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ABSTRACT 

The socio-economic changes that have occurred in the Pacific Islands countries have 

contributed largely to the change of dietary pattern of the indigenous people in both rural 

and urban areas. Most preference is given to processed foods which are high in fat and 

carbohydrate content as these foods are easy to obtain and affordable.  Production and 

consumption of the underutilized leafy food is mostly subsistence based. Increasing 

incidences of micronutrient deficiencies affecting largely the developing countries have 

become a great concern. Some studies have linked these micronutrient deficiencies in food 

intakes with very low consumption of fresh leafy foods and the increased intake of 

processed foods, especially the starchy and fatty foods.  Therefore, in this study, a survey 

of 230 rural and urban households was conducted to estimate the production and 

consumption levels of various leafy vegetables, and to identify the underutilized nutritious 

leafy food crops whose inclusion in the diets could be encouraged to improve nutrition 

balance in the food intakes of the indigenous people.  

The study found that the leafy vegetables, namely aibika, amaranth, chilli leaves, creeping 

spinach, cassava leaves, Chinese cabbage, English cabbage, cowpea leaves, drumstick 

leaves, Indian mulberry tree, kangkong (karamua), pumpkin leaves, roselle, sweet potato 

leaves, taro leaves, watercress, winged bean leaves, lettuce, nightshade leaves, mustard 

leaves, fenugreek leaves, papaya shoots and bottle gourd leaves are commonly known and 

used by the people.   But, such vegetables as drumstick leaves, pumpkin leaves, papaya 

shoots, chilly leaves, fern, roselle, kangkong, nightshade leaves, cassava leaves, sweet 

potato leaves, creeping spinach, bottle gourd, cowpea, fig leaves, Indian mulberry, jointfir 

leaves and winged bean leaves are generally available but are not consumed in adequate 

amounts by the people.  It was observed that generally rural people consume more diverse 

and more quantities of leafy vegetables as compared to that of the urban households. It 

was also noted that smaller families consume relatively higher quantities leafy foods as 

compared to large size households. Interestingly, higher literacy and higher income group 

households consumed lesser amounts of leafy vegetable as compared to other groups. 

However, they consume higher quantities of processed and ready to eat foods.   
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Chemical analysis of the ten potentially nutritious underutilized leafy vegetables (namely, 

creeping spinach leaves, bitter gourd leaves, drumstick leaves, kangkong/swamp cabbage 

leaves, radish leaves, pumpkin leaves, mustard leaves, nightshade leaves, lettuce and chilli 

leaves), was done to estimate mineral, protein and carotenoid levels in them. Since most 

of the leafy vegetables are cooked before eating  and during the cooking or heat treatment 

process changes may take place in the chemical compositions in vegetables, the effects of 

cooking methods on the mineral and protein contents of the vegetables were also 

evaluated. 

The investigation for the mineral and protein contents of each vegetable was carried out 

for the raw form and for cooked form by using three different cooking methods i.e. 

steaming, boiling and frying. The retention and loss of nutrients in the leafy vegetables 

during cooking were also estimated for each cooking method. The protein levels in various 

leafy vegetables were analysed using Kjeldhal method. Mineral contents of vegetables 

were analysed using Atomic Absorption Spectrophotometer (AAS). The levels of 

carotenoids in the leafy vegetables were determined using High Performance Liquid 

Chromatography (HPLC).  

In the cooked and uncooked leafy vegetables, Fe content ranged from 7.19±1.14 to 

234.81±2.39 mg/100g, Zn contents ranged between 3.16±0.33 to 10.35±0.00mg/100g, Cu 

ranged from 0.51±0.27 to 2.53±0.02mg/100g, Mn levels ranged from 2.04±0.06 to 

17.82±1.84mg/100g, Cr levels ranged from 1.12±0.01 to 2.13±0.03mg/100g, P levels 

ranging from 2.46±0.46 to 25.83±1.13mg/100g and S content ranged from 122.2 to 

681.5mg/100g. The β-carotene ranged from 9.02 to 149.97mg/100g and lutein levels 

ranged from 4.77 to 232.26mg/100g in uncooked and cooked vegetables.  

The analysis of cooking effects showed that the percent retention of Fe was higher when 

the vegetables were boiled and higher loss occurred during frying. Zn and S levels were 

retained during steaming but their higher loss was noticed when the vegetables were fried. 

Higher levels of Cu, Mn and Cr were retained upon boiling, and higher loss was seen in 

all minerals upon frying of vegetables. However, P showed higher retention upon frying. 
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Carotenoids are especially prone to loss upon heat treatment. Higher retention of β-

carotene and lutein was seen upon steaming and higher loss during frying.  

In general, steaming and boiling methods of cooking showed positive effects on the 

nutritional contents of the leafy vegetables while frying method showed higher losses of 

nutrients. Hence, it may be concluded that steaming and boiling should be the two 

preferred methods of preparing dishes from the leafy vegetables.  
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CHAPTER 1 

INTRODUCTION 

1.1.  General Background  

Importance of optimal nutrition for health and human development is well recognised 

(Mishra, 2004; FAO, 2013). Healthy people depend on healthy food systems. However 

the people in the Pacific Island Countries (PICs) are moving away from eating healthy 

foods and thus have many health problems such as anaemia, Vitamin A deficiencies and 

stunting (Grieve et al., 2013). A recent study has reported that in PICs many people remain 

affected by high rates of under-nutrition coupled with high rates of overweight and obesity 

in adults (Grieve et al., 2013).  Data in Figure 1.1 shows the magnitude of prevalence of 

stunting, anaemia and Vitamin A deficiencies in PICs. Stunting in children exceeds more 

than 20% in Kiribati, Nauru, Papua New Guinea (PNG), Solomon Islands and Vanuatu 

(FAO, 2013).  The prevalence of anaemia in children aged between 6 to 59 months 

exceeds 40% in PNG, Fiji, Nauru and Solomon Islands and Tuvalu which shows severe 

public health issues, while Vitamin A deficiency exceeds 50% in Marshall Islands and 

Federated States of Micronesia (Grieve et al., 2013).  

The intake of high-energy, poor/low nutrient foods combined with reduced exercise has 

resulted in alarming rates of obesity/overweight, diabetes, heart diseases and cancers. 

These conditions were not present in PICs when the traditional diets and lifestyles 

prevailed (ACIAR, 2013). The emphasis on starchy staples leads to higher risk of obesity, 

a known factor for cardiovascular diseases, hypertension, diabetes and other chronic 

health problems (Voutilainen et al., 2006).  

In Fiji, the prevalence of stunting, anaemia, Vitamin A and micronutrient deficiencies 

amongst children and prevalence of obesity among adults is 4.3%, 39.1%, 13.6%, 75.4% 

and 31.9% respectively. In Fiji, there is the highest prevalence of iodine deficiency (FAO, 

2013). According to the National Food and Nutrition Centre (NFNC) in Fiji, the major 

nutritional problems are anaemia among pregnant women and school children, infant 
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malnutrition, iodine deficiency disorders and an increase in diet related non-

communicable diseases (NFNC, 2012).  The national nutrition survey which was 

conducted in Fiji in 2004 reported that 40% of children under 5 years of age and 35% 

women over 15 years are anaemic compared to only 16% of men. Overall, the national 

anaemic rate was 27% in 2004. Indo Fijian women had a higher rate of anaemia (38%) 

than Fijian women (26%). The report also showed that the rate of overweight and obese 

has not changed since 1980 to 1981 and has remained high. It was 49% in 1980 and 64.8% 

in 1993 (Fiji National Nutrition Survey, 2007).  

 

Figure 1.1. Prevalence of stunting, anaemia and Vitamin A deficiencies amongst children 

in the PICs (FAO, 2013).  

Iron (Fe) deficiency is one of the common nutritional deficiencies in the human body. Iron 

deficiency is harmful at all ages and affects particularly women of reproductive age and 

children (Ruel, 2001). Recent reports indicate that Fe deficiency is one of the most 

common micronutrient problems, affecting over 2 billion people globally (FAO, 2013; 

Welch, 1999).  It adversely affects the cognitive development of children, pregnancy 

outcomes, maternal mortality and the work capacity of adults (FAO, 2013). About 49% 
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of the world population is at risk for low intake of Zn (Brown and Peerson, 2001). Children 

consuming higher amounts of cereals are vulnerable to zinc deficiency as cereals contain 

high contents of phytate which reduces the amount of zinc for absorption (Brown and 

Peerson, 2001). Zn deficiency is common throughout the world including United States 

of America (USA) (Ganapathy and Volpe, 1999). Copper and chromium deficiencies or 

imbalance play a role in the symptoms of mood disorders. Observational and experimental 

studies have shown an association between copper and attention deficit/hyperactivity 

disorder (ADHD) (Kozielec et al., 1979). Observational and experimental studies have 

also shown an association between chromium and depression (Davidson et al., 2003; 

McCarty, 1994; McLeod et al., 1999; McLeod and Golden, 2000). Iodine and selenium 

deficiencies are also the major micronutrient deficiencies. However, in PICs, iodine and 

selenium deficiency are not a major problems due to the use of iodised salt and 

consumption of seafood’s. Selenium and sulphur are known to be strongly biophile 

elements and are very leachable under humid climate conditions. These can also be lost 

in the atmosphere in the form of SeO2 and SO2 (Lyons et al., 2014).   

The role of vegetables in improving diets and the health of the populations in the Pacific 

is significant as vegetables are good sources of vitamins, minerals, carotenoids and dietary 

fibre (Reif et al., 2013). Anaemia, riboflavin deficiency, and calcium deficiency are 

common nutritional problems in rural and urban areas of many islands, while heart 

disease, hypertension and other chronic diseases are on the rise (FAO, 2013). This is due 

primarily to diets based on carbohydrate-rich staple crops, imported and highly refined 

foods that are low in fibre and high in fat and sugars, and cheap canned meat.  

In PICs, overdependence on only a few starchy plant species intensifies many severe 

problems faced by people with respect to food security, nutrition, health, ecosystem 

sustainability and cultural identity (Jaenicke and Hoschle-Zeledon, 2006). Emphasizing 

on increasing the production and consumption of starchy staples has led great cost to both 

agricultural diversity and community health. Good nutrition forms the foundation for good 

health, well-being, physical and cognitive development and economic productivity. Thus, 

nutritional status is a critical indicator of overall human and economic development of a 
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country. A study conducted among adolescents in Fiji reported that 74% of adolescents 

had a low intake of fruits and vegetables (Wate et al., 2013). 

1.2. Need for Reducing Nutritional Deficiency in PICs by Increasing Consumption 

of Leafy Vegetable.  

In PICs, there is an increase in nutrition related diseases especially among the indigenous 

people (Grieve et al., 2013).  Major nutritional problems are under-nutrition and 

micronutrient deficiencies due to low dietary intake especially of leafy foods (FAO, 2013). 

Edible leaves of food crops are some of the inexpensive abundant sources of protein, 

carbohydrate, minerals, vitamins and fibres but are not used much. 

Nutrition security emerged due to the necessity to include nutritional aspects into food 

security. Unlike food that is any substance that people eat or drink to maintain life and 

growth, nutrition adds additional aspects such as good nutrition, healthy environment and 

caring practices (FAO, 2013). A number of factors have contributed to the transition of 

traditional diets in the Pacific Islands. More emphasis was given to cash cropping from 

plantation agriculture to profitable schemes. The cash generated from these was then used 

to purchase more desirable foods, which in turn facilitated to develop taste and preferences 

of these foods over traditional ones (Jansen et al., 1990). Other factors included 

urbanization and migration, changing aspirations and value systems, and changing social 

relationships. The loss of traditional knowledge associated with local food production has 

also been a strong influence especially amongst the youth and urban (Jansen et al., 1990; 

Schultz, 2009).  

Reduced or no consumption of traditional foods which are mainly of high nutritional 

quality and increased consumption of more convenient and processed foods have led to 

an increase in the prevalence of micronutrient deficiencies. Micronutrient deficiencies are 

one of the major problems in the developing countries affecting the children and pregnant 

women (Batra and Seth, 2002; Ruel, 2001). The three pillars which enhance food security 

are food production, food accessibility and food utilization (FAO, 2013). At a national 

level, food security means having adequate food to meet food needs for all citizens while 
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household food security is the application of this conception at a household level and at 

individual level which relates to nutrition status and anything that threatens adequate 

nutrition. Food and nutrition security is not the only basis which prevents under nutrition 

but also reduces and prevents non-communicable disease. Non-communicable diseases 

and nutritional deficiencies cannot be controlled without good nutrition (Badham & 

Kraemer, 2011). 

The occurrence of micronutrient deficiencies and obesity in Samoa and Tuvalu and 

stunting, micronutrient deficiencies and obesity in Nauru, Solomon Islands and Vanuatu 

reflects the transition in diets from traditional to more processed foods (FAO, 2013). 

Communities which are nutritionally vulnerable often consume low protein and low 

energy foods with few fruits and vegetables. As a result, the diets are often of low essential 

micronutrients and Vitamin A.  Dietary Vitamin A consists of two sources. This can either 

be obtained from animal origin i.e. reformed Vitamin A (retinol) or can be obtained from 

plant origin i.e. pro-vitamin A (predominantly β-carotene), which is converted to retinol 

by the body. Reformed Vitamin A from animal origin is the most bioavailable form; 

however these foods are often unaffordable to the poor people. Thus pro-vitamin A from 

plant origin is more affordable as it can be cultivated in home gardens. Producing pro-

vitamin A rich fruits and vegetables, which includes underutilized indigenous wild edible 

leafy foods, can provide direct access to pro-vitamin A rich foods to households. Seasonal 

variability and climatic conditions affect the cultivation of pro-vitamin A rich vegetables 

which further affects the dietary Vitamin A intake. Considering green leafy vegetables in 

particular, physical characteristics have had the greatest impact on the consumer 

preferences (Gunden and Thomas, 2012).  

Indigenous edible leaves of food crops are some of the inexpensive abundant sources of 

proteins, carbohydrates, minerals, vitamins and fibres.  Leafy vegetables serve as 

indispensable component of the human diet. However, not all the leafy vegetables that are 

available in the surrounding form an important part of the human diet. Much of the 

emphasis is given on leaves of those food crops that are cheaper and readily available or 

easy to produce, without realizing the importance of nutritionally rich locally available 
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traditional leafy vegetables. Therefore, increasing production and consumption of leafy 

vegetables is critical in the region, where traditional diets based on fresh fish and local 

fruits and vegetables has been replaced by imported foods such as rice, sugar, flour and 

canned meat (Jansen et al., 1990). The dietary transition to more processed, refined food 

makes vegetables less demanded commodity.  

Green leafy vegetables are the cheapest source of minerals, proteins and carotenoids 

(Aletor et al., 2002; Reif et al., 2013). Increasing the production and consumption of 

indigenous leafy vegetables can be a major source of nutrition and income for the poorest. 

Thus increasing the consumption of leafy vegetables would be the most effective, 

inexpensive mean for improved health in PICs. Indigenous vegetables have long been 

parts of human diets in local communities in the South Pacific region. A wide range of 

leafy vegetables are suitable for the PICs but most vegetable production is subsistence 

based with a few vegetable species of poor quality. In the tropical climate of PICs many 

types of vegetables can be produced and consumed to balance the starchy-heavy diets 

providing the essential micronutrients needed for good health i.e. to reduce nutritional 

deficiencies.  

1.3.  Objectives of the Study 

The Australian Centre for International Agricultural Research (ACIAR) was operating a 

research project titled “Feasibility study on increasing the consumption of nutritionally-

rich leaves of food crops by indigenous communities in Samoa, Solomon Islands and the 

Torres Strait Islands”. The focus of this research project was to encourage production and 

consumption of nutritious local food crops by the Pacific Islanders and indigenous 

Australians who suffer from high rates of diabetes, heart disease, etc., largely due to faulty 

diets which are high in saturated fats, sugar and salt with low nutritional value.  Increasing 

the consumption of leafy vegetables can help replace the foods that are usually high in 

saturated fats, sugar and salt and that improve the dietary intake of most micronutrients 

and dietary fibre (Ekholm et al., 2007). The use of indigenous vegetables in the diets is 
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highly recommended due to their high nutritional value.  The present study conducted in 

Fiji is aligned with this project (vide supra). 

In high natural calamity-prone areas, i.e. PICs, people frequently remain cut-off from the 

external sources of food for many days and they mainly survive on leafy food materials 

available in their surroundings (Roshni et al., 2014). Therefore, searching for additional 

alternative leafy foods for the benefit of the poor people in the high natural calamity prone 

areas would be helpful in formulating strategies for human food and nutrition security as 

well as an adaptation strategy to face the threat of climate change and global warming. 

