at 

734nm) were taken after 30 minutes (for the samples) and 15 minutes (for the 

standard) of the initial mixing of the samples and standard, respectively. The results 

were expressed as µM Trolox equivalents /g of sample on dry weight basis. 

 

3.2.4.5 Total flavonoid content 

About 15 g of finely ground leaf material was sieved. Flavonoids were analyzed by 

reversed-phase HPLC, as described by Bergquist et al. (2005). For flavonoids gradient 

a reversed-phase HPLC elution was used. Flavonoids were identified using LC-

MS/MS (liquid chromatography combined with mass spectrometry). Samples were 

extracted in triplicate under dim green light, using 60 mg plant material with 5mL 40% 

methanol. Before choice of solvent, different compositions of the extraction solution 

(40, 50 and 85% methanol or ethanol in water) were tested. The samples were shaken 

for 20 h at 4°C, 150 rpm and centrifuged at 10 000 × g at 4°C for 10 min. The 

supernatants were transferred to glass vials and stored at −80°C until analyzed by 

HPLC. Flavonoids concentration was quantified at 340nm using an external 

spiraeoside standard (Extrasynthese, Lyon, France). The flavonoids were identified by 

comparing retention times and absorption spectra with compounds previously 

identified by LC–MS/MS. 
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3.2.4.6 Vitamin C 

Ascorbic acid (vitamin C) content was determined titremetrically by the method of 

Barakat et al. (1973). This method is as described by AOAC (1999). Ascorbic acid 

content was expressed as mg/100 g, dry weigh basis.  

 

3.2.4.7 Method for N (nitrogen) determination 

About 15 g of finely ground leaf material was sieved for N determinations on a Carlo 

Erba NA 1500 C/N/S Analyzer, using approximately 8 to 14 mg sample weighed into 

a tin foil container for each determination as described by Matejovic (1995); Jimenez 

and Ladha (1993). This method is a dry oxidation method generally known as the 

Dumas method.  The compound chosen for the calibration standard was the ethyl 

ester of 4-Aminobenzoic acid, which contains 8,48% N. PeakNet software (Dionex 

Corporation, May 1998), with an external A/D interface (UI20 Universal Interface, 

Dionex) was used for data collection, peak integration, calibration and computation of 

concentrations (Dionex Corporation, 1998). 

 

3.2.4.8 Sample extraction and determination of nitrate (and nitrite) 

A method described by Matejovic (1995); Jimenez and Ladha (1993) was used for 

extraction and determination of nitrate (and nitrite). Distilled water was used to extract 

a sub-sample of the sample, using 0.2g sample to 50ml water and shaken on a 

mechanical shaker for 30 minutes, before filtering for sample extraction for nitrate (and 

nitrite). Determination of nitrate (and nitrite) was conducted by analysing the water 

extract solution by ion chromatography, which detects nitrate as well as most of the 

other major anions (nitrite, chloride, fluoride, sulphate etc.), by separating the anions 

on an ion exchange column and detecting them with a conductivity detector.  
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3.2.4.9 Computation of protein N and protein 

The calculation of protein N was estimated using a method described by Matejovic 

(1995); Jimenez and Ladha (1993) where protein N was estimated by subtraction of 

the nitrate N from the total N.  

 
3.2.4.10 Method for perchloric + nitric acid sample digestion  

The method for perchloric + nitric acid sample digestion described by Zasoski and 

Burau 1977. 1g of sample was digested with 7ml HNO3 (conc. nitric acid) and 3ml 

HClO4 (perchloric acid) at temperatures up to 200°C and brought to volume in a 100ml 

vol. flask  

 

3.2.4.11 ICP-OES determination of P and K 

Unpublished method developed by Mike Philpott at ARC-ISCW, based on the 

recommended procedures in the instrument manual (Liberty Series II, 1997). An 

aliquot of the digest solution was used for the ICP-OES (Inductively Coupled Plasma 

Optical Emission Spectrometric) determination of P and K. The instrument used 

(Varian Liberty Series II) is a sequential instrument. The instrument was set up and 

operated according to the recommended procedures in the instrument manual.  
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3.2.5 Data collection 

For all the treatments, at harvest (31 March 2014; 7, 11, 18 April 2014; 9, 23 May 

2014; 27 June 2014 and 28 July 2014), fresh and dry shoot mass (g) weighed by 

Symmetry PR Precision Scale were recorded. Parameters recorded were total 

phenolic content, total antioxidant activity, total carotenoid content, total flavonoid 

content, vitamin C, magnesium, iron, zinc, selenium, total leaf tissue nitrogen, 

phosphorus and potassium. 

 

3.2.6 Statistical analyses.  

Data collected, were subjected to analysis of variance (ANOVA) using the GLM 

(general linear model) procedure of SAS, version 8.0. (SAS Institute, 1999). In all trials, 

treatment sums of squares were partitioned into linear and quadratic polynomial 

contrasts for total phenolic content, total antioxidant activity, total carotenoid content, 

total flavonoid content, vitamin C, magnesium, iron, zinc, selenium, total leaf tissue 

nitrogen, phosphorus, and potassium. 
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CHAPTER 4 

4. RESEARCH RESULTS AND DISCUSSION 

4.1 Research results 

This results section presents the findings of the study in relation to the research 

objectives based on the collected and analysed data. In these experiments, chemical 

composition analysis was done for minerals (magnesium, iron, zinc and selenium) and 

bioactive compounds (total phenolic content, total carotenoid content, total flavonoid 

content, total antioxidant activity and vitamin C). The results show the variations in 

bioactive compounds of baby spinach in relation to different rates of applied nitrogen 

phosphorus and potassium fertilizers as well as the NPK treatment combinations.  

 

4.2. Response of chemical composition of baby spinach to nitrogen nutrition 

Table 3 indicates the variations in concentration on total phenolic content, total 

antioxidant, total carotenoid content and vitamin C, magnesium, iron, zinc and 

selenium concentrations in baby spinach as a result of nitrogen applied at different 

rates.   
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Table 3: Response of chemical concentrations in baby spinach to different levels of nitrogen (N) nutrition (dry weight basis) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nitrogen 
Applied 

(kg⋅ha-1) 
Magnesium 

(ppm) 
Iron 

(ppm) 
Zinc 

(ppm) 
Selenium 

(ppm) 

Total 
Phenols 

(mg⋅g-1) 

Total 
Carotenoids 

(mg⋅g-1)  

Total 
flavonoid 
content 

(mg⋅g-1) 

Total 
Antioxidant 

Activity 

(mg⋅g-1)  

Vitamin 
C  

(mg⋅g-1)  

 
 

Protein 
N % 

 
 

Total  
N% 

 
 

Nitrate 
% 

 
Leaf 
protein 
%* 

Control 1.01a 0.91a 1.123a 0.001a 3.07b 0.89a 4.00b 0.49b 4.46b 1.34b 1.34b 0.02b 8.30b 
45 1.01a 0.11a 1.010a 0.001a 8.10a 1.01a 8.10a 3.01a 10.9a 4.01a 4.01a 0.04b 25.0a 
75 1.01a 0.91a 1.123a 0.001a 6.21a 1.50a 7.21a 2.13a 8.12a 4.26a 4.31a 0.23b 26.6a 
85 1.01a 0.01a 0.010b 0.001a 6.10a 1.48a 7.10a 2.01a 7.12a 4.22a 4.34a 0.57b 26.3a 
105 1.01a 0.91a 1.123a 0.001a 6.01a 1.39a 6.01a 2.00a 6.15a 4.22a 4.54a 1.33a 26.5a 
120 1.02a 0.89a 1.021a 0.001a 5.90b 1.39a 6.01a 1.90b 6.10b 4.20a 4.60a 1.40a 26.2a 

Significance NS NS NS NS Q NS Q Q Q Q Q Q Q 

  Linear (L) or quadratic (Q) effects significant at P = 0.05 (*), 0.01 (**) or non-significant (NS) 

  Means with the same letter are not significantly different at 5% level of probability 
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4.2.1. Response of minerals (Magnesium, Iron, Zinc and Selenium) to nitrogen 

nutrition 

Table 3 showed that different nitrogen levels did not have any significant effect on 

magnesium, iron, zinc and selenium concentrations of baby spinach leaves.  

 

4.2.2 Response of total phenolic content to nitrogen nutrition  

Results in Table 3 and Figure 3.1 show that Total phenolic content increased 

quadratically in response to nitrogen application. Total phenolic content level peaked 

at 45kg∙ha-1. The application of 45kg∙ha-1 improved the total polyphenol content 

reaching maximum at 8.1 mg∙g-1 (Table 3 and Figure 3.1). The total phenolic content 

increased from 0 to 45kg∙ha-1. The results showed that the total phenolic content of 

baby spinach deteriorated with increasing nitrogenous fertilizer rate ranges from 75 

to120 kg∙ha-1. The difference between the highest (8.1 mg∙g-1) and lowest (3.07 mg∙g-

1) mean value on Total phenolic content was 5.03 mg∙g-1 on dry mass basis (Table 3 

and Figure 3.1).  

 

 

Figure 3.1: Total phenolic content concentrations of baby spinach at different rates of 
nitrogen application (dry weight basis) 
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4.2.3 Response of total carotenoid content to nitrogen nutrition 

The results showed that different nitrogen levels applied did not have any significant 

effect on the carotenoids content of baby spinach leaves (Table 3). This suggests that 

there was no significant increase observed on the concentration of carotenoids 

regardless of the level of N applied. 

 

4.2.4 Response of total flavonoid content to nitrogen nutrition  

Concentration of total flavonoid content showed variations in baby spinach leaves 

(Table 3 and Figure 3.2). The lowest total flavonoid content in the baby spinach leaves 

concentration were 4.0 mg∙g-1 and the highest concentration was 8.1 mg∙g-1 (Table 3 

and Figure 3.2). All treatments significantly improved total flavonoid content. The 

significant increase ranges from 4.0 mg∙g-1 to 8.1 mg∙g-1 after treatments application. 

The difference between the lowest and the highest concentration of total flavonoid 

content in baby spinach leaves was 4.1 mg∙g-1 on dry mass basis. There were no 

differences between the N treatments. 

 

 

Figure 3.2: Total Flavonoid concentrations of baby spinach at different rates of nitrogen 
application (dry weight basis) 
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4.2.5 Response of total antioxidant activity to nitrogen nutrition 

The application of 45kg∙ha-1N improved the total antioxidant activity content reaching 

3.01 mg∙g-1 (Table 3 and Figure 3.3). The total antioxidant activity content of plants 

under 45 kg∙ha-1 was significantly higher compared to the control.  The significant 

increase ranges from 0.49 mg∙g-1 to 3.01 mg∙g-1 after treatments application. The 

difference between the highest and lowest mean value on total antioxidant activity 

content was 3.52 mg∙g-1 on dry mass basis (Table 3 and Figure 3.3).  

 

 

Figure 3.3: Total Antioxidant activity concentrations of baby spinach at different rates of 
nitrogen application (dry weight basis) 
 

 

4.2.6 Response of Vitamin C to nitrogen nutrition 

Results in Table 3 and Figure 3.4 showed that there was a variation in concentrations 

of vitamin C in baby spinach. Vitamin C was quadratically increased by application. 

Highest concentrations were at 45 kg∙ha-1. Vitamin C response to N occurred between 

0 to 45 kg∙ha-1. The lowest vitamin C in the leaves concentrations was 4.46 mg∙g-1 and 

the highest concentrations was 10.9 mg∙g-1 (Table 3 and Figure 3.4). The difference 

between the highest and lowest mean value on total antioxidant activity content was 

6.44 mg∙g-1 on dry mass basis (Table 3 and Figure 3.4). The control and 120 kg∙ha-1 

had significantly lower vitamin C content than the other N treatments. 
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Figure 3.4: Vitamin C concentrations of baby spinach at different rates of nitrogen 
application (dry weight basis) 

 

4.2.7 Percentage protein N  

Percentage protein nitrogen quadratically increased with increasing nitrogen ranging 

from 1.34% to 4.26% (Table 3 and Figure 3.5). Nitrogen application significantly 

increased % protein N of baby spinach compared to control reaching maximum at 45 

kg∙ha-1. The difference between the highest and lowest value was 2.92% (Table 3 and 

Figure 3.5). 

  

 

Figure 3.5: Leaf tissue nitrogen content in baby spinach 
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4.2.8 Percentage total N  

The highest percentage total nitrogen of 4.60% was observed at 120 kg∙ha-1, causing 

a linear response with high rates of nitrogen applied. The difference between the 

highest value and lowest value was 3.26 (Table 3 and figure 3.6).  

 

Figure 3.6: Total N% in baby spinach 

 

4.2.9 Percentage nitrate  

The results in Table 3 showed that there was a correlation between nitrogen applied 

and percentage leaf nitrate found in the leaves of baby spinach. Nitrate percentage in 

the baby spinach leaves increased with increasing nitrogen application reaching 

maximum of 1.40% at 120 kg∙ha-1 (Table 3). The difference between the highest and 

lowest value is 1.309% (Table 3).  
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4.3 Response of chemical composition and minerals to phosphorus nutrition  

Table 4 below indicates the variations in concentration on total phenolic content, total 

antioxidant activity, total carotenoid content and vitamin C, magnesium, iron, zinc and 

selenium in baby spinach as a result of phosphorus applied at different rates.   
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Table 4: Response of chemical concentrations in baby spinach to different levels of phosphorus (P) nutrition (dry weight basis) 

 

 

 

 

 

 

Phosphorus 
Applied 
(kg⋅ha-1) 

Magnesium 
(ppm) 

Iron 
(ppm) 

Zinc 
(ppm) 

Selenium 
(ppm) 

Total 
Phenols 
(mg⋅g-1) 

Total 
Carotenoids 

(mg⋅g-1)  

Total 
flavonoid 
content 
(mg⋅g-1) 

Total 
Antioxidant 

Activity 
(mg⋅g-1)  

Vitamin 
C  

(mg⋅g-1)  

 
 
% Leaf 
tissue 
P 

 
 
Protein 
%* 

Control 1.01a 0.91a 1.123a 0.221a 3.13b 0.89a 5.13b 3.50b 5.42b 0.526b 13.3c 
45 1.01a 0.11a 1.010a 0.201a 8.10a 1.01a 9.32a 4.01a 9.90a 0.968a 21.3b 
75 1.01a 0.81a 1.123a 0.211a 7.21a 1.60a 7.31a 2.93b 8.12a 0.948a 26.4a 
85 1.01a 0.21a 0.010a 0.201a 5.10b 1.58a 7.41a 2.81b 7.32a 0.950a 26.3a 
105 1.01a 0.91a 1.123a 0.221a 4.01b 1.49a 6.21b 2.5b 6.55b 1.115a 26.8a 
120 1.01a 0.002a 1.021a 0.201a 4.90b 1.39a 6.01b 2.4b 6.40b 1.119a 26.9a 

Significance  NS NS NS NS Q Q Q Q Q Q 

Linear (L) or quadratic (Q) effects significant at P = 0.05 (*), 0.01 (**) or NS 

Means with the same letter are not significantly different at 5% level of probability 
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4.3.1 Response of minerals to phosphorus nutrition 

Results in Table 4 showed that regardless of different levels of phosphorus applied, 

there was no significant effect on magnesium, iron, zinc and selenium concentrations 

of baby spinach.  

 

4.3.2 Response of total phenolic content to phosphorus nutrition 

Results in Table 4 and Figure 4.1 show that there was a quadratic increase of total 

phenolic content with application of phosphorus nutrition. In the P trial, total phenolic 

content reached their maximum at 45 kg∙ha-1 with total phenolic content concentration 

of 8.10 mg∙g-1. Most of total phenolic content response to P occurred between 0 to 75 

kg∙ha-1. The difference between the highest (8.10 mg∙g-1) and lowest (3.13 mg∙g-1) 

mean value on Total phenolic content was 4.97 mg∙g-1 on dry mass basis (Table 4 and 

Figure 4.1). The control and P rates above 75 kg∙ha-1 had similar Total phenolic 

content. 

 

 

Figure 4.1: Total phenolic content concentrations of baby spinach at different rates of 
phosphorus application (dry weight basis) 

 

4.3.3 Response of total carotenoid content to phosphorus nutrition 

Different levels of phosphorus applied did not have any significant effect on the total 

carotenoid content in baby spinach leaves with the lowest value of 0.89 mg∙g-1 and the 

highest value of 1.60 mg∙g-1 (Table 2). Thus, there was no significant increase on the 

concentration of carotenoids regardless of the levels of P applied.  
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4.3.4 Response of total flavonoid content to phosphorus nutrition 

The results showed that the total flavonoid concentration was quadratically increased 

by phosphorus nutrition. Highest concentrations were observed at 45 kg∙ha-1 (Table 4 

and Figure 4.2). Most of the total flavonoid content response to P occurred between 0 

to 45 kg∙ha-1. The highest total concentration of total flavonoid content was 9.32 mg∙g-

1and the lowest mean value was 5.13 mg∙g-1. The difference between the highest 

mean value and the lowest mean value is 4.19 mg∙g-1 (Table 4 and Figure 4.2). The 

control and P rates of 105 and 120 kg∙ha-1 achieved similar levels. 

 

 

Figure 4.2: Total flavonoid concentrations of baby spinach at different rates of phosphorus 
application (dry weight basis) 

 

4.3.5 Response of total antioxidant activity of phosphorus nutrition 

In the P trial, total antioxidant activity concentration reached their maximum at 45 

kg∙ha-1 with total antioxidant activity concentration of 4.01 mg∙g-1 (Table 4 and Figure 

4.3). Most of total antioxidant activity phenols response to P occurred between 0 to 45 

kg∙ha-1. The difference between the highest (4.01 mg∙g-1) and lowest (3.50 mg∙g-1) 

mean value on Total phenolic content was 0.5 mg∙g-1 on dry mass basis (Table 4 and 

Figure 4.3). Application of 45 kg∙ha-1 achieved significantly higher level of antioxidants 

than all other treatments. 
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Figure 4.3: Total antioxidant activity concentrations of baby spinach at different rates of 

phosphorus application (dry weight basis) 

 

4.3.6 Response of Vitamin C to phosphorus nutrition 

Results in Table 4 and Figure 4.4 showed a variation in concentrations of vitamin C in 

baby spinach. There was a quadratically increased in vitamin C due to phosphorus 

nutrition. Highest concentrations were at 45 kg∙ha-1. Vitamin C response to N occurred 

between 0 to 45 kg∙ha-1. The lowest concentration in vitamin C in the leaves of baby 

spinach was 5.42 mg∙g-1 and the highest concentrations was 9.9 mg∙g-1. The 

difference between the highest and lowest mean value on total antioxidant activity 

content was 4.48 mg∙g-1 on dry mass (Table 4 and Figure 4.4).  

 

Figure 4.4: Vitamin C concentrations of baby spinach at different rates of phosphorus 

application (dry weight basis) 
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4.3.7 Percentage leaf tissue P  

Percentage leaf tissue phosphorus was quadratically increased and ranged from 

0.526% to 0.968 % (Table 4 and Figure 4.5). Phosphorus applied significantly 

increased % leaf tissue P of baby spinach compared to control reaching maximum at 

45kg∙ha-1. The difference between the highest and lowest value was 0.442% (Table 3 

and Figure 4.5).  

 

 

Figure 4.5 Percentage leaf tissue P in baby spinach 

 

4.3.8 Protein % 

Protein percentage seemed to have increased at 75kg∙ha-1 which showed that there 

was a relationship between the nitrogen applied and protein found in the leaves of 

baby spinach. Increasing the rates of nitrogen applied to 120kg∙ha-1 did not exhibit 

protein content. The difference between the highest value and lowest value was 18.3% 

(Table 4 and Figure 4.6). 

 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Control 45 75 85 105 120

%
 L

e
af

 t
is

su
e

 P

P Kg∙ha-1



Page | 51 
 

 

Figure 4.6 Protein % in baby spinach 

 

4.4. Response of chemical composition and minerals to potassium nutrition  

Table 5 below indicates the variations on total phenolic content, total antioxidant 

activity, total carotenoid content and vitamin C, magnesium, iron, zinc and selenium in 

baby spinach as a result of potassium applied at different rates.   

 

 

 

 

 

 

 

 

 

 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

Control 45 75 85 105 120

P
ro

te
in

 %
*

P Kg∙ha-1

Protein %*



Page | 52 
 

 Table 5: Response of chemical concentrations in baby spinach to different levels of potassium (K) nutrition (dry weight basis) 

 

 

 

 

Potassium 
Applied 
(kg⋅ha-1) 

Magnesium 
(ppm) 

Iron 
(ppm) 

Zinc 
(ppm) 

Selenium 
(ppm) 

Total 
Phenols 
(mg⋅g-1) 

Total 
Carotenoids 

(mg⋅g-1)  

Total 
flavonoid 
content 
(mg⋅g-1) 

Total 
Antioxidant 

Activity 
(mg⋅g-1)  

Vitamin  
C 

 (mg⋅g-1)  

 

% Leaf 

tissue  

K 

 

Protein 

%* 

Control 1.23a 0.81a 1.123a 0.221a 1.01b 0.89a 3.01b 0.49b 3.51b 
4.61c 10.8b 

60 1.11a 0.11a 1.010a 0.201a 3.13b 1.89a 7.13a 0.50b 4.42b 
6.25b 14.3a 

85 1.12a 0.81a 1.123a 0.211a 7.10a 1.71a 7.10a 5.01a 7.90a 
6.63b 14.4a 

106 1.11a 0.21a 1.010a 0.201a 6.21a 1.50a 6.21a 3.13a 6.12a 
7.60a 11.1b 

127 1.11a 0.91a 1.123a 0.221a 5.10a 1.48a 6.10a 2.01a 5.12a 
7.49a 11.4b 

148 1.12a 0.82a 1.021a 0.201a 5.01a 1.39a      6010a 2.23a 5.15a 7.40a 11.5b 
Significance Ns Ns Ns Ns Q Q Q Q Q Q Q 

Linear (L) or quadratic (Q) effects significant at P = 0.05 (*), 0.01 (**) or NS 

Means with the same letter are not significantly different at 5% level of probability 
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4.4.1 Response of minerals in baby spinach in potassium nutrition 

Results in Table 5 showed that regardless of different levels of potassium applied, 

there was no significant effect on the minerals magnesium, iron, zinc and selenium 

concentrations of baby spinach.  

 

4.4.2 Response of total phenolic content to potassium nutrition 

The results in Table 5 and Figure 5.1 indicate that the total phenolic content 

concentration increased quadratically in response to potassium application. Total 

phenolic content concentration level peaked at 85kg∙ha-1. The application of 85kg∙ha-

1 improved the total polyphenol content reaching 7.10 mg∙g-1 (Table 5 and Figure 5.1). 

Most of the total phenolic content response to K occurred between 0 to 85 kg∙ha-1.  

The difference between the highest (7.10 mg∙g-1) and lowest (1.01 mg∙g-1) mean value 

on Total phenolic content was 6.09 mg∙g-1 on dry mass basis (Table 5 and Figure 5.1).  

 

 

Figure 5.1: Total phenolic content concentrations of baby spinach at different rates of 
potassium application (dry weight basis) 

 

4.4.3 Response of total carotenoid content to potassium nutrition  

Different levels of potassium applied did not have any significant effect on the total 

carotenoid content in baby spinach leaves. In K trial, there was no significant increase 

on the concentration of carotenoids regardless of the levels of K applied (Table 5).  
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4.4.4 Response of total flavonoid content to potassium nutrition  

The results showed that the total flavonoid concentration quadratically increased by 

potassium nutrition. Highest concentrations were observed at 63 kg∙ha-1 (Table 5 and 

Figure 5.2). Most of the total flavonoid content response to K occurred between 0 to 

85 kg∙ha-1. The highest total concentration of total flavonoid content was 7.13 mg∙g-

1and the lowest mean value was 3.01 mg∙g-1 (Table 5 and Figure 5.2).  The difference 

between the lowest and the highest mean values was 4.12 mg∙g-1. 

 

 

Figure 5.2: Total flavonoid concentrations of baby spinach at different rates of potassium 
application (dry weight basis) 
 

4.4.5 Response of total antioxidant activity to potassium nutrition    

The total antioxidant activity content peaked at 85 kg∙ha-1 reaching a maximum of 5.01 

mg∙g-1 (Table 5 and Figure 5.3).  The highest mean value was 5.01 mg∙g-1 and the 

lowest was 0.49 mg∙g-1. The difference between the highest and lowest mean value 

on total antioxidant activity content was 4.52 mg∙g-1 on dry mass basis (Table 5 and 

Figure 5.3).  
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Figure 5.3: Total antioxidant activity concentrations of baby spinach at different rates of 
potassium application (dry weight basis) 
 

4.4.6 Response of Vitamin C to potassium nutrition  

Results in Table 5 indicted that there was a variation in concentrations of vitamin C in 

baby spinach. Vitamin C was quadratically increased by nutrition. Highest 

concentrations were at 85 kg∙ha-1. Vitamin C response to N occurred between 0 to 85 

kg∙ha-1. The lowest vitamin C in the leaves concentrations was 3.51 mg∙g-1 and the 

highest concentrations was 7.90 mg∙g-1 (Table 5 and Figure 5.4). The difference 

between the highest and lowest mean value on total antioxidant activity content was 

4.39 mg∙g-1 on dry mass basis (Table 5 and Figure 5.4).  

 

-1

0

1

2

3

4

5

6

7

Control 63 85 106 127 148

To
ta

l a
n

ti
o

xi
d

an
t 

ac
ti

vi
ty

 A
ct

iv
it

y 
(m

g∙
g-1

)

K Kg∙ha-1



Page | 56 
 

 

Figure 5.4: Vitamin C concentrations of baby spinach at different rates of potassium 
application (dry weight basis) 

 

4.4.7 % Leaf tissue K  

Potassium applied significantly increased % protein content (value) of baby spinach 

compared to control reaching maximum at 45kg∙ha-1. The difference between the 

highest and lowest value was 2.88% (Table 5 and Figure 5.5).  
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Figure 5.5: % Leaf tissue K in baby spinach 

 

4.4.8 Protein % 

Protein percentage seemed to have increased at 63 kg∙ha-1 which showed that there 

was a relationship between the nitrogen applied and protein found in the leaves of 

baby spinach. Increasing the rates of nitrogen applied to 148 kg∙ha-1 did not exhibit 

protein content. The difference between the highest value and lowest value was 18.3% 

(Table 5 and Figure 5.6). 

 

Figure 5.6: Protein%* in baby spinach 
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4.5 Effect of combinations of different rates of nitrogen, phosphorus and 

potassium (NPK) fertilizers on chemical concentrations in baby spinach  

Table 6 below indicates the variations on total phenolic content, total carotenoid 

content, total antioxidant activity, total flavonoid content, vitamin C, magnesium, iron, 

zinc and selenium in baby spinach as a result of combinations of different rates of 

nitrogen, phosphorus and potassium fertilizers applied.  
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Table 6: Response of chemical composition in baby spinach to different levels of nitrogen (N), phosphorus (P), and potassium (K) treatment 

combinations nutrition (dry mass basis) 

 

 

 

 

 

Nitrogen/ 
Phosphorus
/Potassium 

Applied 
(kg⋅ha-1) 

Magnesium 
(ppm) 

Iron 
(ppm) 

Zinc 
(ppm) 

Selenium 
(ppm) 

Total 
Phenols 
(mg⋅g-1) 

Total 
Carotenoids 

(mg⋅g-1)  

Total 
flavonoid 
content 
(mg⋅g-1) 

Total 
Antioxidant 

Activity 
(mg⋅g-1)  

Vitamin 
C 

 (mg⋅g-1)  

 

 

Protein 

%* 

 

 

 

% N 

 

 

 

% P 

 

 

 

% K 

Control 1.23a 0.81a 1.123a 0.221a 1.01b 0.89b 3.01b 0.49b 3.51a 
20.0b 3.21b 0.19a 3.45b 

30:30:45 1.11a 0.11a 1.01a 0.201a 5.01a 1.89a 3.01b 4.49a 3.51a 
27.8a 4.51a 0.45a 5.90a 

45:45:60 1.12a 0.81a 1.123a 0.211a 6.13a 3.89a 7.13a 6.50a 4.42a 
25.4a 4.10a 0.49a 5.79a 

75:75:90 1.11a 0.21a 1.01a 0.201a 5.10a 1.71a 5.10a 3.01a 3.91a 
26.5a 4.30a 0.60a 5.86a 

60:60:75 1.11a 0.91a 1.123a 0.221a 4.21a 1.50a 4.21a 2.13b 2.12a 
27.1a 4.42a 0.53a 6.13a 

75:75:90 1.12a 0.82a 1.021a 0.201a 4.10a 1.48a 3.10a 2.01b 2.10a 
27.3a 4.47a 0.50a 6.19a 

Significance Ns Ns Ns Ns Q Q Q Q Ns Q Q Ns Q 

Linear (L) or quadratic (Q) effects significant at P = 0.05 (*), 0.01 (**) or NS 

Means with the same letter are not significantly different at 5% level of probability 

    



Page | 60 
 

4.5.1 Response of minerals in baby spinach to NPK nutrition  

The treatment combinations of NPK rates applied on baby spinach did not show any 

significance effect on the magnesium, iron, zinc and selenium concentrations (Table 6). 

Therefore, based on Table 6 there were no significant differences observed on minerals 

regardless of different treatment combinations of NPK applied (Table 6).  

 

4.5.2 Response of total phenolic content to NPK nutrition  

The treatments of N45, P45, K60 kg∙ha-1 improved the concentrations of total phenolic 

content (Tables 6 and Figure 6.1). This is in agreement with the treatment combination of 

NPK (45:45:60) which indicated a significantly increased of total phenolic content in baby 

spinach compared to the control. The mean value of total phenolic content at NPK 

combination (45:45:60) was 6.13 mg∙g-1 higher than all other treatments (Table 6 and 

Figure 6.1). 

 

 

Figure 6.1: Total phenolic content concentrations of baby spinach at different rates of NPK 
application (dry weight basis) 
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4.5.3 Response of total carotenoid content to NPK nutrition  

Total flavonoid content was not significantly affected by treatment combinations of NPK 

fertilizers, although the plants under N45, P45, K60 kg∙ha-1 had the highest total flavonoid 

content of 3.89 mg∙g-1 compared to other treatment combinations including the control 

(Table 6 and Figure 6.2). There was no significant difference in total carotenoid content 

among other treatment combinations of NPK. The difference between the highest mean 

value and the lowest mean value was 3 mg∙g-1. 

 

 

Figure 6.2: Total carotenoid content concentrations of baby spinach at different rates of NPK 
application (dry weight basis) 
 

 

4.5.4 Response to total flavonoid content to NPK nutrition  

Total flavonoid content was significantly affected by NPK treatment combinations. The 

plants under N45, P45, K60 kg∙ha-1 were significantly affected, reaching highest total 

flavonoid content of 7.13 mg∙g-1 compared to the control and other treatment 

combinations (Table 6 and Figure 6.3). There was no significant difference in total 

flavonoid content among other treatment combinations of NPK and a slight decrease in 

the total flavonoid content was observed with the maximum treatment combinations. 
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Figure 6.3: Total flavonoid concentrations of baby spinach at different rates of NPK application 
(dry weight basis) 
 

4.5.5 Response of total antioxidant activity content to NPK    

The effect of NPK on the antioxidant activities and components of baby spinach leaves is 

presented in (Table 6 and 6.4). The plants under N45, P45, K60 kg∙ha-1 had the highest 

antioxidant activity of 6.5 mg∙g-1 compared to other treatment combinations including the 

control (0 kg∙ha-1). The Total phenolic content of plants under N45, P45, K60 kg∙ha-1 was 

significantly higher than the plants under other NPK levels (Table 6 and Figure 6.4). 

 

 

Figure 6.4: Total antioxidant activity concentrations of baby spinach at different rates of NPK 
application (dry weight basis) 
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4.5.6 Response of Vitamin C content to NPK nutrition 

The results showed that NPK treatment combinations applied on baby spinach did not 

show any significance influence on the vitamin C content. 

  

4.5.7 Percentage protein content to NPK nutrition 

The treatment combinations of N30, P30, K48 (kg∙ha-1) increased leaf protein content 

percentage ranging from 20 to 27.8% (Table 6). Treatment combinations of N30, P30, 

K48 kg∙ha-1 significantly improved leaf protein content percentage (Table 6). 

 

4.5.8 Percentage leaf tissue N to NPK nutrition 

Percentage leaf tissue potassium was increased and ranged from 3.21 to 4.51% (Table 

6). The treatment combinations of N30, P30, K48 (kg∙ha-1) improved the concentrations 

of leaf tissue N (%) (Table 6) 

 

4.5.9 Percentage leaf tissue P to NPK nutrition 

All treatment combinations of NPK rates applied on baby spinach did not show any 

significance effect on percentage leaf tissue (Table 6) 

 

4.5.10 Percentage leaf tissue K to NPK nutrition 

Percentage leaf tissue potassium was increased and ranged from 3.45 to 6.19% (Table 

6).  
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4.6 DISCUSSION 

4.6.1 Introduction 

This section presents the findings of the study compared with related previous studies, 

looking at the similarities and the contrasts in the findings. The parameters recorded in 

this study included total phenolic content, total carotenoid content, total antioxidant 

activity, total flavonoid content, vitamin C, magnesium, iron, zinc and selenium.   

 

Marketable baby spinach production requires suitable levels of nitrogen (N), phosphorus 

(P), and potassium (K) to provide high-quality postharvest qualities required for longer 

shelf life and health benefits.  