The leafy vegetables can adapt easily to degraded soils and drought-prone, flooded or 

saline land and can be more resilient to extreme climatic events (Hughes and Ebert, 2013). 

Thus, the production and consumption of leafy vegetables are important for food security 

during the times of famines and drought and vital for income generation as well. Even 

though these leafy vegetables could grow at low management costs, they have remained 

underutilized due to a lack of awareness and popularization of their intake (Oselebe et al., 

2013). Another possibility is that some of the leafy food crops produced locally may not 

be known and unavailable to urban people, thereby limiting their access to these crops. 

Lack of knowledge on how process some of the local leafy food crops for consumption 

may be an additional reason hindering their consumption.  

It is important that nutritional profile of the local leafy food products should be known 

and accessible to people who need this. Even though the Pacific Islands Food Composition 

Table lists most of the micronutrients, macronutrients and antioxidants of foods, the data 

only relates to their ‘raw’ or ‘steamed’ form (Dignan et al., 2004). The effects of other 

cooking and processing techniques such as ‘boiling’ and ‘frying’ which are often used by 

people to process leafy food products before they are consumed, should also be 

investigated to provide comprehensive information about the nutritional value of various  

indigenous leafy foods. On the view point that green leafy vegetables have the potential 

to contribute micronutrients to the people, it appeared important to quantify the 

underutilized leafy vegetables towards total micronutrient, proteins and carotenoid intake.  
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In order to consider for recommendation for consumption, there is a need for generating 

scientific data on the nutrient contents of various indigenous edible leafy food crops.  

Keeping the above facts in view, the present study was undertaken in Fiji with the 

following objectives: 

� To make an inventory of the local leafy food crops available in Fiji;  

� To estimate quantities of various leafy food crops produced and consumed by the 

indigenous people in Fiji; 

� To identify nutritionally-rich leafy food crops which are underutilized/unutilized 

by the indigenous people in Fiji but have potential for supplementing their current 

nutritionally poor diets;  

� To chemically analyse promising underutilized local leafy food crops in their raw 

form and after their cooking by three different methods (i.e., steaming, boiling and 

frying) for the protein, minerals and carotenoid contents;  and 

� To find out the constraints faced by indigenous people in producing and 

consuming leafy food crops, so as to make suggestions for enhancing production 

and consumption of these nutritionally-rich leafy food crops in Fiji. 

 

1.4.  Justification of the Study 

Underutilized plant species/leafy food crops have been defined to have a ‘distinctive past, 

or potential use value but their use is currently limited relative to their economic value’ 

(Gruere et al., 2006). Greens and seeds were some important foods used as traditional 

diets by the first European farmers which are no longer considered for good nutrition 

(Guerrero et al., 1998). During famines and disasters, high natural calamity-prone areas, 

such as PICs, where for many days, people frequently remain cut-off from the external 

sources of food and their normal crops are destroyed and the new ones will take time to 

grow, they survive on whatever food material is available in their surroundings. Hence, it 

is important to know what leafy food crops are available in different parts of the country, 

which of these leafy food crops are commonly consumed by people, which of them are 
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currently not used, and what are the reasons for not including them in their diets. Without 

a proper understanding of why people do, what they do (and do not do), it will be 

impossible to contribute to change household nutrition deficiency and food insecurity 

effectively.  This study is based on the household sample survey conducted in three 

divisions of Fiji. Required data were obtained on a structured questionnaire by personal 

interviews of heads of sample households.  From the data an inventory of what leafy 

vegetables are available in various parts of Fiji was made and the quantities of various 

leafy food crops consumed by the people were estimated. 

In order to make changes in the diets of the indigenous people, it is necessary to analyse 

the levels of protein, minerals and carotenoids present in traditional leafy vegetables 

which could form current diet to supplement the poor nutrition of the indigenous people.  

Dark green vegetables have been recognized as one of the richest natural sources of pro-

vitamin A, carotenoids, ascorbic acid, thiamin, riboflavin and minerals (Nikafamiya et al., 

2010). Therefore, the chemical composition of the traditional leafy vegetables could be 

used as a guide as there is lack of knowledge on the traditional leafy vegetables to 

supplement the poor diets of the indigenous people. The importance and awareness of 

nutrition is a public health issue which has resulted in the increase in the demand of 

knowledge of the biochemical nutrients of foods.  

Malnutrition or under nutrition is caused mainly due to low consumption of traditional 

leafy vegetables. Malnutrition can be significantly reduced with increased use of foods 

rich in energy, protein, iron and Vitamin A, most especially from the rural environment.  

Several diseases associated with micronutrient deficiency could be reduced if other 

interventions, adequate information on the existence and uses of indigenous plants that 

provide these nutrients were made available to rural households through better designed 

and implemented nutrition education and agricultural interventions (Babu, 2000). 

Moreover, in times of famines and disasters, edible leafy vegetables play an important 

role in providing improved diets in terms of nutrition and diversity. There is a wide range 

of edible leafy food crops available; yet it is not included in the diets due to poor taste, 



10 

 

adverse attitudes and unawareness of nutritional value. Surviving the effects of 

urbanization, climate change, global warming and greater competition for the natural 

resources requires a wider range of plant species crops to meet new environmental 

conditions and new markets.  

The current development pathways has resulted in the degradation of the environment, 

hence making more people susceptible to food insecurity due to climate change. Some of 

the challenges are already faced by poor in the form of wide range of neglected 

underutilized plant species which could be used on a more regular basis to meet household 

needs. Hence research to increase the value of available plant species would broaden the 

resource base and increase and strengthen the livelihood options for rural and urban 

communities. In addition, the health benefits of the traditional diets, local food 

biodiversity also strengthens the resilience of food systems through increasing the crop 

species richness and hence enhancing food security. 

The shift from traditional food diets to modern food diets is a leading factor affecting the 

health of Pacific Islanders. The movement of people from rural to urban areas led to the 

change in their style of living. Green leafy vegetables are seasonally available and are 

highly consumable. Even though traditional diets are mostly comprised of indigenous 

foods such as taro leaves (rourou), yams, aibika (bele) tomatoes, cucumbers and green 

beans, yet vegetable production is insignificant and of low priority in the Pacific. In the 

Pacific, particularly in Fiji, vegetable production essentially focuses on a subsistence 

basis.  Traditional vegetables have long been parts of diets, but many are underutilized 

now as their nutritional value is not known to the people. In developing countries where 

micronutrient malnutrition is chronic and debilitating, this often leads to the death of 

millions of people due to imbalanced diets (FAO, 2012). Fruits and vegetables are known 

to be one of the important sources of micronutrients such as iron, Vitamin A and 

phytochemicals which are essential to good health (Gupta et al., 2005). 

An increase in nutrition related diseases of indigenous people is also linked with the loss 

of traditional food systems and consumption of very little leafy vegetables. Increasing 
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dependence on sugar, cereals, tinned meat and fish brought about deterioration in the total 

nutritive value of meals (Anderson et al., 2006). Loss of traditional knowledge is another 

issue affecting the poor consumption of traditional food crops. Due to urbanization and 

migration, younger generation did not perceive the traditional knowledge from their 

ancestors (Vorster, 2007). With the majority of populations now living in urban centres 

than in rural settlements, the populations tend to face additional pressures such as lack of 

land to produce their own food crops and time demands due to formal employment, which 

further leads them to make crucial decisions over these scarce resources, money and time. 

Recently, increase in food values in the Pacific islands have led to an increased economic 

stress in meeting food expenditure predominantly those living in urban areas. This 

presented the windows for the vulnerable families to resort to subsistence agriculture and 

gardening thus promoting local food and diet diversification (Miskelly et al., 2011).  

Utilization of traditional food crops pose many advantages such as broadening the food 

base, enhancing nutritional status, improving household food security, increasing crop 

productivity, and increasing household and national income. Therefore it is time to 

rediscover the underutilized food crops and broaden the food base using more of the 

resources available. The incorporation of traditional fruits and vegetables enhances the 

nutritional value of the diets (Gupta et al., 2005). This also adds taste and flavour thus 

improving palatability and helps balance the nutritional intakes. Many of the underutilized 

traditional food crops are drought resistant and can be cultivated without expensive inputs. 

For example, drumstick tree (Moringa oleifera) can grow in tropical and sub-tropical 

climates and in poor soils but produces leaves rich in proteins, vitamins, minerals and 

range of phytochemicals (Lyons et al., 2014). Many traditional food crops make 

significant roles to crop productivity. They add significant advantages of eliminating the 

build-up of pests and diseases. The production of traditional food crops benefits both the 

producer and consumer. The producers increase the consumption and also generate 

incomes by selling the surplus in local markets and availing more varieties of food to the 

consumer at lower costs.   
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1.5.  Significance of the Present Research 

The databases on nutrient content should focus on foods as it is consumed. For example, 

the Pacific Islands Food Composition Tables lists a wide range of food items where the 

nutrient content has been measured either in ‘raw’ or ‘steamed’ (Dignan et al., 2004). 

However, there are often other cooking/processing techniques involved before it is 

actually consumed (Chetty and Prasad, 2009; Prasad and Chetty, 2008). Generally, when 

other cooking/processing techniques are involved in food preparations, studies have 

shown a change in the total nutrient content. This may lead to overestimation or 

underestimation of nutrient intake (Chang et al., 2013). Not only do the 

cooking/processing techniques change the nutrient content of foods, other factors such as 

climate variations, soil types and species varieties are also some other factors that changes 

the nutrient contents of leafy vegetables (Chetty and Prasad, 2009; Prasad and Chetty, 

2008). Hence, there was a need to revalidate and re-examine the existing data, and the felt 

need to fill the gap on the nutrient contents of the underutilized edible leafy food crops 

available which could perhaps form part of diets to supplement for the poor diets.  

The studies have shown that reverting back to traditional food systems will not only 

overcome the dependence on imported foods but will also have a great impact on the 

existence of non-communicable diseases (Anderson et al., 2006; Guerrero et al., 1998; 

Miskelly et al., 2011; WHO, 2008). The traditional food systems typically comprised of 

foods which were of good nutritional quality and readily available. These foods were also 

cheaper to obtain from the wild. Moreover, various studies have shown that nutrient levels 

in leafy vegetables change over time (Mayer, 1997; Somerset and English, 1998).  From 

1940 to 1991, Na, K, Mg, Ca, Fe and Cu showed a total loss of 49%, 16%, 24%, 46%, 

27% and 76%, respectively (Thomas, 2007). This impact on the decline in the 

micronutrients compared to the ones consumed 70 years ago is exacerbated by problems 

like no or little consumption of fresh vegetables and modern foods comprise numerous 

additional components that originate as part of the package, namely residual herbicides, 

pesticides, fungicides and the ubiquitous additives of processed, convenience foods e.g. 

colourings, flavourings, preservatives etc. and their interaction in the body is not known 
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over a period of time (Thomas, 2007). The reasons for the reduced rate of consumption of 

traditional food crops are due to time and ease of preparation (Hone, 2004).  

Even though the food composition table consists of nutrients of many leafy vegetables 

eaten in the Pacific (Dignan et al., 2004), studies have shown that nutritional value of most 

of the crops change due to changing climatic conditions, geographical locations, and 

application of fertilizers and introduction of new varieties (Soetan et al., 2010). The 

climate change occurring in the Pacific has been evident in the past years which have 

resulted in sea level rise. From temperature to rainfall, climate impacts soil in major ways. 

Meteorological conditions can leach away minerals and help determine the amount of 

organic material incorporated in the dirt, for instance. The type of vegetation that thrives 

in a particular climate also changes the quality of the soil. For example, a study reported 

that carotenoid content is known to vary in different plant cultivars and species due to 

factors such as climate and growing conditions (Kumar and Vallikanan, 2010).  

Nutritional profiling of local leafy food crops will also develop appropriate proposition as 

to whether long periodical changes which occur to the contents are of desirable or 

undesirable substance in food and whether the changes expose a population to nutritional 

or toxicological health hazards (Somerset and English, 1998).  The importance and 

awareness of nutrition with regards to public health issues has resulted in an increase 

demand of knowledge of the biochemical nutrients of foods (Caunii et al., 2010). 

Malnutrition or under nutrition is caused mainly due to low consumption of traditional 

leafy vegetables. Malnutrition can be significantly reduced with an increased use of foods 

rich in energy, protein, iron and Vitamin A, most especially from the rural environment 

(Erukainure et al., 2011).  Several diseases associated with micronutrient deficiency could 

be reduced if other interventions, adequate information on the existence and uses of 

indigenous plants that provide these nutrients were made available to rural households 

through better designed and implemented nutrition education and agricultural 

interventions (Babu, 2000). 
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Research from all over the world has shown that the loss of micronutrients from foods are 

mainly due to climate change, geographical locations, temperature and soil fertility 

(Lakshminarayana et al., 2005; Soetan et al., 2010), and these losses greatly undermine 

the health of the population (Mayer, 1997). Thus, analysing the nutritional composition of 

various green leafy vegetables after cooking by three different methods (i.e., boiling, 

steaming and frying) has been used to compare, revalidate, recheck or refine the results of 

the previous studies. This approach using different methods of cooking vegetables before 

analysing their nutrient compositions is somewhat anticipative forward looking in the 

sense that as the Fiji’s economy is growing and new kitchen appliances and devices are 

becoming popular in the urban and rural households day by day, it is assumed that the 

indigenous people in Fiji would not remain untouched by these efficient cooking 

technologies and their outlook and standard of living will also change. Hence, the 

indigenous people in Fiji will slowly catch up with their methods of preparation of food 

and thus new time and energy saving, pollution free and clean modern cooking methods 

will be used by them on a wide scale. Therefore, the reference value of the findings of this 

study will be relevant in the present context as well as in the future scenarios of cooking 

methods of foods 
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CHAPTER 2 

LITERATURE REVIEW 

In general, this Chapter discusses the dietary transition and effects on food consumption 

patterns, some of the likely reasons for not including leafy food crops in diets, 

micronutrient deficiencies and the importance of proteins, minerals and carotenoids on 

human health as well as the factor influencing the nutrient levels in the leafy food crops.  

2.1.  Introduction 

Vegetable preparation and consumption is solely based on convenience and taste 

preference rather than nutrient loss (Chang et al., 2013). Preference is given to foods 

which are easy to prepare while vegetable preparation often requires longer time. Loss of 

traditional knowledge on the cooking and preparation techniques of leafy vegetables have 

further led to reduced consumption of leafy vegetables as some leafy vegetables require 

additional preparation techniques to get rid of the anti-nutrients before consumption. 

Enhancing the consumption of green leafy vegetables can be difficult as traditional foods 

are regarded as food for the poor (FAO, 1997).  Utilization of green leafy vegetables may 

be limited due to factors such as ignorance or inability to use them in many products etc. 

(Gupta and Prakash, 2011). The Fijian population has reduced the consumption of taro in 

favour of high calorie foods such as rice (Hone, 2004). This study also reports that 

processing techniques involved in food preparation and time constraints were the key 

factors given for the reduced rates of consumption of traditional foods (Hone, 2004). 

Indigenous vegetables have long been a part of human diets in local communities but 

many are underutilized because their nutritional value is unknown. These species can be 

consumed to balance the starchy-heavy diets, providing the essential micronutrients for 

good health. The emphasis on starchy staples leads to higher risk of obesity, a known 

factor for cardiovascular diseases, hypertension, diabetes and other chronic health 

problems (Voutilainen et al., 2006).  
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Emphasis on increasing the production of starchy staples has led to great cost, both 

agricultural diversity and community health. Therefore, increasing the consumption of 

indigenous vegetables is the most effective, inexpensive tool for excellent health. The 

dietary transition to more processed and refined foods makes vegetables even scarcer, 

whereby most vegetable production is subsistence based; with vegetable species of poor 

quality. Enhancing the production and consumption of indigenous vegetables can be a 

major source of nutrition and income for the poorest. Green leafy vegetables are known 

to be the cheapest source of minerals, proteins and carotenoids (Hanif et al., 2006).  

2.2.  Dietary Transition 

The shift from a traditional food system to modern food system, including the trends 

towards increased consumption of imported food often of poor nutritional quality, has 

been greatly affected by the pre-European contact, Second World War and urbanization. 

Moreover, urbanization and the migration of people from villages have had major roles in 

the deterioration of the traditional food systems. Immigrant populations have also had a 

major impact on food systems in the Pacific in terms of introduction of new foods, crops 

and agricultural technologies (Jansen et al., 1990; Schultz, 2009). Changing social 

relationships was also a major influence on the change in food systems. This includes 

deterioration of regional and intergroup trading system, decreasing importance of ritual 

exchange between kin groups, declining authority of traditional importance of traditional 

leadership and village cooperation and increasing family breakdown and social 

disintegration, especially in urban areas. Changing aspirations and value systems have 

played a considerable role in changing Pacific people’s views of their traditional food 

systems. Introduction of formal education and white collar jobs have led agriculture to 

low-prestige status (Jansen et al., 1990), hence people’s preferences towards what they 

consume have changed. The food system has changed and now people consume out of 

season crops. The varieties of plants that are cultivated have also changed. Before the 

green revolution, the only source of fertilizer was manure and compost. Now that people 

are more dependent on the use of fertilizers and other agrochemicals; these practices affect 

the structure, chemistry and ecology of the soil in ways that could affect the availability 
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of minerals to plants and hence the mineral content of the crops. For instance, the chemical 

composition of foods also varies according to the geographical location origin and the 

methods of preparation of the food in question (Somerset and English, 1998). For 

example, studies have shown that the nutrient content of lettuce is largely affected by 

genetic difference, environmental influence and genotype by environmental influence 

(Moe, 2009). 

Fiji provides Food Balance Sheets every year which provides a detailed summary of the 

total and the average daily dietary intakes of the Fijian population.  The Fiji Food Balance 

Sheet for 2008 indicates that there is a decrease in the intake of calories from vegetables 

(including fresh tomato, onions, lettuce, garlic and other fresh vegetables). The intake of 

calories from vegetables went down from 34 kcal in 2007 to 33 kcal in 2008 (NFNC, 

2011). However, there was a rise in the intake of calories from vegetables from 33 kcal in 

2008 to 34 kcal in 2009 (NFNC, 2012).  

A comparison between the 2008 and 2009 reports shows an increase in the intake of total 

fats from 62% in 2008 to 71% in 2009. While the total protein intake remains the same, 

there is a decrease in intake of calories from 69% in 2008 to 68% in 2009. This data 

replicates with the finding of the opportunities and challenges for vegetable import 

substitution (Martyn, 2011). The majority of people living in urban centres, face additional 

pressures such as unavailability of land to produce their own food crops and time factors 

due to formal employment. This leads them to make careful decisions on how they will 

utilize these scarce resources, time and money. Thus most people depend on imported 

sources of macronutrients.  

An increase in nutrition related diseases of indigenous people is also linked with the loss 

of traditional food systems and consumption of very little leafy vegetables. Increasing 

dependence on sugar, cereals, tinned meat and fish brought about aggravation in the total 

nutritive value of meals (Anderson et al., 2006). Globalization has led to loss of traditional 

food diets. This led to the loss of traditional food knowledge and a loss of indigenous 

knowledge on food production and preparation techniques. Since knowledge differs from 
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individual to individual, shift from traditional to modern culture has led to the loss of 

traditional knowledge, as the younger generations did not perceive the knowledge from 

their elders (Vorster, 2007).  

2.3.  Problems Arising Due to Dietary Transition 

As per studies carried out in Fiji, Lako et al. (2006) suggested that possibilities are high 

in losing the traditional food knowledge and if this is lost, it will be lost forever. The lack 

of nutritional information and inadequate development of nutritionally improved products 

from local raw materials also have direct impact on nutrition (Erukainure et al., 2011). 

The shift from traditional to modern lifestyles has greatly affected the health of the 

indigenous people making them vulnerable to nutrition related diseases. It is well known 

that minerals, protein and carotenoids are of prime importance to health; it is still deficient 

in many people’s diet in the developing countries. For example, the study on the 

phytochemical intake of the Fijian population by Lako et al. (2006) showed that the Fijians 

are consuming much condensed intake of fibre, vitamins, phytochemical, and antioxidants 

while an increase in the consumption of sugar and saturated fats, even though Pacific Food 

Composition Table consists the percentage composition of almost twenty two nutrients 

that may be present in the foods that are available in the Pacific (Dignan et al., 2004). 

Indigenous edible leaves of food crops are some of the inexpensive abundant sources of 

protein, carbohydrate, minerals, vitamins and fibres. Leafy vegetables serve as 

indispensable component of human diet. However, not all the leafy vegetables that are 

available in the surrounding form an important part of human diet. Much of the emphasis 

is given on leaves of those food crops that are cheaper and readily available or easy to 

produce and prepare, without realizing the importance of the nutritionally rich locally 

available traditional leafy vegetables. Indigenous leafy vegetables are vegetables of 

locality which originated from an area and may or may not be confined to that particular 

region (Vorster, 2007) and  account for about 10% of the world’s higher plants often 

regarded as weed (Nnamani et al., 2009). The traditional plant foods have been reported 

to be the most important groups of wild plants utilized by people in different parts of the 
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world which accounts for the cheapest sources of macronutrients and micronutrients 

(Orech et al., 2007). In the most recent review, the World Health Organization (WHO) 

has continuously emphasized the need to ameliorate the nutritional value of the food 

supply to provide a public health benefit with minimal health risk as food fortification 

program (Tulchinsky, 2010). 

2.4.  Combating Micronutrient Deficiencies 

Micronutrients are substances that are required in very small quantities throughout our 

lives. The minerals, vitamins, carotenoids and proteins that a human body cannot 

synthesize must be secured from other sources in our diet. Minerals that are considered 

micronutrients are; boron, chromium, cobalt, copper, iodine, iron, manganese, 

molybdenum, selenium and zinc (Soetan et al., 2010). There are some macronutrients that 

are essentially required in larger amounts by the human body such as calcium, chloride, 

magnesium, phosphorus, potassium, sodium and sulphur. In general, people do not eat 

food based on the nutritional value. Their diet is based on what is readily available and 

they do not associate the concept of diet with nutritional disorders.  

One of the sustainable approaches to improve the micronutrient status is through food-

based strategies which include food production, diet diversification and food fortification. 

Food based approaches mainly focus on food production and consumption especially 

those that are rich in micronutrients and as well as their absorption and utilization in the 

body (Allen et al., 2006).  Strategies based on micronutrient rich foods like vegetables are 

considered essential because dark green vegetables have been recognized as the abundant 

natural sources of pro-vitamin A, carotenoids, ascorbic acid, thiamin, riboflavin and 

minerals (Nkafamiya et al., 2010) and utilizing them is one way of ensuring the 

micronutrient intake (Gupta and Prakash, 2011). Increasing the consumption of 

underutilized green leafy vegetables in the diets, known to be rich sources of 

macronutrients and micronutrients can be a food-based approach for ensuring the intake 

of these nutrients. Thus green vegetables are mainly valued because of their high 

carbohydrate, minerals and Vitamin content. Hence, it is essential that the underutilized 
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green leafy vegetables be used in the diets in order to overcome micronutrient malnutrition 

and degenerative diseases (Gupta et al., 2005).  

Edible leafy vegetables such as fluted pumpkin, bitter leaf, sweet potato and cassava leaf 

show to be the cheapest sources of proteins, carbohydrates, minerals, vitamins and fibres 

(Bangash et al., 2011; Hanif et al., 2006). Fluted pumpkin leaves are a rich sources of 

protein, oil, vitamins and minerals as the leaves are rich source of folic acid, calcium, zinc, 

potassium, cobalt, copper, and iron, Vitamin A, C, and K (Aregheore, 2012). The bitter 

leaves are one of the most widely consumed leafy vegetable in most countries in Western 

and Central African; which are an excellent source of Vitamin C and total carotenoids 

(Aregheore, 2012). It also contains an appreciable amount of protein minerals and fats 

fibre, carbohydrate, caloric values and low levels of toxicants except oxalates whose value 

could be reduced by cooking (Antia et al., 2006). Various food processing practices have 

been highlighted as a likely means of reducing or completely eliminating the anti-nutrient 

levels in plant food sources to harmless levels that can be tolerated by animals, particularly 

in mono gastric nutrition (Fasuyi and Aletor, 2005). Cassava leaves are also rich in protein 

content depending on their variety (Chavez et al., 2012). Thus these leaves are known to 

contain high levels of crude protein in comparison to other vegetables.  

As per studies that have been carried out in the Pacific, the Pacific Islands Food 

Composition Table, includes 22 nutrients that were either analysed or obtained from 

different sources; or calculated using estimated yields or retention factors upon different 

cooking method (steamed, boiled etc.) (Dignan et al., 2004). The effects of different 

preparation techniques alter the chemical composition of minerals, carotenoids and 

proteins in leafy vegetables. All the different cooking methods, traditional cooking 

method, stir-frying, stir-frying boiling, boiling and steaming lowers the protein level and 

total Vitamin A present (Yuan et al., 2009). However, for carotenoids, there is significant 

retention after the thermal treatment in comparison to the raw sample. The studies on the 

chemical composition of vegetables have shown that these values have significantly 

changed over time (Mayer, 1997; Somerset and English, 1998). This can also happen 

when there are new varieties or new sources of supply for raw materials with new farming 
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practices which can affect the nutritional value of both plant and animal product (Mayer, 

1997). Shortest possible time should be used to cook green vegetables and taste enhancers 

could be added after the vegetables are cooked (Bailey, 1992). Table 2.1 lists the names 

of some of the leafy food crops and the respective preparation techniques that are mostly 

used by people (Bailey, 1998). Leafy vegetables can potentially add many nutrients to diet 

depending on the type of leaf and the preparation method.  Green leafy vegetables can 

make a profound improvement in addressing the micronutrient deficiencies (Bailey, 

1998).  

2.5.  Difficulties in Production and Consumption of Leafy Food Crops 

Children under the age of one are normally not given dark green vegetables in the diets 

assuming that they may not be able to digest them and might develop indigestion, 

diarrhoea or severe sickness. Moreover, children do not often like consuming dark green 

leafy vegetables in the diets mostly because of bitter taste or course texture. Lots of time 

may be required to gather and clean the dark green leafy vegetables. Moreover, to some 

groups of people, dark green leafy vegetable is not considered a usual food for humans or 

may not be regularly eaten. For example, in Indonesia, pregnant women avoid excess 

consumption of food, including dark green leafy vegetables to restrict foetal growth which 

is thought to lead to easier deliveries (Englberger et al., 2003). Likewise, pregnant and 

lactating women in Nepal usually avoid consumption of dark green leafy vegetables 

thinking that babies of women who consume dark leafy greens would be born green or 

yellow and that lactating women would experience swelling (Englberger et al., 2003). 

Green leafy vegetables, such as amaranth (Amaranthus viridis) and drumstick (Moringa 

oleifera) are extensively available all over the world and can often be found in the home 

gardens of communities in many countries. They are largely inexpensive and readily 

available. 
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Table 2.1. Various leafy vegetables and the methods of their preparation (Bailey, 1992). 

English name Scientific 
Name Description of  the plant Preparation or cooking method 

Aibika, pele Abeimoschus 
manihot 

Small woody bush; many 
different kinds 

Easy method (no longer than 5 minutes, turn 
leaves once). 

Amaranth, Tropical 
spinach, Ceylon 
spinach 

Amaranthus 
species 

Plant with stand-up stems and 
spikes of flowers; many 
different kinds 

Easy method or stir frying. 

Basella, Creeping 
spinach 

Basella alba, 
Basella rubra 

Climbing or busy plant with 
pink or white flowers 

Easy method (no longer than 5 minutes, stir 
frying, or raw in salads. 

Breadfruit leaves Artocarpus 
altilis Large fruit-bearing tree 

Choose very young leaves, softened over a fire; 
remove stalk, then cook by easy method for 20 
minutes. 

Cassava leaves Manihot 
esculenta Root-bearing shrub Choose young leaves; cook by special method. 

Do not eat raw. 

Chilli leaves Capsicum 
trutescens Small fruit-bearing bush Easy method or stir frying. 

Chinese cabbage, 
Pak choi 

Brassica 
chinensis 

Dark green leaves with light 
stalk Easy method, stir frying, or raw in salads. 

Cowpea leaves Vigna 
unguiculata 

Climbing or bushy plant with 
long pea pods Easy method or stir frying. 

Drumstick tree, 
Horse radish tree 

Moringa 
oleifera 

Small tree with yellowish-white 
flowers and long pods Easy method or stir frying. 

European cabbage 
Brassica 
oleracaa (var. 
capitata) 

Solid round heads of light green 
leaves Easy method, stir frying, or raw in salads. 
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Table 2.1 continued 

English name Scientific 
Name Description of  the plant Preparation or cooking method 

Fern Athyrium 
esculentum 

Large wild fern that grows in 
wet places 

Use top of stalks, split into four places, then 
cook by easy method. 

Gentum, Jointfir 
spinach 

Gentum 
gnemon 

Small nut-bearing tree that 
usually grown in the bush 

Choose very young leaves, use easy method or 
stir frying. Do not eat raw. 

Indian mulberry tree Morinda 
citrifolia 

Small tree with white flowers 
and bumpy fruits 

Choose very young leaves and use easy 
method. 

Kangkong, Swamp 
cabbage 

Ipomoea 
aquatica 

Trailing plant that grown in 
water or on dry land Easy method, stir frying, or raw in salads. 

Pumpkin leaves Cucurbita 
moschate Fruit-bearing vine Choose young shoots and leaves, use easy 

method or stir frying. 

Roselle, Red sorrel Hibiscus 
sabdariffa 

Small bush with woody 
branches Easy method or stir frying. 

Sweet potato leaves Ipomoea 
batatas Root-bearing vine Easy method or stir frying. 

Taro leaves 

Colocasia 
esculenta, 
Xanthosoma 
species 

Root-bearing shrub Choose soft young leaves with pale stalks, use 
special method. Do not eat raw. 

Watercress  

Nasturtium 
officinala, 
Roripa 
nasturtium-
aquaticum 

Trailing plant that grows in 
water 

Collect only from clean water. Easy method 
(only three minutes), stir frying or raw in 
salads. 

Winged bean leaves Paophocarpus 
tetagonoiobus 

Climbing plant with long four-
sided pods Easy Method, stir frying, or raw in salads. 
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Regardless of the economic and nutritional benefits linked with leafy vegetables they are 

rather neglected by the farmers, the market and the consumer, and the agriculture and 

research community (ACIAR, 2013). Consumers often identify these foods as related with 

poverty and low status, and for the research community the large number of species 

involved, their localized custom, and their often wild, semi-wild or weedy nature act as 

constraints. Limitations on growing local leafy food crops may also hinder peoples’ 

access. This may include non-availability of land, high cost of fencing, access to water, 

and pests and diseases. These limitations lead to poor people not being able to produce 

local leafy food crops on their own.  Also, these local leafy food crops may be available 

in the local market, but due to high prices families with larger numbers are not able to 

afford these vegetables. The movement of people from rural to urban areas have resulted 

in higher demands for accommodation hence, most land available in the urban areas have 

been used for housing and industrial developments. Rural dwellers mostly face the 

problems of fencing costs and fertilizers. 

2.6.  Essentiality of Proteins, Minerals and Carotenoids on Human Health 

The human body does not produce essential minerals for the various metabolic functions. 

They come from the food we consume. The body is completely dependent on the food 

that is consumed for essential minerals for proper functioning. Nutrition plays a significant 

role in preventing many non-communicable diseases such as cardiovascular diseases, 

cancer, and degenerative brain diseases (Cardoso et al., 2012). It is known that a higher 

intake of fruits and vegetables can prevent heart disease (Dauchet et al., 2006; Englberger 

et al., 2014), as fruits and vegetables are chemically complex foods and it becomes very 

difficult to pinpoint only one nutrient that contributes most to the cardio-protective effects.  

Numerous epidemiological studies show that antioxidants and phytochemicals execute a 

protective role in health and diseases. However, the antioxidant compounds found in fruits 

and vegetables such as Vitamin C, carotenoids and flavonoids, may influence the risk of 

cardiovascular disease by preventing the oxidation of cholesterol in arteries (Voutilainen 

et al., 2006). At one point in time, carotenoids were classified as precursors of Vitamin A 
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with no biological significance at all. Whilst today it is known as antioxidants that may 

protect against many diseases. Antioxidants are compounds that prevent oxidation by 

neutralizing the free radicals. They act as scavengers in human body and are capable of 

stabilizing free radicals and reducing stress (Lako et al., 2008).  