 

The following findings are discussed in this section: the effect of different rates of N, P 

and K fertilizers and the NPK treatment combinations on chemical concentrations (total 

phenolic content, total carotenoid content, total flavonoid content and total antioxidant 

activity) and minerals (magnesium, iron, zinc and selenium) in baby spinach.  Therefore, 

the section deliberates on the outcomes of the study in an effort to consolidate and 

recommend the adequate NPK fertilizer rates or levels suitable for South African baby 

spinach production. 

 

4.6.2 The response of chemical concentrations and minerals to nitrogen nutrition 

in baby spinach 

Table 3 and Figures 3.1 to 3.6 showed the variation in chemical concentrations in the 

leaves of baby spinach as affected by applied different levels of nitrogen nutrition. 

  

The results showed that the application of nitrogen at different levels did not have any 

significant effect on magnesium, iron, zinc and selenium concentrations of baby spinach 

leaves (Table 3). These nutrients are present in smaller quantities in baby spinach, 

excluding iron which is regarded as one of the major nutrients in baby spinach (Hedges 

and Lister, 2007). On the contrary to the results of this study, Lefsrud et al. (2007) reported 

magnesium and zinc responded to nitrogen treatments, zinc decreased as nitrogen level 

increases while magnesium increases in response to increase in nitrogen treatment level. 
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Other findings by Wang et al. (2008) are that nitrogen fertilization increases the ratio of 

acids and sugars and reduces of calcium, magnesium and soluble sugars. Studies by 

Chenard et al. (2005) reported that leaf iron, manganese and molybdenum decreased 

with increases in nitrogen in nutrient solutions. Increasing solution nitrogen resulted in 

quadratic increases in leaf calcium, magnesium, sulfur and boron Chenard et al. (2005).  

 

In this study the results showed that Total phenolic content in baby spinach increased 

quadratically in response to different levels of applied nitrogen reaching a maximum at 45 

kg∙ha-1 as indicated in Table 3 and Figure 3.1. Increasing nitrogenous fertilizer rates had 

negative effect on total phenolic content of baby spinach as total phenolic content were 

the lowest at 120 kg∙ha-1N. This suggests that total phenolic content of baby spinach 

deteriorated with increasing nitrogenous fertilizer rates. The similar results were reported 

by Li et al. (2008) that total phenolic content decreased with increasing nitrogen 

application, the highest content was observed when the level of nitrogen was 100 kg∙ha-

1  

 

Clearly there was negative correlation between nitrogen application and Total phenolic 

content in the baby spinach leaves. The negative correlation between nitrogen application 

and Total phenolic content could be explained by the protein competition model (PCM) 

(Jones and Hartley, 1999). The PCM hypothesis makes a conditional prediction that there 

will be trade-offs between plant growth and Total phenolic content. This elucidates that 

when biomass increases in response to high nitrogen application, Total phenolic contents 

will decline because increased protein demand for growth will decrease dividing of carbon 

skeletons to Total phenolic contents (Jones and Hartley, 1999). Haukioja et al. (1998) 

stated that the contradiction of the results of total phenolic content were largely due to 

lower leaf nitrogen content, seemingly due to increase in carbohydrate concentration 

when plants were stressed. 

 

According to Bryant et al. (1983; 1987) the carbon/nutrient balance (CNB) hypothesis 

suggest that growth is limited by deficiencies in carbon or nitrogen while rates of 

photosynthesis remain unaffected, and the following reduced growth results in the more 

http://hortsci.ashspublications.org/content/42/2/334.full#ref-8
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abundant resource being invested in improved defence (mass-balance based allocation). 

Other studies showed  when there is deficiency in nitrogen or nitrogen applications that 

significantly depressed yield resulted in the highest content of phenolic compounds in 

Chinese cabbage (Zhu et al., 2009), broccoli heads (Jones et al., 2007), lettuce (Coria-

Cayupan et al., 2009). This suggests that there was a strong trade-off in nutrients directed 

towards the production of total phenolic content.   

 

The results showed that different nitrogen levels applied did not have any significant effect 

on the total carotenoid content of baby spinach leaves (Table 3). This suggests that total 

carotenoid content did not respond to any level of nitrogen applied. These results are 

contrary to the results reported in other studies, where the mid-range applications of 

nitrogen were most effective in lettuce at 0–1.6g∙100g (Coria-Cayupan et al., 2009).  

Lefsrud et al. (2007) reported that lutein accumulations, expressed on a fresh weight 

basis, responded quadratically to increasing nitrogen treatments. The results showed that 

increasing nitrogen application increased the content of beta-carotene, but when the level 

of nitrogen was higher than 200 kg∙ha-1, their contents remained nearly constant (Li et al., 

2008).  King et al. (2008) reported the effects of nitrogen and phosphorus fertilization on 

total carotenoid content in spinach and established that increases in nitrogen fertilization 

from 0 to 300 kg∙ha-1 had slight effect on total carotenoid content.  

 

The effects of different nitrogen application rates on total flavonoid content are 

summarized in Table 3 and Figure 3.2, showing the range of applied nitrogen and the rate 

at which optimal total flavonoid content was reached at  45kg∙ha-1.  In this study, it is 

notable that the lowest nitrogen application rate resulted in highest flavonoid content in 

baby spinach leaves.   

 

The results of the study suggested that the application of 45kg∙ha-1 improved the total 

antioxidant activity content reaching 3.01 mg∙g-1 (Table 3 and Figure 3.3). The total 

antioxidant activity content of plants under 45 kg∙ha-1 was significantly higher compared 

to the control.  It was further observed on the results that excessive application of nitrogen 

had a negative effect on total antioxidant activity in baby spinach. This was also reported 
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by Mozafar (1993) that higher levels of nitrogen increases concentration of nitrate (NO3
−) 

and simultaneously decreases the concentration of total antioxidant activity in vegetables. 

Similar results were reported by Briemer (1982) that increased levels of nitrogen 

increased concentration of nitrate while decreased the concentration of total antioxidant 

activity in vegetables. Kopsell et al. (2007) reported that nitrogen fertilization has effect 

on quality parameters in leafy vegetables. 

 

Nitrate percentage in the baby spinach leaves increased with increasing nitrogen 

application reaching a maximum of 1.40% at 120 kg∙ha-1 (Table 3). The results of 

statistical analysis indicated that the effects of nitrogen levels on nitrate accumulation 

were significant (Table 3). These results are in agreement with Mozafar (1993) who 

reported that the over application of nitrogen fertilizers increases the concentration of 

nitrate. However, the nitrate content in this study was acceptable as per World Health 

Organization (WHO) standards. The WHO calculated the daily intakes of ≤500 mg of 

sodium nitrate per kg body weight were harmless to rats and dogs. This figure was divided 

by 100 to yield an Acceptable Daily Intake (ADI) for humans of 5 mg sodium nitrate or 3.7 

mg nitrate per kg body weight, which equals 222 mg for a 60 kg adult (Katan, 2009). 

 

Many vegetables and fruits contain 200–2500 mg of nitrate per kilogram (Van 

Duijvenboden and Matthijsen, 1989). The nitrate content of vegetables can be affected 

by factors such as processing of the food, the use of fertilizers and growing conditions, 

especially the soil temperature and (day) light intensity (Gangolli et al., 1994; FAO/WHO, 

1995). Vegetables such as beetroot, lettuce, radish and spinach often contain nitrate 

concentrations above 2500 mg∙kg-1 especially when they are cultivated in greenhouses 

(FAO/WHO, 1995). 

 

In addition, another study by Szwonek (1986) reported that the concentration of nitrate 

nitrogen in lettuce and spinach leaves is reliant on the rate of applied nitrogen fertilizer. 

For example, a significant increase of nitrates in lettuce and spinach was observed when 

N fertilizer application was increased from 260 to 280 kg∙ha-1 (Szwonek, 1986). The 

results of this study are consistent with those reported by Hammad et al. (2007); Gulser 

http://ajcn.nutrition.org/search?author1=Martijn+B+Katan&sortspec=date&submit=Submit
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(2005) and Briemer (1982) who also reported that the application of high nitrogen levels 

increases the accumulation of nitrate in vegetables. Sorensen (1999) reported that in-

creased application of nitrogen fertilizer increased the content of nitrates and carotenes. 

 

The results of this study clearly indicate that nitrogen applied had an effect on the vitamin 

C concentrations in the baby spinach leaves. Vitamin C was quadratically increased by 

nitrogen application reaching maximum at 45 kg∙ha-1 (Table 3 and Figure 3.4) but high 

rate of nitrogen application seem to decrease the concentrations of vitamin C in the baby 

spinach leaves. These results are in agreement with Mozafar (1993) who reported that 

the increased levels of nitrogen application decrease the concentration of vitamin C in 

many fruits and vegetables. However, other reports by Kansal et al. (1981); Dzida and 

Pitura (2008) showed that vitamin C and sugar content in spinach and Swiss chard 

increases under the application of high rates of nitrogen fertilizers.   

 

Lisiewska and Kmiecik (1996) stated that increasing the quantity of nitrogen nutrition from 

80 to 120 kg∙ha-1 decreased the vitamin C content by 7% in cauliflower. Likewise, Weston 

and Barth (1997) reported that nitrogen fertilization increases β-carotene in vegetables. 

Although vitamin C concentration has been found to be positively associated with the 

nitrogen supply in butterhead lettuce (Muller and Hippe, 1987), it is inversely associated 

with the nitrogen supply in white cabbage (Sorensen, 1984; Freyman et al., 1991) and 

crisp head lettuce (Sorensen et al., 1994). According to Wang et al. (2008), nitrogen 

fertilization increases the ratio of acids and sugars and reduces of vitamin C, calcium, 

magnesium and soluble sugars. Increased application of nitrogen reduced the content of 

dry matter, potassium, sucrose, vitamin C and fiber in leafy vegetables, but increased the 

content of nitrates and carotenes (Sorensen, 1999). 

 

Although according to Uher et al. (2013), nitrogen fertilization positively influenced the 

bioactive compounds and minerals (vitamin C, E1 and ß-carotene) content in cauliflower 

edible heads. Increased fertilization doses of nitrogen significantly increased vitamin C 

and ß-carotene content in the cauliflower (Uher et al., 2013). This validates some 

recorded findings on fruits and vegetables by Skwarylo-Bednarz and Krzepilko (2008) 
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who reported that the use of mineral fertilizer, mainly nitrogen increases the vitamin C 

content. Bergquist (2006) reported that an increase in vitamin C concentration often goes 

hand in hand with a decrease in carotenoid or flavonoid concentration, and vice versa. 

 

Stamp (2003) suggested a model for explaining the relationship between nutrient 

availability in the soil and the growth and differentiation in plants called the growth-

differentiation balance (GBD) hypothesis. The GBD hypothesis proposes that the plant 

allocates nutritive resources to growth if available in ample supply, but if resources are 

constrained the plant diverts more resources to the synthesis of secondary metabolites 

associated with differentiation. This suggests that if nitrogen is available, the plant diverts 

more input into nitrogen-containing metabolites, such as protein, vitamin A and nitrate, 

while more C containing compounds are produced when nitrogen is more restricted, such 

as vitamin C and many of the secondary metabolites. Stamp (2003) demonstrated further 

that when resource availability is critically low both growth and secondary metabolite 

synthesis is hampered.  

  

Nitrogen application significantly increase percent leaf tissue nitrogen of baby spinach 

compared to control, reaching maximum at 75kg∙ha-1. The highest percentage total leaf 

nitrogen was observed at 120 kg∙ha-1, causing a linear response with high rates of 

nitrogen applied (Table 3). Protein percentage seemed to have increased at 45kg∙ha-1 

which indicated that there is a correlation between the nitrogen applied and protein found 

in the leaves of baby spinach. Increasing the rates of nitrogen applied to 120kg∙ha-1 did 

not exhibit increase in protein content. Higher nitrogen fertilizer application levels 

increased the tissue nitrogen concentrations. These results are in agreement with Hoque 

et al. (2010) who reported that a higher nitrogen fertilizer application increases the tissue 

nitrogen concentrations in lettuce. 
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4.6.3 Response of chemical composition and minerals to phosphorus nutrition in 

baby spinach  

Table 4 and Figures 4.1 to 4.6 showed the variation in chemical concentrations in the 

leaves of baby spinach as affected by applied different levels of phosphorus nutrition.  

 

Limited studies are available on the effect of P nutrients on baby spinach postharvest 

quality specifically chemical composition of baby spinach. Plants use phosphorus fertilizer 

for seed germination and root development and growth (Colomb et al., 2000). Despite 

increasing the yield, phosphorus improves the quality of vegetables in several aspects, 

such as the chemical composition, the marketability and the storability of the crop (King 

et al., 2008).  

 

In the P trial, it was observed that different levels of phosphorus applied did not have any 

significant effect on the total carotenoid content in baby spinach leaves (Table 4). Thus, 

there was no significant increase on the concentration of total carotenoid content 

regardless of the levels of P applied. Contrary to the findings of this study, King et al. 

(2008) reported the effects of phosphorus fertilization on total carotenoid content in 

spinach, and reported that the highest carotenoid contents were obtained with maximized 

phosphorous application reaching 50 kg∙ha-1.  

 

Based on the results of the current study it can be concluded that the increment of P 

fertilizer in baby spinach had a negative effect on the concentrations of bioactive 

compounds such as total phenolic content, total flavonoid content, total antioxidant 

activity and vitamin C. These results are consistent with those of earlier studies in which 

the secondary metabolite concentrations improved in P-deficient plants (John et al., 2009; 

Lei et al., 2011). To the contrary, other reports suggest that in crops such as lettuce, the 

results show a distinct yield and quality response to P fertilizer under most conditions (Alt, 

1987; Johnstone et al., 2005; Sanchez et al., 1988). Similarly, according to Soundy and 

Smith (1992), a significant positive linear correlation between soil P and lettuce head 

tissue P was observed. This may be supported by the report of Cleaver and Greenwood 

(1975) who reported that lettuce had higher P fertilizer requirements than most other 
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vegetables across a range of soils. It is evident that there is not much information on the 

effect of P fertilizer on the bioactive compounds on green leafy vegetables specifically 

baby spinach. 

 

4.6.4 Response of chemical composition and minerals to potassium nutrition in 

baby spinach 

Table 5 and Figures 5.1 to 5.6 showed the variation in chemical concentrations in the 

leaves of baby spinach as affected by applied different levels of potassium nutrition. 

 

Potassium is known as one of the standard plant nutrients vital for yield production and 

quality determination of crop; and promotes flowering, fruiting and good colour in plants 

(Bergquist, 2006). It has been reported that among plant nutrients potassium has the 

strongest impact on crop quality parameters that determine consumer preference (Jifon 

and Lester, 2009). Potassium had been reported as an important macronutrient for plants 

and is needed for vital functions in metabolism, growth, and stress adaptation (Ismail et 

al., 1994; Rosa et al., 2001). Studies report different responses of vegetable crops to 

potassium nutrition.  According to Ismail et al. (1994), the functions of potassium in solute 

carriage, protein synthesis, and enzyme activation indicate a close relationship between 

potassium and metabolism. 

 

 As this study was conducted, it was established that there is a shortage of information 

on the influence of potassium fertilizer on the concentrations of bioactive compounds in 

green leafy vegetable specifically baby spinach.  

The results of this study showed that potassium had influence on total phenolic content, 

total flavonoid content, total antioxidant activity and vitamin C of baby spinach except on 

magnesium, iron, zinc, selenium and total carotenoid content. This concurs with the report 

that potassium is an important macronutrient for plants and is required for vital functions 

in metabolism, growth, and stress adaptation (Ismail et al., 1994; Rosa et al., 2001). The 

results were in agreement with the report that potassium deficiency affects the metabolite 

concentrations in crops, with negative significances for nutritional quality and mechanical 

stability (Patrick et al., 2009).  



Page | 72 
 

4.6.5 Response of chemical composition and minerals to nitrogen, phosphorus and 

potassium nutrition in baby spinach  

Table 6 and Figures 6.1 to 6.4 showed the variation in chemical concentrations in the 

leaves of baby spinach as affected by applied different levels of potassium nutrition. The 

parameters recorded in this study included total phenolic content, total carotenoid 

content, total antioxidant activity, total flavonoid content, vitamin C, magnesium, iron, zinc 

and selenium.   

 

The applications of combined nitrogen, phosphorus and potassium (NPK) have been a 

standard agronomic practice (Keen and Zidenberg-Cherr, 2000).  Optimal fertilizer 

management and efficient use of NPK are necessary to improve yield and quality and to 

reduce production costs (Fageria, 2009).  As this study was conducted, it was established 

that there is a lack of published reports on the influence of treatment combinations of NPK 

fertilizer on the concentrations of bioactive compounds in green leafy vegetable 

specifically baby spinach.  

 

Some studies on related crops such as lettuce has been done by other researchers 

suggest that N availability in the soil can affect lettuce quality (Tittonell et al., 2001) but 

there is no evidence about the effect of different levels of N, P, and K on the postharvest 

quality of lettuce. Other studies reported that there may be some yield and quality benefit 

to N and P fertilizer application because of their role in moderating disease resistance 

and because of the metabolic functions of K (Marschner, 1995).  

 

From this study it can be concluded that regardless of different levels of NPK nutrition, 

there is no significant effect on magnesium, iron, zinc and selenium concentrations. 

However, the concentrations of other parameters such as total phenolic content, total 

carotenoid content, total flavonoid content, antioxidant activity and vitamin C in baby 

spinach seem to be influenced by the application of NPK.  
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The optimum NPK level in this study was N45:P45:K60 kg∙ha-1 where the total phenolic 

content, total carotenoid content, total antioxidant activity, total flavonoid content and 

vitamin C concentrations in baby spinach leaves were higher than all other levels. At 

N75:P75:K90 kg∙ha-1 the law of diminishing returns was evident. At this level all 

concentrations in bioactive compounds decreased due to different levels of NPK applied 

in the baby spinach leaves.  

 

At N45:P45:K60 kg∙ha-1 levels of NPK, total phenolic content and antioxidants 

concentrations of baby spinach leaves were highest (Tables 6). Further increase in the 

application of NPK resulted in over fertilization and subsequent effect of decline in the 

antioxidant activity and phenols and antioxidant activity constituents. This is in agreement 

with the study conducted in China by Juan et al. (2008) who reported the effects of N and 

Sulphur (S) on total phenolics and antioxidant activity of leaf mustard. The authors 

reported that increasing N supply considerably decreased total phenolic concentrations. 

Similar findings were reported in addition to the type of soil in accumulation of nutrients 

by cultivated plants (Kader, 2002; Kader, 1988). The effect of NPK on the antioxidant 

activities and components of baby spinach leaves were reported in Table 6 and 6.4. The 

plants under N45, P45, K60 kg∙ha-1 had the highest antioxidant activity of 6.5 mg∙g-1 

compared to other treatment combinations including the control. These results concur 

with the results reported by Jeppsson (2000); Kaur and Kapoor (2001); Kemal et al. 

(2008) that mineral fertilization influences antioxidant composition in some fruit and 

vegetables.   

 

Thus, resulted in the biosynthesis of carbon-based secondary metabolites, such as 

flavonoids, phenolic acids, and tannins, known as total polyphenols, which are antioxidant 

in nature (Haukioja et al., 1998). Nutrient-deficient plants often have lower growth rates 

and higher concentrations of carbon-based (non-nitrogen-containing) secondary 

compounds (CBSCs) than do plants with access to ample nutrients (Bryant et al., 1983; 

Coley et al., 1985). This negative correlation between concentrations of CBSCs and plant 

growth rate, or levels of nutrients in plant tissues, is assumed to suggest or indicate a 

http://www.scielo.cl/scielo.php?pid=S0718-95162012000300001&script=sci_arttext#Tabla6
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trade-off between plant growth and the production of defensive compounds (Bryant et al., 

1987).    

The results showed that NPK treatment combinations applied on baby spinach did not 

show any significance effect on the vitamin C concentration. These findings are in 

contrary with the report by Somers and Beeson (1948); Lee (1974); Harris (1975); 

Mozafar (1994); Weston and Barth (1997) who reported that pre-harvest factors such as 

cultural practices including mineral nutrition are responsible for the wide variation in 

vitamin C content of fruits and vegetables at harvest. 

 

All treatment combinations of NPK rates applied on baby spinach did not show any 

significance effect on leaf tissue P percentage (Table 6). Increasing NPK fertilizer 

application rate had no significant effect on tissue P but had significant effect on N and K 

of baby spinach. These results concur with the results reported by Hoque et al. (2010) 

that the increasing NPK did not have any significant effect on tissue P or K of lettuce.  

 

4.7 SUMMARY OF RESEARCH FINDINGS 

This study investigated the response of chemical composition to NPK fertilization in baby 

spinach. The following results were observed:  

 In N, P and K trials, the application of different levels of fertilizers had significant 

effect on total phenolic content, total flavonoid content, total antioxidant activity and 

vitamin C. However magnesium, iron, zinc, selenium and total carotenoid content 

did not exhibit any significant response to different levels of N, P and K fertilizers 

applied. 

 In NPK treatment combinations, total phenolic content, total carotenoid content, 

total flavonoid content and total antioxidant activity responded to different levels of 

NPK treatment combinations. On the other hand different levels of NPK treatment 

combinations had no significant effect on magnesium, iron, zinc, selenium and 

vitamin C. 

Fertilizer management remains as one of the essential pre-harvest factors in the 

improvement of health promoting substances in baby spinach.  
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CHAPTER 5 

5.1 CONCLUSION AND RECOMENDATIONS 

Besides the maximization of yield in vegetable production research, the main output is to 

produce healthy vegetables. The question would be what are healthy vegetables? 

Healthy vegetables referring to vegetables with optimal level of health promoting 

compounds such as total phenolic content, total carotenoid content, total flavonoid 

content, total antioxidant activity, vitamins etc. Minerals and bioactive compounds 

concentration in vegetables can be improved to some limits by best agricultural practices.  

 

Based on the findings of this study, recommended rate of fertilizers in which baby spinach 

performs best regarding total phenolic content, total antioxidant activity, total flavonoid 

content and vitamin C is 45 kg∙ha-1 N and P. The recommended rate for potassium is 85 

kg∙ha-1 where total phenolic content, total antioxidant activity, total flavonoid content and 

vitamin C concentrations are improved. Where treatment combination of NPK fertilizers 

was applied, the combination of 45:45:60 kg∙ha-1 is recommended. The effects of the 

applications of N, P and K fertilizers at different levels on bioactive compounds were 

shown to vary greatly. These results have important implications in the recommended 

amounts of N, P and K fertilizers applied for the cultivation of baby spinach. 

 

Fertilization can decrease or increase the level of concentrations on bioactive compounds 

depending on the applied level. Adequate levels are recommended in order for these 

compounds not to be affected negatively but positively in order to achieve the maximum 

concentrations in bioactive compounds of baby spinach. Therefore, good agricultural 

practices such as the application of adequate levels of NPK fertilizers are crucial in 

promoting levels of bioactive compounds in baby spinach.  

  

Finally, it was concluded that fertilizer application had influence on bioactive compounds 

of baby spinach and adequate levels are critical in improving quality in baby spinach in 

terms of health related bioactive substances. If adequate levels are applied, bioactive 

compounds in baby spinach can be improved but excessive application of fertilizer has 
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detrimental effect on the bioactive compounds of baby spinach based on the results of 

the study.  

 

5.2 FUTURE PROSPECTS 

Other factors may also affect bioactive compounds in baby spinach, for an example the 

method of fertilizer application and timing of application. Therefore, time of application of 

nitrogen, phosphorus and potassium nutrition and method of application; and their 

influence on chemical composition in baby spinach are factors to be investigated in future. 

Another aspect of interest for future studies is to investigate the response of growth 

(biomass) and development to nitrogen, phosphorus and potassium nutrition in the future. 

There has been no response reported of magnesium, zinc, iron and selenium on baby 

spinach to NPK nutrition, suggesting that this is a subject that still has to be investigated 

in future. The study results are only tentative as they are not analyzed against the soil 

fertility status of trial site. In future studies there is a need for i) pre-soil analysis, and ii) 

inclusion of more cultivars of baby spinach.  

 

 

 

 

 

 

  

  



Page | 77 
 

REFERENCES  

Acquaah, G., 2002. Principles of crop production: theory, techniques and technology.  

Upper Saddle River, USA: Prentice Hall. 

 

Alt, D., 1987. Influence of P and K fertilization on the yield of different vegetable species.  

Plant Nutrition. 10, 1429-1435. 

 

Ames, B. N., Shigenaga, M. K., and Hagen, T. M., 1993. Oxidants, antioxidants, and the  

degenerative diseases of aging. Proceedings of National Academy of Science. 

U.S.A. 90, 7915-7922. 

 

Anyoola, P. B., Adeyeye, A., and Onawumi, O. O., 2010. Trace elements and major  

evaluation of Spondias mombin, Veronica anygdadina, and Mormodica charantia 

leaves. Parkistan Journal of Nutrition. 9(1), 91-92. 

 

Asai, A., Terasaki, M., and Nagao, A., 2004. An epoxide-furanoid rearrangement of  

spinach neoxanthin occurs in the gastrointestinal tract of mice and in vitro: 

formation and cytostatic activity of neochrome stereoisomers. Journal of Nutrition. 

134(9), 2237-2243. 

 

Association of Official Analytic Chemists (AOAC) International. 1999. Official methods of  

analysis, 16th Edition. Washington, D.C.1, 600-792. 

 

Barakat, M. Z., Shehab, S. K., Darwish, N., and Zahermy, E. I., 1973. Determination of  

Ascorbic Acid from plants. Analytical Biochemistry. 53, 225-245. 

 

Bergquist, S. Å. M., Gertsson, U. E., Knuthsen, P., and Marie E. Olsson, M. E., 2005.  

Flavonoids in Baby Spinach (Spinacia oleracea L.): Changes during Plant Growth 

and Storage. Journal of Agricultural and Food Chemistry. 53(24), 9459-9464. 

 

  



Page | 78 
 

Bergquist, S., 2006. Bioactive Compounds in Baby Spinach (Spinacia oleracea L.)  

Effects of Pre and Postharvest Factors, Doctoral thesis, Swedish University of 

Agricultural Sciences. 

 

Bergquist, S., Gertsson, U. E., Nordmark, L. Y. G., and Olsson, M. E., 2007. Effects of  

shade nettings, sowing time and storage on baby spinach flavonoids. Journal of 

the Science of Food and Agriculture. 87, 2464-2471. 

 

Berkson, B., 1998. The alpha lipoic acid breakthrough. Prima Health: Family and  

Relationships. 

 

Bernhoft, A., 2010. Bioactive compounds in plants – benefits and risks for man and  

animals. The Norwegian Academy and Letters, Oslo. Proceedings of Geomedical 

Symposium. 11-18.  

 

Blomhoff, R., 2005. Dietary antioxidants and cardiovascular disease. Current Opinion  

Lipidol. 16, 47-54. 

 

Boswell, V. R., 2010. "Garden Peas and Spinach from the Middle East". Reprint of "Our  

Vegetable Travelers” National Geographic Magazine. Volume 96, 2. (August 

1949). [www. Aggie Horticulture. Accessed 03/07/2010]. 

 

Boyle, S. P., Dobson, V. L., Duthie, S. J., Hinselwood, D. C., Kyle, J. A. M., and Collins,  

A. R., 2000. Bioavailability and efficiency of rutin as an antioxidant: a human 

supplementation study. European Journal of Clinical Nutrition. 54, 774–782. 

 

Brady, N. C., and Weil, R. R., 2004. Elements of the nature and properties of soils. 2nd  

Edition. Upper Saddle River, USA: Prentice Hall. 

 

  



Page | 79 
 

Briemer, T., 1982. Environmental factors and culture measures affecting the nitrate  

content in spinach. Fertilizer Research. 3,191-291.  

Bryant, J. P., Chapin, F. S., III, and Klein, D, R., 1983. Carbon: nutrient balance of  

boreal plants in relation to vertebrate herbivory. Oikos. 40, 357-368. 

 

Bryant, J. P., Chapin, F. S., III, Reichardt, P., and Clausen, T., 1987a. Responses of  

winter chemical defense in Alaska paper birch and green alder to manipulation of 

plant carbon: nutrient balance. Oecologia. 7, 510-514. 

 

Buescher, R., Howard, L., and Dexter, P., 1999. Postharvest enhancement of fruits and  

vegetables for improved human health, Horticultural Science. 34, 1167-1170. 

 

Burgheimer, F., McGill, J. N., Nelson, A. I., Steinberg, M. P., 1967. Chemical changes in  

spinach stored in air and controlled atmosphere. Food Technology. 21, 109-111. 

 

Byers, T., and Perry, G., 1992. Dietary carotenes, vitamin C, and vitamin E as protective  

antioxidants in human cancers. Annual Review of Nutrition. 12, 139-159. 

Cadenzas, E., and Packer, L., 1996. Hand Book of Antioxidants, Plenum, New York. 

 

Cao, G., Sofic, E., and Prior, R. L., 1996. Antioxidants capacity of tea and common  

vegetables. Journal of Agricultural and Food Chemistry. 44, 3426-3431. 

 

Chenard, C. H., Kopsell, D. A., and Kopsell, D. E., 2005. Nitrogen concentration affects  

nutrient and carotenoid accumulation in parsley. Journal of Plant Nutrition. 28(2), 

285-297. 

  



Page | 80 
 

Christen, W. G., Gaziano, J. M., and Hennekens, C. H., 2000. Design of Physicians'  

Health Study II-a randomized trial of beta-carotene, vitamins E and C, and 

multivitamins, in prevention of cancer, cardiovascular disease, and eye disease, 

and review of results of completed trials. Annals of epidemiology. 10, 125-134.  

 

Cleaver, T.S., and Greenwood, D. J., 1975. Ready Reckoner to predict best fertilizer for  

vegetables. Grower. 83, 1269-1271.  

 

Coley, P. D., Bryant, J. P., Chapin, F. S., III 1985. Resource availability and plant  

antiherbivore defense. Science. 230, 895-899. 

 

Colomb, B., Kiniry, J. R., and Debaeka, P., 2000. Effect of soil phosphorus on leaf  

development and senence dynamics of field-grown maize. Agronomy Journal. 92, 

428-435. 

 

Commenges, D., Scotet, V., Renaud, S., Jacqmin Gadda, H., Barberger Gateau, P., and  

Dartiques, J. F., 2000. Intake of flavonoids and risk of dementia. European Journal 

of Epidemiology. 16, 357-363. 

 

Coria-Cayupan, Y. S., Sanchez de Pinto, M. I., and Nazareno, M. A., 2009. Variations in  

bioactive substance contents and crop yields of lettuce (Lactuca sativa L.) 

cultivated in soils with different fertilization treatments. Journal of Agricultural and 

Food Chemistry. 57, 10122-10129. 

 

Department of Agriculture, Forestry and Fisheries, Republic of South Africa, 2010.  

Spinach brochure. 

Devasagayam, T. P. A., Tilak, J. C., Boloor, K. K., Sane, K. S., Ghaskadbi, S., and Lele,  

R. D., 2004. Free radicals and Antioxidants in human health: current status and 

future prospects. Journal of the Association of Physicians of India. 794-804. 

 



Page | 81 
 

Dionex Corporation, 1998. Peaknet Software User’s Guide. Revision 08. Document  

number 034914.  

DuPont, M. S., Mondin, Z., Williamson, G., and Price, K. R., 2000. Effect of variety,  

processing, and storage on the flavonoid glycoside content and composition of 

lettuce and endive. Journal of Agricultural and Food Chemistry. 48, 3957-3964. 

Dwyer, J. H. M., and Navab, M., 2001. Oxygenated carotenoid lutein and progression of  

early atherosclerosis: The Los Angeles atherosclerosis study. Circulation. 103(24), 

2922-7. 

 

Dzida, K., and Pitura, K., 2008. The influence of varied nitrogen fertilization on yield and  

chemical composition of Swiss chard (beta vulgaris L. var circla L.) University of 

Life Sciences in Lublin. Acta Scientiarum Polonorum-Hortorum Cultus. 7(3), 15-

24. 

 

Edenharder, R., Keller, G., Platt, K. L., and Unger, K. K., 2001. Isolation and  

characterization of structurally novel antimutagenic flavonoids from spinach 

(Spinacia oleracea). Journal of Agricultural and Food Chemistry. 49(6), 2767-

2773. 

 

Elia, A., Santamaria, P., and Serio F., 1998. Nitrogen nutrition, yield and quality of  

spinach. Journal of Science of Food and Agriculture. 76, 341-346. 

 

Erlund, I., Kosonen, T., and Alfthan, G., 2000. Pharmacokinetics of quercetin from  

quercetinaglycone and rutin in healthy volunteers. European Journal of Clinical 

Pharmacology. 56, 545-553. 

 

Fageria, N. K., 2009. The use of nutrients in crop plants (Taylor and Francis Group, Boca  

Raton, FL). 

 

  



Page | 82 
 

Fahey, J. W., stephensom, K. K., Dinkova-Kostova, A. T., Egner, P. A., Kernsler, T. W.,  

and Talalay, P., 2005. Chrorophyll, chlorophyllin and reletaed tetrapyrroles are 

significant inducers of mammalian phase 2 cytopretective genes. 26, 1247-1255. 

 

Fallovo, C., Rouphael, Y., Cardarelli, M., Rea E., Battistelli, A., and Giuseppe Colla G.,  

2009. Yield and quality of leafy lettuce in response to nutrient solution 

composition and growing season. Journal of Food, Agriculture and Environment. 

7 (2), 456-462. 

 

FAO/WHO (Food and Agriculture Organization of the United Nations/World Health  

Organization). 1995. Evaluation of certain food additives and contaminants. 

World Health Organization Technical Report Series. 859, 1-54. 

 

Fico, G., Bilia, A. R., Morelli, I., and Tome, F., 2000. Flavonoid distribution in Pyracantha  

coccinea plants at different growth phases. Biochemical System Ecology 28, 673-

678.  

 

Fontes, P.C.R., Pereira, P.R.G., and Conde, R.M., 1997. Critical chlorophyll, total  

nitrogen and nitrate nitrogen in leaves associated to maximum lettuce yield. 

Journal of Plant Nutrition. 20, 1061-1068. 

 

Fotherby, M. D., Williams, J. C., Forster, L. A., Craner, P., and Ferns, G. A., 2000. Effect  

of vitamin C on ambulatory blood pressure and plasma lipids in older persons. 

Journal of Hypertension. 18(4), 411-5. 

 

Freyman, S., Toivonen, P. M., Perrin, P.W., Lin, W.C., and Hall, J.W., 1991. Effect of  

nitrogen fertilization on yield, storage losses and chemical composition of winter 

cabbage. Canadian Journal of Plant Science. 71, 943-946. 

 

  



Page | 83 
 

Gandini, S., Merzenich, H., Robertson, C., and Boyle, P., 2000. Meta-Analysis of studies  

on breast cancer risk and diet: the role of fruit and vegetable consumption and the 

intake of associated micronutrients. European Journal of cancer. 36, 636-646. 

 

Gangolli, S. D., Van den Brandt, P. A., Feron, V. J., Janzowsky, C., Koeman, J. H.,  

Speijers, G. J., Spiegelhalder, B., Walker, R., and Wisnok, J. S., 1994. Nitrate, 

nitrite and N-nitroso compounds. European Journal of Pharmacology. 292, 1-38. 

 

Gardiner, D. T., and Miller, R. W., 2004. Soils in our environment. 10th Edition. Upper  

Saddle River, USA: Prentice Hall. 

Gates, M. A., Tworoger, S. S., Hecht, J. L., De Vivo, I., Rosner, B., and Hankinson, S. E.,  

2007. A prospective study of dietary flavonoid intake and incidence of epithelial 

ovarian cancer. International Journal of Cancer. 121, 2225-2232. 

 

Greenwood, D. J., Cleaver, T. J., Turner, M. K., Hunt, J., Niendorf, K. B., and 

Loquens S. M. H., 1980. Comparison of the effect of nitrogen fertilizer on the yield, 

nitrogen content and quality of 21 different vegetable and agricultural crops. 

Journal of Agricultural Science. 95, 471-485. 

 

Grieve, M., and Grieve, M., 1971. A modern herbal: The medicinal, culinary, cosmetic and  

economic properties, cultivation and folk-lore of herbs, grasses, fungi, shrubs, and 

trees with all their modern scientific uses. Courier Dover Publications. 761-978.  

 

Gülser, F., 2005. Effects of ammonium sulphate and urea on NO3 and NO2 accumulation,  

nutrient contents and yield criteria in spinach. Scientia Horticulturae. 106, 330-340. 

 

  

http://en.wikipedia.org/wiki/Special:BookSources/978-0-486-22799-3


Page | 84 
 

Hammad, S. A., Abou-seeda, M. A., El-Ghamry, A. M., and Selim, E. M., 2007. Nitrate  

accumulation in spinach plants by using N fertilizer types in alluvial soil. Journal of 

Applied Sciences Research. 3(7), 511-518. 

 

Harborne, J.B., 1993. Introduction to Ecological Biochemistry. 4th Edition. Academic  

Press, London. 318.  

 

Harris, R.S., 1975. Effects of agricultural practices on the composition of foods. In: Harris,  

R.S., Karmas, E., (Editions), Nutritional Evaluation of Food Processing, 2nd Edition. 

Westport, Cape Town, 33-57. 

 

Hatfiled, D. L., Berry, M. L., and Vadim, G. M., 2012. Selenium: It is Molecular Biology in  

Human Health, 3rd Edition. 

 

Haukioja, E., Ossipov, V., Koricheva, J., Honkanen, T., Larsson, S., Lempa, K., 1998.  

Biosynthetic origin of carbon-based secondary compounds: cause of variable 

responses of woody plants to fertilization? Chemoecology. 8, 133-139. 

 

Heckman, J. R., 2007. Sweet corn nutrition uptake and removal. Horticultural Technology.  

17, 82-86. 

  

Heckman, J. R., Sims, J. T., Beegle, D. E., Coale, F. J., Herbert, S. J., Bruulsema, T. W.,  

and Bamka, W. J., 2003. Nutrient removal by corn grain harvest. Agronomy 

Journal. 95, 587-591.  

 

Hedges, L. J., and Lister, C. E., 2007. Nutritional attributes of spinach, silverbeet and  

eggplant. New Zealand Institute for Crop and Food Research Limited. 

 

Hertog, M .G. L., Kromhout, D., Aravanis, C., Blackburn, H., Buzina, R., Fidanza, F.,  

Giampaoli, S., Jansen, A., Menotti, A., Nedeljkovic, S., Pekkrinen, M., Simic, B. S., 

Toshima, H., Feskens, E. J.M., Hollman, P. C .C., and Katan, M. B., 1995. 



Page | 85 
 

Flavonoid intake and long-term risk of coronary heart disease and cancer in the 

Seven Countries study. Archives Internal Medicine. 155, 381-386. 

 

Hertog, M. G. L., Feskens, E. J. M., Hollman, P. C. H., Katan, M. B., and Kromhout, D.,  

1993a. Dietary antioxidants flavonoids and the risk of coronary heart disease: The 

Zutphen elderly study. Lancet. 342, 1007-1011.  

 

Hollman, P. C. H., Vandergaag, M., Mengelers, M. J. B., Vantrijp, J. M. P., Devries, J. H.,  

and Katan, M. B., 1996. Absorption and disposition kinetics of the dietary 

antioxidant quercetin in man. Free Radical Biology and Medicine. 21, 703-707. 

 

Hoque, M. M., Ajwa, H., and Othman, M., 2010. Department of Plant Sciences, University  

of California, Davis, 1636 E. Alisal Street, Salinas, CA 93905 Richard Smith and 

Michael Cahn University of California Cooperative Extension, Monterey County, 

1432 Abbott Street, Salinas, CA 93901. 

 

Horwitz, W., 2000. Use of statistics to develop and evaluate analytical methods. Official  

methods of analysis. Association of Official Analytical Chemists. 

 

Hotz, C., and Brown, K. H., 2004. Assessment of the risk of Zinc deficiency in populations  

and options for its control. Food and Nutrition Bulletin. 25, 91-204. 

 

Howard, L. R., Pandjaitan, N., Morelock, T., and Gil, M. I., 2002. Antioxidant capacity and  

phenolic content of spinach as affected by genetics and growing season. Journal 

Agricultural and Food Chemistry. 50, 5891-5896. 

 

Huett, D. O., 1989. Effect of nitrogen on the yield and quality of vegetables. Acta  

Horticulturae. 247, 205-209. 

 

Ignarro, L. J., Balestrieri, M. L., and Napoli, C., 2007. Nutrition, physical activity, and  

cardiovascular disease: An update. Cardiovascular Research. 73, 326-340. 



Page | 86 
 

 

Ismail. C., Christine, H., and Horst, M., 1994. Changes in phloem export of sucrose in  

leaves in response to phosphorus, potassium and magnesium deficiency in bean 

plants. Journal of Experimental Botany. 45(9), 1251-1257. 

 

Izumi, H., Nonaka, T., and Muraoka, T., 1997. Physiology and quality of fresh-cut spinach  

stored in low O controlled atmospheres at various temperatures. In CA’97 

Proceedings Volume 5: Fresh-cut Fruits and Vegetables and MAP. Gorny, J. R., 

Edition. University of California: Davis, CA, 1997. 130-133. 

 

Jensen, C. L., 2006. Effects of n-3 fatty acids during pregnancy and lactation. American  

Journal of Clinical Nutrition. 83, 1452-1457. 

 

Jeppsson, N., 2000. The effects of fertilizer rate on vegetative growth, yield and fruit  

quality, with special respect to pigments, in black chokeberry (Aronia melanocarpa) 

cv. ‘Viking’. Scientia Horticulturae, 83, 127-137. 

 

Jifon, J. L., and Lester, G. E., 2009. Foliar potassium fertilization improves fruit quality of  

field-grown muskmelon on calcareous soils in South Texas. Journal of the 

Science of Food and Agriculture. 89(14), 2452-2460. 

 

Jimenez, R. R., and Ladha, J. K., 1993. “Automated elemental analysis: A rapid and  

reliable but expensive measurement of total carbon and nitrogen in plant and soil 

samples”. Communications in Soil Science and Plant Analysis. 24, 1897-1924. 

 

John, P. H., Martin, R. B., Philip, J. W., Graham, J. K., Helen, C. B., Rory, H., Mark, C.  

M., Andrew, M., Tracey, O., William, P. S., and Duncan, J. G., 2009. Shoot yield 

drives phosphorus use efficiency in Brassica oleracea and correlates with root 

architecture traits. Journal of Experimental Botany. 60 (7), 1953-1968. 

 



Page | 87 
 

Johnstone, P. R., Hartz, T. K., Cahn, M. D., Johnstone, M. R., 2005. Lettuce response  

to phosphorus fertilization in high phosphorus soils. Horticultural Science. 40, 

1499-1503.  

 

Jones, C. G., and Hartley, S. E., 1999. A protein competition model of phenolic  

allocation. Oikos. 86, 27-44. 

Jones, J. B., (Jr). 2003. Agronomic handbook: Management of crops, soils, and their  

fertility. New York, USA: CRC Press.  

 

Jones, R. B., Imsic, M., Franz, P., and Tomkins, B. T., 2007. High nitrogen during  

growth reduced glucoraphanin and flavonol content in broccoli (Brassica 

oleracea var. Italica) heads. Australian Journal of Experimental Agriculture. 

47(12), 1498-1505. 

 

Joseph, J. A., Nadeau, D. A., Underwood, A., 2002. The colour code: A revolutionary  

eating plan for optimum health. New York, Hypericon. 308. 

 

Joshipura, K. J., ascherio, A., and Manson, J. E., 1999. Fruit and vegetables intake in  

relation to risk of ischaemic stroke. Journal of American Medical Association. 

282(13), 1233-1239.  

 

Joshipura, K. J., Hu, F. B., Manson, J. E., Stamfer, M, J., Rimm, E. B., Soeizer, F. E.,  

Colditz, G., ascherio, A., Rosner, B., Spiegelman, D., and Willett, W. C., 2001. The 

effect  of fruit and vegetable intake on risk for coronary heart disease. Annals of 

Internal Medicine. 134, 1106-1114. 

 

Juan, L., Zhujun, Z., Joska, G., 2008. Effects of Nitrogen and Sulfur on total phenolics  

and antioxidant activity in two genotypes of leaf mustard. Journal of Plant Nutrition. 

31(9), 1642-1655.  

 

  



Page | 88 
 

Kader, A. A., 1988. Influence of pre-harvest and postharvest environment on nutritional  

composition of fruits and vegetables. In Horticulture and Human Health: 

Contribution of Fruits and Vegetables, edited by B. Quebedeaux, and F. A. Bliss. 

Englewood Cliffs: Prentice Hall. 

 

Kader, A. A., 2002. Pre and postharvest factors affecting fresh produce quality, nutritional  

value, and implications for human health. Proceedings of the International 

Congress Food Production and the Quality of Life. 1, 109-119. 

 

Kähkönen, M. P., Hopia, A. I., Vurela, H. J., Rauha, J., Pihlaja, K., Kujala, T., and  

Heinonen, M., 1999. Antioxidant activity of plant extracts containing phenolic 

compounds. Journal of Agriculture and Food Chemistry. 47, 3954-3962.       

   

Kalt, W., 2005. Effects of production and processing factors on major fruit and vegetable  

antioxidants. Journal of Food Science. 70, 11-19.  

 

Kang, J. H., Ascherio, A., and Grodstein, F., 2005. Fruit and vegetable consumption and  

cognitive decline in ageing women. Annals of Neurology. 57, 713-720. 

Kansal, B. D., Sign, B., Balaj, K. L., and Kaur, G., 1981. Effects of different levels of  

nitrogen and farmyard manure on yield and quantity of spinach (Spinacea 

oleracea L.) Qualitas Plantarum – Plant Foods Human Nutrition. 31, 163-170. 

 

Katan, M. B., 2009. Nitrate in foods harmful or healthy? American Journal of Clinical  

Nutrition. 90, 11-12. 

 

Kaur, C., and Kapoor, H.C., 2001. Antioxidants in fruits and vegetables – the millennium’s  

health. International Journal of Food Science and Technology. 36, 703-725.  

 

  



Page | 89 
 

Keen, C. L., and Zidenberg-Cherr, S., 2000. What are the best strategies for achieving  

optimal nutrition? California Agriculture.12-18.  

 

Kemal, G. M., Ömer, E. C., Tayyar, S., and Kahriman, F., 2007. Changes in phytosterols  

in rape seed (Brassica napus L.) and their interaction with nitrogen fertilization. 

International Journal of Agricultural Biology. 9, 250-253. 

 

King, S., Davis, A., Perkins-Velazie, P., Helms, A., and Stein, L., 2008. Effects of mineral  

nutrition on carotenoid content in spinach. Horticultural Science. 43, 1246. 

 

Knekt, P., Jarvinen, R., Reunanen, A., and Maatela, J., 1996. Flavonoid intake and  

coronary mortality in Finland: a cohort study. British Medical Journal. 312,  478-

481. 

 

Kopas-Lane, L. M., and Warthesen, J. J., 1995. Carotenoid photostability in raw spinach  

and carrots during cold storage. Journal of Food Science. 60, 773-776. 

 

Kopsell, D. A., Lefsrud, M. G., Kopsell, D. E., Wenzel, A. J., Gerweck, C., and Curran- 

Celentano, J., 2006. Spinach cultigens variation for tissue carotenoid 

concentrations influences human serum carotenoid levels and macular pigment 

optical density following a 12-week dietary intervention. Journal of Agricultural and 

Food Chemistry 54, 7998-8005.  

 

Kopsell, D. A., Casey, T. B., Sams C. E., and Scott, J. M., 2007. Influence of nitrogen and  

sulfur on biomass production and carotenoid and glucosinate concentrations in 

watercress. Journal of Agricultural and Food Chemistry. 55, 10628-10634. 

 

 

 

  



Page | 90 
 

Kris-Etherton, P. M., Hecker, K. D., Bonanome, A., Coval, S. M., Binkoski, A. E.,  

Hilpert, K. F., Griel, A. E., and Etherton, T. D., 2002. Bioactive compounds in foods: 

Their role in the prevention of cardiovascular disease and cancer. American 

Journal of Medicine. 113, 71-88. 

 

Lee, C. Y., 1974. Effect of Cultural practices on chemical composition of processing  

vegetables. A review Journal Food Science. 39, 1075-1079. 

 

Lee, S. K., and Kader, A. A., 2000. Pre-harvest and postharvest factors influencing  

vitamin C content of horticultural crops. Postharvest Biology and Technology. 20, 

207-220.  

 

Lefsrud, M. G., Kopsell D. A., and Curran-Celentano, J., 2005. Air temperature affects  

biomass and caretonoid pigment accumulation in kale and spinach grown in a 

controlled environment. Horticultural Science. 40, 2026-2030. 

 

Lefsrud, M., Kopsell, D., Wenzel, A., and Sheehan, J., 2007. Changes in kale  

(Brassica oleracea L. var. acephala) carotenoid and chlorophyll pigment 

concentrations during leaf ontogeny. Scientia Horticulturae, 112, 136-141. 

 

Lei, M. G., Liu, Y. D., Zhang, B. C., Zhao, Y. T., Wang, X, J., Zhou, Y. H., Kashchandra,  

G. R., and Liu, D., 2011. Genetic and genomic evidence that sucrose is a global 

regulator of plant responses to phosphate starvation in Arabidopsis. Plant 

Physiology. 156(2), 1116-1130. 

 

LeStrange, M., Koike, S., Valencia, J., and Chaney, W., 1999. Spinach production in  

California. University of California. Division of Agriculture and Natural Resources, 

Publication. 7212, 3-4.  

 

  



Page | 91 
 

Li, M. H., Chen, J. M., Peng, Y., Wu, Q. L., and Xiao, P. G., 2008. Investigation of  

Danshenand related medicinal plants in China. Journal of Ethnopharmacology. 

120(3), 419-426.  

 

Liberty Series II: Hardware operation manual. Varian, April 1997. China Journal of  

Ethnopharmacology. 120(3), 419-426.  

 

Lisiewska, Z., and Kmiecik, W., 1996. Effects of level of nitrogen fertilizer, processing  

conditions and period of storage of frozen broccoli and cauliflower on vitamin C 

retention. Food Chemistry. 57(2), 267-270. 

 

Lister, C. E., 1999. The medicine of life. Vitamins and other bioactive food components.  

Food Technology. 34, 18-20. 

 

Liu, S., Manson, J. E., Lee, I. M., Cole, S. R., Hennekens, C. H., Willett, W. C., and Buring,  

J. E., 2000. Fruit and vegetable intake and risk of cardiovascular disease: The 

women’s health study. American Journal of Clinical Nutrition. 72, 992-928. 

 

Liu, S., Lee I. M., Ajani, U., Cole, S. R., Buring, J. E., and Manson, J. E., 2001. Intake of  

vegetables rich in carotenoids and risk of coronary heart disease in men: The 

physicians’ health study. International Journal of Epidemiology. 30, 130-135.   

Logan, B. A., Demmig Adams, B., Rosenstiel, T. N., and Adams, W. W., 1999. Effect of  

nitrogen limitation on foliar antioxidants in relationship to other metabolic 

characteristics. Planta. 209, 213-220. 

 

Longnecker, M. P., Newcomb, P. A., Mittendorf, R., Greenberg, E. R., and Wilett, W. C.,  

1997. Intake of carrots, spinach, and supplements containing vitamin A in relation 

to risk of breast cancer. Journal of Cancer Epidemiology Biomarkers and 

Prevention. 6, 887-892. 

 



Page | 92 
 

Lucarini, M., Lanzi, S., and D'Evoli, L., 2006. Intake of vitamin A and carotenoids from the  

Italian population--results of an Italian total diet study. International Journal of 

Vitamin Nutrition Research. 76(3), 103-9. 

 

Lucier, G., Allshouse, J., and Lin, B. H., 2004. Factors Affecting Spinach Consumption in  

the United States; electronic outlook report from the Economic Research Service; 

U.S. Department of Agriculture: Washington, DC. 

 

Maereka, E. K., Madakadze, R. M., Mashingaidze, A., B., Kageler, S., and Nyakanda, C.,  

2007. Effect of nitrogen fertilization and timing of harvesting on leaf nitrate content 

and taste in mustard rape (Brassica Juncea L.). Journal of Food, Agriculture and 

Environment. 5, 288-293. 

 

Manach, C., Mazur, A., and Scalbert, A., 2005. Polyphenols and prevention of  

cardiovascular diseases. Current opinion in lipidology. 16, 77-84. 

  

Manach, C., Morand, C., and Crespy, V., 1998. Quercetin is recovered in human plasma  

as conjugated derivatives which retain antioxidant properties. Federation of 

European Biochemical Society Letters. 426, 331-336. 

 

Manach, C., Scalbert, A., Morand, C., Rémésy, C., and Jiménez, L., 2004. Polyphenols:  

Food sources and bioavailability. American Journal of Clinical Nutrition. 79, 727-

 747. 

 

Manach, C., Williamson, G., Morand, C., Scalbert, A., and Remesy, C., 2005.  

Bioavailability and bioefficacy of polyphenols in humans. I. Review of 97 

bioavailability studies.  American Journal of Clinical Nutrition. 81, 230-242. 

 

Manotti, P. L., Halseth, D. E., and Sieczka, J. B., 1994. Field chlorophyll measurements  

to assess the N status of potato varieties. Horticultural Science. 29, 1497-1500.  

 



Page | 93 
 

Mares-Perlman, J. A., Millen, A. E., Ficek, T. L., and Hankinson, S. E., 2002.The body of  

evidence to support a protective role for lutein and zeaxanthin in delaying chronic 

disease overview. Journal of Nutrition.132 (3), 518-524.  

 

Marschner, H., 1995. Mineral nutrition of higher plants. 2nd Edition. New York:  

Academic Press Inc. 231-245. 

 

Matejovic, I., 1995. Total nitrogen in plant material determined by means of dry  

combustion: A possible alternative to determination by Kjeldahl digestion. 

Communications in Soil Science and Plant Analysis. 26, 2217-2229.  

 

McDowell, L. R., 1992. Minerals in Animal and Human Nutrition. Academic Press Inc.  

CA, USA. 

 

McGill, J. N., Nelson, A. I., and Steinberg, M. P., 1966. Effect of modified atmosphere on  

ascorbic acid and other quality characteristics of spinach. Journal of Food Science. 

31, 510-517. 

 

Mehta, D., and Belemkar, S., 2014. Pharmacological activity of Spinacia oleracea L.: A  

complete overview. Asian Journal of Pharmaceutical Research and Development. 

2(1), 83-93. 

 

Mengel, K., and Kirby, E. A., 1982. Principles of Plant Nutrition. 3rd Edition. Worblaufen- 

Bern, Germany: International Potash Institute. 

 

Mercadante, A. Z., and Rodriguez-Amaya, D. B., 1991. Carotenoid composition of a leafy  

vegetable in relation to some agricultural variables. Journal of Agricultural and 

Food Chemistry. 39, 1094-1097.  

 

  



Page | 94 
 

Miller, N. J., Rice-Evans, C. A., Davies, M. J., Gopinathan, V., and Milner, A., 1993. A  

novel method for measuring antioxidant capacity and its application to monitoring 

the antioxidant status in premature neonates.  Clinical Science. 84, 407-412.  

 

Moon, J. H., Nakata, R., Oshima, S., Inakuma, T., and Terao, J., 2000. Accumulation of  

quercetin conjugates in blood plasma after the short-term ingestion of onion by 

women. American Journal of Physiology Regulatory Integrative and Comparative 

Physiology. 279, 461-467. 

 

Morris, M. C., Evans, D. A., Tangney, C. C., Bienias, J. L., and Wilson, R. S., 2006.  

Associations of vegetable and fruit consumption with age-related cognitive 

change. Neurology. 67(8), 1370-6. 2006.  

 

Mozafar, A., 1994. Plant vitamins. Agronomic, physiological and nutritional aspects.  

Boca Raton: CRC Press Inc. 

 

Mozafar, A., 1993. Nitrogen fertilizers and the amount of vitamins in plants: A review.  

Journal of Plant Nutrition. 16, 2479-2506.  

 

Müller, H., 1997. Determination of the carotenoid content in selected vegetables and  

fruit by HPLC and photodiode array detection. 204, 88-94.  

 

Muller, K., Hippe, J., 1987. Influence of differences in nutrition on important quality  

characteristics of some agricultural crops. Plant Soil. 100, 35-45. 

 

Mudau, F. N., Soundy, P., Du Toit, E. S., and Oliver, J., 2006. Variation in polyphenolic  

content of Athrixia phylicoides (L.) (bush tea) leaves with season and nitrogen  

application. South African Journal of Botany. 72: 398-402. 

 

Neuhouser, M. L., 2004. Dietary flavonoids and cancer risk: Evidence from human  

population studies. Nutrition and Cancer International Journal. 50, 1-7.  



Page | 95 
 

 

Nicoli, M. C., Anese, M., and Parpinel, M., 1999. Influence of processing on the  

antioxidant properties of fruit and vegetables. Elsevier Science Ltd., Trends in 

Food Science and Technology. 10, 94-100. 

 

Nielsen, I. L., Dragsted, L. O., Ravn-Haren, G., Freese, R., and Rasmussen, S. E., 2003.  

Absorption and excretion of black currant anthocyanins in humans and watanabe 

heritable hyperlipidemic rabbits. Journal of Agricultural and Food Chemistry. 51, 

2813-2820. 

 

Nielsen, K. L., Eshel, A., Lynch, J. P., 2001. The effect of phosphorus availability on the  

carbon economy of contrasting common bean (Phaseolus vulgaris L.) genotypes. 

Journal of Experimental Botany 52, 329-339. 

 

Pandjaitan N., Howard L. R., Morelock, T., and Gil, M. I., 2005. Antioxidant capacity and  

phenolic content of spinach as affected by genetics and maturation. Journal of 

Agricultural and Food Chemistry. 53, 8618-8623. 

 

Patil, B. S., Pike, L. M., and Hamilton, B. K., 1995. Changes in quercetin concentration in  

onion (Allium cepa L.) owing to location, growth stage and soil type. New 

Phytologist. 130, 349-355. 

 

Patrick, A., Ronan, S., Anthony, J. M., Mark, S., Anna, A., Yves, G., 2009. Multilevel  

analysis of primary metabolism provides new insights into the role of potassium 

nutrition for glycolysis and nitrogen assimilation in Arabidopsis roots. Plant 

Physiology. 150 (2), 772-785. 

 

  



Page | 96 
 

Pellergrini, N., Serafini, M., Salvatore, S., Del Rio, D., Bianchi, M., and Brighenti, F., 2003.  

Total antioxidant capacity of spices, dried fruits, nuts, pulses, cereals and sweets 

consumed in Italy assessed by three different in vitro assays. Molecular Nutrition 

and Food Research. 50, 1030-1038. 

 

Pettigrew, W. T., 2008. Potassium influences on yield and quality production for maize,  

wheat, soybean and cotton. Physiologia Plantarum. 133, 670-681. 

 

Plaster, E. J., 2003. Soil science and management. 4th Edition. New York, USA:  

Thomson Delmar Learning. 

 

Pompella, A., Visvikis, A., Paolicchi, A., Tata, V., and Casini, A. F., 2003. "The changing  

faces of glutathione, a cellular protagonist". Biochemical Pharmacology. 66(8), 

1499-503.   

 

Respondek, A., and Zvalo, V., 2008. Vegetable Production Guide – Spinach. Agra Point.  

2-10 

 

Rice-Evans, C., and Miller, N. J., 1995. Antioxidants - the case for fruit and vegetables  

in the diet. British Food Journal. 97, 35-40.  

 

Rolland J., and Sherman C., "Spinach". 2006. The Food Encyclopedia: Over 8,000  

Ingredients Tools, Techniques and People. Toronto: Robert Rose. [www. 

Canadian Living. Accessed 03/07/2010]. 

 

Rosa, T. M., Julkunen, T. R., Lehtol, T., Aphalol, P. J., 2001. Secondary metabolites and  

nutrient concentrations in silver birch seedlings under five levels of daily UV-B 

exposure and two relative nutrient addition rates. New Phytologist.150 

 

  

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


Page | 97 
 

Sanchez, C. A., Burdine, H. W., Guzman, V. L., and Hall C. B., 1988. Yield, quality, and  

leaf nutrient composition of crisphead lettuce as affected by N, P, and K on 

histosols. Proceedings of the Florida State Horticultural Society. 101, 346-350. 

 

Sardas, S., 2003. The role of antioxidants in cancer prevention and treatment. Indoor and  

Built Environment. 12, 401-404 

 

SAS Institute Inc. (1999). General linear model procedures of SAS, Version 8.0, Cary,  

NC: SAS Institute Inc. 

 

Shearer, M. J., 2009. Vitamin K in parenteral nutrition. Gastroenterology. 13, 105-118.  

 

Sies, H., 1996. Antioxidants in Disease, Mechanisms and Therapy, Academic Press, New  

York. 

 

Sims, J.T., 1998. Phosphorus soil testing: Innovations for water quality protection.  

Communications in Soil Science and Plant Analysis. 29, 1471-1489.  

 

Sims, J. T., Simard, R. R., Joern, B.C., 1998. Phosphorus loss in agricultural drainage:  

Historical perspective and current research. Journal of Environmental Quality. 27, 

277-293.  

 

Skwarylo-Bednarz B., Krzepilko A., 2008. Diversified fertilization with NPK in wide-row  

of Amaranthus cruentus L. And total antioxidant capability of leaves and soil under 

Amaranthus. Acta Agrophysica. 2(1), 173-181. 

 

Somers, G. F., Beeson, K. C., 1948. The influence of climate and fertilizer practices  

upon the vitamin and mineral content of vegetables. Advances in Food 

Research. 1, 291-324. 

 



Page | 98 
 

Sorensen, J. N., 1999. Nitrogen effects on vegetable crop production and chemical  

composition. Fertilisation in Integrated Crop Production in the Field. Proceedings 

of the international Workshop on ecological aspects of vegetable. 506, 41-49 

 

Sorensen, J. N., 1984. Dietary ®ber and ascorbic acid in white cabbage as affected by  

fertilization. Acta Horticulturae. 163, 221-230. 

 

Sorensen, J. N., Johansen, A. S., Poulsen, N., 1994. Influence of growth conditions on  

the value of crisphead lettuce. 1. Marketable and nutritional quality as affected by 

nitrogen supply, cultivar and plant age. Plant Foods for Human Nutrition. 46, 1-

11. 

 

Soundy, P., and Smith, I. E., 1992. Response of lettuce (Lactuca sativa L.) to nitrogen  

and phosphorus fertilization. Journal of Southern African Society for Horticultural 

Science. 2, 82–85. 

 

South Africa Department of Agriculture, Forestry and Fisheries, 2010. The production of  

spinach in South Africa.  

 

Stahl, W., and Sies, H., 2003. Antioxidant activity of carotenoids. Molecular Aspects  

Of Medicine. 24, 345-351. 

 

Stamp N., 2003. Out of the quagmire of plant defence hypotheses. Quarterly Review of  

Biology. 78, 23-55. 

 

Szwonek, E., 1986. Nitrate concentration in lettuce and spinach as dependent on nitrate  

doses. Acta Horticulturae. 176, 93-97. 

 

Tittonell, P., Grazia, J. D., and Chiesa, A., 2001. Effect of nitrogen fertilization and plant  

population during growth on lettuce (Lactuca sativa L.) postharvest quality. Acta 

Horticulturae. 553, 67-68. 



Page | 99 
 

 

Toledo, M. E. A., Ueda, Y., Imahori, Y., and Ayaki, M., 2003. L-Ascorbic acid metabolism  

in spinach (Spinacia oleracea L.) during postharvest storage in light and dark. 

Postharvest Biology and Technology. 28, 47-57. 

 

Uher, A., Slosar, M., Valskikov, M., 2013.  Fertilization impact on the content of selected  

bioactive compounds in cauliflower.  Journal of Central European Agriculture. 

14(1), 261-269. 

 

USDA, 2005. U.S. Department of Agriculture, Agricultural Research Service. USDA  

National Nutrient Database for Standard Reference, Release 18, [accessed 

 2012]. 

 

Van der Walt Loots, D. T., Ibrahim, M. I. M., Bezuidenhout, C. C., 2009. Minerals, trace  

elements and antioxidant phytochemicals in wild African dark-green leafy 

vegetables (morogo), South African Journal Science. 105, 11-12.  

 

Van Duijvenboden, W., Matthijsen, A. J. C. M., 1989. Integrated criteria document  

nitrate. 

Veit, M., Bilger, T., Muhlbauer, T., Brummet, W., and Winter, K., 1996. Diurnal  

Changes in Flavonoids. Journal of Plant Physiology. 148, 478-482. 

Vogt, T., and Gulz, P. G., 1994. Accumulation of flavonoids during leaf development in  

Cistuslaurifolius. Photochemistry. 36, 591-597. 

 

Walaszek, Z., Szemraj, J., Narog, M., Adams, A. K., Kilgore, J., Sherman, U., Hanausek,  

M., 1997. University of Texas M. D. Anderson Cancer Centre, Science Park-

Research Division, Smithville, USA. Cancer Detection and Prevention. 21(2), 178-

190. 

 

  

http://europepmc.org/search;jsessionid=BevzcESJaMylZ7OYH2TK.7?page=1&query=AUTH:%22Walaszek+Z%22
http://europepmc.org/search;jsessionid=BevzcESJaMylZ7OYH2TK.7?page=1&query=AUTH:%22Szemraj+J%22
http://europepmc.org/search;jsessionid=BevzcESJaMylZ7OYH2TK.7?page=1&query=AUTH:%22Narog+M%22
http://europepmc.org/search;jsessionid=BevzcESJaMylZ7OYH2TK.7?page=1&query=AUTH:%22Adams+AK%22
http://europepmc.org/search;jsessionid=BevzcESJaMylZ7OYH2TK.7?page=1&query=AUTH:%22Kilgore+J%22
http://europepmc.org/search;jsessionid=BevzcESJaMylZ7OYH2TK.7?page=1&query=JOURNAL:%22Cancer+Detect+Prev%22


Page | 100 
 

Wang, Y., Chang, C. F., Chou, J., Chen, H. L., Deng, X., Harvey, B. K., Cadet, J. L.,  

Bickford, P. C., 2005. Dietary supplementation with blueberries, spinach, or 

spirulina reduces ischaemic brain damage. Experimental Neurology. 193, 75-84. 

 

Wang, Z. H., Li, S., Malhi, S., 2008. Effects of fertilization and other agronomic measures  

on nutritional quality of crops. Journal of the Science of Food and Agriculture. 88, 

7-23.  

 

Waterman, P., and Mole, S., 1994. Analysis of phenolic plant metabolites. Blackwell  

Scientific, London. 338 Horticultural Science. Volume 42(2), 83-85.  