2.6.1.  Proteins 

Proteins are of prime importance to health but in most cases are deficient in the diets in 

the developing countries (Aletor et al., 2002). Proteins are needed to build, maintain and 

repair tissue and are the second most abundant compounds in the body after water. They 

form structural and functional components within every cell. Protein is also required to 

synthesize hormones, enzymes and antibodies. It can be used as a source of energy like 

the other macronutrients (fat and carbohydrate), although most protein is used for other 

functions. Proteins are made up of 20 amino acids. The body can synthesize some of these 

amino acids, but others must be obtained from food and these are referred to as essential 

amino acids. In most populations with an abundant and varied food supply, protein intakes 

are adequate. However, protein deficiency can occur when energy intakes are low.  

Protein is the body’s key basis of nitrogen which accounts for around 16% the weight of 

protein (NHMRC, 2006). Proteins in the diet and the body are associated with a number 

of other vitamins and minerals and are more complex and variable than other energy 

sources such as fat and carbohydrate (NHMRC, 2006). The structure of a protein often 

reflects its function and also interactions with other molecules. The protein’s structure 

may influence its digestibility. Only 1% of the body’s store is labile so its accessibility as 

a reserve energy supply, compared to body fat, is limited. Unlike carbohydrate and fats, 

the body does not maintain an energy storage form of protein.  

Protein-energy malnutrition (PEM) is common on a worldwide basis in children as well 

as adults affecting the death of 6 million children a year (FAO, 2000; Stephenson et al., 

2000). In countries like Australia and New Zealand, PEM is seen most commonly 

associated with other diseases and in the elderly, protein deficiency affects all organs 

including the developing brain (Pollitt, 2000), as well as the immune system (Bistrian, 



26 

 

1990) and gut mucosal function (Reynolds et al., 1996). Thus protein is mainly vital 

during childhood and adolescence to ensure adequate growth. The requirement for protein 

is dependent on body size and age. The recommended daily intake of protein for children 

and young people is expressed in the table below.  

2.6.2. Minerals 

Minerals are inorganic compounds which are essential in all body tissues and fluids for 

maintenance of certain physiochemical processes. These are chemical constituents used 

by the body in many different ways. Minerals are classified as micro or macro elements 

and ultra-trace elements. Micro elements are usually required in amounts less than 

100mg/dL, macro elements are required in amounts greater than 100mg/dL (Soetan et al., 

2010). The micro elements include iron, copper, cobalt, potassium, magnesium, iodine, 

zinc, manganese, molybdenum, fluoride, chromium, selenium and sulphur, while macro 

elements includes calcium, phosphorus, sodium and chloride (Soetan et al., 2010). The 

roles that minerals serve in the body are not yet fully understood, however, it is possible 

that those minerals that are not known for serving any function in the body may be 

recognized earlier for their essentiality for important body functions. The body uses 

minerals together with other minerals and vitamins to regulate pH, level and balance of 

fluids in the body, accomplish nerve pulses, control heartbeat and blood pressure.  

Studies have shown that there are several factors which affect the concentration and 

availability of mineral elements.  These factors directly or indirectly affect the levels of 

mineral elements available for humans and animals. Different geographical locations have 

been observed to influence element concentrations and these are mainly due to changes in 

soil conditions (Soetan et al., 2010).   
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Table 2.2. Recommended dietary intake of protein for children and adolescents and adults 

(NHMRC, 2006). 

Age Group (Years) Dietary intake of protein (g/day) 
Male Female 

2-3 14 14 
4-8 20 20 
9-13 40 35 
14-18 65 45 
19-30 64 46 
31-50 64 46 
51-70 64 46 
>70 81 57 

The nature and chemical compositions of soils are also involved in locational differences. 

The advancement of agriculture i.e. the use of new cultivars and different fertilizers has 

together caused the lowering of trace element contents in vegetable foods (Ekholm et al., 

2007). The level of phosphate fertilizer also influences the uptake of copper, zinc and 

manganese by the plants, while the chemical form of nitrogen fertilizer affects the uptake 

of copper (Ekholm et al., 2007). 

Presence of anti-nutritional factors is also seen to affect the absorption and availability of 

some minerals by humans and animals. Some examples of anti-nutritional factors that 

reduce the bioavailability of minerals are oxalates and phytates. Oxalic acids have the 

ability to bind to some divalent cations like calcium and magnesium, thus interfering with 

their metabolism. Likewise, chelates bind to many other minerals making them 

nutritionally unavailable (Sandstead, 1991; Soetan et al., 2010). 

Moreover, mineral requirement varies with different species. For example, a larger 

amount of calcium is needed for construction and maintenance of bones and function of 

nerves and muscles in humans and vertebrates. Similarly, phosphorus is an important 

constituent of adenosine triphosphate (ATP) and nucleic acid and is also essential for acid-

base balance, bone and tooth formation (Soetan et al., 2012). Absence of iron in 

haemoglobin would lead to improper functioning of the red blood cells. It is also an 



28 

 

important component of cytochromes that functions in cellular respiration. Likewise, 

magnesium, copper, zinc, iron, manganese and molybdenum are important co-factors 

found in the structure of certain enzymes and are indispensable in several biochemical 

processes (Soetan et al., 2010; Uauy et al., 1998). Also, iodine is required by vertebrates 

to make thyroid hormones. Sodium, potassium and chlorine are required for the 

maintenance of the osmotic balance between cells and the interstitial fluids, while 

magnesium forms an important part of chlorophylls (Soetan et al., 2010).  Increased 

consumption of fruits and vegetables can help improve the regulation of minerals and 

reduce certain diseases (Ismail et al., 2011).  

2.7. Micronutrient Deficiencies Associated with Low Intakes and Recommended 

      Dietary Intakes (RDI) of Selected Minerals 

The levels of micronutrients in selected leafy vegetables compiled from the Pacific Islands 

Food Composition Tables (Dignan et al., 2004) and the recommended daily dietary 

intakes of minerals for children, adolescents and adults (NHMRC, 2007) are shown in 

Table 2.3 and Table 2.4 respectively.  

2.7.1.  Zinc  

Zinc is an important micronutrient as it has a ubiquitous and versatile nature. Insufficient 

levels of Zn results in reduced activities of related enzymes (Ismail et al., 2011). Zn is 

important for functioning of the body and is vital for the development of fetal growth. It 

plays an essential role in gene expression and cellular growth (Hambridge, 2000). Studies 

have indicated that zinc acts as a coenzyme for over 200 enzymes which are involved in 

immunity acid base regulation and cell growth. Therefore, zinc is needed in 

deoxyribonucleic acid (DNA), ribonucleic acid (RNA), and protein synthesis.  
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Table 2.3. Levels of Na, Mg, K, Ca, Fe and Zn in selected leafy vegetables (mg/100g) 

(Dignan et al., 2004). 

 Leafy Vegetables Na Mg K Ca Fe Zn 
Sweet potato leavesB 7.0 22.0 98.0 125.0 1.2 0.1 
Sweet potato leavesR 10.0 50.0 420.0 190.0 2.0 0.4 
Drumstick leavesB 11.0 31.0 121.0 340.0 2.0 0.2 
Drumstick leavesR 30.0 82.0 424.0 609.0 2.7 0.5 
AibikaB 6.0 108.0 201.0 216.0 1.5 1.2 
AibikaR 18.0 118.0 484.0 268.0 1.9 1.4 
Taro leavesB 5.0 24.0 305.0 214.0 1.7 0.3 
Taro leavesR 5.0 47.0 748.0 276.0 2.8 0.6 
AmaranthB 24.0 56.0 240.0 273.0 2.2 0.4 
AmaranthR 34.0 130.0 646.0 310.0 4.9 0.7 
Chinese cabbageR 38.0 28.0 428.0 94.0 1.0 0.3 
Chinese cabbageC 30.0 15.0 249.0 66.0 1.0 0.5 
LettuceR 23.0 8.0 230.0 16.0 0.6 0.2 
WatercressC 4.0 15.0 391.0 117.0 2.9 0.2 
WatercressR 4.0 15.0 399.0 119.0 3.0 0.8 
FernB 6.0 19.0 234.0 17.0 2.4 1.8 
FernR 11.0 43.0 562.0 27.0 4.0 2.8 
Pumpkin leavesB 5.0 38.0 114.0 335.0 1.5 0.4 
Pumpkin leavesR 17.0 78.0 438.0 480.0 2.5 0.9 
Nightshade leavesC 4.0 61.0 339.0 221.0 18.6 0.3 
Nightshade leavesR 4.0 61.0 346.0 225.0 19.0 0.3 
Pawpaw shootsC 3.0 40.0 617.0 284.0 6.3 0.3 
Pawpaw shootsR 3.0 60.0 629.0 290.0 6.4 0.4 
Winged bean leavesC 6.0 32.0 322.0 43.0 2.7 0.7 
Winged bean leavesR 6.0 32.0 328.0 44.0 2.8 1.3 
Cassava leavesB 4.0 41.0 154.0 106.0 1.9 1.7 
Cassava leavesR 24.0 95.0 436.0 186.0 3.1 2.9 
Fig leavesB 18.0 14.0 184.0 53.0 1.2 0.2 
Fig leavesR 10.0 106.0 435.0 5.0 1.0 0.4 
Indian mulberryR 392.0 96.0 91.0 468.0 1.4 1.4 
Jointfir leavesB 7.0 67.0 614.0 75.0 1.6 0.2 
Jointfir leavesR 7.0 70.0 682.0 29.0 3.7 0.4 

BBoiled, RRaw, CCooked.  
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Zinc deficiency has been included as a major risk factor in the global burden of diseases 

in 2002 (Gibson, 2006; Hambridge, 2000). Zinc deficiency is defined as a condition 

characterized by short stature, hypogonadism, impaired immune function, skin disorders, 

cognitive dysfunction and anorexia (Prasad, 1991). Some of the major factors that cause 

Zn deficiency included dietary insufficiencies, disease states inducing excessive losses or 

impairing utilization and physiological states increasing Zn requirements.    

Millions of populations in the world may have insufficient levels of zinc in the diets due 

to inadequate access of zinc rich foods, and the abundance of zinc inhibitors such as 

phytates, commonly found in plant based diets (Lonnerdal, 2000; Sandstead, 1991). 

Estimating the prevalence of zinc deficiencies is difficult as the most widely used 

indicators of zinc deficiency i.e. plasma or serum concentrations, have not been assessed 

in national or regional survey in the developing countries (Caulfield and Black, 2004). 

Food and Nutrition Centre of Fiji report 2008 on the micronutrient status of children 

between 6 months to less than 5 years showed that overall prevalence rate of Zn deficiency 

was 5.6% (NFNC, 2008). Table 2.3 shows the level of Zn in selected leafy vegetables 

while the recommended dietary intakes of Zn for different age groups of male and female 

are shown in Table 2.4. 

2.7.2. Iron  

Iron is another important mineral element and forms an important component of red blood 

cells; with its deficiency causing anaemia. It is reported to be one of the most common 

dietary deficiencies in the world (including the developed countries) affecting mostly 

children and women of reproductive age (FAO, 2013; Stoltzfus and Dreyfuss, 1998). It is 

reported that about 60% of the world population are iron deficient (FAO, 2013). Iron 

deficiency is one of the most widespread micronutrient deficiencies affecting an estimated 

two billion people (Stoltzfus and Dreyfuss, 1998).   
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Table 2.4. Recommended dietary intakes of minerals for children, adolescents and adults in mg/day (NHMRC, 2007). 

Age 

Group 

(Years) 

Zn Fe Cu Cr* Mn P 

Male Female Male Female Male Female Male Female Male Female Male Female 

1-3 3 3 9 9 0.7 0.7 11 11 2 2 460 460 

4-8 4 4 10 10 1 1 15 15 2.5 2.5 500 500 

9-13 6 6 6 8 1.3 1.1 25 21 3 2.5 1250 1250 

14-18 13 7 11 15 1.5 1.1 35 25 3.5 3 1250 1250 

19-30 14 8 8 18 1.7 1.2 35 25 5.5 5 1000 1000 

31-50 14 8 8 18 1.7 1.2 35 25 5.5 5 1000 1000 

51-70 14 8 8 8 1.7 1.2 35 25 5.5 5 1000 1000 

>70 14 8 8 8 1.7 1.2 35 25 5.5 5 1000 1000 

*µg/day
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Children and pregnant and lactating women are the most frequently and severely affected 

because of the high iron demands of infant development and pregnancy (Stoltzfus et al., 

2004). Iron deficiency affects human and cognitive developments. There is evidence that 

iron deficiency reduces fitness and work capacity through mechanisms that include 

oxygen transport and respiratory efficiency within the muscle, causal relationship between 

iron deficiency anaemia in early childhood and intelligence in mid-childhood; and thus 

sufficient iron is needed for immune functions (Beard, 2001). Conversely it is shown that 

excess iron may intensify some diseases (Stoltzfus et al., 2004).  

The daily intake of Fe has been recommended as 8-11mg/day. Reports show that children 

require more iron quantity with copper binding which increases the blood volume (Ismail 

et al., 2011). Iron is also an essential component of the cytochromes that function in 

cellular respiration (Soetan et al., 2010). Table 2.3 shows the level of Fe in selected leafy 

vegetables while the recommended dietary intakes for Fe are shown in Table 2.4. 

2.7.3.  Copper 

Generally, copper is found in three different oxidation states, Cu0, Cu+, and Cu2+ .The 

cupric state of copper is most frequently found in biological systems. Copper is involved 

in the metabolism, storage and absorption of iron with some antioxidant activity. It is 

mostly concentrated in brain, heart, kidney, but often higher concentrations are found in 

the liver where it is contributed to energy and detoxification process. Copper also aids in 

the formation of bones, haemoglobin and red blood cells (Hart et al., 1928). It works in 

balance with zinc and Vitamin C to produce elastin, involved in the healing process, 

energy production, hair and skin colouring and taste sensitivity. Copper is also involved 

in the maintenance and development of the cardiovascular system, helps in the activation 

of superoxide dismutase; an antioxidant enzyme that is a free radical scavenger. Moreover, 

it is also involved in the protection against oxidative damage especially in thyroid, uterus, 

lungs, liver, brain, red blood cells, kidneys and pituitary (Soetan et al., 2010; Murray et 

al., 2000). 



33 

 

The manifestations of copper deficiency are well known and include anaemia, 

neurtropenia and bone abnormalities (Uauy et al., 1998). Copper deficiency is typically 

the result of decreased copper stores at birth, insufficient dietary copper intake, deprived 

absorption; prominent requirements induced by rapid growth, or increased copper losses 

(Uauy et al., 1998). Copper is a component of a number of metalloenzymes. The 

biochemical and crystallographic data describes copper as being essentially used for 

structural and catalytic properties of cuproenzymes (Uauy et al., 1998). Table 2.5 shows 

some of the functions of cuproenzymes with reduction and oxidation activities. The 

recommended dietary intakes of Cu for different age groups of male and female are shown 

in Table 2.4.  

Table 2.5. Functions of cuproenzymes with reduction and oxidation activities (Uauy et 

al., 1998). 

Enzymes Function 

Cytochrome C oxidase Electron transport, terminal oxidase 

Superoxide dismutase Seperoxide dismutation 

Catechol oxidase Synthesis of melanin 

Protein-lysine 6-oxidase Collagen and elastin cross-linking 

Ceruloplasmin Ferroxidase 

Amine oxidases  Deamination of primary amine 

Dopamine-β-monooxygenase Dopamine-norepinephrine 

Peptidyglycine monooxygenase α-amidation of neuropeptides 
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2.7.4. Chromium 

Chromium is an essential mineral that is required for the metabolism of sugar and fats by 

acting as a potentiator of insulin and is also involved in carbohydrate metabolism (Soetan 

et al., 2010). Chromium is involved in potentiating the action of insulin in vivo and in 

vitro (Mertz et al., 1961) and several studies have shown beneficial effects of chromium 

on circulating glucose, insulin and lipids in humans, although not all studies were positive. 

Glucose tolerance factor (GTF) chromium is the biologically active form of chromium. 

The recommended dietary intakes of Cr for different age groups of male and female are 

shown in Table 2.4. 