 

Weston, L. A., Barth, M. M., 1997. Pre-harvest factors affecting postharvest quality of  

vegetables. Horticultural Science. 32, 812-816. 

 

Wiedenhoeft, A. C., 2006. Hopkins, W. G., (editions) the world Chelsea House publisher,  

New York NY. Plant Nutrition. 16-43. 

 

Wiesler, F., 1998. Comparative assessment of the efficacy of various nitrogen fertilizers.  

In: Rengel, Z. (edition). New York, USA: The Haworth Press Inc. Nutrient use in 

crop production. 81-114. 

 

Williamson, G., 1996. Protective effects of fruit and vegetables in the diet. Nutrition and 

 Food Science. 96, 6-10. 

 

Wills, R., McGlasson, B., Graham, D., and Joyce, D., 1998. Postharvest: An  

introduction to the physiology and handling of fruit, vegetables and ornamentals. 

University of New South Wales Press, Australia 1-262.   

 

  



Page | 101 
 

Wittig, J., Herderich, M., Graefe, E.U., and Veit, M., 2001. Identification of quercetin  

glucuronides in human plasma by high-performance liquid chromatography-

tandem mass spectrometry. Journal of Chromatography B: Biomedical Sciences 

and Applications. 753, 237-243. 

 

Wu, X., Beecher, G. R., Holden, J. M., Haytowitz, D. B., Gebhardt, S. E., Prior, R. L.,  

2004. Lipophilic and hydrophilic antioxidant capacities of common foods in the 

United States. Journal of Agricultural and Food Chemistry. 52(12), 4026-4037. 

 

Zasoski, R. J., and Burau, R. G., 1977. “A Rapid Nitric-Perchloric Acid Digestion Method  

for Multi-Element Tissue Analysis”. Communications in Soil Science and Plant 

Analysis. 8 (5), 425-436. 

 

Zhu, Z. B., Liang, Z. S., Han, R. L., Dong, J. E., 2009b. Growth and saikosaponin  

production of the medicinal herb bupleurum chinense DC. under different levels of 

nitrogen and phosphorus. Industrial Crops and Products. 29(1), 96-101.  

 

Zornoza, P., and Gonzalez, M., 1998. Varietal specificity in growth, nitrogen uptake, and  

distribution under contrasting forms of nitrogen supply in spinach. Journal of Plant 

Nutrition. 21, 837-847. 

  



Page | 102 
 

APPENDIX A 
TURN-IT-IN ORIGINALITY REPORT 
Turnitin Originality Report  
MSC thesis by Bongi Zikalala  
From thesis (Thesis)  

 Processed on 03-Nov-2014 13:04 SAST  

 ID: 472770901  

 Word Count: 25464  
  
Similarity Index 
29% 
Similarity by Source 
Internet Sources:  

24%  
Publications:  

7%  
Student Papers:  

7%  
Sources: 

1 
4% match (Internet from 27-Jan-2012) 
http://vegetables.designcom.co.nz/resources/1files/pdf/spinach_silverbeet_egg%20plant_vegetable_food_report.pdf  

2 
3% match (Internet from 15-Apr-2011) 
http://diss-epsilon.slu.se:8080/archive/00001218/01/Acta_62_.pdf  

3 
2% match (student papers from 15-Aug-2014) 
Class: Thesis 
Assignment:  
Paper ID: 444421034  

4 
2% match (Internet from 25-Apr-2014) 
http://hortsci.ashspublications.org/content/42/2/334.full  

5 
2% match (Internet from 07-Nov-2012) 
http://perennia.ca/Production%20Guides/Vegetable%20Crops/2011%20Production%20Guides/Spinach%20Production%20Guid
e%202011.pdf  

6 
1% match (publications) 

Hasna El Gharras. "Polyphenols: food sources, properties and applications ��� a review", International Journal of Food 
Science & Technology, 12/2009  

7 
1% match (Internet from 07-Dec-2012) 
http://www.scielo.cl/scielo.php?pid=S0718-95162012005000001&script=sci_arttext  

8 
1% match (Internet from 03-Apr-2014) 
http://hortsci.ashspublications.org/content/45/10/1539.full  

9 
1% match (student papers from 08-Oct-2014) 
Class: Thesis 
Assignment:  
Paper ID: 461833972  

10 
1% match (Internet from 24-Sep-2014) 
http://www.nutrition-and-you.com/spinach.html  

http://vegetables.designcom.co.nz/resources/1files/pdf/spinach_silverbeet_egg%20plant_vegetable_food_report.pdf
http://diss-epsilon.slu.se:8080/archive/00001218/01/Acta_62_.pdf
http://www.turnitin.com/paperInfo.asp?r=17.4970213464871&svr=10&lang=en_int&oid=444421034&perc=2
http://hortsci.ashspublications.org/content/42/2/334.full
http://perennia.ca/Production%20Guides/Vegetable%20Crops/2011%20Production%20Guides/Spinach%20Production%20Guide%202011.pdf
http://perennia.ca/Production%20Guides/Vegetable%20Crops/2011%20Production%20Guides/Spinach%20Production%20Guide%202011.pdf
http://dx.doi.org/10.1111/j.1365-2621.2009.02077.x
http://dx.doi.org/10.1111/j.1365-2621.2009.02077.x
http://www.scielo.cl/scielo.php?pid=S0718-95162012005000001&script=sci_arttext
http://hortsci.ashspublications.org/content/45/10/1539.full
http://www.turnitin.com/paperInfo.asp?r=17.4970213464871&svr=10&lang=en_int&oid=461833972&perc=1
http://www.nutrition-and-you.com/spinach.html


Page | 103 
 

11 
1% match (Internet from 25-May-2014) 
http://anrcatalog.ucdavis.edu/pdf/7212.pdf  

12 
1% match (Internet from 20-Oct-2012) 
http://www.fspublishers.org/ijab/past-issues/IJABVOL_13_NO_5/37.pdf  

13 
1% match (Internet from 05-Oct-2014) 
http://www.dnva.no/binfil/download.php?tid=48677  

14 
1% match (Internet from 22-May-2012) 
http://ul.netd.ac.za/jspui/bitstream/10386/382/1/S%20Negukhula%20Mini-Dissertation.pdf  

15 
< 1% match (Internet from 19-Sep-2012) 
http://www.rtbot.net/spinach  

16 
< 1% match (publications) 
Sara ÅM Bergquist. "Effects of shade nettings, sowing time and storage on baby spinach flavonoids", Journal of the Science of 
Food and Agriculture, 10/2007  

17 
< 1% match (Internet from 28-Feb-2014) 
http://landresources.montana.edu/nm/Modules/mt44492.pdf  

18 
< 1% match (Internet from 04-Mar-2013) 
http://www.allotment.org.uk/grow-your-own/fertiliser/npk-in-fertiliser  

19 
< 1% match (publications) 
Mark Lefsrud. "Nitrogen Levels Influence Biomass, Elemental Accumulations, and Pigment Concentrations in Spinach", Journal 
of Plant Nutrition, 2007  

20 
< 1% match (publications) 
Bergquist, Sara Å. M., Ulla E. Gertsson, Pia Knuthsen, and Marie E. Olsson. "Flavonoids in Baby Spinach (Spinacia oleracea L.): 
Changes during Plant Growth and Storage", Journal of Agricultural and Food Chemistry, 2005.  

21 
< 1% match (Internet from 26-Aug-2003) 
http://postharvest.ucdavis.edu/Pubs/science1.pdf  

22 
< 1% match () 
http://www.elainesoriano.homesandland.com/Magazine/ListingCriteria.cfm?MagId=1005  

23 
< 1% match (Internet from 24-Jan-2014) 
http://www.who.int/water_sanitation_health/dwq/chemicals/nitratenitrite2ndadd.pdf  

24 
< 1% match (publications) 
Petek, Marko; Ćustić, Mirjana Herak; Toth, Nina; Slunjski, Sanja; Čoga, Lepomir; Pavlović, Ivan; Karažija, Tomislav; Lazarević, 
Boris and Cvetković, Saša. "Nitrogen and Crude Proteins in Beetroot (Beta vulgaris var. conditiva) under Different Fertilization 
Treatments", Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 2012.  

25 
< 1% match (Internet from 11-Sep-2012) 
http://www.mdpi.com/1420-3049/16/1/251/pdf  

26 
< 1% match (publications) 
Onyango, Cecilia Moraa; Harbinson, Jeremy; Imurigi, Jasper Kathenya; Onwonga, Richard Ndemo and van Kooten, Olaf. "Effect 
of Nitrogen Source, Crop Maturity Stage and Storage Conditions on Phenolics and Oxalate Contents in Vegetable Amaranth 
(Amaranthus hypochondriacus)", Journal of Agricultural Science (1916-9752), 2012.  

27 

http://anrcatalog.ucdavis.edu/pdf/7212.pdf
http://www.fspublishers.org/ijab/past-issues/IJABVOL_13_NO_5/37.pdf
http://www.dnva.no/binfil/download.php?tid=48677
http://ul.netd.ac.za/jspui/bitstream/10386/382/1/S%20Negukhula%20Mini-Dissertation.pdf
http://www.rtbot.net/spinach
http://dx.doi.org/10.1002/jsfa.2956
http://dx.doi.org/10.1002/jsfa.2956
http://landresources.montana.edu/nm/Modules/mt44492.pdf
http://www.allotment.org.uk/grow-your-own/fertiliser/npk-in-fertiliser
http://dx.doi.org/10.1080/01904160601117838
http://dx.doi.org/10.1080/01904160601117838
http://dx.doi.org/10.1021/jf051430h
http://dx.doi.org/10.1021/jf051430h
http://postharvest.ucdavis.edu/Pubs/science1.pdf
http://www.elainesoriano.homesandland.com/Magazine/ListingCriteria.cfm?MagId=1005
http://www.who.int/water_sanitation_health/dwq/chemicals/nitratenitrite2ndadd.pdf
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=84519960&site=ehost-live&EPSource=esi
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=84519960&site=ehost-live&EPSource=esi
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=84519960&site=ehost-live&EPSource=esi
http://www.mdpi.com/1420-3049/16/1/251/pdf
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=78233253&site=ehost-live&EPSource=esi
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=78233253&site=ehost-live&EPSource=esi
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=78233253&site=ehost-live&EPSource=esi


Page | 104 
 

< 1% match (Internet from 01-Nov-2014) 
http://www.whfoods.com/genpage.php?tname=foodspice&dbid=43  

28 
< 1% match (Internet from 25-Sep-2014) 
http://www.ajprd.com/currentissues_file/173.pdf  

29 
< 1% match (Internet from 09-Oct-2014) 
http://ajcn.nutrition.org/content/90/1/11.full  

30 
< 1% match (Internet from 01-Nov-2012) 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996797/  

31 
< 1% match (Internet from 31-Aug-2010) 
http://nespal.org/oziasakinslab/pubs/KarakasB1997PlantCellEnviron20_609.pdf  

32 
< 1% match (publications) 
Gil, María I., Federico Ferreres, and Francisco A. Tomás-Barberán. "Effect of Postharvest Storage and Processing on the 
Antioxidant Constituents (Flavonoids and Vitamin C) of Fresh-Cut Spinach", Journal of Agricultural and Food Chemistry, 1999.  

33 
< 1% match (Internet from 26-Mar-2012) 
http://dspace.unitus.it/bitstream/2067/1093/1/cfallovo_tesid.pdf  

34 
< 1% match (Internet from 16-Jun-2013) 
http://www.sanitarium.co.nz/health-and-wellbeing/antioxidants  

35 
< 1% match (Internet from 04-May-2013) 
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3046737/  

36 
< 1% match (Internet from 07-Mar-2013) 
http://www.pfaf.org/user/Plant.asp?r=17.4970213464871&svr=10&lang=en_int&x?LatinName=Cannabis+sativa  

37 
< 1% match (Internet from 22-Mar-2013) 
http://www.managementparadise.com/khanarif88/documents/3411/recruitment-process-outsourcing/  

38 
< 1% match (Internet from 21-May-2014) 
http://repositorio.utad.pt/bitstream/10348/43/1/phd_bmcgoncalves.pdf  

39 
< 1% match (publications) 
"Studies from Tulane University Yield New Information about Life Science Research.(Report)", Life Science Weekly, Nov 27 
2012 Issue  

40 
< 1% match (Internet from 09-Sep-2014) 
http://www.elhadiyahia.net/wp-content/uploads/2014/06/26.pdf  

41 
< 1% match (Internet from 20-Apr-2013) 
http://ietd.inflibnet.ac.in/bitstream/10603/3091/5/05_acknowledgements.pdf  

42 
< 1% match (publications) 
"New metabolism research from University of Glasgow discussed.", Biotech Week, July 8 2009 Issue  

43 
< 1% match (publications) 
Coelho Ferreira, Daniel; Rodrigues de Souza, José Antônio; Oliveira Batista, Rafael; Montenegro Campos, Claudio Milton; 
Afonso Matangue, Mario Tauzene and Astoni Moreira, Debora. "Nutrient inputs in soil cultivated with coffee crop fertigated with 
domestic sewage", Revista Ambiente e Água, 2011.  

44 
< 1% match (Internet from 06-Jan-2014) 

http://www.whfoods.com/genpage.php?tname=foodspice&dbid=43
http://www.ajprd.com/currentissues_file/173.pdf
http://ajcn.nutrition.org/content/90/1/11.full
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996797/
http://nespal.org/oziasakinslab/pubs/KarakasB1997PlantCellEnviron20_609.pdf
http://dx.doi.org/10.1021/jf981200l
http://dx.doi.org/10.1021/jf981200l
http://dspace.unitus.it/bitstream/2067/1093/1/cfallovo_tesid.pdf
http://www.sanitarium.co.nz/health-and-wellbeing/antioxidants
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3046737/
http://www.pfaf.org/user/Plant.asp?r=17.4970213464871&svr=10&lang=en_int&x?LatinName=Cannabis+sativa
http://www.managementparadise.com/khanarif88/documents/3411/recruitment-process-outsourcing/
http://repositorio.utad.pt/bitstream/10348/43/1/phd_bmcgoncalves.pdf
http://www.turnitin.com/viewGale.asp?r=17.4970213464871&svr=10&lang=en_int&oid=86453424&key=840bc68a2f5aed31659189e18effbb40
http://www.turnitin.com/viewGale.asp?r=17.4970213464871&svr=10&lang=en_int&oid=86453424&key=840bc68a2f5aed31659189e18effbb40
http://www.elhadiyahia.net/wp-content/uploads/2014/06/26.pdf
http://ietd.inflibnet.ac.in/bitstream/10603/3091/5/05_acknowledgements.pdf
http://www.turnitin.com/viewGale.asp?r=17.4970213464871&svr=10&lang=en_int&oid=64574358&key=b105adfa42a0541af96de5f10518bf12
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=83517834&site=ehost-live&EPSource=esi
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=83517834&site=ehost-live&EPSource=esi
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=83517834&site=ehost-live&EPSource=esi


Page | 105 
 

http://etd.lsu.edu/docs/available/etd-06272013-224014/unrestricted/ASotoDiss752013.pdf  
45 

< 1% match (Internet from 07-May-2012) 
http://vitaminandminerals.co.uk/chewable-vitamin-c-150mg/  

46 
< 1% match (Internet from 26-Oct-2013) 
http://reflections.mndigital.org/cdm/compoundobject/collection/irrc/id/3638/rec/23  

47 
< 1% match (Internet from 19-Apr-2013) 
http://www.secretsofeden.com/servlet/the-402/colloidal-ion-selenium-antioxidant/Detail  

48 
< 1% match (Internet from 04-Nov-2012) 
http://westrock2u.com/HealthNotes_Vitamin_C.php  

49 
< 1% match (Internet from 27-Oct-2014) 
http://ajcn.nutrition.org/content/79/5/727.full  

50 
< 1% match (Internet from 27-Sep-2014) 
http://dspace.thapar.edu:8080/dspace/bitstream/10266/664/3/T664.pdf  

51 
< 1% match (publications) 
El-Helaly, M. A.. "Effect Of Nitrogen Fertilization Rates And Potassium Sources On Broccoli Yield, Quality And Storability", 
Research Journal of Agriculture & Biological Sciences, 2012.  

52 
< 1% match (Internet from 14-Jun-2011) 
http://herkules.oulu.fi/isbn9514271599/isbn9514271599.pdf  

53 
< 1% match (publications) 
Mehta, Manav. "Fracture Callus Competence: Factors influencing the risk of secondary bone healing", Technische Universität 
Berlin, 2010.  

54 
< 1% match (Internet from 09-Jun-2010) 
http://lrd.yahooapis.com/_ylc=X3oDMTVnZ2w2M29iBF9TAzIwMjMxNTI3MDIEYXBwaWQDTHJlazRUTFYzNEdRVjYwVDFRYVl
HeC5xMDYuMHVja2pJb3dfYzJFV3NGejhWZzVHX2xkQjRPX1YweDZPdVNOME9zVjg2a0I2BGNsaWVudANib3NzBHNlcnZpY2
UDQk9TUwRzbGsDdGl0bGUEc3JjcHZpZANEUjR1TjBnZUF1MlFXWndnRXVwRkJtSGdKbS5UVGt3UGtCZ0FEcGh6/SIG=117a
mlvv9/**http%3A//www.nosmut.com/Spinach.html  

55 
< 1% match (Internet from 01-Feb-2013) 
http://www.kingstoncompassion.org/horticulture/nutrients/magnesium-mg/  

56 
< 1% match (Internet from 26-May-2013) 
http://www.fbi.gov/about-us/lab/forensic-science-communications/fsc/april2009/review  

57 
< 1% match (publications) 
Mirdad , Zohair Mahmoud. "Effect of Irrigation Intervals , Nitrogen Sources and Nitrogen Levels on Some Characters of Parsley ( 
Petroselinum Crispum Mill ) \\ Journal of King Abdulaziz University : Meteorology , Environment and Arid Land Agriculture 
Sciences .- 2011 , Vol. 22 , No. 1 , pp. 3 - 17.", , 2011.  

58 
< 1% match (Internet from 27-Jan-2013) 
http://ietd.inflibnet.ac.in/bitstream/10603/2113/5/05_acknowledgement.pdf  

59 
< 1% match (Internet from 08-Sep-2003) 
http://www.ifr.ac.uk/eurofeda/FV_refs.pdf  

60 
< 1% match (Internet from 22-Aug-2012) 
http://www.ajcn.org/content/81/1/230S.long  

http://etd.lsu.edu/docs/available/etd-06272013-224014/unrestricted/ASotoDiss752013.pdf
http://vitaminandminerals.co.uk/chewable-vitamin-c-150mg/
http://reflections.mndigital.org/cdm/compoundobject/collection/irrc/id/3638/rec/23
http://www.secretsofeden.com/servlet/the-402/colloidal-ion-selenium-antioxidant/Detail
http://westrock2u.com/HealthNotes_Vitamin_C.php
http://ajcn.nutrition.org/content/79/5/727.full
http://dspace.thapar.edu:8080/dspace/bitstream/10266/664/3/T664.pdf
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=90307619&site=ehost-live&EPSource=esi
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=90307619&site=ehost-live&EPSource=esi
http://herkules.oulu.fi/isbn9514271599/isbn9514271599.pdf
http://opus.kobv.de/tuberlin/volltexte/2010/2668/pdf/mehta_manav.pdf
http://opus.kobv.de/tuberlin/volltexte/2010/2668/pdf/mehta_manav.pdf
http://lrd.yahooapis.com/_ylc=X3oDMTVnZ2w2M29iBF9TAzIwMjMxNTI3MDIEYXBwaWQDTHJlazRUTFYzNEdRVjYwVDFRYVlHeC5xMDYuMHVja2pJb3dfYzJFV3NGejhWZzVHX2xkQjRPX1YweDZPdVNOME9zVjg2a0I2BGNsaWVudANib3NzBHNlcnZpY2UDQk9TUwRzbGsDdGl0bGUEc3JjcHZpZANEUjR1TjBnZUF1MlFXWndnRXVwRkJtSGdKbS5UVGt3UGtCZ0FEcGh6/SIG=117amlvv9/**http%3A/www.nosmut.com/Spinach.html
http://lrd.yahooapis.com/_ylc=X3oDMTVnZ2w2M29iBF9TAzIwMjMxNTI3MDIEYXBwaWQDTHJlazRUTFYzNEdRVjYwVDFRYVlHeC5xMDYuMHVja2pJb3dfYzJFV3NGejhWZzVHX2xkQjRPX1YweDZPdVNOME9zVjg2a0I2BGNsaWVudANib3NzBHNlcnZpY2UDQk9TUwRzbGsDdGl0bGUEc3JjcHZpZANEUjR1TjBnZUF1MlFXWndnRXVwRkJtSGdKbS5UVGt3UGtCZ0FEcGh6/SIG=117amlvv9/**http%3A/www.nosmut.com/Spinach.html
http://lrd.yahooapis.com/_ylc=X3oDMTVnZ2w2M29iBF9TAzIwMjMxNTI3MDIEYXBwaWQDTHJlazRUTFYzNEdRVjYwVDFRYVlHeC5xMDYuMHVja2pJb3dfYzJFV3NGejhWZzVHX2xkQjRPX1YweDZPdVNOME9zVjg2a0I2BGNsaWVudANib3NzBHNlcnZpY2UDQk9TUwRzbGsDdGl0bGUEc3JjcHZpZANEUjR1TjBnZUF1MlFXWndnRXVwRkJtSGdKbS5UVGt3UGtCZ0FEcGh6/SIG=117amlvv9/**http%3A/www.nosmut.com/Spinach.html
http://lrd.yahooapis.com/_ylc=X3oDMTVnZ2w2M29iBF9TAzIwMjMxNTI3MDIEYXBwaWQDTHJlazRUTFYzNEdRVjYwVDFRYVlHeC5xMDYuMHVja2pJb3dfYzJFV3NGejhWZzVHX2xkQjRPX1YweDZPdVNOME9zVjg2a0I2BGNsaWVudANib3NzBHNlcnZpY2UDQk9TUwRzbGsDdGl0bGUEc3JjcHZpZANEUjR1TjBnZUF1MlFXWndnRXVwRkJtSGdKbS5UVGt3UGtCZ0FEcGh6/SIG=117amlvv9/**http%3A/www.nosmut.com/Spinach.html
http://www.kingstoncompassion.org/horticulture/nutrients/magnesium-mg/
http://www.fbi.gov/about-us/lab/forensic-science-communications/fsc/april2009/review
http://www.turnitin.com/
http://www.turnitin.com/
http://www.turnitin.com/
http://ietd.inflibnet.ac.in/bitstream/10603/2113/5/05_acknowledgement.pdf
http://www.ifr.ac.uk/eurofeda/FV_refs.pdf
http://www.ajcn.org/content/81/1/230S.long


Page | 106 
 

61 
< 1% match (publications) 
Pfab, Helena. "Nitrous oxide emissions and mitigation strategies : measurements on an intensively fertilized vegetable cropped 
loamy soil", Universität Hohenheim, 2011.  

62 
< 1% match (Internet from 10-Jun-2011) 
http://mspace.lib.umanitoba.ca/bitstream/1993/2820/3/Stephen_theisis_FOR  

63 
< 1% match (Internet from 09-May-2013) 
http://www.nqcommtransport.org.au/page28.html  

64 
< 1% match (Internet from 08-Jan-2014) 
http://epublications.uef.fi/pub/urn_isbn_978-951-27-0781-2/urn_isbn_978-951-27-0781-2.pdf  

65 
< 1% match (Internet from 06-Sep-2014) 
http://run.unl.pt/bitstream/10362/5768/1/PhD%20Thesis%20ATSerra.pdf  

66 
< 1% match (Internet from 28-Jun-2012) 
http://www.rehabnurse.org/pdf/rnj285.pdf  

67 
< 1% match (publications) 
Kavitha, V. and Ramadas, V. Saradha. "Nutritional composition of raw fresh and shade dried form of spinach leaf (Spinach 
oleracea)", Journal of Pharmacy Research, 2013.  

68 
< 1% match (publications) 
Goldberg. "References", Plants Diet and Health, 07/07/2003  

69 
< 1% match (Internet from 01-Oct-2012) 
http://www.walnuthealthcare.moogo.com/252  

70 
< 1% match (Internet from 08-Sep-2010) 
http://en.wikipedia.thelinks.com.pl/wiki/Spinach  

71 
< 1% match (Internet from 15-Apr-2011) 
http://www.cabi.org/cabdirect/FullTextPDF/2008/20083284864.pdf  

72 
< 1% match (Internet from 19-Mar-2014) 
http://www.tdx.cat/bitstream/handle/10803/8385/Tios1de1.pdf.txt?sequence=2  

73 
< 1% match (Internet from 24-Aug-2014) 
http://amsdottorato.unibo.it/5142/1/Grilli_Selene_tesi.pdf  

74 
< 1% match (Internet from 10-Apr-2012) 
http://www.doria.fi/bitstream/handle/10024/43948/effectof.pdf?sequence=1  

75 
< 1% match (Internet from 18-May-2013) 
http://www.scielo.br/rss.php?pid=0100-879X20000009&lang=pt  

76 
< 1% match (Internet from 21-May-2013) 
http://vegetarian.org.uk/campaigns/whitelies/whiteliesreport.pdf  

77 
< 1% match (Internet from 13-Dec-2007) 
http://www.chester.gov.uk/PDF/Research-FinalReportC&L.pdf  

78 
< 1% match (Internet from 15-Jan-2013) 
http://www.inhort.pl/files/journal_pdf/Suppl_2_2006/Suppl_2_full_11_2006.pdf  

http://opus.ub.uni-hohenheim.de/volltexte/2011/634/pdf/Doktorarbeit_Helena_Pfab.pdf
http://opus.ub.uni-hohenheim.de/volltexte/2011/634/pdf/Doktorarbeit_Helena_Pfab.pdf
http://mspace.lib.umanitoba.ca/bitstream/1993/2820/3/Stephen_theisis_FOR
http://www.nqcommtransport.org.au/page28.html
http://epublications.uef.fi/pub/urn_isbn_978-951-27-0781-2/urn_isbn_978-951-27-0781-2.pdf
http://run.unl.pt/bitstream/10362/5768/1/PhD%20Thesis%20ATSerra.pdf
http://www.rehabnurse.org/pdf/rnj285.pdf
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=91747937&site=ehost-live&EPSource=esi
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=91747937&site=ehost-live&EPSource=esi
http://dx.doi.org/10.1002/9780470774465.refs
http://www.walnuthealthcare.moogo.com/252
http://en.wikipedia.thelinks.com.pl/wiki/Spinach
http://www.cabi.org/cabdirect/FullTextPDF/2008/20083284864.pdf
http://www.tdx.cat/bitstream/handle/10803/8385/Tios1de1.pdf.txt?sequence=2
http://amsdottorato.unibo.it/5142/1/Grilli_Selene_tesi.pdf
http://www.doria.fi/bitstream/handle/10024/43948/effectof.pdf?sequence=1
http://www.scielo.br/rss.php?pid=0100-879X20000009&lang=pt
http://vegetarian.org.uk/campaigns/whitelies/whiteliesreport.pdf
http://www.chester.gov.uk/PDF/Research-FinalReportC&L.pdf
http://www.inhort.pl/files/journal_pdf/Suppl_2_2006/Suppl_2_full_11_2006.pdf


Page | 107 
 

79 
< 1% match (Internet from 03-Nov-2013) 
http://scholar.sun.ac.za/bitstream/handle/10019.1/80019/venter_development_2013.pdf.txt?sequence=3  

80 
< 1% match (publications) 
M.I. Gil. "Fresh-cut fruit and vegetables", Improving the health-promoting properties of fruit and vegetable products, 2008  

81 
< 1% match (publications) 
Bergquist, Sara Å. M., Ulla E. Gertsson, Lotta Y. G. Nordmark, and Marie E. Olsson. "Ascorbic Acid, Carotenoids, and Visual 
Quality of Baby Spinach as Affected by Shade Netting and Postharvest Storage", Journal of Agricultural and Food Chemistry, 
2007.  

82 
< 1% match (publications) 
Johnson, Dale W.; Walker, Roger F.; McNulty, Michelle; Rau, Benjamin M. and Miller, Watkins W.. "The Long-Term Effects of 
Wildfire and Post-Fire Vegetation on Sierra Nevada Forest Soils", Forests (19994907), 2012.  

83 
< 1% match (publications) 
Tyagi, Amit. "Photodynamics of a flavin based blue-light regulated phosphodiesterase protein and its photoreceptor BLUF 
domain", Publikationsserver der Universität Regensburg, 2009.  
paper text: 
The Chemical Composition of Baby Spinach (Spinacia oleracea L.) as Affected by Nitrogen, Phosphorus & Potassium nutrition 

Bongekile Octavia Zikalala 3Submitted in accordance with the requirements for the degree of Master of Science in the subject  

AGRICULTURE at the UNIVERSITY OF SOUTH AFRICA SUPERVISOR:  PROF FHATUWANI NIXWEL MUDAU NOVEMBER 2014 TABLE OF 

CONTENTS DECLARATION viiii ACKNOWLEDGEMENTS ix DEDICATION xii 62LIST OF TABLES xiv LIST OF FIGURES xiv LIST OF  

ABBREVIATIONS  xiv ABSTRACT xvivi CHAPTER 1 1 1. RESEARCH BACKGROUND ON BABY SPINACH 1 1.1 BACKGROUND 1 

1.2 RESEARCH PROBLEM 2 1.3 MOTIVATION FOR MY RESEARCH 4 1.4 AIM OF THE STUDY 5 1.5 OBJECTIVE OF THE 
STUDY 5 1.6 HYPOTHESIS 5 1.7 SCOPE AND LIMITATIONS OF THE RESEARCH 6 1.8 ORGANISATION OF THE THESIS 6 
CHAPTER 2 7 2. LITERATURE REVIEW ON MINERAL NUTRITION AND QUALITY OF BABY SPINACH 7 2.1 
INTRODUCTION 7 2.2 THE HISTORY AND BOTANY OF BABY SPINACH 7 2.2.1 Origin and distribution 7 2.2.2 Botanical 
description of baby spinach 7 2.2.3 Types of spinach 8 2.3 COMPOSITION AND QUALITY OF BABY SPINACH 8 2.3.1 
Micronutrients 8 2.3.1.1 Magnesium 8 2.3.1.2 Iron 9 2.3.1.3 Zinc 9 2.3.1.4 Selenium 10 2.3.2 Phytochemicals 10 2.3.2.1 Total 
antioxidant activity 10 2.3.2.2 Total phenolic content 11 2.3.2.3 Total flavonoid content 12 Flavonols 13 Flavones 13 Flavanones 
14 Isoflavones 14 Flavanols 14 2.3.2.4 Total carotenoid content 14 Lutein and zeaxanthin 14 2.3.2.5 Vitamin C 15 2.4. OTHER 
PHYTOCHEMICAL IN BABY SPINACH 15 2.4.1 Glutatione 15 2.4.2 α-Lipoic acid 16 2.4.3 D-Glucaric acid 16 2.3.4 Coenzyme 
Q10 16 2.3.5 Chlorophyll 16 2.5 THE HEALTH BENEFIT OF BABY SPINACH 17 2.5.1 Introduction 17 2.5.2 Health benefit of 
baby spinach 17 2.5.2.1 Protects against aging & Improves brain function 17 2.5.2.2 Cancer-fighting antioxidants 18 2.5.2.3 
Improves cardiovascular Health Error! Bookmark not defined. 2.5.2.4 Assist in fetal development 18 2.5.2.5 Promotes healthy 
bodies 19 2.6 THE VARIATIONS IN CONCENTRATION OF BIOACTIVE COMPOUNDS IN BABY SPINACH 20 2.6.1 
Introduction 18 2.6.2 Factors affecting the concentrations of bioactive compounds 25 2.6.2.1 Cultivar 25 2.6.2.2 Genetical factors 
25 Page | iii 2.6.2.3 Climatic requirements 25 2.6.2.4 Agronomic practices 25 2.6.2.5 Method of processing 26 2.6.2.6 Storage 26 
2.6.2.7 Harvesting factors 26 2.7 THE GROWING OF SPINACH 20 2.7.1 Seeding/Planting 20 2.7.2 Soils 20 2.7.3 Irrigation 20 
2.7.4 Fertilization 21 2.7.5.1 Nitrogen 21 2.7.5.2 Phosphorus 22 2.7.5.3 Potassium 23 2.7.5.4 Lime 23 2.7.5 Harvest 23 2.7.5.1 
Postharvest handling 24 2.8 BRIEF SUMMARY OF THE LITERATURE REVIEW 28 CHAPTER 3 29 3. DESCRIPTION OF 

STUDY AREA AND RESEARCH METHODOLOGY29 443.1 INTRODUCTION 29 3.2 MATERIALS AND METHODS 29 3.2.1  

http://scholar.sun.ac.za/bitstream/handle/10019.1/80019/venter_development_2013.pdf.txt?sequence=3
http://dx.doi.org/10.1533/9781845694289.5.475
http://dx.doi.org/10.1021/jf070396z
http://dx.doi.org/10.1021/jf070396z
http://dx.doi.org/10.1021/jf070396z
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=85034778&site=ehost-live&EPSource=esi
http://search.ebscohost.com/login.asp?r=17.4970213464871&svr=10&lang=en_int&x?direct=true&db=ECD&AN=85034778&site=ehost-live&EPSource=esi
http://epub.uni-regensburg.de/12299/1/Tyagi_Dissertation.pdf
http://epub.uni-regensburg.de/12299/1/Tyagi_Dissertation.pdf
javascript:openDSC(444421034,%201,%20'93685');
javascript:openDSC(444421034,%201,%20'93685');
javascript:openDSC(77971261,%20943,%20'33781');
javascript:openDSC(77971261,%20943,%20'33781');
javascript:openDSC(3391719604,%201394,%20'37198');


Page | 108 
 

Experimental site 29 3.2.2 Experimental site design and treatment details 29 3.2.  2.1 Experimental site design 29 3.2.2.2 

Treatment details 31 3.2.3 Visual analysis 33 3.2.4 Chemical analyses of bioactive compounds 33 3.2.4.1 Minerals 34 3.2.4.2 
Total antioxidant activity  33 3.2.4.3 Total flavonoid content 35 3.2.4.4 Total phenolic content 34 3.2.4.5 Total carotenoid content 
34 3.2.4.6 Vitamin C 34 3.2.4.7 Leaf N 34 Page | iv 3.2.4.6 Leaf tissue N 34 3.2.4.6 Leaf tissue P & K 34 3.2.4 Data collection 38 
3.2.5 Statistical analyses 38 3.3 SUMMARY DESCRIPTION OF STUDY AREA AND RESEARCH METHODOLOGY Error! 
Bookmark not defined. CHAPTER 4 39 4. RESEARCH RESULTS AND DISCUSSION 39 4.1 INTRODUCTION 39 4.2 
RESEARCH RESULTS Error! Bookmark not defined. 4.2.1 Response of chemical composition & minerals to nitrogen fertilizers 
Error! Bookmark not defined. 4.2.2.1 Response of minerals to nitrogen fertilizer Error! Bookmark not defined. 4.2.2.2 Response 
of total phenolic content to nitrogen fertilizer Error! Bookmark not defined. 4.2.2.3 response of total carotenoid content to nitrogen 
fertilizer Error! Bookmark not defined. 4.2.2.4 Response of total flavonoid content activity to nitrogen fertilizer 68 4.2.2.5 
Response of total antioxidant activity  to nitrogen fertilizer 68 4.2.2.6 Response of vitamin C to nitrogen fertilizer 68 4.2.2.7 
Response of percentage protein N to nitrogen fertilizer 33 4.2.2.8 Response of percentage total N % to nitrogen fertilizer 33 Page 
| v 4.2.2 Response of chemical composition & minerals to phosphorus fertilizer Error! Bookmark not defined. 4.2.2.1 Response of 
minerals to phosphorus fertilizer 71 4.2.2.2 Response of total phenolic content to phosphorus fertilizer Error! Bookmark not 
defined. 4.2.2.3 Response of total carotenoid content to phosphorus fertilizer 71 4.2.2.4 Response of total flavonoid content to 
phosphorus fertilizer Error! Bookmark not defined. 4.2.2.5 Response of total antioxidant activity  to phosphorus fertilizer Error! 
Bookmark not defined. 4.2.2.6 Response of vitamin C to phosphorus fertilizer Error! Bookmark not defined. 4.2.2.7 Response of 
percentage leaf tissue P to phosphorus fertilizer Error! Bookmark not defined. 4.2.2.8 Response of percentage protein P to 
phosphorus fertilizer 68 4.2.3 Response of chemical composition & minerals to potassium fertilizer Error! Bookmark not defined. 
4.2.3.1 Response of minerals to potassium fertilizer Error! Bookmark not defined. 4.3.3.2 Response of total phenolic content to 
potassium fertilizer Error! Bookmark not defined. 4.2.3.3 Response of total carotenoid content to potassium fertilizer Error! 
Bookmark not defined. 4.2.3.4 Response total flavonoid content to potassium fertilizer Error! Bookmark not defined. 4.2.3.5 
Response of total antioxidant activity  to potassium fertilizer Error! Bookmark not defined. 4.2.3.6 Response of vitamin C to 
potassium fertilizer Error! Bookmark not defined. 4.2.3.7 Response of percentage leaf tissue P to phosphorus fertilizer Error! 
Bookmark not defined. 4.2.3.8 Response of percentage protein P to phosphorus fertilizer 68 4.2.4 Response of chemical 
composition & minerals to potassium fertilizer Error! Bookmark not defined. 4.2.3.1 Response of minerals to NPK fertilizer Error! 
Bookmark not defined. 4.3.3.2 Response of total phenolic content to NPK fertilizer Error! Bookmark not defined. 4.2.3.3 
Response of total carotenoid content to NPK fertilizer Error! Bookmark not defined. 4.2.3.4 Response flavonoids to NPK fertilizer 
Error! Bookmark not defined. 4.2.3.5 Response of total antioxidant activity  to NPK fertilizer Error! Bookmark not defined. 4.2.3.6 
Response of vitamin C to NPK fertilizer Error! Bookmark not defined. 4.2.3.7 Response of percentage protein to NPK fertilizer 
Error! Bookmark not defined. 4.2.3.8 Response of percentage leaf tissue N to NPK fertilizer 68 4.2.3.9 Response of percentage 
leaf tissue P to NPK fertilizer 68 4.2.3.10 Response of percentage leaf tissue K to NPK fertilizer 68 4.3 DISCUSSION Error! 
Bookmark not defined. 4.3.1 Response of chemical composition & trace elements to nitrogen fertilizers Error! Bookmark not 
defined. 4.3.2 Response of chemical composition & trace elements to phosphorus fertilizers Error! Bookmark not defined. 4.3.3 
Response of chemical composition & trace elements to potassium fertilizers Error! Bookmark not defined. 4.3.4 Response of 
chemical composition & trace elements to NPK fertilizers Error! Bookmark not defined. CHAPTER 5 5. CONCLUSIONS AND 

RECOMMENDATIONS REFERENCES 39 39 78 APPENDICES Error! Bookmark not defined. 50DECLARATION I hereby  

declare that the work that is being presented in this thesis “THE CHEMICAL COMPOSITION OF  BABY SPINACH (Spinacia oleracea L.) AS 

AFFECTED BY NITROGEN, PHOSPHORUS & POTASSIUM 3NUTRITION” is my own work and that all the sources that I have used or quoted  

have been indicated and acknowledged by means of complete references.  This thesis was subjected to turn-it in as per University policy. 

________________________ ____________________ SIGNATURE DATE (MS BO ZIKALALA) ACKNOWLEDGEMENTS 44I would like to thank  

God Almighty for blessing me  with this degree, without Him I wouldn’t be able to achieve so much. He is indeed a God of miracles and possibilities. It 

javascript:openDSC(3391719604,%201394,%20'37198');
javascript:openDSC(1050928379,%202022,%20'81187');
javascript:openDSC(1050928379,%202022,%20'81187');
javascript:openDSC(444421034,%201,%20'93688');
javascript:openDSC(444421034,%201,%20'93688');
javascript:openDSC(3391719604,%201394,%20'37194');
javascript:openDSC(3391719604,%201394,%20'37194');


Page | 109 
 

was a tough road and a steep journey, at times I wanted to give up and take another research project but He was always there with me, encouraging me and 

giving me hope that what seem to be impossible to men it is possible to Him. Apart from my efforts, the 37success of any project depends largely on  

the encouragement and guidelines of many others. I take this opportunity to express my gratitude to the people who have been instrumental  

in the successful completion of this project. I am indebted to  the following people and their organisations for the positive role they played during the 

course of this research project: ? I am grateful to Professor Fhatuwani Nixwel Mudau, my research supervisor, for his excellent guidance, commentary and 

constructive engagement during the course of the study. 65I would like to express my gratitude to him for the  useful comments, remarks and 

engagement through the learning process 73of this master thesis. Furthermore, I would like to thank  him for introducing me to this interesting and 

thought-provoking piece of work. Honestly, 63I can’t thank him enough for his remarkable support and assistance.  ? Dr Hintsa Arayi is thanked for 

sharing his knowledge and expertise which enabled me to develop an understanding of the subject. His guidance, supervision, and fundamental contribution, 
which made him a pillar of this study and so to this thesis. His participation with his creativity has generated and nourished my intellectual maturity that I will 
benefit from, for a long time to come. Without his inspiration and leadership this project would not have materialized. I would like to thank him whole-heartedly. ? 
Mr Meshack Mofokeng, a Researcher at the Agricultural Research Council (ARC), is thanked for assistance with respect to the fertilizer calculations and 
guidance in trial layout. ? Mr Thabo Nkadimeng & Ms Lebogang Phala who are research assistants at Agricultural Research Council (ARC) for being instrumental 
in providing and preparing all the required apparatus and providing guidance in terms of their usage. ? I offer my respects and dedications to the farm labourers 

at Agricultural Research Council (ARC, Mr Frankie, Mr Samuel & Mr Obed, You are 53important to the successful realization of this thesis.  Thank 

you so much for your commitment and great help. ? ? My fellow brothers and sisters at Atteridgeville West Church of Christ (AWCOC) for your prayers and 
support throughout the course of this work. How can I forget my in-laws for their encouraging words and support throughout the project especially Ms Khanyi 
Ndlela for constantly reminding me the significance and the meaning of this work. ? Where would I be without my family? I have no words to explain my sincere 

appreciation, I feel so blessed to be part of such a great family. A special thanks to my family. 58Words fail me to express my gratitude to my  

husband Mr  Nhlanhla Zikalala whose devotion, 83love and persistent confidence in me, has made me to  be strong and encouraged to 

pursue my dreams with confidence. I thank him for being unselfish by allowing me to follow my dreams and goals. ? A big thank you to my kids, Amahle, 
Namandla & Zamakhuze Zikalala for all of the sacrifices that you’ve made on my behalf. I know there were times where I didn’t spend enough time with you as 
required but you never complained. ? I would like to thank my late parents (Mr & Ms Nene) who taught me to be strong, humble and continue to breathe even 
when my head is under water. I am a person that I am today because of their guidance and good moral lessons that they imparted in me. I didn’t spend much 

time with them but I thank God for them because they were good parents. ? 41Finally, I would like to thank everybody who was important to the  

successful realization of thesis, as well as expressing my apology that I could not mention personally one by one.  DEDICATION This thesis is 

dedicated to my late father, who taught me to stand firm and pursue my dreams. It is also dedicated to my late mother, who taught me to be humble and treat 
others with respect. LIST OF TABLES Table 1: Polyphenol content in vegetables (Source: Manach et al., (2004)…....12 Table2: Treatment arrangement 

18for Nitrogen (N), Phosphorus (P) and potassium (K)  trials…………………………………………………………………………………12 Table 3: 

Response of chemical concentrations in baby spinach to different levels of nitrogen (N) nutrition (dry weight basis………………..…………………………39 Table 
4: Response of chemical concentrations in baby spinach to different levels of phosphorus (P) nutrition (dry weight basis………………………………………39 
Table 5: Response of chemical concentrations in baby spinach to different levels of potassium (K) nutrition (dry weight 

basis………………………..………………39 Table 6: Response of chemical concentrations in baby spinach to different 8levels of nitrogen (N),  

javascript:openDSC(1099002449,%201392,%20'90882');
javascript:openDSC(1099002449,%201392,%20'90882');
javascript:openDSC(1099002449,%201392,%20'90882');
javascript:openDSC(523007427,%202022,%20'1976');
javascript:openDSC(245469145,%202022,%20'40805');
javascript:openDSC(2165774916,%201392,%20'93585');
javascript:openDSC(42424670,%201353,%20'99694');
javascript:openDSC(519318539,%201392,%20'93098');
javascript:openDSC(519318539,%201392,%20'93098');
javascript:openDSC(42459071,%201353,%20'99833');
javascript:openDSC(1283665334,%201392,%20'93461');
javascript:openDSC(1283665334,%201392,%20'93461');
javascript:openDSC(1036433297,%201392,%20'36588');
javascript:openDSC(1502832155,%201840,%20'715');


Page | 110 
 

phosphorus (P), potassium (K)  nutrition (dry weight basis……………………………………………………………………………………39 LIST OF 

FIGURES Figure 3.1: Response of total phenolic content to nitrogen fertilizer Error! Bookmark not defined. Figure 3.2: Response of total flavonoid content activity 
to nitrogen fertilizer 68 Figure 3.3: Response of total antioxidant activity  to nitrogen fertilizer 68 Figure3. 4: Response of vitamin C to nitrogen fertilizer 68 Figure 
3.5: Response of percentage protein N to nitrogen fertilizer Error! Bookmark not defined. Figure 3.6: Response of percentage total N % to nitrogen fertilizer 68 
Figure 4.1: Response of total phenolic content to phosphorus fertilizer Error! Bookmark not defined. Figure 4.2: Response of total flavonoid content to 
phosphorus fertilizer 68 Figure 4.3: Response of total antioxidant activity  to phosphorus fertilizer 68 Figure4. 4: Response of vitamin C to phosphorus fertilizer 68 
Figure 4.5: Response of percentage leaf tissue P to phosphorus fertilizer Error! Bookmark not defined. Figure 4.6: Response of percentage protein P to 
phosphorus fertilizer 68 Figure 5.1: Response of total phenolic content to potassium fertilizer Error! Bookmark not defined. Figure 5.2: Response of total flavonoid 
content to potassium fertilizer 68 Figure 5.3: Response of total antioxidant activity  to potassium fertilizer 68 Figure5. 4: Response of vitamin C to potassium 
fertilizer 68 Figure 5.5: Response of percentage protein to potassium fertilizer Error! Bookmark not defined. Figure 5.6: Response of leaf tissue P to potassium 
fertilizer 68 Figure 6.1: Response of total phenolic content to NPK fertilizer Error! Bookmark not defined. Figure 6.2: Response of total antioxidant activity  to NPK 
fertilizer 68 Figure 6.3: Response of total flavonoid content activity to NPK fertilizer 68 Figure6. 4: Response of vitamin C to NPK fertilizer 68 Figure 6.5: 
Response of percentage protein to NPK fertilizer Error! Bookmark not defined. Figure 6.6: Response of percentage leaf tissue N to NPK fertilizer 68 Figure 6.7: 
Response of percentage leaf tissue P to NPK fertilizer 68 Figure 6.8: Response of percentage leaf tissue K to NPK fertilizer 68 Page | xv LIST OF 
ABBREVIATIONS AD – Anno Domino ADI – Acceptable Daily Intake ANOVA – Analysis of Variance ARC-VOPI – Agricultural Research Institute-Vegetable and 
Ornamental Plant Institute AWCOC – Atteridgeville West Church of Christ CDV – Cardiovascular disease C - Celsius Cv. – Cultivar Cm2 – Square Centimetre 
CNB – Carbon/Nutrient Balance CO2 – Carbon dioxide Fe – Iron FAO – Food and Agriculture Organization G – Gram GLM – General Linear Model GPS – 
Geographic Positioning System HPLC – High Performance Liquid Chromatography K – Potassium Kg∙ha-1 – Kilogram per hector Km – Kilometre L – Linear 

Page | xvii LAN – Limestone Ammonium Nitrate Mg – Milligram Mg - Magnesium 3MS – Mean of Squares MMOL.M2-S – Millimol per meter square  

per second NM – Nanomoles N – Nitrogen NO3− – Nitrate  Ns – Non Significant P – Phosphorus PCM – Protein Competition Mode Q - Quadratic 

RCBD – Randomized complete block design 3SAS – Statistical Analysis System Se - Selenium SOV – Source of Variance SS – Sum of Squares  

USA – Unites States of  America WHO – World Health Organization Zn – Zinc ABSTRACT Baby spinach (Spinacia oleracea L.) is considered to be the 

one of the 1extremely nutritious vegetable, rich both in phytochemicals and core nutrients. Nowadays, phytochemicals30in plants are raising  

interest in consumers for their roles in the maintenance of human health.  Variation in content of bioactive compounds and core nutrients is the 

main concern in vegetable production. Factors such as cultural practices specially fertilization, may affect the nutritional and medicinal Three parallel trials for 

NPK 3to investigate the response of baby spinach leaves to Nitrogen (N), phosphorus (P) and potassium (K) on chemical composition was  

conducted, with treatments arranged as follows: 0, 45, 75, 105, 120 kg·ha-1 N& P and  0, 63, 85, 106, 127, 148 9kg·ha-1 K in a  

randomized complete block design (RCBD) with four replications. The results demonstrated that,4application of nitrogenous, phosphorus,  

potassium fertilizers significantly increased the total  phenols, total antioxidant activity , total flavonoid content & vitamin C, while magnesium, iron, 

zinc & selenium didn’t respond. The increase in concentrations on total phenolic content, total antioxidant activity , total flavonoid content & vitamin C was 

observed, reaching maximum at 4345 kg·ha-1 N, 75 kg·ha-1 P& 85 kg·ha-1 K.  The optimum rates of 4345 kg·ha-1 N, 75 kg·ha-1 P, 85  

kg·ha−1 K  were then used to formulate the NPK treatment combinations 9as follows: 0, 30: 30: 40, 45:45:60, 60:60:70, 75:75:90 kg·ha- 1,  
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arranged in a randomised complete block design with three replicates. The  results showed that total phenolic content, total antioxidant activity , total 

flavonoid content & vitamin C reached maximum in baby spinach leaves at N45:P45:K60 kg·ha-1. Keywords: baby spinach; bioactive compounds, minerals, core 

nutrition. CHAPTER 1 1. RESEARCH BACKGROUND ON BABY SPINACH 1.1 BACKGROUND Spinach is a leafy and 1extremely nutritious  

vegetable, rich both in core nutrients and phytochemicals.  It 20is a vegetable that is provided fresh, frozen or canned to the  

consumer. Spinach harvested after a shorter growth period than normal is called baby spinach, and is marketed fresh to the consumer. This is  

a fairly new product that has  turned out to be more and more popular in recent years because of its nutritional value (Hedges &Lister, 2007). 

1Its nutrients comprise a range of vitamins and minerals,  as well as 1phytochemicals. The major micronutrients in spinach are  

vitamins A (from β-carotene), C, K and folate, and the minerals, calcium, iron and potassium.  The 1phytochemicals of most  

importance are the carotenoids, flavonoids, β-carotene, lutein and zeaxanthin and phenolic compounds (Bergquist, 2006). A number of studies  

have shown spinach to have strong antioxidant activity and high levels of antioxidant compounds such as phenolics and carotenoids  

(Hedges &Lister, 2007). Agronomic practices such as 8chemical fertilizers have made major contributions to improve crop yields and food  

nutrition (Fageria, 2009; Wang et al., 2008).  There are many contributing factors in terms of fertilizer application that can influence the effectiveness of 

fertilizer such as the application method, application timing and the rate of application. All these factors must be investigated before fertilizer application to ensure 
effectiveness and to prevent problems associated with fertilizers. Problems such as under application and over application of fertilizers are seen to be 

challenging. On the other hand, excessive fertilizer application can have detrimental consequences. It 8can have adverse environmental effects on  

water quality, leaching, and runoff (Heckman, 2007; Heckman et al., 2003; Manotti et al., 1994; Sims, 1998; Sims et al., 1998). Consequently, it is  

imperative to investigate and determine fertilizer application rates that  are beneficial and maximizes the 8yields while minimizing  

environmental contamination (Fontes et al., 1997; Heckman et al., 2003). The  efficient use of fertilizers and optimal fertilizer management of Nitrogen, 

Phosphorus & Potassium are necessary to minimise production cost and to improve yield and quality (Fageria, 2009). Some studies are available 2on  

the identification of bioactive compounds in fruits and vegetables,  pre-harvest and post-harvest factors. 12However, information on the  
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effect of mineral fertilization on nutritional quality of  baby spinach is scarce. 32As the consumption of fresh-cut spinach increases, it is  

important to  investigate the good management practices, specifically fertilization and its effects on quality of baby spinach. The consumption of spinach 

increases because people are becoming health cautious and spinach is regarded as one of the healthy vegetables and rich in nutrients. The 64purpose  

of the present study was to investigate and quantify the variations on different  bioactive compounds such as antioxidants, flavonoids, total phenolic 

content & carotenoids as well as the minerals (Magnesium, Zinc, Iron & Selenium) in baby spinach with reference to mineral nutrition. 1.2 RESEARCH 

PROBLEM Spinach 12is an important agricultural crop, not only because of its economic importance, but also for the nutritional values of its  

leaves, mainly due to the fact that they are an excellent source of nutrients and  high level of phytochemicals. Spinach is increasingly becoming 

important in health because of its micronutrients and phytochemicals. Spinach has an additional advantage of being low in calories, which is very important in 

weight management. Therefore, it is becoming a food of choice to many people because of its nutritional importance. 30Nowadays, phytochemicals  

and antioxidants in plants are raising interest in consumers for their roles in the maintenance of human health. Phenolics and flavonoids are  

known for their health- promoting properties due to protective effects against cardiovascular disease, cancers and other disease  (Kaur & 

Kapoor, 2001; Sardas, 2003) 12The intake of these compounds in foods is an important health protecting factor. They have been recognized as  

being beneficial for prevention of widespread human diseases, including cancer and cardiovascular diseases, when taken daily in adequate  

amounts (Kaur & Kapoor, 2001; Sardas, 2003). It is generally known that environmental factors and agricultural techniques have an effect on  

vegetables and fruits quality (Wang, 2006; Bafeel & Ibrahim, 2008). In particular, mineral fertilization influences antioxidant composition in  

some fruit and vegetables (Jeppsson, 2000; Kaur & Kapoor, 2001; Kopsell & Kopsell, 2006; Kemal et al., 2007). Some studies are available on  

the effect of32postharvest storage and processing on the antioxidant Page | 2 constituents (Flavonoids and Vitamin C) of Fresh-Cut Spinach  

(Marı´a I. Gil12et al., 2009). However, information on the effect of mineral fertilization on nutritional quality of  Spinach is scarce. Variable content 

of bioactive compounds and minerals is the main problem in the production of vegetables, due to many factors especially fertilization. Consequently, the 
nutritional and medicinal value of vegetables may be affected. Producers often apply large quantities of fertilizer in an attempt to maximise yield and advance 
growth, which can result in the accumulation of nitrate in case of excessive nitrogen, reducing the quality of some vegetables. There are no results about the 

content of bioactive compounds and minerals in baby spinach grown on the principles of best management practices 3in South Africa. Currently the  
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demand of baby spinach exceeds the supply and the  applications of 22-45Nkg/ha, 22-45Pkg/ha and 63-138Kkg/ha have been reported in California, 

USA. These are the application rates from the growers since there is no scientific validation of these rates. 8Limited studies are available on the  

effect of nutrients on  bioactive compounds of baby spinach and data that provide recommended rates such as N, P and K on quality have not been 

well established in South African conditions. Therefore, it was important to investigate the variation in concentrations of bioactive compounds (antioxidants, 
flavonoids, carotenoids and total polyphenols) and minerals (Magnesium, Iron, Zinc & Selenium) in baby spinach with reference to mineral nutrition. The main 

aim was investigate the effect of fertilization (N, P & K) baby spinach on their bioactive compounds. 12Additionally, any information on the  

physicochemical properties and bioactive compounds of  baby spinach 12will provide a knowledge base that may be of some benefit  

to the  production of baby spinach in South Africa. 1.3 MOTIVATION FOR MY RESEARCH 27Among the world's healthiest vegetables,  

spinach comes out as one of the  vegetables that are rich in nutrients. 27Rich in vitamins and minerals, it is also concentrated in health-

promoting phytonutrients such as carotenoids (beta-carotene, lutein, and zeaxanthin) and flavonoids to provide you with powerful  

antioxidant protection  (Seddon et al., 1994). The benefits of spinach are many. Leafy green vegetables like spinach provide more nutrients than any 

other food, when compared calorie for calorie (Longnecker et al., 1997). 1Its nutrients include a range of vitamins and minerals (micronutrients),  

which can prevent deficiency diseases and are essential for normal physiological function, as well as phytochemicals1thought to help  

prevent chronic health problems such as cancer and heart disease, as well as other health problems associated with ageing  (Hedges & Lister, 

2007). In 25recent years, considerable attention has been directed towards the identification of natural antioxidants, namely those plant  

derived that may be used for human consumption regarding health promotion and disease prevention.  It is vital to discover a method how we 

could grow healthy vegetables vegetable so that human body could have a higher intake of health-promoting bioactive compounds. This fact is very important in 
these days when we are exposed to lot of health related challenges. This study addresses such areas where the effect of mineral fertilization can be related to 
the concentration of health promoting phytochemicals. . One of the benefits of spinach is that it is readily available, just about all over the world and easy to 
prepare. The more interesting news about spinach, it is easy to find in the market or easy to grow and prepare. With its fine taste, baby spinach is a versatile food 
that can be easily included into a range of dishes. Unlike other vegetables it is harvested after a short period after planting. Spinach is a multipurpose food and 
important dietary vegetable. It can be eaten raw in a salad or it can be cooked (steamed or boiled) and eaten as a dish on its own or added to soups and other 

dishes. In the 32past few years, ready to use fresh-cut spinach has become more popular32(McGill et al., 1966; Burgheimer et al., 1967;  

Izumi2et al., 1997). Baby spinach was chosen for this study for two main reasons. It is becoming an increasingly popular product in South  
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Africa and elsewhere in the world. Spinach is known to be a healthy product and contains relatively high concentrations of bioactive  

compounds (Gil, Ferreres &Tomás-Barberan, 1999; USDA, 2005). In addition, baby spinach has the advantage of a short culture time and  

shelf life, making it an excellent model crop.  Therefore, the 75objective of the study is to investigate the response of  chemical 

composition and minerals in baby spinach to N, P, and K nutrition. 1.4 AIM OF THE STUDY 59The aim of this study is to investigate and determine  

the response of  total phenolic content, total antioxidant activity , total carotenoid content, total flavonoid content & vitamin C as well as trace elements 

to 4Nitrogen (N), Phosphorus (P) and Potassium (K) nutrition.  1.5 OBJECTIVE OF THE STUDY 5.1.1 To determine rates/levels of application of N, 

P, and K fertilizers on the bioactive compounds in baby spinach. 5.1.2 To determine the interactions effect of NPK on the bioactive compounds in baby spinach. 
1.6 HYPOTHESIS 6.1.1 Rate of applications of fertilizer N, P and K have no influence on the bioactive compounds in baby spinach. 6.1.2 No interactions effect 
on bioactive compounds in baby spinach after NPK application. 1.7 SCOPE AND LIMITATIONS OF THE RESEARCH Given the research aim and objectives of 

the study delineated above, the scope of the study entailed three aspects – rate of applications of fertilizer N, P & K, the 2variation in bioactive  

compounds in baby spinach as well the  combined effect of N, P & K on the bioactive compounds. However, the study had a set of limitations inherent 

in the topic investigated. Firstly, not all varieties of baby spinach could be investigated for this research, given the nature of the research methods used and the 
time-frames selected. Secondly, the study was conducted on the protected environment and the effect of this was not taken into consideration in this study. 
Lastly, only one method of fertilizer application was used in this study which was side dressing method. 1.8 ORGANISATION OF THE THESIS The thesis is 
presented in four chapters. Chapter 1 provides the research background on baby spinach, the importance and research problem of the study. An outline of brief 
research motivation, aim and objectives, scope and limitations of the study is also discussed. Chapter 2 consists of a review of the relevant literature pertaining to 
baby spinach. Chapter 3 provides a brief description of study areas, research design and methods, as well as data collection and analyses. The thesis ends with 
Chapter 4 which deals with set of research findings, with particular reference to the mineral nutrition and bioactive compounds in baby spinach. The chapter 

details the analyses and discussion of the variation in 2concentrations of bioactive compounds in baby spinach. The  chapter also provides a 

summary of research findings, concluding remarks and recommendations which set research goals for further research. CHAPTER 2 2. LITERATURE REVIEW 
ON MINERAL NUTRITION AND QUALITY OF BABY SPINACH 2.1 INTRODUCTION This chapter outline and review literature. The review of literature includes 
the botany of baby spinach, composition of baby spinach, health benefits as well as mineral nutritional of baby spinach. To end the chapter, a brief summary of 
these sections is also provided. 2.2 THE HISTORY AND BOTANY BABY SPINACH 2.2.1 Origin and distribution Spinach is a leafy plant which was first planted 
for medicinal purposes but was eaten by monks on feast days by 1551 AD (SADAFF, 2010). It originates in Iran and soon found its way into Africa. From there it 
spread to Europe and now it is widely grown all over the world. (Asai et al., 2004). It was probably introduced into Europe during the Middle Ages; brought to 

North America by European settlers (Asai et al., 2004). 2.2.2 Botanical Description of baby 54spinach Spinach (Spinacia oleracea) is an edible  

flowering plant in the family of Amaranthaceae  (FAO, 2008). 15Common spinach, Spinacia oleracea, was long considered to be in the  

Chenopodiaceae family, but in 2003, the Chenopodiaceae family was combined with the Amaranthaceae family under the family name  

'Amaranthaceae' in the order Caryophyllales. Within the Amaranthaceae family, Amaranthoideae and Chenopodioideae are now subfamilies,  

for the amaranths and the chenopods, respectively.15It is an annual plant, which grows to a height of up to 30 cm (Boswell, 1949). Spinach  is 
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dioecious; plants generally produce 36either male (staminate) or female (pistillate) flowers but only one sex is to be found on any one plant so  

both male and female plants must be grown if seed is required and are pollinated by wind. The plant not is self-fertile  (Asai et al., 2004). 

2Baby spinach is harvested after a shorter growth period and sown at closer density than regular spinach and thus the leaves are smaller,  

hence the name.2Spinach is a long-day plant that is prone to bolting during the summer (Bergquist, 2006). The bolting tendency varies  

between cultivars, and cultivars that are less prone to bolting could be used during the earlier part of the summer. For baby spinach, bolting  

is often not a problem because the leaves are harvested early  (Respondek & Zvalo, 2008). 2.2.3 15Types of spinach A distinction can  

be made between older varieties of spinach and more modern ones. Older varieties tend to bolt too early in warm conditions. Newer varieties  

tend to grow more rapidly, but have less of an inclination to run up to seed (Rolland & Sherman, 2006). The older varieties have narrower  

leaves and tend to have a stronger and bitterer taste. Most new varieties have broader leaves and round seeds  (Rolland & Sherman, 2006). 

Spinach cultivars are generally categorized according to the leaf blade variations and are classified as savoy have wrinkled leaves, semi-savoy have slightly 
crinkled leaves , and flat or smooth leaved lacks wrinkles and are flat (Grieve, 1971; Respondek & Zvalo, 2008). 2.3 COMPOSITION AND QUALITY OF BABY 

SPINACH 2.3.1 MICRO NUTRIENTS Spinach has 28high concentration of vitamin A, E, C, and K, and also folic acid, oxalic acid. Along with  

these chemicals various minerals present in the spinach such as magnesium, manganese, calcium, phosphorus, iron, zinc, copper and  

potash.  (Mehta and Belemkar, 2014). 69Spinach is an excellent source of chlorophyll, beta carotene (needed for the  production of vitamin 

A), riboflavin, sodium and potassium. It is great food for the vegetarian (Baby-Spinach-nutrition-information.com). 1Other nutrients present in smaller  

quantities include some B vitamins – thiamine (B1), riboflavin (B2) and  B6 (Hedges & Lister, 2007). 2.3.1.1 Magnesium Magnesium (Mg) is one of 

the minerals present in the spinach (Deven Mehta et al 2014). It 55is part of the chlorophyll molecule existing in all green plants and is,  

consequently, important for photosynthesis and also helps  to stimulate numerous Page | 8 plant enzymes required for development (Plaster, 2003; 

Gardiner & Miller, 2004). Magnesium deficiency symptoms appear first in older leaves as chlorosis (Acquaah, 2002). It was reported by Mengel & Kirby, (1982) 
that shortage of magnesium impedes protein synthesis In humans, mmagnesium is an essential mineral needed for survival. The health advantages of 
magnesium are extensive. A number of studies have previously shown magnesium to have more health benefits. Among many functions, magnesium can benefit 
people in blood pressure; help prevent heart attack and stroke. It is also vital for good bone and cartilage formation among others (Zeng, 2010). 2.3.1.2 

70Iron Spinach is known to be the source of Iron  (Hedges & Lister, 2007). Iron is important for the synthesis of chlorophyll, which gives rise to the 

javascript:openDSC(1046425100,%201392,%20'93210');
javascript:openDSC(1046425100,%201392,%20'93210');
javascript:openDSC(2945136174,%20772,%20'333');
javascript:openDSC(2945136174,%20772,%20'333');
javascript:openDSC(2945136174,%20772,%20'334');
javascript:openDSC(2945136174,%20772,%20'334');
javascript:openDSC(2945136174,%20772,%20'334');
javascript:openDSC(2260619364,%201274,%20'2180');
javascript:openDSC(2260619364,%201274,%20'2180');
javascript:openDSC(2260619364,%201274,%20'2180');
javascript:openDSC(2260619364,%201274,%20'2180');
javascript:openDSC(1004877169,%202022,%20'8103');
javascript:openDSC(1004877169,%202022,%20'8103');
javascript:openDSC(1004877169,%202022,%20'8103');
javascript:openDSC(2604297898,%201274,%20'16080');
javascript:openDSC(2968742877,%20943,%20'31');
javascript:openDSC(2968742877,%20943,%20'31');
javascript:openDSC(787722377,%201392,%20'90783');
javascript:openDSC(787722377,%201392,%20'90783');
javascript:openDSC(2716702848,%2043,%20'1307');


Page | 116 
 

green colour of plants (Aquaah, 2002). Iron shortage shows up as interveinal chlorosis of young leaves and chlorosis spreads to the older leaves as the severity 

of the deficiency increases (Jones, 2003. According to Zeng, (2010), iron plays a key 53role in strengthening the immune system of the human body  

by making it strong enough to fight off infections. It also is important for the proper growth and development of the human body. 2.3.1.3 Zinc Zinc is an essential 
trace element present in spinach (Deven Mehta et al 2014). In plants, zinc helps with growth hormones, seed production and maturation, and starch formation 
(Brady & Weil, 2004). If there are shortages of zinc, plant leaves are severely reduced in size, while the internodes shorten to give a rosette appearance and the 
leaves become mottled (Acquaah, 2002:190; Gardiner & Miller, 2004). In humans, zinc is found in all parts of the body: it is in organs, tissues, bones, fluids and 
cells. Muscles and bones contain most of the body’s zinc (90%). The known health benefits of Zinc include proper functioning of the immune and digestive 
systems, control of diabetes, reduction of stress levels, energy metabolism, and an increased rate of healing for acne and wounds (Zeng, 2010). 2.3.1.4 
Selenium Selenium is a trace element that is essential human health in small amounts. Spinach is one of the green leafy vegetables which contain selenium as 

one of the minerals. Selenium plays a key role in the metabolism. Selenium has is significant in health 47because of its antioxidant properties.  