2.7.5. Manganese 

Manganese is a trace but quite an important element that is assumed to be concentrated in 

the bone, liver, pancreas and brain. Grain cereals, eggs, nuts, seeds and green vegetables 

are the major dietary sources of manganese. Manganese is lost primarily during processing 

and milling of the foods. Manganese content in green vegetables varies depending on the 

amount contained in the soils (Soetan et al., 2010). It is a component of several enzymes 

therefore acting as a catalyst in synthesis of cholesterol and fatty acids. It is also involved 

in the production of proteins, fats, carbohydrates, milk production, urea formation and part 

of urine. Manganese deficiency in animals is related with impaired growth, reproductive 

function and glucose tolerance in addition to changes in carbohydrate and lipid 

metabolism. It moreover interferes with skeletal development. Clinical deficiency in 

humans has not been related with poor dietary intake in otherwise healthy individuals 

(NHMRC, 2006). The recommended dietary intakes of Mn for different age groups of 

male and female are shown in Table 2.4. 

2.7.6. Phosphorus 

Phosphorus is readily found in all body cells and its major function is associated with 

metabolic processes. It is the second most abundant inorganic element in the body and is 

a part of many important compounds, including deoxyribonucleic acid (DNA), 
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ribonucleic acid (RNA), (S)-2-amino-3-[5-tertbutyl-3-(phosphonomethoxy)-4-

isoxazolyl] propionic acid (ATPO), adenosine diphosphate (ADP), phospholipids and 

sugar phosphates. Dietary protein is the major source of phosphorus intake in the diets 

(Noori et al., 2010).  Most foods demonstrate a good source of phosphorus bioavailability. 

It functions as a component of teeth, bones, ATP, phosphorylated metabolic intermediates 

and nucleic acids (Soetan et al., 2010).  It is also needed for contraction of heart muscles 

and the cell growth. It is also involved in the assimilation of vitamins and conversion of 

food to energy and also helps in catalytic protein activation.  

Approximately 85% of the body’s phosphorus is stored in the bones and the rest is 

distributed all over the soft tissues (Soetan et al., 2010). The inorganic form of phosphorus 

is comprised of only a small portion of total body phosphorus; however, it plays an 

essential role in blood and extracellular fluids.  Phosphate enters the organic pool after 

absorption from the diet. It is widely distributed in the natural foods and is also found in 

food additives as phosphate salts.  

Dietary deficiency in phosphorus results in hypophosphataemia which causes anorexia, 

anaemia, muscle weakness, bone pains, rickets, osteomalacia, and general debility, 

increased susceptibility to infection, paresthesias, ataxia, confusion and possible death 

(Noori et al., 2010). The distribution of phosphorus is so widespread that the dietary 

deficiency is extremely uncommon. Recent data illustrates that dietary phosphorus 

deficiency may comprise the need for adequate protein intakes leading to protein-energy 

wasting (Noori et al., 2010). The recommended dietary intakes of P for different age 

groups of male and female are shown in Table 2.4. 

2.7.7. Sulphur 

Sulphur is a non-metallic element. It is very much needed by all living things. It is 

especially important for humans because it is part of the amino acid methionine, which is 

an absolute dietary requirement for humans. The amino acid cysteine, which is the part of 

most human needed protein, also contains sulphur. It represents about 0.25 percent of our 

total body weight. The average person requires around 12.6 mg/kg of sulphur per day, 
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mainly in the form of protein (Turner et al., 2006). Thus the primary source of sulphur in 

human diet is the sulphur containing amino acids such as  methionine, cysteine, cystine, 

homocysteine, homocystine, and taurine (Parcell, 2002). Methylsulfonymethane (MSM), 

a naturally occurring dietary derivative of dimethylsulfoxide (DMSO), is another source 

of dietary sulphur in human diet. MSM is mostly found in most natural and unprocessed 

foods. However, due to its volatility, it is readily lost during processing of fresh food. 

Therefore, the diet should mostly consist of raw, unprocessed foods to contribute 

significantly to the daily nutritional sulphur requirement. Sulphur plays an essential role 

in human nutrition which is frequently overlooked. It is derived from proteins containing 

amino acids which contain sulphur. Proteins usually contains between 3-6% of sulphur 

amino acids (Nimni et al., 2007). The recommended dietary requirements for all the 

essential amino acids have always been assessed in terms of their ability to maintain 

nitrogen balance (Nimni et al., 2007). 

2.8. Carotenoids 

There is growing interest in the identification and characterization of high value added 

extracts from natural sources which are capable of contributing additional benefits to 

human health (Cardoso et al., 2012). Carotenoids are a class of compounds found in fruits 

and vegetables which have gained great interest from many researchers. Carotenoids are 

shown to have many biological functions. These are antioxidants, phytochemicals, anti-

inflammatory compounds and antihypertensive agents. Although carotenoids are 

biosynthesized by bacteria, algae, fungi, and plants but not by animals; this needs to be 

obtained from other foods (Armstrog and Hearst, 1996). Many fruits and vegetables 

contain a significant amount of carotenoids that can be absorbed and converted to Vitamin 

A in the body (Chang et al., 2013). The major carotenoids found in fruits and vegetables 

can be classified as epoxy carotenoids, hydroxyl-carotenoids or hydrocarbon carotenoids. 

There are also significant amounts of chlorophylls a and b, along with their derivatives 

pheophytin a and b. The qualitative distribution of most carotenoids remains consistent 

for most foods while the quantitative distributions fluctuate depending on the nature of 

the food (Rodriguez-Amaya and Kimura, 2004) 
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The profiles of carotenoids in foods vary due to factors such as different cooking and 

processing methods (Kimura and Rodriguez-Amaya, 2002). The long chain of the 

conjugated double bonds within carotenoids are prone to light, heat and acid degradations 

(Chen et al., 1994). Due to the sensitivity of carotenoids to heat, light, and oxygen, it is 

essential to analyse the effect of cooking and processing on the qualitative and quantitative 

distribution of these pigments to generate analytical data on carotenoid containing foods. 

It is certain that carotenoids classified into different chemical structures would be expected 

to demonstrate different stability towards heat and thus may be prone to isomerization and 

oxidation (Kimura and Rodriguez-Amaya, 2002). Also, during different food preparation 

techniques, food carotenoids may undergo chemical reactions which are rearrangement, 

dehydration and oxidation. These reactions are dependent on the nature of food 

carotenoids, the food matrix and the food preparation method. Likewise, carotenoids are 

destroyed to the mixtures of cis-trans isomers by actions of acids and free halogens under 

light and high temperature. 

Some selected leafy vegetables of the Mediterranean countries were analysed for 

carotenoids and the data that has been generated suggested the inclusion of the leafy 

vegetables in diets to overcome health related problems (Znidarcic et al., 2011). 

Moreover, the Pacific Islands Food Composition Tables shows that many other leafy 

vegetables that can be included in the diets have also been analysed in the Pacific region 

and other countries for proteins, phytochemicals and minerals (Chavez et al., 2012; 

Dignan et al., 2004). In the present study, underutilized leafy vegetables have been 

analysed for proteins, minerals and carotenoids using different cooking methods than 

reported in the Pacific Islands Food Composition Tables (Dignan et al., 2004). 

2.8.1. Significance of Lutein, Zeaxanthin and β-Carotene 

Lutein and β-carotene have been reported to be the major carotenoids found in vegetables 

(Rodriguez-Amaya et al., 2006; Thurnham, 2007). The major xanthophyll pigment in the 

diet is lutein and higher concentrations are found in dark green vegetables together with 

carotenes especially β-carotene (Thurnham, 2007). Lutein and zeaxanthin, among others 
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are non pro-vitamin A carotenoids are particularly found in dark green vegetables and 

they make up the yellow pigment in the macula of the human retina (Rodriguez-Amaya 

et al., 2006). Lutein and zeaxanthin play an important role in human vision perception, 

although their biological role is not fully understood (Liu et al., 2007). Given that these 

two are the major carotenoids found in lens and macula (eyes), they serve the eye against 

eye diseases (Snodderly, 1995). These two have also been implicated as being protective 

against age-related macular degeneration (the principle source of irreversible blindness in 

older people) and cataracts (Menelauo et al., 2006).  Lutein is also consistently linked with 

the lowering of cataract development. Moreover, lutein and zeaxanthin are considered to 

be protective due to their ability to absorb blue light reaching to the structure of the eye 

that is critical to vision, protecting the eye from light induced oxidative damage (Liu et 

al., 2007; Perry et al., 2009). Age-related macular degeneration and cataract formation are 

degenerative diseases which could result in blindness. In addition, lutein and zeaxanthin 

are also believed to prevent oxidative damage by quenching reactive oxygen species and 

reacting with free radical (Rodriguez-Amaya et al., 2006).  

Moreover, with an increase in the elderly population, along with a more health conscious 

society, lutein has found its way in supplements as well as in ingredients in many food 

products in an attempt to combat these degenerative diseases (Fullmer and Shao, 2001). 

α-Carotene and β-carotene possess pro-vitamin A activity and are effective antioxidants. 

They are also believed to modulate the pathogenesis of several chronic degenerative 

diseases (Kumar and Vallikannan, 2010).  The β-carotene is used as an anti-oxidant and 

is also known to be a significant and harmless pro-vitamin A source (Schierle et al., 2004). 

High intake of lutein and zeaxanthin have also been associated with lower risk of 

cardiovascular diseases, several types of cancer, cataracts and age-related macular 

degeneration (Liu et al., 2007). Like other carotenoids, lutein and zeaxanthin are not 

produced by the human body, hence must be obtained from outside sources (Roberts et 

al., 2009). Looking at the positive impacts, inclusion of these two carotenoids (α- carotene 

and β-carotene) in diets may be acceptable. Hence, in the present study, proteins, minerals 

and carotenoids have been analysed in ten underutilized leafy food crops in Fiji. 
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2.8.2. Bioavailability of Carotenoids 

Various dietary factors have an effect on the bioavailability of carotenoids. In order to 

understand the potential importance of carotenoids, it is essential to obtain more insight 

on their bioavailability from foods and the factors that affect their bioavailability (van het 

Hof et al., 1999). The content of zeaxanthin in diets is usually lower than that of either 

lutein or β-carotene. A study suggests that lutein: zeaxanthin ratio in the US diet is 5:1 

(Hartmann et al., 2004). Lutein to zeaxanthin ratio in vegetables is 36:1 while in fruits is 

5:1 (Hartmann et al., 2004). Hence the major source of dietary zeaxanthin would be fruits.  

The bioavailability of carotenoids appears to be dependent on several factors. Many 

carotenoids are absorbed better in the presence of dietary fats and from thermally 

processed food. The absorption of carotenoid also depends on the presence dietary fibre, 

the health status of the person, and the physical form of the carotenoid (Voutilainen et al., 

2006). According to some studies, cooking enhances the carotenoid content in vegetables 

due to increased extractability of carotenoid from vegetable matrix (Dietz et al., 1988; 

Khachik et al., 1992). The processing of vegetables has shown to enhance the 

bioavailability of carotenoids. A study conducted on the bioavailability of lycopene in 

tomato paste showed that thermally processed tomato paste was having higher 

bioavailability than that of the fresh tomato (Gartner et al., 1997). Another study on the 

bio-accessibility of lycopene from processed tomatoes showed an increase in the lycopene 

concentration due to thermal processing (Dewanto et al., 2002). However, a similar study 

conducted by Aman et al. (2005) on spinach and sweet corn showed that lutein levels 

decreased due to heating. 

Many of the vegetables utilized in the South Pacific and especially in Fiji have been 

analysed by Lako et al. (2008) for their α and β-carotene contents. The levels of α and β-

carotene are presented in Table 2.6. The levels of lutein and β-carotene in some of the 

leaves of food crops from Samoa, Torres Strait Islands and Solomon Islands is presented 

in Table 2.7. 
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Table 2.6. The levels of α-carotene and β-carotene in leafy vegetables in mg/100g (Lako 

et al., 2007). 

Local Names Scientific Names α-Carotene β-Carotene  

Sweet potatoa Ipomoea batata var (orange) 0.76 12.00 

Sweet potatoa Ipomoea batata var (composite) 2.10 13.00 

Sweet potatoa Ipomoea batata var Honiara 1.90 12.00 

Sweet potatoa Ipomoea batata var (Tis3030) 1.20 19.00 

Sweet potatoa Ipomoea batata var (Papua) 0.45 14.00 

Drumstick leavesa Moringa oleifera 4.50 34.00 

Drumstick leavesa  Moringa oleifera 10.00 28.00 

Aibikaa Albelmoshus manihot 0.45 16.00 

Taroa Colocasia esculenta var 0.56 19.00 

Amarantha Amaranthus viridis 3.30 32.00 

Kangkong/Swamp cabbagea Ipomoea aquatic 0.22 20.00 

Fernd Athyrium esculentum 0.36 3.00 

Watercressa Rorippa nasturtium  aquaticum 1.60 9.30 

Chinese cabbagea Brassica chinensis 1.20 7.40 

English cabbagea Brassica oleacea var bullata nd nd 

Mustarda Brassica nigra nd nd 

Lettucec Lactuca sativa nd 1.90 

aSteamed, bBoiled, cRaw, dEstimated, nd: not detected. 

Table 2.7 clearly shows the levels of lutein and β-carotene are not in a same range at three 

different sites. This could be due to environmental factors such as soil type, temperature, 

sunshine, and climatic conditions which affect the phytochemical levels in fruits and 

vegetables with the same geographical location as discussed in section 1.5, Chapter 1 (vide 

supra). Moreover, levels of carotenoids in leafy vegetables depend on factors such as 

species, variety, cultivar, production practice, as well as environmental growing factors 
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like light, temperature, soil properties and part of the plant is consumed (Van den Berg et 

al., 2000). However, a study reported the effect of growing condition to be less prominent, 

where the study concluded showed no significant difference between the lutein and β-

carotene content cultivated in spring and summer seasons (Reif et al., 2013). Moreover, 

since carotenoids are mainly found in green leaves whereas stems and ribs have shown to 

be carotenoid free, leaf to rib ratio is also an influencing factor affecting the carotenoid 

contents. 

Table 2.7. Levels of lutein and β-carotene (mg/kg) in leafy vegetables from Solomon 

Islands, Torres Strait Islands, Cairns and Samoa (ACIAR, 2013). 

Species 

Solomon Islands Torres Strait Islands  Cairns Samoa 

Lutein 
β-

carotene 
Lutein 

β-

carotene 
Lutein 

β-

carotene 
Lutein 

β-

carotene 

Taro 401 163 472 281 650 242 464 213 

Cassava 473 239 192 196 564 283 570 392 

Drumstick 

tree 
773 427 254 224 NS NS NS NS 

Aibika 803 285 328 160 NS NS 612 335 

 NS: Not studied 

2.9. Factors Influencing the Nutrient Levels in Leafy Food Crops 

Variation in the nutritional composition of food mainly depends on the type of cooking or 

processing techniques involved which is mostly influenced by religion, availability, 

technology, and cultural habits. Even though the consumption of fresh unprocessed plant 

food is extensively encouraged, evidence is developing that in vivo bioavailability of many 

protective compounds is enhanced when vegetables are cooked (Link and Potter, 2004). 

Foods that are obtained from plants and animals vary in their nutrient contents, and are 
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typically sensitive to temperature, light, oxygen and leaching (Fubara et al., 2011). Food 

preparation in the households is often the final stage of food processing. Vegetables are 

usually consumed either by simply boiling, boiling with other additives like spices, 

steaming, or frying. These processing methods can bring about a number of alterations in 

terms of the physical and chemical characteristics of the vegetables (Azizah et al., 2009).  

Studies have shown that different cooking methods have affected the phytochemical and 

antioxidant levels in vegetables (Ismail et al., 2004). A study conducted on pumpkin 

showed that β-carotene levels increased in both boiled and stir fried samples from 2 to 4.2 

times (Azizah et al., 2009). Another study on the effects of cooking methods on mineral 

contents showed that different cooking methods have a diminishing effect on different 

mineral contents, with the effects of boiling being more noticeable on Na, K, Ca, Zn and 

Mn levels (Fubara et al., 2011). Prabhu and Barrett (2009) have reported that cooking 

leafy vegetables resulted in the loss of minerals and ascorbic acid which may have been 

due to leaching in the cooking water which was further analysed for ascorbic acid. Their 

study confirmed that most of the nutrients were leached into the cooking water. 