Antioxidants protect cells from damage. There is some evidence that selenium supplements may reduce the odds of prostate cancer  (Hatfield 

et al., 2012). 2.3.2 PHYTOCHEMICALS Phytochemicals are compounds that are produced by plants. 76They are found in fruits, vegetables, grains,  

beans, and  other plants. With most greens like spinach, when eaten raw it is loaded with a high vitamin and mineral content, but when cooked it 

releases many phytochemicals. Phytochemicals are natural plant organic compounds often called phytonutrients that are well known for potential health benefits. 

The 1phytochemicals of most importance in baby spinach are the carotenoids, β-carotene, lutein and zeaxanthin, along with phenolic  

compounds. Other phytochemicals include chlorophyll, glutathione, α-lipoic acid and betaine (Joseph et al., 2002).  2.3.2.1 Total antioxidant 

activity  content Antioxidants are 34chemicals often found naturally in plant foods, which can help protect our body cells from being damaged by  

'free radicals'. Free radicals are produced both naturally in our body and due to exposure to pollutants and result in cell damage.  

Antioxidants7are naturally present in fruits and vegetables. They  possess 7ability to neutralize free radicals or their actions  

(Cadenzas & Packer, 1996; Nicoli et al., 1999).  The 7positive health effects of fruit and vegetable have been credited to the fairly high  

antioxidant concentration in fruits and vegetables (Ames et al., 1993; Rice - Evans & Miller, 1995). Antioxidants are naturally present in fruits  

and vegetables. They  possess 7ability to neutralize free radicals or their actions (Cadenzas & Packer, 1996; Nicoli et al., 1999). Free  

radicals have been implicated in the aetiology of several major humans’ ailments, including cancer, cardiovascular disease, neural disorders,  

diabetes and arthritis (Sies, 1996; Yoshikawa et al., 2000; Devasagayam et al.,  Page | 10 2004). Antioxidants are found in most vegetables, fruits 

and green tea. As a rule, dark-coloured fruits and vegetables have more antioxidants than other fruits and vegetables. 1Several studies have  
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examined the antioxidant activity of spinach and other vegetables. Cao et al., (1996) gave spinach an antioxidant score of 17(based on ORAC  

scores using three different radicals), rating it third of the 22 vegetables examined.1Similarly, Pellegrini et al., (2003) ranked spinach first;  

eighth and first respectively out of 31popular vegetables as measured by the  Ferric- Reducing Ability of Plasma (TRAP), 1Total Radical-

trapping Antioxidant Parameter (TRAP), and Trololx Equivalent Antioxidant Capacity1(TEAC) antioxidant assays. A similar result was found by  

Wu et al., (2004) & Chu et al., (2002). The latter not only ranked spinach extremely highly for antioxidant activity but also in terms of  

antiproliferative activity. By contrast, however, spinach was placed towards the middle of the field of 20 common vegetables in another  

recent study (Chun et al., 2005).  2.3.2.2 Total phenolic content 6Phenolic compounds are commonly found in both edible and non-

edible plants. They have been reported to have multiple biological effects, including antioxidant activity crude extracts of fruits, herbs,  

vegetables, cereals, and other plant materials rich in  phenolics in 6Table 1 below (Manach et al., 2004). Phenolic are progressively of  

interest in the food industry because they retard oxidative degradation of lipids and thereby increase the quality and nutritional value of food  

(Khkönen et al., 1999).1Chemical structures range from quite simple compounds such as caffeic acid to highly polymerised substances such  

as tannins. There are many diverse groups of phenolics but the most common phenolics found in foods are generally phenolic acids,  

flavonoids, lignans, stilbenes, coumarins and tannins (Harbourne, 1993). Phenolic25compounds have received considerable attention for  

being potentially protective factors against cancer and heart diseases, in part because of their potent antioxidative properties and their  

ubiquity in a wide range of commonly consumed foods of plant origin  (Deven Mehta and Belemkar, 2014). 6Table 1: Polyphenol  

content in vegetables (Source:  Manach et al., (2004). Chemical compositions Source (or mg L−1) 6By wt or vol mg kg− 1fresh  

wt6Flavonols Yellow onion 350–1200 Quercetin Curly kale 300–600 Kaempferol Leek 30–225 Myricetin Cherry tomato Broccoli  Beans, green or 

white Tomato 15–200 40–100 10–50 2–15 Flavones Apigenin Luteolin Daidzein Catechin Sinapic acid Parsley Celery Capsicum pepper Soybeans, boiled Beans 

Potato 240–1850 20–140 5–10 200–900 350– 550 100–190 2.3.2.3 Total flavonoid content content 2Flavonoids are compounds with yellow to white  
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or blue, purple to red colour2(Greenberg et al., 1996; Kolb et al., 2001).2Bioavailability of flavonoids differs extensively, and most likely  

depends on influences such as food matrix; human intestinal micro flora and flavonoids structure acid (Manach et al., 2005). The bioavailability  

of flavonoids is most probably lower than that of some other antioxidants, such as ascorbic  (Berquist, 2007). Epidemiological study 

20on flavonoids specified that a high dietary intake is related with a lower risk of coronary heart disease3(Hertog et al., 1995 & Knekt et al.,  

1996) dementia (Commenges et al., 2000) and  some form of cancer (Neuhouser et al., 2004). Flavonoids are found in lots of grains, vegetables, and 

fruits. Spinach is 28very rich in the flavonoids. Various flavonoids are reported to be present  in spinach (Mehta et Page | 12 al., 2014). The 

concentration of 20flavonoids in vegetables and other plants  differs depending on influences 3such as genotype, environmental growing  

conditions, growth stage, postharvest handling, and storage conditions3(Patil et al., 1995 and Howard et al., 2002).20These factors affect both  

total flavonoid content concentration and the composition of flavonoids may consequently result in  variation in flavonoids content. According to 

Fico et al., (2000) & Vogt et al., (1994), the concentration in flavonoids and 20composition may also change during plant growth.6Flavonols  

Flavonols are the most abundant flavonoids in foods, and the main representatives are kaempferol and quercetin (Manach et al., 2005).  

Considered as the most abundant dietary flavonol, quercetin is a potent antioxidant because it has all the right structural features for free  

radical scavenging activity. They are generally present at relatively low concentrations of ∼15–30 mg kg−1 fresh weight.  According to Manach 

et al., 2002, 6the richest sources are onions (up to 1.2 g kg−1 fresh weight), curly kale, leeks, broccoli, and blueberries.  Flavones In 

6fruit and vegetables flavones are much less common than flavonols.  Parsley and celery are identified as important sources by 6Manach  

et al., 2005. Cereals such as millet and wheat contain C-glycosides of flavones (Boyle et al., 2000& Erlundet al., 2000).  Large quantities 

6have been identified on the skin of citrus fruit (Nielsen et al., 2003).6Flavanones In human foods, flavanones are found in tomatoes and  

certain aromatic plants such as mint, but they are present in high concentrations only in citrus fruit. The main aglycones (the non-sugar  
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component that results from hydrolysis of glycoside flavanones) are naringenin in grapefruit, hesperetin in oranges, and eriodictyol in  

lemons  (Hertog et al., 1993). 60Isoflavones Isoflavones are provided only by soybean-derived products. They49are found almost  

exclusively in leguminous plants. Soya and its processed products are the major sources of isoflavones in the human diet6(Hollman et al.,  

1996; Moon et al., 2000). Flavanols Flavanols are present in both the monomer form (catechins) and the polymer form (proanthocyanidins).  

Catechins are found in many types of fruit such as apricots, which6are the richest source (Manach et al., 2005).  A drink of 6green tea  

comprises up to 200 mg catechins (Day et al., 2001).6Catechin and epicatechin are the main flavanols in fruit, whereas gallocatechin,  

epigallocatechin, and epigallocatechingallate are found in certain seeds of leguminous plants, in grapes, and more importantly in tea (Manach  

et al., 1998; Wittig et al., 2001).  2.3.2.4 Total 28carotenoids Spinach shows presence of different carotenoids like lutein, -carotene,  

violaxanthin and 9’-(Z)-neoxanhin (Mehta et al.,  2014). Lutein and zeaxanthin 1Spinach contains some of the largest amounts of lutein  

and zeaxanthin from vegetable sources. Although kale contains more, it is not commonly eaten and is therefore not a major food source.  

Studies have shown that these compounds are selectively accumulated in different parts of the eye, where they are by far the most abundant  

of the major carotenoids present (Hedges & Lister 2007). This has led to the suggestion that they may be important in protecting against age-

related eye problems, particularly macular degeneration and the formation of cataracts. There is some epidemiological evidence to support  

this (Sies & Stahl 2003; Mares-Perlman et al., 2002).1The fact of their antioxidant activity has led to assumption that these carotenoids,  

particularly lutein, which is more widely dispersed in the body, could protect against diseases such as cancer and cardiovascular disease as  

well as boosting the immune function (Hedges & Lister, 2007). Epidemiological research on the influence of these particular carotenoids on  

site-specific cancers is relatively new and sparse. The most promising areas of research would appear to be in relation to skin cancer (in  

combination with other carotenoids) (Slattery et al., 2000)1and breast cancer (Mares-Perlman et al. 2002).  In relation to 1cardiovascular  
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disease (CVD), studies have found high serum levels of lutein and zeaxanthin to be associated with a reduced risk of coronary heart disease  

(Dwyer and Navab, 2001).1Additionally, the consumption of green leafy vegetables (which also contain lutein and zeaxanthin) was associated  

with a reduced incidence of stroke  (Joshipura et al., 1999). 2.3.2.5 Vitamin C 27Research has shown that spinach leaves that look fully  

alive and vital has greater concentrations of vitamin C than spinach leaves that are pale in color  (Edenharder et al., 2001). 45The  

benefits of vitamin C may include protection against immune system deficiencies, cardiovascular disease, prenatal health problems, eye  

disease, and even skin wrinkling. Vitamin C48is rapidly finding new applications in protecting against endothelial dysfunction, high blood  

pressure, and the blood vessel changes that precede heart disease.  (Rossig et al., 2007; Fotherby et al., 2000). 2.4. OTHER PHYTOCHEMICAL IN 

BABY SPINACH 2.4.1 Glutathione Glutathione is an important antioxidant in plants, animals, fungi and some bacteria and archaea, preventing damage to 

important cellular components caused by reactive oxygen species such as free radicals and peroxides (Pompella et al. 2003) 1An extremely important  

endogenous antioxidant (synthesised within the body), glutathione is relatively rare in foods. One of its major functions is to protect DNA  

from oxidation, but it also detoxifies carcinogens, boosts the immune system, supports liver health and reduces inflammation (Joseph et al.  

2002). 2.4.2 α-Lipoic acid Like glutathione, α-lipoic acid is a vital antioxidant largely synthesised in the body, but also present in some foods.  

It is important for energy metabolism and its antioxidant activity may protect against chronic diseases. In addition, it may assist memory  

(Joseph et al. 2002).  According to Berkson (1998), it is an exceptional antioxidant that may slow aging, repair liver damage and diminish the risk of 

heart disease, diabetes and cancer. 2.4.3 D-Glucaric acid D-Glucaric acid (GA) is a nontoxic, natural compound (Walaszek et al., 1997). 1It is believed  

that D-glucaric acid may lower blood cholesterol (Joseph et al., 2002) 2.3.4 Coenzyme Q10 Another endogenous compound, coenzyme Q10 is  

a critical component in energy metabolism, but also acts as an antioxidant in cell membranes and lipoproteins. The best food sources are  

meat, fish and oils, but spinach is one of the best vegetable sources.1It is thought that it may prevent cardiovascular disease by lowering  

levels of homocysteine, a compound associated with the development of heart disease (Joseph et al., 2002). 2.  3.5 Chlorophyll content 
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1Relatively little is known of the health effects of chlorophyll, the pigment that causes the green colour in plants and is the primary  

photosynthetic compound. Some research suggests that it may be important in protecting against some form of cancer, as it is thought that  

the chlorophyll binds to mutant DNA and prevents it proliferating.  As it is high in 1concentrations in so many edible plants, it may  

some of the protective effects observed with diets rich in green vegetables (Fahey et al., 2005).  2.5 THE HEALTH BENEFITS OF BABY 

SPINACH 2.5.1 Introduction 2Fruit and vegetables contain a wide range of substances that are suggested to be part of these health-enhancing  

effects.  Numerous 66studies have been conducted in regard to the health benefits of fruits and  vegetables. 2There is strong  

evidence that a diet rich in fruit and vegetables has a positive result on human health, offering protection against degenerative diseases of  

ageing, such as heart disease, cardiovascular disease, Alzheimer’s disease, cataracts and several forms of cancer (Williamson, 1996; Liu et  

al., 2000; Gandiniet al., 2000; Liu et al., 2001; Joshipura et al., 2001; Kang et al., 2005). Fruits and vegetables  are known for being rich in both 

micronutrients and phytochemicals (Hedges &Lister, 2007). Important 40micronutrients such as vitamins, minerals and trace elements, fruit and  

vegetables contain other compounds that may have a positive result on human health. And also phytochemicals such as carotenoids,  

flavonoids and other polyphenols, phenolic acids, glucosinolates, allylic sulphides, isothiocyanates, dietary fibres, phytosterols and  

monoterpenes  (Lister, 1999; Kris-Ethertonet al., 2002). These are the health benefits shown by different human and animal 

studies in relation to spinach consumption: 2.5.2.1 Protects against aging and Improves brain function - Spinach protects brain 
function from premature aging and slow old age's typical negative effects on mental capabilities by preventing the harmful effects 
of oxidation on brain (Wang et al., 2005). - One of the major health benefits of spinach is credited to carotenoids compounds, 

those are 1lutein and zeaxanthin, is that of protecting against eye diseases such as macular degeneration (gradual loss of central vision,  

associated with old age). More studies also indicated that spinach, spinach extracts, and spinach compounds may delay or retard age-related  

loss of brain function, reduce the extent of post-ischaemic stroke damage to the brain.  (Hedges & Lister 2007). 2.5.2.3 Cancer-fighting 

antioxidants - As the spinach is rich in vitamin A and flavonoids and those compounds are 10known to help the body protect from lung and oral  
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cavity cancers. Moreover, spinach leaves are  believed to protect human body from cancers of colon and prostate (Byers & Perry, 

1992). A study was conducted of New England women demonstrated 3less breast cancer cases among those who ate  

spinach on a regular basis.  And again a study in laboratory animals shown that spinach extracts can reduce skin cancer 

and potential in slowing stomach cancer as well. (Gates et al., 2007; Longnecker et al, 1997; Williamson, 1996). 2.5.2.4 

Promotes healthy heart - Spinach is an excellent promoter of cardiovascular health (Blomhoff, 2005). 10Regular  

consumption of spinach in the diet helps  protect human body from cardiovascular diseases (The antioxidant 

properties of spinach work collectively, to support good cardiovascular health by preventing the harmful oxidation of cholesterol 

(Blomhoff, 2005; Lucarini et al., 2006). 2.5.2.5 Assist in fetal development - Spinach 10contains good amounts of many B-

complex vitamins such as vitamin- B6 (pyridoxine), thiamin (vitamin B-1), riboflavin, folates and niacin. Folates help prevent neural tube  

defects in the offspring  (Bernhoft, 2010; Hine, 2003; van de Veyver, 2002). - 10It is also good source of omega-3 fatty acids.  Enough 

35consumption of omega-3 fatty acids is vitally important for pregnant woman as they are critical building blocks of fatal brain and retina.  

Omega-3 fatty acids may also play a role in determining the length of gestation and in preventing perinatal depression  (Jensen, 2006). 2.5.2.6 

Promotes healthy bodies - Spinach leaves are an excellent source of 10vitamin K. Vitamin K plays a vital role in strengthening the bone mass by  

promoting osteotrophic (bone building) activity in the bone  (Pearson, 2002; Shearer, 2009). 10Regular consumption of spinach in the  

diet helps prevent osteoporosis (weakness of bones), iron- deficiency anemia  (Bernhoft, 2010). - Spinach has vitamin C is, 10which  

helps the body develop resistance against infectious agents and scavenge harmful oxygen-free radicals. It also contains a good amount of  

minerals like potassium, manganese, magnesium, copper, iron and zinc. Potassium is an important component of cell and body fluids that  

helps controlling heart rate and blood pressure. Manganese and copper are used by the body as a co-factor for the antioxidant enzyme,  

superoxide dismutase (Pearson, 2002). Copper is required in the production of red blood cells. Zinc is a co-factor for many enzymes that  
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regulate growth and development, sperm generation, digestion and nucleic acid synthesis.  Magnesium in spinach works toward healthy blood 

pressure levels 10Iron is an important trace element required by the human body for red blood cell production and as a co-factor for oxidation-

reduction enzyme, cytochrome- oxidase during the cellular metabolism.  (Jensen, 2006 & Zeng, 2010). 2.7 THE GROWING OF SPINACH 2.6.1 

Seeding/Planting 5Spinach is commonly sown into rows spaced 20 - 30 cm apart. In recent years, growers have experimented with spinach  

being grown in rows 5 cm apart and seed spaced 5 cm apart in the row. Spinach is seeded on raised beds with 10-20 rows in the bed. A bed  

that is raised a few centimetres will aid in air and water drainage. For the baby spinach market, commercial growers have been experimenting  

with seeding in rows spaced 5 cm apart and seeds spaced 1 – 1.5 cm apart in the rows. 2-5 rows of spinach are grown on raised beds which  

could be 50-100 cm wide  (Respondek & Zvalo, 2008). 2.6.2 Soils Spinach grows well on a variety of soils, although fertile, 

sandy loams with high organic matter content are preferred. Spinach grows well 5on well drained sandy loams or  

loams high in organic matter. Soil sampling and  testing must be done before planting and regularly to determine the 

soil ph. 5Spinach is not tolerant to acidic soils; therefore5soil pH should be between 6 and 6.8. Spinach is not tolerant to acidic soils,  

therefore it is recommended to  take samples regularly to ensure the right soil ph. 5Soils with good drainage and that warm up early in the  

season  are recommended for spinach especially 5early and over wintered crops should be planted on such soils  (SADAFF, 2010). 2.6.3 

Irrigation 9Baby spinach has a relatively shallow root system and thrives on frequent, short irrigations to maintain uniformly moist soil for  

maximum leaf production (Berqguist, 2006).5Spinach requires a regular supply of moisture since it is a shallow rooted crop and should  

receive 25 mm of water every five days from rainfall or irrigation. The first five days of plant growth5(germination and seedling emergence)  

are very moisture dependant and require 5 mm-12 mm of water. Sprinkler irrigation is used on spinach production  (Respondek & Zvalo, 2008 

Joseph et al. 2002). 2.6.4 Fertilization 33Fertilization is one of the most practical and effective pre-harvest methods to regulate and increase yield  
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and nutritional quality of crops for human consumption  (Fallovo, 2009). 5Recommendations for supplemental organic matter,  

fertilizer, lime or manure should be based on a soil test and a nutrient management plan.5Nutrient management plans balance the crop  

requirements and nutrient availability, with the aim to optimize crop yield and minimize ground water contamination, while improving soil  

productivity. If spinach is stressed by a lack of nutrients, vegetative growth is retarded and the plants are more prone to bolting  

(Respondek & Zvalo, 2008). Fourteen 17mineral nutrients are classified as either macronutrients or micronutrients based on their plant  

requirements. There are six macronutrients: Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), and sulfur (S). The  

macronutrients, N, P, and K, are often classified as ‘primary’ macronutrients, because deficiencies of N, P and K are more common than the  

‘secondary’ macronutrients, Ca, Mg, and S. The micronutrients include boron (B), chlorine (Cl), copper (Cu), iron (Fe), manganese (MN),  

molybdenum (Mo), nickel (Ni) and zinc (Zn). Most of the macronutrients represent 0.1 to 5%, or 100 to 5000 parts per million (ppm), of dry plant  

tissue, whereas the micronutrients generally comprise less than 0.025%, or 250 ppm of dry plant tissue  (Wiedenhoeft, 2006). 2.6.4.1 Nitrogen 

18Nitrogen is used by the plant to produce leafy growth and formation of stems and branches. Plants most in need of nitrogen include  

grasses and leafy vegetables such as cabbage and spinach. Basically, the more leaf a plant produces, the higher its nitrogen requirement.  

(Zeng, 2010). Nitrogen supply is one of  the major environmental factors that control plant mechanisms and is closely correlated to crop quality (Okazaki 

68et al., 2008). The effects of N in spinach on the content of  nitrate, oxalic acid, vitamin C and other antioxidants 52has been reported in  

previous studies (Elia et al., 1998; Zornoza & Gonzalez 1998; Logan et al., 1999; Santamaria et al., 1999; Ter Steege et al., 1999). The  management 

of nitrogen fertilizer supply is important, particularly to ensure the adequate levels for normal plant growth and the levels that are suitable for human consumption 

(Maereka, 2007) as per WHO standards. Baby 11spinach is a short – season crop that is harvested when the crop is young. As a result, the  

nutrient uptake is relatively low. For instance, the nitrogen (N) content of spinach may vary from 20 to pounds of nitrogen per acre (22 to 45  

kg∙ha- 1). Spinach is a  medium – heavy nitrogen feeder (Hedges & Lister, 2007). Nitrogen encourages leaf growth so it is 

useful for lawns, houseplants, spinach or other leafy vegetables. Nitrogen supplied during growth greatly increases the size and 
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qualify of your spinach. Good leave coverage is also important for photosynthesis so virtually all plants need nitrogen but too 

much can make a plant soft (Cao et al., 1996). Autumn 11application of nitrogen is not recommended due to the risk of NO3 -N  

leaching beyond the root zone by the winter rains. Small quantities of nitrogen, 20 pounds per acre (22 kg∙ha- 1) are applied before planting or  

at planting, an additional top dress or water – run application of 20 to 30 pounds of nitrogen per acre (22 to 34 45kg ∙ha- 1) is generally  

sufficient for baby spinach production.11Soil nitrate levels greater than 20 parts per million in the top 15 cm are adequate for crop growth  

(Williamson, 1996). 19Increased additions of N usually result in increased yield of crop plants (Greenwood et al., 1980; Szwonek, 1986; Mills &  

Jones).19However, toxicity from excessively high N concentrations is possible. Severe yield decrease was reported when cabbage (Brassica  

oleracea L. var. Capitata) was grown at elevated N rates (602 mg N L-1; Huett, 1989).  2.6.4.2 Phosphorus 18Phosphorus is essential for  

seed germination and root development. It is needed particularly by young plants forming their root systems and by fruit and seed crops.  

Root vegetables such as carrots, swedes and turnips obviously need plentiful phosphorus to develop well  (Zeng, 2010). 3Levels  

above 60 parts per million (ppm) are adequate for spinach growth, for soils below this level, especially in the winter, pre-plant applications of  

20 to 40 pounds per acre of P2O5 (22 to 45 kg ∙ha-  1) or 3applications of 20 pounds per acre of P2O5 at (22 to 45kg∙ha- 1) planting are  

recommended  (Joseph et al., 2002). Phosphates are needed for healthy root growth in seedlings in baby spinach (Colomb et 

al. 2000). 2.6.4.3 Potassium Potassium is 18used in the process of building starches and sugars so is needed in vegetables and fruits  

(Zeng, 2010). 9Potassium is one of the principle plant nutrients important for yield production and quality determination of crop (William,  

2007). Potassium in  the form of form of potash encourages flowering, fruiting and good colour (Bergquist, 2006). 2.6.4.3 Lime 

5On acidic soils, spinach will have low germination, yellowing and browning of the leaf tips, the roots will burn and growth of the plant will be  

slowed. If the pH is too high, chlorosis may result on leaves5Lime should be applied to maintain the soil pH in the range 6.5 to 6.8. Spinach is  

very sensitive to soil acidity, therefore it is recommended to get soil tested on a regular basis  to ensure the maintenance of pH in the 

acceptable levels (Respondek & Zvalo, 2008). 2.6.5 Harvest Harvesting for baby spinach can be started as early as a month 
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after sowing, few leaves from each plant can be harvested. Bigger leaves can be pinched off right at the base of the plant, 
leaving the smallest leaves for next harvest. Leaves can be harvested when they are 3-4 inches tall at 35 days after planting 
(USDA, 2005; Gandiniet al., 2000). The entire plant can be harvested when it reaches maturity, just prior to bolting. The time of 
harvest is crucial as there may be variations in the concentrations on chemical composition during the day as result of pre-
harvest factors such as water availability and light intensity (Mozafar, 1994). Harvested spinach can be kept in a moisture-

retentive container in the refrigerator for as long 40-50 days (Gandiniet al., 2000). 2.6.5.1 11Postharvest handling Spinach is  

fairly perishable and will yellow when stored at higher than recommended temperatures.  Spinach must be store in low temperatures of 0°- 5° 

Lucier et al., (2004). 3Lower temperature has positive effect on ascorbic acid and carotenoids content (Kalt, 2005).  The content of ascorbic acid in 

spinach rapidly 3decreases during storage at ambient temperature (Beuscher et al., 1999).11However, the main cause of postharvest losses is  

decay related with mechanical damage during harvest and postharvest processes. Spinach has a large surface-to-weight ratio and a very high  

respiration rate, it should be cooled rapidly to prevent excessive weight loss and wilting. Spinach11is sensitive to ethylene (increases yellow  

and may increase decay) and moderately sensitive to freezing injury after harvest  (Pellegrini et al., 2003; Respondek & Zvalo, 2008). 

5Spinach can be held 10 to 14 days at a temperature of 0°C and a relative humidity of 95% to 100%. Wilting, yellowing of leaves and decay are  

likely to occur after 10-14 days in storage  (Pellegrini et al., 2003). 5Spinach is very sensitive to ethylene and should not be stored or  

transported with apples, melons or tomatoes because accelerated yellowing with result  (Respondek & Zvalo, 2008). 2.7. THE 

VARIATIONS IN CONCENTRATION OF BIOACTIVE COMPOUNDS 2.7.1 Introduction The variations in 

81concentration of bioactive compounds in fruit and vegetables  have been observed in numerous studies. The 

concentration of 2bioactive compounds in fruits and vegetables are definitely changing and are influenced by  

numerous pre- and postharvest factors  (Berquist, 2006). Factors such as cultivar, soil type, fertilization, irrigation, the 

1degree of maturity at harvest, harvesting, storage, method of processing  (Hedges & Ledger, 2007; Kirakosyan et 

al., 2004). Variations can be 2higher or lower concentrations of a certain compound  as a result of these factors. 

(Berquist, 2006). The following are the factors affecting or have the influence 2on the concentrations of bioactive  
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compounds in spinach.  2.7.2 Factors affecting concentrations of bioactive compounds in baby spinach leaves 2.7.2.1 

Cultivar The 1fact of inter-cultivar variation in general is well established.1A study of 11 commercial lines and 15 breeding lines showed  

large variations in antioxidant activity and phenolic content (Hedges & Lister, 2007). Variations were also notable by growing season, with  

significantly higher levels of antioxidant activity and phenolic content in over-winter spinach.  (Howard et al., 2002). 2.7.2.2 Climatic 

requirements 2Climatic conditions have a strong effect on the concentration of bioactive compounds (Weston & Barth, 1997). Climatic factors  

differ with growing site, during the season  (Howard et al. 2002). 2Temperature, both in terms of total or average  

temperature and the extremes during the growth period, may influence the chemical composition (Weston &  

Barth 1997; Lefsrud et al., 2005).  2.7.2.3 Genetic variation Another 1study also showed phenolic content  

variation according to genotype, as well as level of maturity, with quantities significantly higher at the mid-

maturity stage (Pandjaitan et al., 2005).  Genetic 2factors thus have a large influence on the content of  

bioactive compounds in fruit and vegetables. Variation between cultivars of the same species may also be large  

(Mercadante & Rodriguez-Amaya, 1991; DuPont et al., 2000; Howard et al., 2002).  Ascorbic acid is found in 

2vegetables in widely varying concentrations (Lee & Kader, 2000).  6.7.2.4 Agronomic practices Agronomic practices 

such as nutrient and water availability also have 2influence on the bioactive compounds (Weston & Barth, 1997).  

There are many contributing factors in terms of fertilizer application that can influence the 2concentrations of bioactive  

compounds. To predict the response of bioactive compounds  to nitrogen fertilizer may be complicated. The results may show 2both  

increasing and decreasing concentrations due to fertilisation. This may be depending on how plant growth responds to the  

fertilisation2(Mozafar, 1993). Nitrogen fertilisation may also enhance foliage, reducing light intensity reaching shaded parts of the plant, which  
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may affect the concentration of the bioactive compounds (Mozafar, 1994; Lee & Kader, 2000).  2.7.2.5 Method of processing 1Processing  

such as freezing also influence the nutrients in spinach. The amounts of some nutrients such as vitamin C and folate are reduced with freezing,  

but others, such as β-carotene, lutein and zeaxanthin, are improved  (Hedges & Ledger, 2007). Cooking has also influence over 

nutrients in spinach. Cooking has both positive and negative effects on nutrients (Joseph et al. 2002. It can reduce vitamin C and 

folate, on the other hand it can increase the bioavailability of total 1carotenoids like β- carotene and lutein and zeaxanthin. Light  

cooking or steaming is often recommended to enhance carotenoid bioavailability while minimising the loss of other nutrients (Joseph et al.  

2002). 2.  7.2.6 2Harvesting factors There is considerable variation in concentration of bioactive compounds during growth and  

maturation of fruit and vegetables. The variation is most likely especially obvious in fruit ripening, where the carotenoid or flavonoid provide  

the colour of the ripe fruit (Kalt, 2005).2Harvesting baby spinach leaves early, while they are slightly smaller than at conventional harvest may  

give increased concentrations of bioactive compounds.2Harvesting later than the current conventional time may give a higher yield, but the  

concentrations of bioactive compounds may not be improved  although some compound are 2likely to be higher at a later harvest  

(Bergquist, 6002). 2Timing of harvest during the day is also of significance, as there may be great variation in the concentrations during the  

day, probably related to water content (when concentrations are given on a fresh weight basis) or to light intensity (Mozafar, 1994; Veit et al.,  

1996).  2.7.2.7 Storage Storage environment 2after harvest may also have a big impact on the bioactive compounds  (Kalt, 2005). 

2Storage not only affects the concentration of these compounds, but the concentration of these compounds may affect storability as  

well.2Baby spinach is generally sold fresh in polypropylene bags and the maximum storage time is about 10 days  (Lucier et al. 2004; Bergquist, 

2006). 2Storability can be significantly enhanced by lowering temperatures, increasing humidity and by modifying the surrounding  

atmosphere (Wills et al., 1998). Temperature  must be managed well during storage as it can results in deterioration of baby spinach. 

2Management is crucial for keeping the quality of harvested fruits and vegetables, both in terms of appearance and biochemical composition.  
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A lower temperature decreases metabolic rates and thereby slows down deterioration. But a temperature that is too low may  also impose 

problems. 2Recommended storage temperature is close to 0 °C2(Wills et al., 1998). The storage period is also of major importance, since the  

concentrations change over time. Light conditions during storage generally affect concentrations of these compounds as well, although in  

different ways. Photosynthesis may be supported in light-stored leaves, and light storage may also increase ascorbic acid synthesis (Toledo  

et al., 2003). Carotenoids, on the other hand, may decrease to a higher extent in vegetables stored in light (Kopas-Lane & Warthesen, 1995).  

2.8 BRIEF SUMMARY OF THE LITERATURE REVIEW Spinach is known for being nutritious vegetable, with wide range of 
vitamins and minerals. This review states very clearly the importance of baby spinach in terms of human health as it is loaded 

with nutrients 1which can prevent deficiency diseases and are essential for normal physiological function, and phytochemicals  which are 

believed 1to help prevent chronic health problems such as cancer and heart disease, as well as other health problems associated with ageing.  

Both minerals and phytochemicals are essential to promote good health. Pre-harvest and post-harvest factors have effects on 
minerals and phytochemicals in vegetables. These factors may lead to lower or higher concentrations. (Berquist, 2006). 
According to Leskovar et al., 2009, the selection of suitable planting material, field preparation, fertilizer application, weeding and 
irrigation in absence of rain are some of the agronomic practices in cultivation of vegetables. Genetic factors, cultivar selection, 
harvesting and storage have influence in the Therefore, this present review serves as groundwork to a research to investigate 
and determine the effects of nitrogen, phosphorus & potassium fertilization, timing of application and method of application on 
bioactive compounds (antioxidants, flavonoids, total phenolic content & carotenoids) of baby spinach. The importance of baby 
spinach in human health can never be over emphasized; therefore it is crucial to investigate agronomic practices such as mineral 
nutrition (nitrogen, phosphorus & potassium fertilization) that can enhance the quality of baby spinach. This can contribute to 
South African food security and exports markets. CHAPTER 3 3. DESCRIPTION OF STUDY AREA AND RESEARCH 
METHODOLOGY 3.1 INTRODUCTION This section of thesis deals with the details of experiments which have been carried out. 
Chapter 3 provides a description of the study area, followed by a clarification of data collection methods and analyses 

techniques. The study employed quantitative research approach to address its objectives. 3.2 3MATERIALS AND  

METHODS 3. 2 .1 Experimental site The study was carried out at Agricultural Research Council - Vegetable and  

Ornamental Plant Institute  (ARC-VOPI) in Roodeplaat farm, situated in the sourish mix of bushveld, 25 km 

3north of central Pretoria, KwaMhlanga (R573) road; GPS coordinates: 25,56S;28,35E  (Gauteng province, South 

Africa). The area is 4a relatively cool subtropical climate with summer rainfall and cold, dry winter.  3.2.2 

Experimental site design and treatment details 3.2.2.1 Experimental site design 2Baby spinach (Spinacia oleracea L.)  
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cv. Ohio was used as a model crop in the studies reported in this thesis.  Three trials were conducted to determine 

the optimum fertilizer rate(s). Seedbeds were prepared and filled with virgin red soil. A total of 12 seedbeds were prepared for all 
3 trials. Each trial had 5 treatments, replicated 4 times. For each trial, 4 seedbeds were allocated and 20 plots were demarcated 
for planting. Each experimental plot size was 1.2x1m2. Timed sprinkler irrigation system was used for irrigation. All trails were 
planted twice in different times under a protected environment and planting of seedlings was done from February to March 2014 
for first the 1st planting of trials and from April to June 2014 for the 2nd planting of trials. Spinach seeds were sown in seed trays 
filled with agro mix as a growing medium and later transplanted into beds. Thirty seedlings were transplanted into 3 rows on each 
plot with 20 cm between rows and 10 cm between plants. The 1st & 3rd rows were border plants, and the 2nd row was the data 

plants. Samples were collected only from the data plants as displayed below in Plate 1. Page | 29 Plate 31: A bed of  

baby spinach demarcated into 5 different plots and 5 different treatments of N, P and K  as shown in Table 2 The 

spinach was grown and harvested after 35 to 45 days. The leaves were harvested manually using sharp scissors by simply 
cutting the leaves at the stem as demonstrated in Plate 2. Each trial was harvested twice at 35 days and 45 days as last harvest. 

20Each harvested at 2 growth stages at 6-day intervals. The outer oldest leaves were  harvested first and the centre 

of the plant was harvested as those leaves matured. This method was used to allow it to re-sprout and give another partial 
harvest. After harvest, the samples were labelled accordingly, weighed for fresh mass and oven dried for 48 hours at 35o C. 

Plate 2: Manually harvesting of baby spinach using sharp scissors 3.2.2.2 4Treatment details Three (N, P, and K)  

parallel trials were conducted under  protected environment. Treatments consisted of 0, 45, 975, 105, 120  

kg∙ha- 1g N or P; and  0, 63, 85, 106, 127, 148 kg∙ha-1 in 4a randomized complete block design (RCBD) with 5 treatments  

replicated 4 times  as shown below in Table 1. 4Fertilizer sources applied were Limestone Ammonium Nitrate (LAN, N = 28%) for N trial,  

Superphosphate (P = 83%) for P trial and Potassium chloride (K = 50%) for K trial.  N, P & K fertilizers were applied as side dressing 

applications in the form of granules at 3two weeks after sowing. Table 1: Treatment arrangement for Nitrogen (N),  

Phosphorus (P) and Potassium (K) trials  N P K trial treatments Applied Nitrogen 3(kg/ha) Applied Phosphorus  

(kg/ha) Applied Potassium (kg/ha) 0 0 0 45 45 63 75 75 85 105 105 127 120 120 148 Z 22- 45N, P kg∙ha-  1ha and 63 -

138K kg∙ha-1 recommended rates in California, USA After the first experiment of N, P, K was conducted and completed as 
shown in Table 1, the results were analysed and the optimum rates of nitrogen, phosphorus, potassium were recorded. The 
maximum rates where the concentrations on bioactive compounds and trace elements in baby spinach increased were used to 
conduct the second experiment of this study which was NPK treatments combinations. The trial consisted of 5 treatments and 
replicated 4 times. The treatment combinations were arranged as follows: 0, 30:30:48; 45:45:63; 60:60:78; 75:75:93. Plate 3: 
Two plots of baby spinach displayed the variations in growth and leaves appearance in different NPK treatments 3.2.4 Chemical 
analyses of bioactive compounds After harvest, the leaf samples were collected in paper bags, labelled accordingly, weighed for 
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fresh mass and oven dried for 48 hours at 350 C, and the compounds were extracted using suitable solvents. Dry weights of the 
plants were taken prior to grinding the leaf samples in a laboratory mill. After grinding, these samples were placed in a dry place 

until the chemical determinations could be made. 2Analyses of the bioactive compounds were conducted using  

reversed-phase  high-performance liquid chromatography (HPLC). 3.2.4.1 Micro element content The minerals, that is, 

Mg, Fe, Zn & Se, were determined in a dilute solution of the ashed samples by atomic absorption spectrophotometer (3300 

PerkinElmer) on 56described in Official Methods of Analysis of the Association of Official Analytical Chemists  

(AOAC),  edited by Horwitz, (2000). The results are expressed as dry weight basis. 3.2.4.2 Total phenolic content 

4About 15 g of finely ground leaf material was sieved.4Total polyphenol concentrations were determined using the Folin-

Ciocalteu (Waterman and Mole, 1994) method. In this method, 0.5 ml of the filtrate extracts was added to 50-mL volumetric flasks and filled up  

to 50mL with deionized water. The contents were swirled to mix, and 0.5 ml of the solutions were pipetted and mixed into test tubes  

containing 2.5 ml of Folin- Ciocalteu phenol reagent (Fluka Ltd, Johannesburg, South Africa). Twenty (20) g of sodium carbonate was  

dissolved in 100 ml of distilled water, and 5 ml of sodium carbonate solution was added to the mixture in the test tubes. The mixture was  

shaken thoroughly, by inverting it several times, and allowed to stand for 2 h for completion of the reaction, when a blue colour was formed.  

Measurements were done at 760 nm using a spectrophotometer (Du 530 Cecil Instruments, Cambridge, UK). The standards (preparations of  

0.05 g tannic acid) were dissolved in the extracting solvent (75% acetone) up to 50 ml. The standard serial dilutions of 1, 0.8, 0.6, 0.4, 0.2, 0,  

0.08, 0.06, and 0.02 mg∙mL–1 were prepared. The optical densities were converted into concentrations from a standard curve using 1 to 0.02  

mg∙mL–1 tannic acid with phenol reagent and sodium carbonate in a similar manner. The standard curve obtained had an r2 value of 0.987,  

passing through the origin.  3.2.4.3 Total carotenoid content 4About 15 g of finely ground leaf material was sieved.  For carotenoids 

gradient a reversed-phase HPLC elution was used, β-carotene for the carotenoids. 2The detector used for quantification purposes and  

identification of carotenoids was a diode array detector. Total carotenoid content  content is described as mean ± standard deviation in mg 100 g–1 
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dry mass. 3.2.4.4Total antioxidant activity  content 4About 15 g of finely ground leaf material was sieved.  For antioxidants, 2TEAC (trolox  

equivalent antioxidant capacity, Miller et al., 1993)  technique was used 14.TEAC is a Page | 34 spectrophotometric technique that  

measures the relative ability of hydrogen-donating antioxidants to scavenge the ABTS+ radical cationchromogen in relation to that of Trolox,  

the water soluble vitamin E analogue which is used as an antioxidant standard. The ABTS+ was produced by mixing equal volume of 8mM  

ABTS with 3mM potassium persulfates was prepared in distilled water and allow to react in the dark for at least 12 hours at room temperature  

before use. The ABTS+ solution was diluted with a phosphate buffer solution (pH 7.4) mixed with 0.2 M of  NaH2PO4, 0.2 M NaHPO4 and 150mM 

14NaCl in 1 litre of distilled water, with pH adjustment using NaOH when necessary. A freshly-prepared solution was used for each analysis.  

The ABTS+ solution (2900µl) was added to the methanol extracts of tea (100 µl) of Trolox in a test tube and mixed. Absorbencies reading (at  

734nm) were14taken after 30 minutes (for the samples) and 15 minutes (for the standard) of the initial mixing of the samples and standard,  

respectively. The results were expressed as µM Trolox equivalents /g of sample on dry weight basis. 3.  2.4.5 Total flavonoid content content 

4About 15 g of finely ground leaf material was sieved.16Flavonoids were analyzed by reversed phase HPLC, as described by Bergquist et al.,  

2005. For flavonoids gradient a reversed-phase HPLC elution was used. 20Flavonoids were identified using LC-MS/MS  (liquid chromatography 

combined with mass spectrometry). 16Samples were extracted in triplicate under dim green light, using 60mg plant material with 5mL 40%  

methanol. Before choice of solvent, different compositions of the extraction solution (40, 50 and 85% methanol or ethanol in water) were  

tested. The16samples were shaken for 20 h at 4 ◦C, 150 rpm and centrifuged at 10 000 × g at 4 ◦C for 10 min. The supernatants were  

transferred to glass vials and stored at −80 ◦C until analyzed by HPLC. Flavonoids16concentration was quantified at 340nm using an external  

spiraeoside standard (Extrasynthese, Lyon, France). The flavonoids were identified by comparing retention times and absorption spectra with  

compounds previously identified by LC–MS/MS.  3.2.4.6 Vitamin C Ascorbic acid content was determined according to, 

“Association of Official Analytical Chemists (AOAC). Ascorbic acid content was expressed as mg/100 g, dry weigh basis. 3.2.3.7 
Method for N (nitrogen) determination The sample is used directly (in finely milled or powder form) for N determinations on a 
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Carlo Erba NA 1500 C/N/S Analyzer, using approximately 8 to 14 mg sample weighed into a tin foil container for each 
determination. (Adapted from Ref. 1 to 2). The method is a dry oxidation method generally known as the Dumas method. The 
sample and tin container are ignited at high temperature (1020 oC) in oxygen (on a chrome oxide catalyst) to produce carbon 
dioxide, nitrogen gas and oxides of nitrogen (plus other oxides etc.). The gases produced pass through silvered cobalt oxide, 
then a column of copper (540 oC), which reduces the oxides of nitrogen to nitrogen gas (and removes excess free O2). After 
removal of water vapour and CO2 by traps, the N2 gas is finally separated from any traces of other gases by gas 
chromatography using a helium carrier gas and detected by a thermal conductivity detector. The instrument is calibrated against 
a pure organic compound of known composition. The compound chosen for our calibration standard is the ethyl ester of 4- 
Aminobenzoic acid, which contains 8,48% N. PeakNet software (Dionex Corporation, May 1998), with an external A/D interface 
(UI20 Universal Interface, Dionex) is used for data collection, peak integration, calibration and computation of concentrations 
(Ref. 3). 3.2.3.8 Sample Extraction for Nitrate (and Nitrite) A sub-samples of the sample was extracted with distilled water, using 
0.2g sample to 50ml water and shaken on a mechanical shaker for 30 minutes, before filtering. For the N Control sample, only 
0.096g was used instead of 0.2g, as there was insufficient sample available. 3.2.3.9 Determination of Nitrate (and Nitrite) The 
water extract solution was analysed by ion chromatography, which detects nitrate as well as most of the other major anions 
(nitrite, chloride, fluoride, sulphate etc.), by separating the anions on an ion exchange column and detecting them with a 
conductivity detector. The nitrite was below the detection limit for all samples. The nitrate N was calculated from the N using a 
factor of 0.226, which is the mass of a N atom divided by the mass of NO3 (a N atom plus 3 O atoms). 3.2.3.10 Computation of 
protein N and protein The protein N was estimated by subtraction of the nitrate N from the total N. This estimate is expected to 
be slightly too high, because chlorophyll N, ammonium N and any other possible forms of non-protein N (other than nitrate) have 
not been excluded. While values for chlorophyll were available, these were on a mass/ unit area basis, not a mass per mass 
basis, so without the thickness and density of the leaves, they could not be converted to a mass per unit mass basis. From the 
estimate of non-protein N, the protein was estimated by using a factor of 6.25. This is the default factor usually used for 
conversion of N to protein when the correct factor for the product of interest is unknown. It is based on the assumption that the 
protein contains 16.0% N. However, this factor of 6.25 is most appropriate for meat products. Many types of plant protein have a 
higher percentage of N than 16.0%, so that the best protein factor for many plant products is slightly less than 6.25 and for some 
plant types slightly below 6.0. Thus, the estimate of the protein content may be slightly too high for two reasons. Firstly, not all 
the non-protein N has been excluded, and secondly the protein factor of 6.25 might be slightly too high. 3.2.3.11 Method for 
Perchloric + Nitric Acid Sample Digestion: 1g of sample is digested with 7ml HNO3 (conc. nitric acid) and 3ml HClO4 (perchloric 
acid) at temperatures up to 200°C and brought to volume in a 100ml vol. flask. (Adapted from Ref. 4). 3.2.3.12 ICP-OES 
Determination of P & K An aliquot of the digest solution is used for the ICP-OES (Inductively Coupled Plasma Optical Emission 
Spectrometric) determination of P & K. The ICP-OES is a multi-element instrument. The instrument used (Varian Liberty Series 
II) is a Page | 37 sequential instrument, where the elements are determined almost simultaneously, with only a few seconds 
between each element. Each element is measured at an appropriate emission wavelength, chosen for high sensitivity and lack of 
spectral interferences. The wavelengths used were: - P: 213.618nm and K: 769.896nm. The instrument is set up and operated 
according to the recommended procedures in the instrument manual. It is calibrated against a series of standard solutions, 
containing all the elements of interest in the proportions found in typical leaf samples. (Unpublished method developed by Mike 
Philpott at ARC-ISCW, based on the recommended procedures in the instrument manual: Ref. 5). 3.2.4 Data collection For all 
the treatments, at harvest (31 March 2014; 7, 11, 18 April 2014; 9, 23 May 2014; 27 June 2014 and 28 July 2014), fresh and dry 
shoot mass (g) weighed by Symmetry PR Precision Scale recorded. Parameters recorded were total phenolic content, total 
antioxidant activity , total carotenoid content, total flavonoid content, vitamin C, magnesium, iron, zinc, selenium, total leaf tissue 

nitrogen, phosphorus, and potassium. 3.2.5 4Statistical analyses. Data collected, were subjected to analysis of  

variance (ANOVA) using the GLM (general linear model) procedure of SAS, version 8.0. (SAS Institute, 1999). In  

all trials, treatment sums of squares were partitioned into linear and quadratic polynomial contrasts for total  

phenolic content, total  antioxidants activity, total carotenoid content, total flavonoid content, vitamin C, magnesium, iron, 

zinc, selenium, total leaf tissue nitrogen, phosphorus, and potassium. CHAPTER 4 4. RESEARCH RESULTS AND 
DISCUSSION 4.1 RESEARCH RESULTS This results section presents the findings of the study in relation to the research 
objectives based on the collected and analysed data. In these experiments, chemical composition analysis was done for trace 
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elements (Magnesium (Mg), Iron (Fe), Zinc (Zn) & Selenium (Se) and bioactive compounds (total phenolic content, total 
carotenoid content, total flavonoid content, total antioxidant activity and Vitamin C). The results show the variations on bioactive 

compounds of baby spinach in relation to different rates of applied 8nitrogen (N), phosphorus (P) and potassium (K)  

fertilizers as well as the  NPK treatment combinations. 4.1.1 Response of chemical composition of baby spinach to 

nitrogen nutrition Table 3 indicates the variations on total phenolic content, total antioxidant activity, total carotenoid content & 
vitamin C, magnesium, iron, zinc and selenium concentrations in baby spinach as a result of nitrogen applied at different rates. 
Table 3: Response of chemical concentrations in baby spinach to different levels of nitrogen (N) nutrition (dry weight basis) 
Nitrogen Total Total Total Applied Magnesium Iron Zinc Selenium Phenols Carotenoids Flavonoids (kg⋅ha-1) (ppm) (ppm) (ppm) 

(ppm) 31(mg⋅g-1) (mg⋅g-1) (mg⋅g-1) Control 1. 01a 0.91a 1. 123a 0.  001a 3.07b 0.89a 4.0b 45 1.01a 0.11a 1.01a 

0.001a 8.1a 1.01a 8.1a 75 1.01a 0.91a 1.123a 0.001a 6.21a 1.5a 7.21a 85 1.01a 0.01a 0.01b 0.001a 6.1a 1.48a 7.1a 105 1.01a 
0.91a 1.123a 0.001a 6.01a 1.39a 6.01a 120 1.02a 0.89a 1.021a 0.001a 5.9b 1.39a 6.01a Significance NS NS NS NS Q NS Q 
Total antioxidant activity Vitamin Activity C (mg⋅g-1) (mg⋅g-1) 0.49b 4.46b 3.01a 10.9a 2.13a 8.12a 2.01a 7.12a 2a 6.15a 1.9b 
6.1b Q Q Protein N % 1.34b 4.01a 4.26a 4.22a 4.22a 4.20a Q Total N% 1.34b 4.01a 4.31a 4.34a 4.54a 4.60a Q Nitrate % 

90.02b 0.04b 0.23b 0.57b 1.33a  1.40a Q Leaf Protein %* 98.3b 25.0a 26.6a 26.3a 26.5a  26.2a Q Linear (L) 

3or quadratic (Q) effects significant at P = 0.05 (*), 0.01 (**) or  non-significant (NS) Means 38with the same  

letter are not significantly different at  5% level of probability Page | 40 4.1.1.1 Response of trace elements 

(Magnesium, Iron, Zinc and Selenium) to nitrogen nutrition Table 3 3showed that different nitrogen levels did not have  

any significant effect on  magnesium, iron, zinc and selenium) concentrations of baby spinach leaves. 4.1.1.2 Response 

of total phenolic content to nitrogen nutrition Results in Table 3 and Figure 3.1 show that Total phenolic content increased 
quadratically in response to nitrogen application. Total phenolic content level peaked at 45kg∙ha-1. The application of 45kg∙ha-1 
improved the total polyphenol content reaching maximum at 8.1mgg-1 (Table 3 & Figure 3.1). The total phenolic content 
increased from 0 to 45kg∙ha-1. The results showed that the total phenolic content of baby spinach deteriorated with increasing 
nitrogenous fertilizer rates ranges from 75 to120 kg∙ha-1. The difference between the highest (8.1 mg∙g-1) and lowest (3.07 
mg∙g-1) mean value on Total phenolic content was 5.03 mg∙g-1 on dry mass basis (Table 3 & Figure 3.1). 10 9 Total phenolic 
content (mg∙g-1) 8 7 6 5 4 3 2 1 0 Control 45 75 85 105 120 N Kg∙ha-1 Figure 3.1: Total phenolic content concentrations of baby 
spinach at different rates of nitrogen application (dry weight basis) 4.1.1.3 Response of total carotenoid content to nitrogen 

nutrition The 3results showed that different nitrogen levels applied did not have any significant effect on the  

carotenoids content of baby spinach leaves (Table 3). This suggests that there was no significant increase observed on the 
concentration of carotenoids regardless of the level of N applied. 4.1.1.4 Response of total flavonoid content to nitrogen nutrition 
Concentration of total flavonoid content showed variations in baby spinach leaves (Table 3 & Figure 3.2). The lowest total 

flavonoid content in the leaves concentration were 4.0 mg 19∙g-1 and the highest concentration was 8 .1 mg∙g-1  (Table 

3 & Figure 3.2). All treatments significantly improved total flavonoid content content. The significant increase ranges from 
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824.0 mg∙g-1 to 8.1 mg∙g-1  after treatments application. The difference between the lowest and the highest concentration 

of total flavonoid content in baby spinach leaves was 4.1 mg∙g-1 on dry mass basis. 10 9 Total flavonoid content (mg∙g-1) 8 7 6 5 
4 3 2 1 0 Control 45 75 85 105 120 N Kg∙ha-1 Figure 3.2: Total flavonoid content concentrations of baby spinach at different 
rates of nitrogen application (dry weight basis) 4.1.1.5 Response of total antioxidant activity  to nitrogen nutrition The application 
of 45kg∙ha-1 improved the total antioxidant activity content reaching 3.01 mg∙g-1 (Table 3 & Figure 3.3). The total antioxidant 

activity  content of 7plants under 45 kg∙ha-1 was significantly higher compared to the  control (0 kg∙ha-1). The 

significant increase ranges from 0.49 mg∙g-1 to 3.01 mg∙g-1 after treatments application. The difference between the highest and 
lowest mean value on total antioxidant activity  content was 3.52 mg∙g-1 on dry mass basis (Table 3 & Figure 3.3). 4 Total 
antioxidant activity  (mg∙g-1) 3.5 3 2.5 2 1.5 1 0.5 0 Control 45 75 85 105 120 N Kg∙ha-1 Figure 3.3: Total antioxidant activity  
concentrations of baby spinach at different rates of nitrogen application (dry weight basis) 4.1.1.6 Response of Vitamin C to 
nitrogen nutrition Results in Table 3 & Figure 3.4 showed that there was a variation in concentrations of Vitamin C in baby 
spinach. Vitamin C was quadratically increased by application. Highest concentrations were at 45 kg∙ha-1. Vitamin C 

4response to N occurred between 0 to 45 kg∙ha-1.  The lowest vitamin C in the leaves concentrations was 4.46 mg∙g-1 

and the highest concentrations was 10.9 mg∙g-1 (Table 3 & Figure 3.4). The difference between the highest and lowest mean 
value on total antioxidant activity  content was 6.44 mg∙g-1 on dry mass basis (Table 3 & Figure 3.4). 14 12 Vitamin C (mg∙g-1) 
10 8 6 4 2 0 Control 45 75 85 105 120 N Kg∙ha-1 Figure 3.4: Vitamin C concentrations of baby spinach at different rates of 
nitrogen application (dry weight basis) 4.1.7 Percentage protein N Percentage protein nitrogen quadratically increased with 

increasing nitrogen ranging from 1.34% to 4.26% (Table 3 & Figure 3.5). Nitrogen application 3significantly increase %  

protein N of baby spinach compared to control  reaching maximum at 945kg∙ha- 1. The difference between  

the highest and lowest value is 2. 92% (Table  3 & Figure 3.5). 5 4.5 4 %Leaf tissue N 3.5 3 2.5 2 1.5 1 0.5 0 Control 45 

75 85 105 120 N Kg∙ha-1 Figure 3.5: Leaf tissue nitrogen content in baby spinach 4.1.1.8 Percentage total N % The highest 

percentage total nitrogen of 4.60% was observed at 120 kg∙ha-1, 3causing a linear response with high rates of  

nitrogen applied. The difference between the highest value and lowest value is 3. 26 (Table 3 & figure 3.6). 6 5 4 

Total N% 3 2 1 0 Control 45 75 85 105 120 N Kg∙ha-1 Figure 3.6: Total N% in baby spinach 4.1.1.9 Percentage Nitrate The 

results in Table 3 3showed that there is a connection between nitrogen applied and percentage leaf nitrate found in  

the leaves of baby spinach.  Nitrate percentage in the 9baby spinach leaves increased with increasing  

nitrogen application reaching maximum of 1.40% at 120 kg∙ha-  1 (Table 3 3).The difference between the  

highest and lowest value is 1.309% (Table 3).  4.1.2 Response of chemical composition and trace elements to 

phosphorus nutrition Table 4 below indicates the variations on total phenolic content, total antioxidant activity, total carotenoid 
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content & vitamin C, magnesium, iron, zinc and selenium in baby spinach as a result of phosphorus applied at different rates. 
Table 4: Response of chemical concentrations in baby spinach to different levels of phosphorus (P) nutrition (dry weight basis) 
Phosphorus Total Total Total Applied Magnesium Iron Zinc Selenium Phenols Carotenoids Flavonoids (kg⋅ha-1) (ppm) (ppm) 

(ppm) (ppm) 31(mg⋅g-1) (mg⋅g-1) (mg⋅g-1) Control 1. 01a 0.91a 1. 123a 0.  221a 3.13b 0.89a 5.13b 45 1.01a 0.11a 

1.01a 0.201a 8.10 a 1.01a 9.32a 75 1.01a 0.81a 1.123a 0.211a 7.21a 1.60a 7.31a 85 1.01a 0.21a 0.01a 0.201a 5.10b 1.58a 
7.41a 105 1.01a 0.91a 1.123a 0.221a 4.01b 1.49a 6.21b 120 1.01a 0.002a 1.021a 0.201a 4.90b 1.39a 6.01b Significance NS 
NS NS NS Q Q Total antioxidant activity Vitamin Activity C (mg⋅g-1) (mg⋅g-1) 3.5b 5.42b 4.01a 9.9a 2.93b 8.12a 2.81b 7.32a 
2.5b 6.55b 2.4b 6.4b Q Q % Leaf tissue P 0.526b 0.968a 0.948a 0.950a 1.115a 1.119a Q Protein %* 13.3c 21.3b 26.4a 26.3a 

26.8a 26.9a Q Linear (L) 3or quadratic (Q) effects significant at P = 0.05 (*), 0.01 (**) or  non-significant (NS) Means 

38with the same letter are not significantly different at  5% level of probability Page | 47 4.1.2.1 Response of trace 

elements to phosphorus nutrition Results in Table 4 showed that regardless of different levels of phosphorus applied, there was 
no significant effect on magnesium, iron, zinc and selenium concentrations of baby spinach. 4.1.2.2 Response of total phenolic 
content to phosphorus nutrition Results in Table 4 & Figure 4.1 show that there was a quadratic increase of total phenolic content 
with application of phosphorus nutrition. In the P trial, total phenolic content reached their maximum at 45 kg∙ha-1 with total 

phenolic content concentration of 8.10 mg∙g-1. 4Most of total phenolic content response to P occurred between 0 to  

75 kg∙ha-1.  The difference between the highest (8.10 mg∙g-1) and lowest (3.13 mg∙g-1) mean value on Total phenolic 

content was 4.97 mg∙g-1 on dry mass basis (Table 4 & Figure 4.1). Total phenolic content concentration mg∙g-1) 9 8 7 6 5 4 3 2 
1 0 Control 45 75 85 105 120 P kg∙ha-1 Figure 4.1: Total phenolic content concentrations of baby spinach at different rates of 
phosphorus application (dry weight basis) 4.1.2.3 Response of total carotenoid content to phosphorus nutrition Different levels of 

phosphorus 9applied did not have any significant effect on the  total carotenoid content in baby spinach leaves with 

the lowest value of 0.89 mg∙g-1 and the highest value of 1.60 mg∙g-1 (Table 2). Thus, there was no significant increase on the 
concentration of carotenoids regardless of the levels of P applied. 4.1.2.4 Response of total flavonoid content content to 
phosphorus nutrition The results showed that the total flavonoid content concentration was quadratically increased by 

phosphorus nutrition. Highest concentrations were observed at 45 kg∙ha-1 (Table 3 & Figure 4.2). 4Most of the total  

flavonoid content response to P occurred between 0 to 45 kg∙ha-1.  The highest total concentration of total flavonoid 

content was 9.32 mg∙g-1and the lowest mean value was 5.13 mg∙g-1. 3The difference between the highest mean  

value and the lowest mean value is  4.19 mg∙g-1 (Table 3 & Figure 4.2). 12 Total flavonoid content (mg∙g-1) 10 8 6 4 2 0 

Control 45 75 85 105 120 P Kg∙ha-1 Figure 4.2: Total flavonoid content concentrations of baby spinach at different rates of 
phosphorus application (dry weight basis) 4.1.2.5 Response of total antioxidant activity  of phosphorus nutrition In the P trial, total 
antioxidant activity  concentration reached their maximum at 45 kg∙ha-1 with total antioxidant activity  concentration of 4.01 mg∙g-

1 (table 4 & Figure 4.3). Most of total antioxidant activity  phenols 4response to P occurred between 0 to 45 kg∙ha-1.  
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The difference between the highest (4.01 mg∙g-1) and lowest (3.50 mg∙g- 1) mean value on Total phenolic content was 0.5 mg∙g-
1 on dry mass basis (Table 4 & Figure 4.3). Total antioxidant activity  (mg∙g-1) 4.5 4 3.5 3 2.5 2 1.5 1 0.5 0 Control 45 75 85 105 
120 P Kg∙ha-1 Figure 4.3: Total antioxidant activity  concentrations of baby spinach at different rates of phosphorus application 
(dry weight basis) 4.1.2.6 Response of Vitamin C to phosphorus nutrition Results in Table 4 & Figure 4.4 showed a variation in 
concentrations of Vitamin C in baby spinach. There was a quadratically increased in Vitamin C due to phosphorus nutrition. 

Highest concentrations were at 45 kg∙ha-1. Vitamin C 4response to N occurred between 0 to 45 kg∙ha-1. The lowest  

concentration in  Vitamin C in the leaves of baby spinach was 5.42 mg∙g-1 and the highest concentrations was 9.9 mg∙g-1. 