The environmental factor that affects the levels of phytochemicals in fruits and vegetables 

include radiation, temperature variation and climatic conditions within a geographical 

location (Lakshminarayana et al., 2005). Fertilizer application is one of the most 

significant factors that affect the levels of phytochemicals in fruits and vegetables (Tiwari 

and Cummins, 2011). The maturity of the fruits and vegetables also plays an essential role 

in affecting the levels of phytochemicals in the harvested produce (Tiwari and Cummins, 

2011). Another study reported that maturity depends on the biosynthesis of the 

phytochemicals during plant growth and development during physiological maturity 

(Pantelidis et al., 2007). The dilution effects on mineral have shown clear evidence of 

decline in nutrient contents. A study on the historical changes of nutrient contents in fruits 

and vegetables reports that the nutrient data for fruits and vegetables across 50 to 70 years 

show noticeable declines of up to 5 to 40% or more in minerals, vitamins and protein in 

groups of food particularly in vegetables (Davis, 2009).  
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2.10. Chapter Conclusion 

The changes from traditional food systems to modern food systems have greatly 

deteriorated the health of Pacific Islanders resulting in the high prevalence of 

micronutrient deficiencies. This could be achieved by enhancing the production and 

consumption of underutilized traditional leafy food crops once that had been the food for 

the indigenous people.  

Documenting the nutrient profiles of some of the underutilized leafy food crops can help 

in the awareness of the underutilized leafy food crops which currently do not form the 

diets of people. Even though the Pacific Islands Food Composition Table documents many 

of the commonly consumed foods in Fiji, these are often disregarded by the people. 

Moreover, many studies have shown that the nutrient levels of food crops change due to 

climatic conditions, temperature, geographical location and the use of farming techniques. 

Hence there is a need to monitor the nutrient levels in food crops at regular intervals.  
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CHAPTER 3 

RESEARCH METHODOLOGY 

This Chapter discusses the methods of data collection from the sample households’ on 

their production and consumption of leafy food crops. This Chapter also discusses the 

materials and the methods used in the experimental procedures involved in the study.  

3.1. Data on Households’ Production and Consumption of Leafy Foods  

3.1.1. Data from Sample Households 

To study the households’ production and consumption of leafy food crops, a random 

sample of 230 rural and urban households were selected in the three divisions (Central, 

Northern and Western) of Fiji. Detailed information about the socio-economic 

characteristics of the sample households (age, education, family size, non-farm 

occupation, etc.) and the quantities of various leafy food crops produced and consumed 

by them was collected on structured schedule/questionnaire by personal interview method 

from sample households. The survey questionnaire used in the study is presented in 

APPENDIX 1.  

3.1.2. Ethical Considerations 

Prohibitions against fabrication, misrepresenting, or misinterpreting research data 

promotes the aim of research such as knowledge, truth and avoidance of error. Moreover, 

research often involves a great deal of cooperation and coordination among many different 

people in different disciplines, ethical consideration promotes the values that are important 

to collaborative work such as trust, accountability, transparency and mutual respect. In 

this study, sampled households’ cultures and religious obligations before and after the 

survey were fully respected. Confidentiality of the privileged information ownership of 

the respondents was also strictly maintained.  
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3.2. Chemical Analysis of Leafy Vegetables 

Chemical analysis of the underutilized or unutilized leafy vegetables (in their raw form 

and cooked form) was done to assess protein, mineral and carotenoid levels. The 

procedures used in the analysis have been reported in the following sections.  

3.2.1. Chemical and Reagents 

All the chemicals used throughout the analysis were of analytical grade and the glassware 

used was of certified A-grade unless specified otherwise. All the chemicals (Cu standard 

solution, Cr standard solution, Mn standard solution, concentrated sulphuric acid, 60% 

perchloric acid) used in this study were purchased from Sigma-Aldrich Co. HPLC grade 

tetrahydrofuran and acetonitrile were obtained from Merck Pty Limited, Australia.  

3.2.2. Sampling of Leafy Vegetables and Preparation of Samples 

The leafy vegetables (chilli leaves, swamp cabbage, nightshade leaves, pumpkin leaves, 

mustard leaves, creeping spinach, drumstick leaves, radish leaves, bitter gourd leaves and 

fenugreek leaves) that are generally unutilized or are underutilized were randomly 

sampled or bought from Suva Municipal Market. Each type of vegetable was bought from 

four different vendors at random. After sampling, each vegetable was rinsed with water 

to remove any soil or wind borne particles that may have been present on the vegetables. 

Then the composite samples were prepared. From the fresh composite vegetables, sub-

samples were taken for the study of the effects of cooking on protein, minerals and 

carotenoids concentration. The samples were prepared using different methods of cooking 

namely; steaming, boiling and frying. 

Steaming: A single layer of fresh vegetables was steamed into a domestic closed vessel 

using a stainless steel steam basket suspended above small amount of boiling water.  The 

steaming (cooking) time was measured starting from the time at which the samples were 

suspended above the boiling water for 15 min. 
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Boiling: Fresh leafy vegetables were added to boiling water (1:5, food/water) and were 

cooked on moderated flame for 15 min. The cooking time was measured starting from 

putting samples in the boiling water. After boiling the sample, the water was drained out. 

Frying: Fresh leafy vegetables were fried using cooking oil (Punjas Canola Oil bought 

from a local supermarket) and table salt. The oil was heated at a low flame, the cooking 

time was measured starting from putting the samples into oil. This was carried out for 30 

min. Apart from cooking oil and table salt, no other taste enhancers like onion, garlic, 

chillies, etc. were added.  

After cooking, all sub-samples were labelled and frozen in acid pre-washed (snap-lock) 

plastic bags. All frozen samples were freeze-dried. Freeze-drying times depended on 

water content of vegetables. After freeze-drying all samples were labelled and stored in 

acid pre-washed (snap-lock) plastic bags. 

3.3. Determination of Nitrogen 

The determination of nitrogen using Kjeldhal method involves the transformation of 

organic nitrogen to ammonia (NH3-N) by digesting the samples with concentrated H2SO4 

and measuring the amount of NH3 produced (Honda, 1962; Nelson and Sommers, 1980; 

Skjemstad and Reeve, 1976). Copper, selenium or mercury catalyst is generally added as 

Kjeldhal catalyst during digestion to increase the boiling point and thus increase the 

conversion rate. The NH3 produced during digestion is essentially measured by making 

the digest strongly alkaline and collecting it into a boric acid indicator solution by steam 

distillation followed by titrimetric determination of the ammonia trapped as ammonium 

borate.  

3.3.1. Kjeldhal Method 

Kjeldhal method was used to determine the organic and inorganic nitrogen contents in the 

leafy vegetables. 2 g of finely ground samples was taken into 250 mL micro-Kjeldhal flask 

and to that one Kjeldahl catalyst tablet and 20 mL of concentrated H2SO4 were added. 
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These were set into the appropriate holes of the digestion block heaters in a fume 

cupboard. The digestion involved the decomposition of nitrogen in organic samples 

utilizing a concentrated H2SO4 solution. This was accomplished by boiling a homogenous 

sample in concentrated H2SO4 which gave an ammonium sulphate solution. The digests 

of the samples were then carefully transferred into separate 50 mL volumetric flasks, 

thoroughly rinsing the digestion tube with distilled de-ionized water and the volume was 

made up to the mark with distilled de-ionized water. A 5 mL portion of the digest was 

then pipetted into the Kjeldahl apparatus followed by addition of 10 mL of 40% NaOH 

solution. The mixture was then steam distilled and the liberated NH3 was collected into a 

conical flask containing 10 mL of 2% H3BO3 and 4 to 5 drops of mixed indicator solution 

of bromocresol green and methyl red. The distillation of the mixture added excess base to 

the acid digestion mixture to convert NH4
+ to NH3 followed by boiling and condensing 

the NH3 gas in a receiving solution of 2% H3BO3. The green colour solution was then 

titrated using 0.01 M HCl from which the amount of ammonia was calculated and 

quantified (Honda, 1962; Nelson and Sommers, 1980; Skjemstad and Reeve, 1976). At 

the end point, the green colour turned to wine colour, which indicated that all the nitrogen 

trapped as ammonium borate (BH12N3O3) has been removed as ammonium chloride 

(NH4Cl).  

3.3.2. Determination of Protein 

The method described by Antia et al (2006) has been used to calculate the % crude protein 

content in the samples which were calculated using the following formula: 

 

3.4. Determination of Minerals 

3.4.1. Wet Digestion of Samples 

The wet digestion mainly involves the destruction of organic matter through the use of 

both heat and acids. Acids that were used in the wet digestion procedures include H2SO4, 
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HNO3, and HClO4, either alone or in combination (Leggett and Westermann, 1973). The 

main advantage of this method is that it prevents elemental loss by volatilization as the 

digestion takes place at relatively low temperatures. However, the disadvantage of this 

procedure is that it may be subjected to reagent contamination. 

A set of pre-weighed samples (1 g) were pre-digested overnight with 20 mL of 

concentrated nitric acid (HNO3) until the frothing subsides. The samples were then heated 

at a temperature between 80 and 125 °C to remove any nitric oxide. After cooling the 

sample mixtures, 10 mL of perchloric acid (HClO4) was added to all the samples to 

increase the speed of reaction and to ensure complete digestion. The sample mixtures were 

further heated for 2-4 hrs. The digested samples were then cooled and transferred to 50 

mL volumetric flasks and were diluted up to the mark with distilled deionised water. The 

samples were then filtered using 0.45 µm filter papers and transferred into acid washed 

plastic bottles. The samples were diluted appropriately to meet analytical requirements.  

3.4.2. Determination of Iron, Zinc, Manganese, Copper and Chromium Using 

Atomic Absorption Spectrophotometer 

Atomic Absorption Spectrophotometry (AAS) was employed to determine iron, zinc, 

manganese, copper and chromium contents in all leafy vegetables. In this technique the 

atoms of elements were vaporized and atomised in the flame. The atoms then absorbed 

the light at a characteristic wavelength. The source of the light was a hollow cathode lamp, 

which was made up of same element which was to be determined. The lamp produces 

radiation of an appropriate wavelength which while passing through the flame was 

absorbed by the free atoms of the sample. The absorbed energy was measured by a photo-

detector read-out system. The amount of energy absorbed is proportional to the 

concentration of the element in the sample which was calculated using the following 

equation where a = [Fe, Zn, Mn, Cu or Cr] in vegetable samples (mg/L), b = [Fe, Zn, Mn, 

Cu or Cr] in blanks (mg/L) and df = dilution factor. 
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Table 3.1 shows the instrumental parameters that were used in the determination of 

mineral elements in all leafy vegetables. 

3.4.2.1. Standard Calibration Curves 

The standard solutions, diluted with distilled de-ionized water, were prepared from 1000 

mg/L stock solutions to make the standard calibration curves in each determination. Five 

calibration standards were prepared for each mineral element. Linear calibration range for 

Fe, Cu and Cr were 0 - 5 mg/L, Zn was 0 - 1 mg/L, while for Mn it was 0 - 2 mg/L. The 

standard calibration curves used throughout the analysis were linear (Appendix 4). Several 

calibration curves were prepared throughout the analysis because fresh standard solutions 

were prepared every day to obtain reliable and reproducible results.   

Table 3.1. AAnalyst 400 AAS elements instrumental parameters used in the 

determination of mineral elements.  

Instrumental  
Parameters 

Mineral Elements 

Cu Fe Mn Zn Cr 
Wavelength 
(nm) 324.8 248.3 279.5 213.9 357.9 

Flame Air-
acetylene 

Air-
acetylene 

Air-
acetylene 

Air-
acetylene 

Air-
acetylene 

Lamp current 
(mA) 15 20 15 15  15 

Standards used 
(mg/L) 1, 2, 3, 4, 5 1, 2, 3, 4, 5 0.25, 0.5, 

1.0, 1.5, 2.0 
0.2, 0.4, 0.6, 

0.8, 1.0 1, 2, 3, 4, 5 

Replicates 3 3 3 3 3 

Technique AA-Flame AA-Flame AA-Flame AA-Flame AA-Flame 

Calibration 
method 

Linear 
through 

zero 
intercept 

Linear 
through 

zero 
intercept 

Linear 
through zero 

intercept 

Linear 
through zero 

intercept 

Linear 
through 

zero 
intercept 
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3.4.3. Colorimetric Determination of Phosphorus  

The procedures described by Murphy and Riley (1962) and Watanabe and Olsen (1965) 

was used for the determination of P in the studied leafy vegetables samples. Phosphorus 

stock solution of 1000 mg/L was prepared using potassium dihydrogen phosphate 

(KH2PO4). The calibration standards were then prepared ranging from 0 - 80 mg/L through 

serial dilution of the standard stock solution using distilled de-ionized water.  

Acid molybdite stock solution was prepared by dissolving 125 g of ammonium molybdate 

in 400 mL of distilled de-ionized water heated at 60 °C in a 2 L volumetric flask. After 

cooling the ammonium molybdite solution, 2.9 g of antimony potassium tartrate was 

added and dissolved in the molybdate solution. The flask was then placed in an ice bath 

and 1.5 L of sulphuric acid was slowly added. The mixture was allowed to cool in the ice 

bath and was diluted to volume with distilled de-ionized water. The resulting solution was 

transferred into a dark amber colour bottle and was stored at 4 °C. Ascorbic acid stock 

solution was prepared by dissolving 211.2 g of ascorbic acid in 2 L of distilled de-ionized 

water. The ascorbic acid stock solution was also transferred into a dark amber colour bottle 

and was also stored at 4 °C. 

To prepare a colour developing solution, 20 mL of acidified solution of ammonium 

molybdate i.e. (NH4)6Mo7O24.4H2O and 10 mL of ascorbic acid (C6H8O6) stock solution 

was added to 800 mL of distilled de-ionized water and then diluted to 1L with distilled 

de-ionized water. The samples and the standards were diluted to 1:100 with the colour 

developing solution (1 mL samples or standards: 100 mL of colour developing solution). 

The diluted samples were left for at least 30 minutes for the colour development. The 

absorbance was measured on a UV-visible spectrophotometer at 660 nm. The P 

concentrations of the sample digests were directly calculated from the absorbance reading 

and the calibration curves. In cases where the sample concentrations were higher than the 

linear working range (0 – 80mg/L), the samples were diluted appropriately.  
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3.4.4. Turbidimetric Determination of Sulphur 

The procedure used for the determination of sulphur was a modification of the methods 

reported by Massoumi and Cornfield (1963) and Chaudry and Cornfield (1966). The 

sulphur stock solution of 2000 mg/L was prepared using oven dried K2SO4 from which 

calibration standards containing 0 - 100 mg/L of S were prepared. The fresh calibration 

standards were prepared daily. Acetic/phosphoric (CH3COOH/H3PO4) acid solution was 

prepared using 75 mL of concentrated acetic acid (CH3COOH) and 25 mL of concentrated 

phosphoric acid (H3PO4) which was diluted to 1L with distilled de-ionized water. Gum 

acacia solution was prepared using 5g of gum acacia which was dissolved in 500 mL of 

hot distilled de-ionized water. The hot solution was filtered through Whatman No. 42 filter 

paper on a Buchner funnel using suction. The solution was cooled and diluted to 1L using 

acetic acid. 48.5 mL of BaSO4 seed suspension was prepared by dissolving 18g of 

BaCl2.2H20 in 44 mL of hot distilled de-ionized water followed by addition of 0.5 mL of 

2000 mg/L S stock solution. The mixture was boiled and then cooled quickly. To this 

mixture, 4 mL of gum acacia solution was added and mixed. This was prepared fresh 

daily. BaCl2 was prepared by dissolving 200g of BaCl2.2H20 using distilled de-ionized 

water and was made to 1L.  

For the determination of sulphur, 1 mL of digested samples and standards were pipetted 

in acid washed centrifuge tubes. To these pipetted samples and standards, 22 mL of acetic 

acid/phosphoric acid (CH3COOH/H3PO4) solutions were added and mixed on a vortex 

stirrer. After mixing the samples and standards on a vortex mixer, 0.5 mL of BaSO4 seed 

suspension was added followed by 1 mL of BaCl2 solution. The samples and the standards 

were again mixed on the vortex mixer. After adding 1 mL of gum acacia solution, the 

standards and the sample mixtures were mixed once again on the vortex mixer. All the 

standards and the samples were left for 30 minutes prior to reading the absorbance at 440 

nm using the UV-visible spectrophotometer. The S concentrations of the sample digests 

were calculated from the absorbance reading and the calibration curves. 
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3.5. Determination of Carotenoids 

The high performance liquid chromatography (HPLC) is regarded as the best technique 

for the separation of components of a mixture based upon the rate at which they elute from 

a stationary phase typically over a mobile phase gradient (Allwood and Goodacre, 2010). 

The difference in the affinities of the mixture components for the stationary and mobile 

phase leads to separation as some components are more attracted to the mobile phase and 

elute first while others which are retained in the stationary phase for longer elute slowly.  

The method described by Bushway (1985) was used in the present study to determine 

carotenoids in the leafy vegetables. 5g of sample was taken for extraction using a 

mechanical blender for 10 minutes using 50 mL of tetrahydrofuran (THF) with 1 g of 

Na2SO4 and 1 g of MgCO3. The extract was filtered using Whatman No. 42 filter paper. 

The residue was re-extracted using 25 mL of THF and was again filtered in the same 

receiving flask. The extracts were then transferred to round bottom flasks and were dried 

on rotary evaporator at below 40 °C. The dried extracts were then dissolved using 2 mL 

of THF and diluted to 10 mL in a volumetric flask using the mobile phase of acetonitrile 

(ACN): THF: water (H2O) (85: 12.5:2.5). The samples were filtered using 0.45µm filters 

and were injected in HPLC equipped with 1525 Analytical Binary HPLC pump. The 

stationary phase of C18 length 300 mm, ID 3.9 mm (Serial No. 99100618.3) was used 

with a flow rate of 2 mL/minute.  

3.6. Limit of Detection  

The limit of detection (LOD) is the smallest quantity or concentration detectable by an 

analytical (Frentiu et al., 2013). LOD for the analysis of minerals was calculated based on 

the standard deviation (SD) of the response and the slope (S) of the calibration curve 

(Frentiu et al., 2013) using the following formula: 
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The LODs calculated for the different mineral elements are shown in Table 3.2. The LOD 

for the analysis of carotenoids was also calculated using the same formula as shown above. 

Table 3.2. The limit of detection calculated for the minerals for AAnalyst 400 atomic 

absorption spectrophotometer. 

Mineral elements Calculated LOD (µg/L) 

Mn 5.33 

Cu 1.60 

Zn 2.65 

Fe 6.02 

Cr 6.70 

 

3.7. HPLC Peak Identification for β-Carotene and Lutein 

β-Carotene and lutein standard solutions were analysed using HPLC and their retention 

times were confirmed from the chromatogram. Using the retention times for the standard 

samples, individual peaks for β-carotene and lutein in the extracts of the leafy vegetables 

were identified. 

3.8. Quality Control and Quality Assurance 

Quality assurance is a set of principles which, if performed accurately and correctly 

produce known and applicable data. The adequacy of the methodology was carried out 

using usual measure of accuracy, reproducibility and recovery. The quantifications were 

performed using standard solutions. The limit of detection for all mineral elements and 

carotenoid was determined in leafy vegetable samples. The measurement of each 

analytical parameter for sample analysed was carried out in triplicate. The mean, standard 

deviation and relative standard deviation was evaluated for interpretation/comparison of 

data. 
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The samples were either purchased from Suva Municipal Market or were randomly picked 

from different farms. All the glassware’s used were of certified 'A' grade, which were 

scrupulously cleaned before their use. One of every ten samples included duplicates i.e. 

two samples taken from same source, digested and analysed identically. Samples were 

spiked i.e. known amounts of analytes were added to the samples and recovery were 

performed. Duplicate samples were used to determine reproducibility of the method. The 

analysis of the reagent blank was performed to monitor the purity of chemicals, the 

cleanliness of glassware and the purity of the distilled de-ionized water. Spiking was used 

to test the method at varying concentrations of analytes. The use of in-house reference 

material was also applied to check for repeatability and reproducibility of the results 

obtained.  

3.9. Recovery 

The recovery experiment was used to confirm the yield of an analyte in a pre-

concentration or extraction stage in an analytical method. The recovery is determined by 

dividing the obtained concentration of an analyte by analysis with the concentration which 

the sample was spiked with before undergoing the process leading up to the analysis. To 

get the percentage recovery, the result was multiplied with 100. The standard deviation 

was also been calculated for all recovery values. 

 

3.10. Instrumentation 

The protein contents in the leafy vegetables were determined using micro-Kjeldhal 

digestion and distillation apparatus. The mineral elements i.e. Fe, Mn, Zn, Cu and Cr were 

determined using Perkin Elmer AAnalyst 400 atomic absorption spectrophotometer 

(AAS). Phosphorus and sulphur was analysed using UV-visible spectrophotometer 

(Lambda 25, Perkin Elmer). The carotenoid content of the leafy vegetables were 

determined using Waters 1525 Analytical Binary HPLC pump equipped with Waters 2487 
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Dual λ Absorbance Detector with alpha bond C18 stationary phase, length 300mm and ID 

3.9mm (Serial No. 99100618.3) was used.  

3.11. Statistical Analysis of Data 

Microsoft Excel 2012 was used for entry of all the data obtained during present study. 

SPSS Version 21 was used for data analysis. Custom tables were prepared using SPSS to 

compare means of all results obtained.  
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CHAPTER 4 

RESULTS AND DISCUSSION 

In this Chapter results of the data analysis are discussed. This Chapter is organised into 

nine Sections. The First Four Sections of this Chapter deal with household survey data 

results on the production and consumption of leafy food crops. The First Section provides 

an overview of the sample households’ socio-economic characteristics which have a 

bearing on their production and consumption levels of leafy foods. In Section Two various 

leafy food products consumed and produced by the rural and urban households are 

discussed. Per household quantities of leafy vegetables produced by the households are 

explained in Section Three. In Section Four, the quantities of leafy vegetables consumed 

by households are discussed and the underutilized or unutilized leafy vegetables have been 

identified. In the Sections from Five to Nine, the results of the chemical analyses of 

various leafy vegetables have been discussed.   

Section Five provides quality control and assurance of chemical analysis. In Section Six 

protein levels estimated in the raw form of various leafy vegetables have been discussed. 

The results on the mineral contents of raw leafy vegetables are discussed in Section Seven. 

In Section Eight the effects of cooking leafy vegetables by different methods on the 

mineral contents have been discussed. And finally, Section Nine discusses the effects of 

cooking leafy vegetables by different methods on the protein levels.  

PART I: Household Survey Data Results 

4.1. Socio-economic Characteristics of the Sampled Households 

Preference is generally affected by the person’s knowledge and education, habits and 

cultural norms and in case of food, the biological factors that affect hunger (Ruel et al., 

2005). Households’ familiarity, utilization and consumption of vegetables are determined 

by the combination of three factors: size of the family, educational background, and 
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income in the family. Therefore, these socio-economic characteristics of the households 

are discussed in this section. 

The size of a family affects production and consumption of the leafy vegetables in the 

household. Thus to analyse this effect, sample households have been classified into two 

groups: as small family (those households having up to five members) and as large family 

(those households having more than 5 members). In the sample of rural areas, 126 

households had small families and 33 households had large families.  With regards to 

urban areas, 61 households had small families and 10 households had large families.  

Table 4.1 shows the classification of sample households showing the number of sample 

size, male and female composition, children in the family along with their education and 

yearly income. 

The educational level of the household influences production and consumption patterns 

of leafy vegetables by the household. This variable measured the highest level of 

qualification in the family as primary, secondary or tertiary.  In the sample of rural 

households, the number of primary educated household’s was 80, while the number of 

households with secondary level education was 71; and the number of tertiary level 

educated households was 8 (Table 4.1). The educational level data for the urban 

households is also shown in Table 4.1 which shows the number of primary, secondary and 

tertiary educated households as 18, 6 and 23.  

Household’s income status also demonstrates a relationship with the production and 

consumption of leafy vegetables. On the basis of their annual income households were 

categorized into three groups: A household was categorized as low income household if 

its annual income was less than $16000 and as a middle income household if its annual 

income was $16000 to $22000.  If the household’s annual income was more than $22000, 

it was classified as high income household. The survey data presented in Table 4.1 

revealed that in rural areas the number of low income households was 94 the number of 

middle income households was 24, and the number of high income households was 35. In 
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the urban areas, the number of low income, middle income and high income households 

was 18, 6, and 10 respectively. 

Table 4.1. Division of sample households according to their socio-economic 

characteristics. 

Particulars Rural  Urban 

1. Number of sample households  159 71 

2. Number of households with small family (up to 5 members 

in the family): 

  

     (a)  Number of adult males in the family 1 1 

    (b) Number of adult females in the family 1 1 

    (c)  Number of children in the family 2 1 

3. Number of families with large family (more than 5 

members in the family): 

  

    (a)  Number of adult males in the family   2 2 

    (b) Number of adult females in the family 2 2 

    (c)  Number of children in the family 2 2 

4. Number of households with:   

    (a)  Primary education    80 18 

    (b)  Secondary education 71 6 

    (c)  Tertiary education 8 23 

5. Number of households:   

    (a) Low income ( < $16000)       94 18 

    (b) Middle income ($ 16000-22000) 24 6 

    (c) High income ($ > 22000)  35 10 

    (d) who did not indicate 10 37 

Looking at the overall income of the households, the data shows that the income 

distribution of households is skewed, i.e. the incomes of people are not normally 

distributed (Appendix 6).  The area of residence of the households was deduced on the 
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basis of whether they lived in rural areas or urban areas.  Out of 230 (valid) participants 

in the questionnaire survey, on an average, there were four (4) members in the household 

out of which, 38.7% were primary educated, 39.6% were secondary educated and 21.7% 

were tertiary educated. The average income for all households was $18569.98. The 

distribution of income is not normally distributed as it appears to be skewed. The 

percentage of the people living in rural and urban areas was 69.1% and 30.9% 

respectively.  

4.2.  Identifying Important Leafy Vegetable Crops in Fiji 

4.2.1. Familiarity of Households with Various Leafy Vegetables  

Based on the questionnaire survey in three divisions (Central, Northern and Western) of 

Fiji, the ranking of various food crops as per their consumption is presented in Table 4.2. 

In Table 4.2, leafy foods are arranged in descending order according their quantities 

consumed by the households. The most commonly known and edible leafy vegetables 

were listed in the questionnaire and the respondents were asked whether or not these leafy 

vegetables were known to them. The results shows that those which were commonly found 

and consumed were known to all the respondents. The vegetables such as aibika, 

amaranth, English cabbage and Chinese cabbage were known by all the respondents while 

lettuce, taro, chilly leaves, cassava leaves, cowpea leaves, papaya shoots, drumstick 

leaves, sweet potato leaves, mustard leaves, pumpkin leaves, fenugreek leaves, archi, 

roselle, winged bean leaves, bottle gourd leaves, kangkong/swamp cabbage, fern, 

watercress and nightshade leaves were known by more than 80% of the respondents, 

except for nightshade leaves, creeping spinach, fig leaves and jointfir leaves which were 

known by 71.7%,  63 %, 17.4 % and 29.1 % respondents respectively. Table 4.2 clearly 

reveals that the most commonly consumed leafy vegetables were taro leaves, pumpkin 

leaves, lettuce, amaranth, aibika, fern, creeping spinach, roselle, kangkong and Chinese 

cabbage. 
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Table 4.2. Ranking of leafy food crops according to their importance in all three divisions 

of Fiji.  

Leafy food crops (botanical name is in 
parenthesis) 

Awareness 
of leafy 

vegetable 
(%) 

Leafy 
foods 

consumed 
by people 

(%) 

Average quantity 
consumed 

(kg/household/yr) 
Commonly utilized 

Taro  (Colocasia esculenta) leaves 99.1 81.3 124.0 
Pumpkin (Cucurbita moschata) leaves   93.9 21.7 101.0 
Lettuce  (Lactuca sativa) 99.6 44.3 98.0 
Amaranth (Amaranthus) 100 76.5 78.0 
Aibika (Abelmoschus manihot) 100 76.1 78.0 
Fern  (Athyrium esculentum) 88.3 30 71.0 
Creeping spinach  (Basella alba) 63 0.9 52.0 
Roselle (Hibiscus sabdariffa) 92.6 22.2 49.0 
Kangkong/Swamp cabbage  (Ipomoea 
aquatica ) 89.6 23.5 47.0 

Chinese cabbage (Brassica chinensis) 100 92.2 40.0 
Underutilized 

Watercress (Nasturtium officinale) 82.6 13.9 38.0 
Drumstick (Moringa oleifera) leaves 97.4 52.6 37.0 
Fenugreek (Trigonella foenum-
graecum) leaves 92.6 7.4 29.0 

Mustard (Brassica nigra Koch) leaves 95.2 28.3 21.0 
English cabbage (Brassica oleracea) 100 52.2 20.0 

Unutilized  
Papaya shoots (Carica papaya) 97.8 0.0 0.0 
Nightshade (Solanum nigrum) leaves 71.7 0.0 0.0 
Cassava (Manihot esculenta) leaves 98.3 0.0 0.0 
Sweet potato (Ipomoea batatas) leaves 97.4 0.0 0.0 
Bottle gourd (Lagenaria siceraria) 
leaves 91.3 0.0 0.0 

Chilly (Capsicum frutescens) leaves 98.7 0.0 0.0 
Cowpea (Vigna unguiculata) leaves 98.3 0.0 0.0 
Fig (Ficus species) leaves 17.4 0.0 0.0 
Indian mulberry (Morinda 
citrifolia)leaves 92.6 0.0 0.0 

Jointfir  (Gnetum gnemon) leaves 29.1 0.0 0.0 
Winged bean (Psophocarpus 
tetragonolobus) leaves 92.6 0.0 0.0 
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On the other hand, amaranth, English cabbage, fern, lettuce and mustard are consumed in 

larger proportions by households with tertiary educational background. No direct 

relationship is seen between the consumption of the leafy food crops and the educational 

background of the households. The most likely reasons for these could be availability, 

affordability and preferences for the particular vegetable.  

Table 4.3 and Table 4.4 show the production and consumption respectively of those leafy 

food crops which are generally produced and consumed by the rural and urban households 

in Fiji. In rural areas, the most commonly consumed leafy food crops are taro leaves, 

lettuce, pumpkin leaves, aibika, amaranth, fern, rosella and kangkong/swamp cabbage 

leaves. The quantities consumed are more than 50 kg/yr. Out of all the leafy food crops 

available, rural households are the highest consumers of all the leafy food crops. It is also 

seen that the quantity of leafy food crops consumed by the urban households is less than 

one third of the total leafy food crops that was consumed by the rural households. The 

reason being that rural areas are the key sources of supply of most of the leafy food crops 

produced. Due to lack of land in urban areas and other factors such as lack of time for 

home gardening with respect to persons in fulltime jobs, urban households could not 

produce their own leafy food crops at homes while the prices of leafy food crops are high 

in the markets. This constraint is further compounded by the fact that members in urban 

households work out of homes and therefore they look for foods that are easy and quick 

to prepare.  

Some of the leafy food crops such as watercress, drumstick leaves, fenugreek leaves, 

mustard and English cabbage are moderately consumed by the rural and urban households. 

There are some leafy food crops which are not at all utilized by both rural and urban 

households such as jointfir leaves, sweet potato leaves, winged bean leaves, nightshade 

leaves and papaya shoots (Table 4.2). Lack of nutritional education is believed to be 

contributing to the low or no consumption of leaves of these crops which are nutritionally 

rich and readily available. Also may be people have not developed taste for eating leaves 

of these crops.  
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Table 4.3. Production (kg/yr) of leafy food crops by households according to the location, educational status, size of family and 

annual income. 

Leafy Food Crops 
Location Education Family Size Annual Income (F$) 

Rural Urban P S T Small Large < 16,000 16000-22000 > 22,000 

Aibika 167 51 66 238 57 169 61 197 63 85 

Amaranth 175 99 104 292 72 159 187 181 246 114 

Creeping spinach 85 - 82 93 - 38 136 109 49 51 

Chinese cabbage 99 40 74 116 50 93 66 108 59 56 

English cabbage 64 26 73 53 22 37 93 83 44 21 

Drumstick leaves 120 30 86 134 157 94 171 129 134 81 

Fern 65 26 40 80 15 69 31 70 54 51 

Jointfir leaves 102 - 101 104 - 56 125 106 260 12 

Kankong/Swamp cabbage 165 5 113 233 28 125 283 177 133 163 

Pumpkin leaves 99 36 71 115 60 100 50 109 57 101 

Roselle 108 12 108 114 36 74 136 126 90 57 

Sweet potato leaves 50 56 104 36 - 77 29 50 8 104 

Taro  leaves 161 77 142 179 45 154 103 157 168 107 

Watercress 308 105 420 88 200 89 503 308 363 124 

Winged bean leaves 75 - 73 77 - 38 91 68 104 - 

Lettuce 76 25 36 84 15 74 37 74 69 63 

Nightshade leaves 150 - 110 500 1 128 180 500 80 104 

Mustard leaves 33 13 36 18 18 22 61 23 81 9 

Fenugreek leaves 19 12 10 51 12 11 39 26 12 6 

Papaya shoots 26 - - 26 - 26 26 26 - - 

P: Primary, S: Secondary, T: Tertiary. Small family if ≤ 5 members and Large family if ≥ 6 members in the households.
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4.3. Production of Leafy Food Crops by Households 

The role of wild edible plants in subsistence agriculture as food supplements and as means 

of survival in times of drought and famines have been underestimated (Addis et al., 2005). 