The difference between the highest and lowest mean value on total antioxidant activity  content was 4.48 mg∙g-1 on dry mass 

(Table 4 & Figure 4.4). 12 10 72Vitamin C (mg∙ g-1) 8 6 4 2 0  Control 45 75 85 105 120 P Kg∙ha-1 Figure 4.4: Vitamin C 

concentrations of baby spinach at different rates of phosphorus application (dry weight basis) 4.2.2.7 Percentage leaf tissue P 
Percentage leaf tissue phosphorus was quadratically increased and ranged from 0.526% to 0.968 % (Table 4 & Figure 4.5). 
Phosphorus applied significantly increase % leaf tissue P of baby spinach compared to control reaching maximum at 

945kg∙ha- 1. The difference between the highest and lowest value is 0.442% (Table  3 & Figure 4.5). 1.4 1.2 % Leaf 

tissue P 1 0.8 0.6 0.4 0.2 0 Control 45 75 85 105 120 P Kg∙ha-1 Figure 4.5 Percentage leaf tissue N in baby spinach 4.2.2.8 

3Protein %* Protein percentage seemed to have increased at 75kg∙ha- 1 which showed that there is a relationship between the nitrogen  

applied and protein found in the leaves of baby spinach. Increasing the rates of nitrogen applied to 120kg∙ha- 1 did not  exhibit 

3protein content. The difference between the highest value and lowest value is 18.3%* (Table  4 & Figure 4.6). 35.00 30.00 25.00 

Protein %* 20.00 15.00 Protein %* 10.00 5.00 0.00 Control 45 75 85 105 120 P Kg∙ha-1 Figure 4.6 Protein %* in baby spinach 
4.1.3 Response of chemical composition and trace elements to potassium nutrition Table 5 below indicates the variations on total 
phenolic content, total antioxidant activity, total carotenoid content & vitamin C, magnesium, iron, zinc and selenium in baby 
spinach as a result of potassium applied at different rates. Table 5: Response of chemical concentrations in baby spinach to 
different levels of potassium (K) nutrition (dry weight basis) Potassium Applied Magnesium Iron (kg⋅ha-1) (ppm) (ppm) Control 
1.23a 0.81a 63 1.11a 0.11a 85 1.12a 0.81a 106 1.11a 0.21a Total Total Total Zinc Selenium Phenols Carotenoids Flavonoids 

(ppm) (ppm) 31(mg⋅g-1) (mg⋅g-1) (mg⋅g-1) 1.123a 0.  221a 1.01b 0.89a 3.01b 1.01a 0.201a 3.13b 1.89a 7.13a 1.123a 

0.211a 7.10a 1.71a 7.10a 1.01a 0.201a 6.21a 1.50a 6.21a 127 1.11a 0.91a 1.123a 0.221a 5.10a 1.48a 148 1.12a 0.82a 1.021a 
0.201a 5.01a 1.39a Significance Ns Ns Ns Ns Q Q Total antioxidant activity  (mg⋅g-1) 0.49b 0.50b 5.01a 3.13a 6.10a 2.01a 

6.01a 2.23a Q Q Vitamin (mg⋅g-1) C 3.51b 4.42b 7.90a 6.12a 5.12a 5.15a Q % Leaf tissue K 4.61c 6.25b 6.63b 7.60a 7.49a 

7.40a Q Protein %* 10.8b 14.3a 14.4a 11.1b 11.4b 11.5b Q Linear (L) 3or quadratic (Q) effects significant at P = 0.05  

(*), 0.01 (**) or  non-significant (NS) Means 38with the same letter are not significantly different at  5% level of 

probability Page | 53 4.1.3.1 Response of trace elements in baby spinach in potassium nutrition Results in Table 5 showed that 
regardless of different levels of potassium applied, there was no significant effect on the trace elements magnesium, iron, zinc 
and selenium concentrations of baby spinach. 4.1.3.2 Response of total phenolic content to potassium nutrition The results in 
Table 5 & Figure 5.1 indicate that the total phenolic content concentration increased quadratically in response to potassium 
application. Total phenolic content concentration level peaked at 85kg∙ha-1. The application of 85kg∙ha-1 improved the total 
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polyphenol content reaching 7.10 mg∙g-1 (Table 5 & Figure 5.1). 4Most of the total phenolic content response to K  

occurred between 0 to 85 kg∙ha-1.  The difference between the highest (7.10 50mg∙g-1) and lowest (1. 01 mg∙g-

1)  mean value on Total phenolic content was 6.09 mg∙g-1 on dry mass basis (Table 5 & Figure 5.1). 9 Total phenolic 

content (mg∙g-1) 8 7 6 5 4 3 2 1 0 63 85 106 127 148 K Kg∙ha-1 Figure 5.1: Response to various levels of potassium fertilizer on 
total phenolic content concentrations in baby spinach (dry weight basis) 4.2.4.3 Response of total carotenoid content to 

potassium nutrition Different levels of 9potassium applied did not have any significant effect on the total carotenoid  

content in baby spinach  leaves. In K trial, there was no significant increase on the concentration of carotenoids 

regardless of the levels of K applied (Table 5). 4.2.4.4 Response of total flavonoid content to potassium nutrition The results 
showed that the total flavonoid content concentration quadratically increased by potassium nutrition. Highest concentrations were 

observed at 63 kg∙ha-1 (Table 5). 4Most of the total flavonoid content response to K occurred between 0 to 85  

kg∙ha-1.  The highest total concentration of total flavonoid content was 7.13 mg∙g-1and the lowest mean value was 3.01 

mg∙g-1 (Table 5). The difference 79between the lowest and the highest mean values was in with the  difference of 4.12 

mg∙g-1. 4.2.4.5 Response of total antioxidant activity  to potassium nutrition The total antioxidant activity content peaked at 85 
kg∙ha-1 reaching a maximum of 5.01 mg∙g-1 (Table 5 & Figure 5.2). The highest mean value was 5.01 mg∙g-1 and the lowest 
was 0.49 mg∙g-1. The difference between the highest and lowest mean value on total antioxidant activity  content was 4.52 mg∙g-
1 on dry mass basis (Table 5 & Figure 5.2). 7 Total antioxidant activity  (mg∙g-1) 6 5 4 3 2 1 0 63 85 106 127 148 -1 K Kg∙ha-1 
Figure 5.2: Response to various levels of potassium fertilizer on total antioxidant activity  concentrations in baby spinach (dry 
weight basis) 4.2.4.6 Response of Vitamin C to potassium nutrition Results in Table 5 indicted that there was a variation in 
concentrations of Vitamin C in baby spinach. Vitamin C was quadratically increased by nutrition. Highest concentrations were at 

85 kg∙ha-1. Vitamin C 4response to N occurred between 0 to 85 kg∙ha-1.  The lowest vitamin C in the leaves 

concentrations was 3.51 mg∙g-1 and the highest concentrations was 7.90 mg∙g-1 (Table 5 & Figure 5.3). The difference between 
the highest and lowest mean value on total antioxidant activity  content was 4.39 mg∙g-1 on dry mass basis (Table 5 & Figure 
5.3). 9 8 7 Vitamin C (mg∙g-1) 6 5 4 3 2 1 0 63 85 106 127 148 K Kg.ha-1 Figure 5.3: Response to various levels of potassium 

fertilizer on Vitamin C concentrations in baby spinach (dry weight basis) 4.2.2.7 % Leaf tissue K Potassium 3applied  

significantly increase % protein content (value) of baby spinach compared to control  reaching maximum at 

945kg∙ha- 1. The difference between the highest and lowest value is 2.881% (Table  5 & Figure 5.4). 9.00 8.00 7.00 

% Leaf tissue 6.00 5.00 4.00 3.00 2.00 1.00 0.00 Control 63 85 106 127 148 K Kg∙ha-1 Figure 5.4: % Leaf tissue K in baby 
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spinach 4.2.2.9 3Protein %* Protein percentage seemed to have increased at 63 kg ∙ha- 1 which showed that there  

is a relationship between the nitrogen applied and protein found in the leaves of baby spinach. Increasing the  

rates of nitrogen applied to 148 kg ∙ha- 1 did not  exhibit 3protein content. The difference between the  

highest value and lowest value is 18.3% (Table  5 & Figure 5.5). Protein %* 16.00 14.00 12.00 10.00 8.00 6.00 4.00 

2.00 0.00 Control 63 85 106 127 148 K Kg∙ha-1 Figure 5.5: Protein%* in baby spinach 4.1 8.4 Effect of combinations of  

different rates of nitrogen, phosphorus & potassium (NPK) fertilizers on  chemical concentrations in baby spinach 

Table 6 below indicates the variations on total phenolic content, total carotenoid content, total antioxidant activity , total flavonoid 
content, vitamin C, magnesium, iron, zinc and selenium in baby spinach as a result of combinations of different rates of nitrogen, 
phosphorus & potassium fertilizers applied. Table 6: Response of chemical composition in baby spinach to different 

8levels of nitrogen (N), phosphorus (P), and potassium (K)  treatment combinations nutrition (dry mass basis) 

Nitrogen/ Phosphorus /Potassium Applied (kg⋅ha-1) Control 30:30:45 45:45:60 75:75:90 60:60:75 Magnesium (ppm) 1.23a 1.11a 
1.12a 1.11a 1.11a Iron (ppm) 0.81a 0.11a 0.81a 0.21a 0.91a Total Total Total Total antioxidant activity Vitamin Zinc Selenium 

Phenols Carotenoids Flavonoids Activity (ppm) (ppm) 31(mg⋅g-1) (mg⋅g-1) (mg⋅g-1) (mg⋅g-1) (mg⋅g-1) C 1. 123a  

0.221a 1. 01b 0.  89b 3.01b 0.49b 3.51a 1.01a 0.201a 5.01a 1.89a 3.01b 4.49a 3.51a 1.123a 0.211a 6.13a 3.89a 7.13a 

6.50a 4.42a 1.01a 0.201a 5.10a 1.71a 5.10a 3.01a 3.91a 1.123a 0.221a 4.21a 1.50a 4.21a 2.13b 2.12a 75:75:90 1.12a 0.82a 

1.021a 0.201a 4.10a 1.48a 3.10a 2.01b 2.10a Significance 3Ns Ns Ns Ns Q Q Q Q Ns Linear (L) or quadratic (Q)  

effects significant at P = 0.05 (*), 0.01 (**) or  non-significant (NS) Means 38with the same letter are not  

significantly different at  5% level of probability Protein %* 20.0b 27.8a 25.4a 26.5a 27.1a 27.3a Q %N %P 3.21b 0.19a 

4.51a 0.45a 4.10a 0.49a 4.30a 0.60a 4.42a 0.53a 4.47a 0.50a Q Ns %K 3.45b 5.90a 5.79a 5.86a 6.13a 6.19a Q Page | 59 

4.2.5.1 Response of trace elements in baby spinach to NPK nutrition The treatment combinations of NPK 3rates applied  

on baby spinach did not show any significance effect on the  magnesium, iron, zinc and selenium concentrations 

(Table 6). Therefore, based on Table 6 there were no significant differences observed on trace elements regardless of different 
treatment combinations of NPK applied (Table 6). 4.2.5.2 Response of total phenolic content to NPK nutrition The treatments of 
N45, P45, K60 kg∙ha-1 improved the concentrations of total phenolic content (Tables 6 & Figure 6.1). This is in agreement with 
the treatment combination of NPK (45:45:60) which indicated a significantly increased of total phenolic content in baby spinach 
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compared to the control. The mean value of total phenolic content at NPK combination (45:45:60) was 6.13 mg∙g-1 higher than 
all other treatments (Table 6 & Figure 6.1). 8 7 Total phenolic content (mg∙g-1) 6 5 4 3 2 1 0 Control 30:30:48 45:45:60 75:75:90 
60:60:75 75:75:90 NPK Kg∙ha-1 Figure 6.1: Response to various levels of NPK fertilizers on total phenolic content 
concentrations in baby spinach (dry weight basis) 4.2.5.3 Response of total carotenoid content to NPK nutrition Total flavonoid 

content 7content was not significantly affected by treatment combinations of NPK fertilizers, although the plants  

under  N45, P45, K60 kg∙ha-1 had the highest total flavonoid content content of 3.89 mg∙g-1 compared to other treatment 

combinations including Page | 60 the control (Table 6 & Figure 6.2). 7There was no significant difference in total  

carotenoid content among other treatment combinations of NPK.9The difference between the highest mean value  

and the lowest mean value was 3 mg ∙g-  1. 5 4.5 Total carotenoid content (mg∙g-1) 4 3.5 3 2.5 2 1.5 1 0.5 0 Control 

30:30:48 45:45:60 75:75:90 60:60:75 75:75:90 NPK Kg∙ha-1 Figure 6.2: Response to various treatment combinations of NPK 
fertilizers on total carotenoid content concentrations in baby spinach (dry weight basis) 4.2.5.4 Response to total flavonoid 

content content to NPK nutrition Total flavonoid content 7content was significantly affected by NPK treatment  

combinations. The plants under  N45, P45, K60 kg∙ha-1 had the highest total flavonoid content content of 7.13 mg∙g-1 

compared to the control and other treatment combinations (Table 6 & Figure 6.3). 7There was no significant difference  

in total flavonoid content content among other treatment combinations of NPK  and 80a slight decrease in the  

total flavonoid content content was observed  with the maximum treatment combinations. 9 Total flavonoid content 

(mg∙g-1) 8 7 6 5 4 3 2 1 0 Control 30:30:48 45:45:60 75:75:90 60:60:75 75:75:90 NPK Kg∙ha-1 Figure 6.3: Response to various 
treatment combinations of NPK fertilizers on total flavonoid content concentrations in baby spinach (dry weight basis) 4.2.5.3 

Response of total antioxidant activity  content to NPK 7The effect of NPK on the anti-oxidant activities and  

components of baby spinach leaves  is presented in (Table 6 & 6.4). The plants under N45, P45, K60 kg∙ha-1 had the 

highest antioxidant activity of 6.5 mg∙g-1 compared to other treatment combinations including the 57control (0 kg∙ha-1).  

The Total phenolic content of  plants under N45, P45, K60 kg 7∙ha-1 was significantly higher than the plants  

under other NPK levels  (Table 6 & Figure 6.4). Total Antioxidant Activity (mg∙g-1) 8 7 6 5 4 3 2 1 0 -1 Control 30:30:48 
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45:45:60 75:75:90 60:60:75 75:75:90 NPK Kg∙ha-1 Figure 6.4: Response to various levels of NPK fertilizers on total antioxidant 
activity  concentrations in baby spinach (dry weight basis) 4.2.5.6 Response of Vitamin C content to NPK nutrition The results 

showed that NPK treatment combinations 3applied on baby spinach did not show any significance influence on the  

Vitamin C content.  4.2.5.7 Leaf protein content (%) The treatment combinations of N30, P30 and K48 (kg∙ha-1) increased 

leaf protein content percentage ranging from 20 to 27.8% (Table 6). Treatment combinations of N30, P30, K48 kg∙ha-1 
significantly improved leaf protein content percentage (Table 6). 4.2.5.8 Percentage leaf tissue N Percentage leaf tissue 
potassium was increased and ranged from 3.21 to 4.51% (Table 6). The treatment combinations of N30, P30, K48 (kg∙ha-1) 
improved the concentrations of leaf tissue N (%) (Table 6) 4.2.5.9 Percentage leaf tissue P All treatment combinations of NPK 
rates applied on baby spinach did not show any significance effect on percentage leaf tissue (Table 6) 4.2.5.10 Percentage leaf 
tissue K Percentage leaf tissue potassium was increased and ranging from 3.45 to 6.19% (Table 6). 4.3 DISCUSSION 4.3 

77.1 Introduction This section presents the findings of the  study comparing with other related conducted studies, looking at the similarities and the 

contrasts in the findings. Marketable baby spinach 8production requires suitable levels of nitrogen (N), phosphorus (P), and potassium (K) to  

provide high-quality postharvest qualities required for longer shelf life  and health benefits. Therefore, the section deliberates on the 

outcomes of the study in an effort to consolidate and recommend the adequate NPK fertilizer rates or levels suitable for South 
African baby spinach production. The following findings discussed in this section: the effect of different rates of N, P & K 
fertilizers and the NPK treatment combinations on chemical concentrations (total phenolic content, total carotenoid content, total 
flavonoid content and total antioxidant activity) and trace elements (Mg, Fe, Zinc & Se) in baby spinach. 4.3.2 The response of 
chemical concentrations and trace elements to nitrogen nutrition in baby spinach The parameters recorded in this study included 
total phenolic content, total carotenoid content, total antioxidant activity , total flavonoid content, vitamin C, magnesium, iron, zinc 
and selenium. Table 3 and Figures 3.1 to 3.6 showed the variation in chemical concentrations in the leaves of baby spinach as 
affected by applied different levels of nitrogen nutrition. The results showed that the application of nitrogen at different levels did 
not have any significant effect on the trace elements (Magnesium, Iron, Zinc & Selenium) concentrations of baby spinach leaves 
(Table 3). These nutrients are present in smaller quantities in baby spinach, excluding iron which is regarded as one of the major 
nutrients in baby spinach (Hedges &Lister, 2007). On the contrary to the results of this study, Lefsrud et al, 2007 reported 
magnesium and zinc responded to nitrogen treatments, Zinc decreased as nitrogen level increases while Magnesium increases 

in response to increase in nitrogen treatment level. Other findings by 24Wang et al., (2008) are that nitrogen  

fertilization increases the ratio of acids and sugars and reduces of calcium, magnesium and soluble sugars.  

Studies by Chenard et al., 2005 reported that leaf iron, manganese and molybdenum decreased with increases in nitrogen in 
nutrient solutions. Increasing solution nitrogen resulted in quadratic increases in leaf calcium, magnesium, sulfur & boron 
Chenard et al., 2005. In this study the results showed that Total phenolic content in baby spinach increased quadratically in 
response to different levels of applied nitrogen reaching a maximum at 45kg∙ha-1 as indicated in Table 3 and Figure 3.1. 
Increasing nitrogenous fertilizer rates had negative effect on total phenolic content of baby spinach as seen on Table 3 and 
Figure 3.1 as total phenolic content were the lowest at 120 kg∙ha-1N. This suggests that total phenolic content of baby spinach 

deteriorated with increasing nitrogenous fertilizer rates. The similar 78results were reported by Li et al., 2008 that total  

phenols decreased with increasing nitrogen application, the highest content was observed when the level of nitrogen was 100 

kg∙ha- 1 Clearly there was 26negative correlation between nitrogen application and total  phenols content in the baby 
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spinach leaves. The 26negative correlation between nitrogen application and Total phenolic content could be explained by the protein  

competition model (PCM) (Jones & Hartley, 1999). The PCM hypothesis makes a conditional prediction  that there will be trade-offs between plant 

growth and Total phenolic content. This elucidates that 26when biomass increases in response to high nitrogen  application, Total phenolic contents 

26will decline because increased protein demand for growth will decrease dividing of carbon skeletons to Total phenolic contents (Jones and  

Hartley, 1999).4Haukioja et al., (1998) stated that the contradiction of the results of total phenolic content were largely due to lower leaf nitrogen  

content, seemingly due to increase in carbohydrate concentration when plants were stressed.  According to Bryant et al., (1983, 1987) the 

carbon/nutrient balance (CNB) hypothesis 39suggest that growth is limited by deficiencies in carbon or nitrogen while rates of photosynthesis  

remain unaffected, and the following reduced growth results in the more abundant resource being invested in improved defence (mass-balance  

based allocation).  Other studies showed when there is deficiency in N or N applications that significantly depressed yield resulted in the highest content 

of phenolic compounds in Chinese cabbage (Zhu et al., 2009), broccoli heads (Jones et al., 2007), lettuce (Coria- Cayupan et al., 2009). 4This  

suggests that there was a strong trade-off in nutrients directed toward the production of total  phenols. 9The results showed that  

different nitrogen levels applied did not have any significant effect on the  carotenoids content of baby spinach leaves (Table 3). This suggests that 

total carotenoid content did not respond to any level of N applied. These results are in contrary to the results reported in other studies, where the mid-range 

applications of N were most effective in lettuce at 0 – 1.6g∙100g (Coria-Cayupan et al., 2009). Lefsrud et al., 2007 reported that 19lutein  

accumulations, expressed on a fresh weight basis, responded quadratically to increasing N treatments.  The results showed that increasing 

nitrogen application increased the content of beta-carotene, but when the level of nitrogen was higher than 200 kg∙ha-1, their contents remained nearly constant 

(Li et al., 2008). 13King et al., 2008 reported the effects of nitrogen and phosphorus fertilization on total carotenoid content in spinach and  

established that increases in nitrogen fertilization from 0 to 300 kg∙ha-1 had slight effect on total carotenoid content. The  effects of different 

nitrogen application rates on flavonoids are summarized in Table 3 and Figure 3.2, showing the range of applied N and the rate 
at which optimal flavonoid content was reached at 45kg∙ha-1. In this study, it is notable that the lowest N application rate resulted 
in highest flavonoid content in baby spinach leaves. The results of the study suggested that the application of 45kg∙ha-1 
improved the total antioxidant activity content reaching 3.01 mg∙g-1 (Table 3 & Figure 3.3). The total antioxidant activity  content 
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of 7plants under 45 kg∙ha-1 was significantly higher compared to the  control. It was further observed on the results 

that excessive Page | 66 application of nitrogen had a negative effect on total antioxidant activity in baby spinach. This was also 
reported by Mozafar, (1993) that higher levels of nitrogen increases concentration of nitrate (NO3) and simultaneously decreases 
the concentration of total antioxidant activity in vegetables. The similar results were reported by Briemer, (1982) and (Elia et al., 
1999) that increased levels of nitrogen increased concentration of nitrate (NO3) while decreased the concentration of total 

antioxidant activity in vegetables. Kopsell 71et al., 2007 reported that nitrogen fertilization has effect on  quality 

parameters leafy vegetables. Nitrate (NO3−) percentage in the baby spinach leaves increased with increasing nitrogen 

application reaching maximum of 1.40% at 120 kg∙ha-1 (Table 3). The results of statistical analysis indicated that 57the  

effects of nitrogen levels on  nitrate accumulation were significant (Table 3). It was observed an increase of the NO3− 

content, on the baby spinach leaves by using different nitrogen applications. This results are in agreement with Mozafar (1993) 

who reported that the over application 21of nitrogen fertilizers increases the concentration of NO3−.  However, the 

nitrate contents in this study were acceptable as per World Health Organisation (WHO) standards. The WHO calculated the 

29daily intakes of ≤500 mg of sodium nitrate per kg body weight were harmless to rats and dogs. This figure was divided by 100 to yield an  

Acceptable Daily Intake (ADI) for humans of 5 mg sodium nitrate or 3.7 mg nitrate per kg body weight, which equals 222 mg for a 60-kg adult.  

That figure has stood ever since  Katan, (2009). Many 23vegetables and fruits contain 200–2500 mg of nitrate per kilogram (van  

Duijvenboden & Matthijsen, 1989). The nitrate content of vegetables can be affected by factors such as processing of the food, the use of  

fertilizers and growing conditions, especially the soil temperature and (day) light intensity (Gangolli et al., 1994; FAO/WHO, 1995). Vegetables  

such as beetroot, lettuce, radish and spinach often contain nitrate concentrations above 2500 mg/kg, especially when they are cultivated in  

greenhouses. (FAO/WHO, 1995). In  addition, on another study reported that the concentration of nitrate-nitrogen in lettuce and 

spinach leaves is reliant on the rate of applied nitrogen fertilizer. For example, a significant increase of nitrates in lettuce and 
spinach was observed when N fertilizer application was increased from 260 to 280 kg∙ha-1 (Szwonek, 1986). According to 
Khader, (2002) nitrogen fertilizers are known to increase the accumulation of nitrate concentration in leaves of most plants. The 
results of this study are in consistency with those reported by Hammad et al., (2007), Gulser, (2005), Elia et al., (1999) and 
Briemer, (1982) who also reported that the application of high nitrogen levels increases the accumulation of nitrate in vegetables. 
The results of this study clearly indicate that N applied had an effect on the Vitamin C concentrations in the baby spinach leaves. 
Vitamin C was quadratically increased by N application reaching maximum at 45 kg∙ha-1 (Table 3 & Figure 3.4) but high rate of 

N application 21seem to decrease the concentrations of vitamin C in  the baby spinach leaves. These results are in agreement with Mozafar, 
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(1993), who reported that the increased levels of N application 21decrease the concentration of vitamin C in many fruits and vegetables.  However, 

other reports by Kansal et al., (1981) and Dzida & Pitura (2008) showed that vitamin C and sugars content in spinach and Swiss chard increases under the 

application of high rates of nitrogen fertilizers. Lisiewska & 21Kmiecik (1996) stated that increasing the quantity of nitrogen nutrition from 80 to 120  

kg∙ha-1 decreased the vitamin C content by 7% in cauliflower.  Likewise, Weston & Barth (1997) reported that N fertilization 

increases β-carotene in vegetables. 21Although Vitamin C concentration has been found to be positively associated with the nitrogen  

supply in butterhead lettuce (Muller & Hippe, 1987), it is inversely associated with the nitrogen21supply in white cabbage (Sorensen, 1984;  

Freyman et al., 1991) and crisp head lettuce (Sorensen et al., 1994).  Although according to Uher et al., (2013), nitrogen fertilization positively 

influenced the bioactive compounds (vitamin C, E1 and ß-carotene) content in cauliflower edible heads. Increased fertilization doses of nitrogen significantly 

increased vitamin C and ß- carotene content in the cauliflower. This validates 7some recorded findings on fruits and vegetables by Skwarylo-

Bednarz & Krzepilko (2008) who reported that the use of mineral fertilizer, mainly nitrogen increases the Vitamin C content.  The 

13plant scientist, Stamp, (2003) has suggested a model for explaining the relationship between nutrient availability in the soil and the growth  

and differentiation in plants called the growth-differentiation balance (GBD) hypothesis. This hypothesis proposes that the plant will allocate  

nutritive resources to growth if available in ample supply, but if resources are constrained the plant will divert more resources to the  

synthesis of secondary metabolites associated with differentiation. That means that if N is available, the plant diverts more input into N-

containing metabolites, such as protein, vitamin A and nitrate, while more C containing compounds are produced when N is more restricted,  

such as vitamin C and many of the secondary metabolites.  Stamp, (2003) demonstrated 13further that when resource availability is  

critically low both growth and secondary metabolite synthesis will be hampered.  Nitrogen application significantly increase % leaf 

tissue N of baby spinach compared to control (0 kg∙ha-1) reaching maximum at 75kgh∙a-1. The highest percentage total leaf 

nitrogen was observed at 120 kg∙ha-1, 3causing a linear response with high rates of nitrogen applied.  (Table 3). 3Protein  

percentage seemed to have increased at 45kg ∙ha which showed that there is a relationship between the nitrogen applied and protein found in  
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the leaves of baby spinach. Increasing the rates of nitrogen applied to 120kg∙ha did not  exhibit protein content. 8Higher N fertilizer  

application levels increased the tissue N concentrations.26These results are in agreement with Hoque et al., (2010) who reported that  a 

8higher N fertilizer application increase the tissue N concentrations  in lettuce. 24Wang et al. (2008) are that nitrogen fertilization  

increases the ratio of acids and sugars and reduces of vitamin C, calcium, magnesium and soluble sugars.  Increased 24application of  

nitrogen reduced the content of dry matter, potassium, sucrose, vitamin C and fiber in leafy vegetables, but increased the content of nitrates  

and carotenes (Sorensen, 1999).  4.3.3 Response of chemical composition and trace elements to phosphorus nutrition in baby spinach 

8Limited studies are available on the effect of P nutrients on baby spinach postharvest quality  specifically chemical composition. What 

is known is that plants use phosphorus fertilizer for seed germination and root development and growth. Besides increasing the 
yield, potassium improves the quality of vegetables in several aspects, such as the chemical composition, the marketability and 

the storability of the crop King et al., 2008. In P trial, it was observed that different levels of phosphorus 9applied did not have  

any significant effect on the total carotenoid content in baby spinach leaves (Table  4). Thus, there was no significant increase on the 

concentration of carotenoids regardless of the levels of P applied. ). On contrary to the findings of this study, 13King et  

al., 2008 reported the effects of nitrogen and phosphorus fertilization on total carotenoid content in spinach,  and 

reported that the 13highest carotenoid contents were obtained with maximized phosphorous application reaching  

50 kg∙ha-1.74Based on these results it can be concluded that the  increment of P fertilizer in baby spinach had a 

negative effect on the concentrations of bioactive compounds (total phenolic content, total flavonoid content, total antioxidant 
activity & Vitamin C). These results are consistent with those of earlier studies in which the secondary metabolite concentrations 

improved in P-deficient plants (John et al., 2009; Lei et al., 2011). It is clear that 33there is a lack of information on the  

effect of P fertilizer  on the bioactive compounds on green leafy vegetables specifically baby spinach. In contrary other 

reports suggest that in crop such as lettuce, the results show a distinct 8yield and quality response to P fertilizer under  
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most conditions (Alt, 1987; Johnstone et al., 2005; Sanchez and Burdine, 1988; Sanchez et al., 1988). Again,  

according to Soundy & Smith (1992) reported a significant positive linear correlation between soil P and head  

tissue P.  This may be supported by the report of Cleaver & Greenwood (1975) that lettuce had 8higher P  

fertilizer requirements than most other vegetables across a range of soils.  4.3.4 Response of chemical composition 

and trace elements to potassium nutrition in baby spinach It has been reported that 51among plant nutrients K has the  

strongest impact on crop quality parameters that determine consumer preference (Jifon & Lester, 2009). K  had 

been reported as an important macronutrient for plants and is needed for vital functions in metabolism, growth, and stress 
adaptation (Ismail et al., 1994; Rosa et al., 2001). Studies report different responses of vegetable crops to K nutrition. The 

42known functions of K in solute carriage, protein synthesis, and enzyme activation indicate a close relationship  

between K and metabolism.  As this study was conducted, it was established that 33there is a lack of  

information on the influence of K fertilizer on the concentrations of  bioactive compounds in green leafy vegetable 

specifically baby spinach. Table 5 and figures 5.1 to 5.6 showed the variation in chemical concentrations in the leaves of baby 

spinach as affected by applied different levels of potassium nutrition. Based on 67the results of this study it is clear  

that  K had influence on the bioactive compounds of baby spinach except on the trace elements and total carotenoid 

content. This concurs with the report that K is an important macronutrient for plants and is required for vital functions in 
metabolism, growth, and stress adaptation (Ismail et al., 1994; Rosa et al., 2001). Again, the results are in agreement with the 

report that 42K deficiency affects the metabolite concentrations in crops, with negative significances for nutritional quality and mechanical  

stability  (Patrick et al., 2009). 4.3.5 Response of chemical composition and trace elements to nitrogen, phosphorus & 

potassium nutrition in baby spinach The applications of nitrogen, phosphorus and potassium have been a standard agronomic 

practice (Keen & Zidenberg-Cherr, 2000). 8Optimal fertilizer management and efficient use of N, P, and potassium (K) are necessary to  

improve yield and quality and to reduce production cost (Fageria, 2009).  As this study was conducted, it was established that there is a lack of 
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published reports 7on the influence of treatment combinations of NPK fertilizer on the  concentrations of bioactive compounds in green leafy 

vegetable specifically baby spinach. There is limited information as far as this subject is concern. Some work has been done by 

other researcher’s related crops such as lettuce and studies show 8that N availability in the soil can affect lettuce quality (Tittonell  

et al., 2001) but there is no evidence about the effect of different levels of N, P, and K on the postharvest quality of lettuce.  Other studies reported 

that 8there may be some yield and quality benefit to N and P fertilizer application because of their role in moderating disease resistance and  

because of the metabolic functions of K (Marschner, 1995).  This clearly indicate the shortage of information as far as NPK is 

concern in relation to bioactive compound of green leafy vegetables specifically baby spinach. From this study it can be 
concluded that regardless of different levels of NPK nutrition, there was no significant effect on trace elements (Mg, Fe, Zinc & 
Se) concentrations. However, the concentrations of other parameters such as total phenolic content, total antioxidant activity , 
total carotenoid content, total flavonoid content and Vitamin C in baby spinach seem to be influenced by the application of NPK. 
The optimum NPK level in this study was N45:P45:K60 kg∙ha-1 where the total phenolic content, total carotenoid content, total 
antioxidant activity , total flavonoid content & vitamin C concentrations in baby spinach leaves were higher than all other levels. 

At N75:P75:K90 7kg∙ha-1 the law of diminishing returns sets in. At this level  all concentrations in bioactive compounds decreased due to 

different levels of NPK applied in the baby spinach leaves. At N45:P45:K60 7kg∙ha-1 levels of NPK, total phenolic content and antioxidants  

concentrations of  baby spinach leaves were highest (Tables 6). 7Further increase in the application of NPK resulted in over  

fertilization and subsequent effect of decline in the antioxidant activity and phenols and antioxidant activity constituents. This is in agreement  

with the study conducted in China by Juan et al., (2008) on effects of N and S on total phenolics and antioxidant activity of leaf Mustard. They  

reported that increasing N supply considerably decreased total phenolic concentrations. Similar findings were emphasized in addition to the  

type of soil in accumulation of nutrients by cultivated plants (Lester, 2007; Kadar, 2002; Kadar, 1988). The7effect of NPK on the anti-oxidant  

activities and components of baby spinach leaves  is presented in (Table 6 & 6.4). The plants under N45, P45, K60 kg∙ha-1 had 

the highest antioxidant activity of 6.5 mg∙g-1 compared to other treatment combinations including the control (0 kg∙ha-1). These 

results concur with 12Jeppsson, 2000; Kaur & Kapoor, 2001; Kemal et al.,  2008 who reported that 12mineral fertilization  

influences antioxidant composition in some fruit and vegetables.4This resulted in the biosynthesis of carbon-based secondary metabolites,  

such as flavonoids, phenolic acids, and tannins, known as total polyphenols, which are antioxidant in nature (Haukioja et al., 1998). Nutrient-
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deficient plants often have lower growth rates and higher concentrations of carbon-based (non-nitrogen-containing) secondary compounds  

(CBSCs) than do plants with access to ample nutrients (Bryant et al., 1983; Coley et al., 1985). This negative correlation between  

concentrations of CBSCs and plant growth rate, or levels of nutrients in plant tissues, is assumed to indicate a trade-off between plant  

growth and the production of defensive compounds (Bryant et al., 1987).  All treatment combinations of NPK rates applied on baby 

spinach did not show any significance effect on leaf tissue P percentage (Table 6). Increasing NPK fertilizer application rate had 

no significant effect on tissue P but had significant effect on N & K of baby spinach. 61These results are partially in agreement  

with the results reported by Hoque et al., (2010) that the  increasing NPK 8did not have a significant effect on tissue P or K  of lettuce. 

The treatment combinations of N30, P30, K45 kg∙ha-1 improved the concentrations of leaf tissue N (%) (Table 6 & Figure 6.7). 
Percentage leaf tissue potassium was quadratically increased and ranged from 3.45 to 6.19% (Table 6 & Figure 6.9). The 
treatment combinations of N75, P75 & K90 kg∙ha-1 improved the percentage leaf tissue K (Table 6 & Figure 6.9). The treatment 
combinations of N30, P30 and K48 (kg∙ha-1) significantly improved leaf protein content percentage ranging from 20 to 27.8% 

(Table 6 & Figure 6.7). NPK had 19negative correlations between tissue%N & tissue%P.19Negative correlations between tissue%N and  

tissue%P have also been reported previously (Mills & Jones, 1996).  CHAPTER 5 5.1 CONCLUSION AND RECCOMENDATIONS 

Besides the maximization of yield in vegetable production research, the main goal these days is to produce healthy vegetables. 
Healthy vegetables referring to vegetables with optimal level of health promoting compounds such as total phenolic content, total 
carotenoid content, total flavonoid content, total antioxidant activity , vitamins etc. Minerals and bioactive compounds 
concentration in vegetables can be improved to some limits by best agricultural practices. Several factors influence the bioactive 
compound concentrations of baby spinach, including growing conditions, harvest time, individual plant characteristics, cultivation 
methods, cultivar, genetic factors and NPK fertilizers. It is clear that the best agricultural practices are the key in the improvement 
of health promoting compounds in vegetables and if all these factors are well considered, the concentrations on health promoting 
factors will increase. The study was conducted using Ohio cultivar, and this doesn’t dismiss the fact that other cultivars might 

have responded differently to the NPK fertilizers. 3Based on the findings of this study, recommended rate of fertilizers in which baby  

spinach performs best regarding  total phenolic content, total antioxidant activity, total flavonoid content and Vitamin C is 

45kg/ha N and P. The recommended rate for K is 85 where total phenolic content, total antioxidant activity, total flavonoid 

content and Vitamin C concentrations are improved. Where treatment combination of 9NPK fertilizers was applied, the  

combination of 45:45:60kg/ha is recommended. Further studies to investigate the economic significance of these levels will be  conducted. 

There has been no response reported of magnesium (Mg), zinc (Zn), iron (Fe) & selenium (Se) on baby spinach to NPK nutrition, 
suggesting that this is a subject that still needs to be investigated. Fertilization can decrease or increase the level of 
concentrations on bioactive compounds depends on the applied level. Adequate levels are recommended in order for these 
compounds not to be affected negatively but positively in order to achieve the maximum concentrations in bioactive compounds 
of baby spinach. Finally it was concluded that fertilizer application had influence on bioactive compounds of baby spinach and 
adequate levels are critical in improving quality in baby spinach in terms of health related bioactive substances. If adequate 
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