The elders in any family are key holders of wild plant knowledge. Increasing the 

consumption of wild plants enables people to cope with the extreme weather conditions. 

Production and consumption decisions are independent on the basis that production 

decisions do not depend on consumption preference. The domestication of indigenous 

plant foods can be used as a strategy to improve food security and can generate income 

for people who live in rural areas as well as help in mitigating climate change (Legwaila 

et al., 2011). The production decisions are partly dependent on consumption needs of the 

family and that consumption is also partly dependent on consumption opportunities. 

Vegetables are highly perishable and the cost of obtaining them from the market becomes 

high for the households living in rural/remote areas.  Access to lands, water, seeds and 

information on horticultural production methods may limit both production and 

consumption of vegetables in rural/remote areas.  

Reducing the imports of vegetables is a policy priority of the Fijian Government, however, 

replacing these imports with local supply presents a number of major challenges (Martyn, 

2011). The vegetable production and supply to market is usually depends on  small holders 

who are generally incapable of meeting the quality standards, credit demands and services 

required for production to increase supply for matching  increasing demand by urban 

market (Martyn, 2011). Increase in the urban population in Fiji requires local vegetable 

suppliers to meet the changing needs of urban consumers. In this study, the factors that 

drive the changing consumption patterns of the urban populations have been analysed.  

Generally, the diets of urban dwellers are more diverse than that of their rural counterparts 

(Smith, 2004). It is believed to be due to a combination of several factors such as the 

availability of many different varieties in the urban markets, the storage facilities, change 

in cultural and living styles, and the need for convenience leading to purchase of processed 

food (Ruel and Garrett, 2003).  
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Based on the questionnaire survey, Table 4.3 presents the quantity of leafy food crops 

produced in rural and urban areas in Fiji. As expected the quantity of vegetables produced 

in rural areas is much higher compared to that of urban areas. This is because of 

availability of more land and more time to spend on vegetable production activities. For 

vegetables like creeping spinach, jointfir, winged bean leaves and nightshade leaves and 

papaya, there is no production in urban areas at all. This may be due to the lesser 

availability of land. Due to urbanization, most of the land in the urban areas has been used 

for housing facilities.  

Table 4.3 also gives the ideas about the quantity of leafy food crops production based on 

the educational status of the households. With respect to educational background of the 

households, in general, the households with lower education (e.g., primary and secondary 

education) produce higher quantities of vegetables as compared to the tertiary educated 

households (Table 4.3). Time constraints faced by the tertiary educated households is 

assumed to affect the production of leafy food crops as they do not have time for home 

gardening. Also, home production of vegetables for the primary and secondary educated 

households could earn them additional income which could be spent on something else. 

In some cases, like creeping spinach, jointfir, and winged bean leaves, and papaya shoots 

are not produced at all by the tertiary households (Table 4.3). Moreover, availability of 

land in rural areas enhances leafy food crops production in home gardens while the urban 

dwellers do not have backyard lands for vegetable production due to increase in 

population most of the land is used either for housing or for industrial purposes. Also, in 

urban areas, the higher prices of vegetables reduce their demand but there is a wider 

selection of vegetables (from locally produced and those imported from overseas) which 

could increase the total purchases of vegetables (Ruel and Garrett, 2003). 

The production of vegetables was also linked with the family size i.e. the number of 

members in the household. The assumption is that households where there are more 

persons living together should produce more quantities of vegetables to cater for the larger 

family than the quantities produced by smaller households. Also, more members in the 

family would mean more people to work in the farms or gardens for vegetable production 
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or even for sale of vegetables to earn additional income. In some cases, the smaller 

households produced more vegetables as compared to the larger households such as 

aibika, Chinese cabbage, fern, pumpkin leaves, sweet potato leaves, taro leaves and 

lettuce. In such cases, the small households might be producing for household 

consumption and for selling these vegetables. On the other hand, vegetables like amaranth, 

creeping spinach, English cabbage, drumstick leaves, jointfir leaves, kangkong/swamp 

cabbage, roselle, winged bean leaves, nightshade leaves and fenugreek leaves are 

produced in a higher quantities by the large households. 

4.4. Consumption of Leafy Food Crops 

In this section the quantities of the leafy vegetables consumed by different categories of 

households, such as those with small or larger family sizes, rural or urban location, with 

lower income or higher income, etc. are compared. The data presented in Table 4.4 

compares the per household quantities of leafy vegetable consumed while Table 4.5 

compares the per capita quantities of the leafy vegetables consumed by the households. 

Data analysis clearly shows that the quantity of leafy foods consumed by the households 

is affected by the location of the family, its educational background, number of members 

in the family as well as the household income.  

4.4.1. Per Household Consumption of Leafy vegetables 

In general, rural households consume larger quantities of the leafy vegetables than their 

urban counterparts. This may be due to several factors; prominent being non availability 

of many different varieties in the urban markets, lack of storage facilities, change in 

cultural and living styles of urban people, and the convenience leading to purchase of 

processed foods (Ruel and Garrett, 2003).  
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Table 4.4.  Consumption (kg/yr) of leafy food crops by households according to their location, educational status, family size 

and annual income. 

Leafy Food Crops 
Location Education Family Size Annual Income (F$)  

Rural Urban P S T Small Large < 
16,000 

16000-
22000 > 22,000 

Aibika 99 33 81 106 28 77 81 98 88 55 
Amaranth 97 41 78 101 39 70 115 89 101 68 
Creeping spinach - 52 - 52 - 52 - - 52 - 
Chinese cabbage 46 26 45 39 31 34 66 50 30 28 
English cabbage 22 19 23 18 21 20 21 19 19 20 
Drumstick leaves 44 18 44 42 15 34 52 37 56 33 
Fern 91 32 83 86 36 65 84 89 124 26 
Jointfir leaves - - - - - - - - - - 
Kangkong /Swamp cabbage 50 33 53 52 16 49 42 49 76 34 
Pumpkin leaves 106 43 92 120 44 97 108 129 39 38 
Roselle 54 8 71 41 11 52 38 54 47 38 
Sweet potato leaves - - - - - - - - - - 
Taro leaves 156 40 188 106 24 89 255 160 145 67 
Watercress 47 29 25 44 37 28 61 54 16 43 
Winged bean leaves - - - - - - - - - - 
Lettuce 129 46 121 117 42 92 127 145 94 69 

Nightshade leaves - - - - - - - - - - 
Mustard leaves 25 14 14 33 14 23 13 15 13 38 
Fenugreek leaves 32 9 33 32 9 30 26 51 16 30 
Papaya shoots - - - - - - - - - - 

P: Primary, S: Secondary, T: Tertiary education. Small family if ≤ 5 members and Large family if ≥ 6 members in the household. 
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This data also confirms the findings of a study carried out by WHO which states that the 

dietary patterns of urban households are of poor quality than the rural households who 

retain their traditional dietary pattern (WHO, 2008).  In urban areas traditional foods 

which are rich in minerals, proteins and carbohydrates are being replaced by food items 

such as sugar, rice, fatty meat and white bread because these foods are relatively low cost 

and possess good taste.  Leaves of jointfir, sweet potato, winged bean leaves, nightshade 

leaves, cassava, bottle gourd, chilly, cowpea, fig, Indian mulberry and papaya shoots are 

generally available but are not at all consumed (cf. Table 4.2). This may perhaps be due 

to poor taste of these leaves and also households’ unawareness about the nutritional value 

of their leaves.  

With regards to the correlation of educational level of household members with the 

consumption of leafy vegetables, the data presented in Table 4.4 revealed that the primary 

and secondary educated households consumed larger quantities of leafy vegetables than 

the tertiary educated households. The reason for this may be that higher educated members 

are more likely to work on jobs outside the home and have less time for preparing food 

items from leafy vegetables which require longer time in their preparations, as a result the 

family may use more of processed foods which require less time in preparing the meal as 

compared to the time required for preparation food from fresh vegetables (Pollard et al., 

2008).  Also, there is high correlation between the production pattern and consumption 

pattern of leafy vegetables by the households with educational background being similar.  

4.4.2. Per Capita Consumption of Leafy Food Crops 

The per capita consumption patterns of leafy food crops by different types of households 

are presented in Table 4.5. Generally, the per capita consumption of the small households 

was higher for all leafy food crops investigated in this study except for watercress and taro 

leaves compared to that of the large households. The quantity of leafy food crops 

purchased may be the same for both small and large households however; the amount each 

member receives depends on the total household size. 
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Table 4.5. Per capita consumption (kg/yr) of leafy vegetables in the household according to their family size, location, educational level 

and annual income. 

Leafy vegetables 
Family Size Annual Income Education Location 

Small Large < 
16,000 

16,000 - 
22,000 

> 
22,000 P S T Rural Urban 

Aibika 22.9 11.3 25.7 22.4 12.7 18.7 29.5 8.6 25.7 9.3 

Amaranth 23.1 16.1 23.4 28.9 20.4 19.4 28.8 14.7 27.4 11.4 

Creeping Spinach 17.3 -- -- -- -- -- 17.3 -- -- 17.3 

Chinese cabbage 10.7 9.6 12 8.7 7.8 10.1 10.9 10.4 11.6 8 

English cabbage 6.5 2.9 4.8 5 5.5 5.5 4.7 7.8 5.7 6.3 

Drumstick leaves 11.5 7.4 9.8 17.5 9.2 11.9 12.6 5.9 12.7 6.6 

Fern 20.2 12.2 21.1 27.2 8.1 14.6 23.5 12.4 21.5 9.5 

Kangkong/Swamp cabbage 16.7 6 14.3 18.1 10.6 14.7 14.3 11 13.6 16.4 

Pumpkin leaves 28.5 15.2 30.2 10.9 9.1 18.1 32.3 25.6 25.2 16.3 

Roselle 15.3 5.7 14.6 12.4 9.6 20.8 9.8 4.1 14.7 1.7 

Taro leaves 26.8 38.2 37.6 29.4 16.8 36.8 31.6 7.5 36.3 10.6 

Watercress 8 9.8 11.1 2.6 10.2 5 8.8 10.6 9.2 7.9 

Lettuce 27.6 19.1 36.1 28.5 17.6 29.6 31.9 13.6 33.7 14 

Mustard leaves 8.5 1.9 4.9 3.8 14 4.9 11.6 4.9 9.1 4.5 

Fenugreek leaves 9.9 3.3 11.4 8.4 6.2 8 8.7 2.5 8.5 2.5 

P: Primary, S: Secondary, T: Tertiary education. Small family if ≤ 5 members and Large family if ≥ 6 members in the household.
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The relationship between the annual income of the household and the consumption of 

leafy food crops was also considered. Majority of the leafy vegetables that are more 

frequently consumed by the low income households (<$16000) followed by middle 

income households. However some leafy vegetables are consumed more frequently by the 

middle income ($16000-$22000) households while only a few are consumed in higher 

quantities by the high income households with some exceptions like English cabbage and 

mustard leaves as they are easily afforded by high income households. 

Leafy food crops such as aibika, Chinese cabbage, pumpkin leaves, roselle, taro leaves, 

watercress, lettuce and fenugreek leaves are consumed in larger quantities by the low 

income households. On the other hand, middle income households consumed larger 

quantities of amaranth, drumstick leaves, fern and kangkong/swamp cabbage while 

English cabbage and mustard leaves are consumed in higher quantities by the high income 

households. These observations, in general, shows that the income of the household 

affects the consumption patterns of leafy food crops. As can be seen in Tables 4.4 and 4.5, 

high income households consume lower quantities of leafy food crops compared to the 

low and middle income households.  The households with high incomes could be those 

whose members are working and due to lack of time in producing their own leafy 

vegetables at home, their consumption is also affected. Also, since leafy vegetables 

require time to clean and prepare, most household prefer buying processed foods in order 

to save time.  

Educational background of the households was also considered to understand the factors 

affecting the consumption of leafy food crops by the households. In general, majority of 

leafy vegetables are consumed by primary educated households (Table 4.4). Taro leaves, 

English cabbage, Chinese cabbage, kangkong/swamp cabbage, fenugreek leaves, 

drumstick leaves, roselle and lettuce were the most highly consumed leafy vegetables by 

the primary educated households. The secondary educated households consumed higher 

amounts of aibika, amaranth, creeping spinach, fern, pumpkin leaves, watercress, and 

mustard leaves. Tertiary educated households consumed relatively less quantities of 

almost all leafy vegetables than the primary and secondary educated households. Tertiary 
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educated households little or no consumption of other widely used vegetable may be 

linked to the women’s employment outside the home. This availability of less time for 

household chores in higher educated households leads to the purchase of more processed 

and convenient foods which requires less time to prepare as compared to the preparation 

of meals from leafy vegetables.  

Data showed a direct link of family size to the quantity of leafy vegetables consumed in 

the family. Households with more than five members in the household consumed larger 

quantities of vegetables than the smaller households. However, it was also noticed that 

there are some leafy vegetables such as creeping spinach that are only consumed by the 

smaller households only (Table 4.4). Catering for larger members in the households is 

expensive as one has to buy in a larger quantity. Except for fenugreek leaves, roselle and 

kangkong/swamp cabbage, other vegetables were consumed in a larger quantity in large 

families than the smaller size households (Table 4.4). 

The relationship of household income and the quantity of leafy vegetables consumed 

shows that there was an inverse relationship between the household income and the 

quantity of vegetables consumed (Table 4.4). The households having less than $22000 

income (middle and low income class) consumed relatively higher amounts of leafy 

vegetables. The low income households consumed aibika, Chinese cabbage, pumpkin 

leaves, taro leaves, roselle, watercress, lettuce and fenugreek leaves in higher quantities 

than the middle income and high income households (Table 4.4). As most of the low 

income households are located in rural areas and vegetable production is mainly carried 

out in rural areas, rural households are able to obtain them from their own gardens/farms. 

Middle income households consumed amaranth, fern, creeping spinach, drumstick leaves 

and kangkong/swamp cabbage in higher quantities as compared to the low income 

households and high income households (Tables 4.4 and 4.5). Only mustard leaves are 

consumed in large quantities by high income households.  
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The Sentinel Monitoring 2009-2010 (Miskelly et al., 2011) also reported that due to 

increase in food prices, majority of respondents face difficulty in meeting daily 

expenditures and face serious financial difficulties compared to previous year (2008). In 

Fiji, the respondent families have also commented on the change in the type and quantity 

of food consumed by them as well as the cooking methods (Miskelly et al., 2011). New 

modes of transportation, leisure, employment and work within the home were the cause 

for people to live more sedentary lifestyles and to demand more convenient foods. These 

changes in activity and dietary patterns are part of dietary transition in which households 

and countries may simultaneously face the evolving challenge of overweight or obesity 

and non-communicable diseases (Feyssa et al., 2012). A study on the determinants of food 

choice in Fiji reported that changes in the choices of food in the Fijian population were 

attributed to cost and ease of preparation (Hone, 2004).  

4.4.3. Underutilized Leafy Food Crops in Fiji 

Based on the data in Table 4.2 and the utilization, production and consumption of leafy 

vegetables, the underutilized leafy food crops have been identified in this section. Some 

of the leafy food crops that can be used in daily diets such as sweet potato leaves, chilly 

leaves, papaya shoots, winged bean leaves, bitter gourd leaves, fig leaves and bottle gourd 

leaves could form important sources of macro- and micronutrients. The leaves of the 

above mentioned food crops are completely absent from the diets of people in Fiji (Table 

4.2). Even though, most of these leafy food crops are produced in home gardens and fields, 

these are unutilized for direct eating.  

Some of the ways in which these leafy food crops can be incorporated in the diets of 

people could be through nutrition education or health awareness programmes. Showing 

the importance of the essential nutrients present in the selected leafy food crops could 

form a key factor in influencing the consumption of these leafy food crops. Moreover, the 

preparation method is another factor which affects the utilization of such leafy food crops. 

Lack of knowledge on the preparation methods to detoxify anti-nutrients in the leaves is 

another factor which affects the poor intake or utilization of leafy foods. Appropriate 
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cooking recipes/methods could be formulated and widely disseminated amongst people, 

thus enhancing utilization of these leafy food crops. 

Increasing the consumption of underutilized species could help household in reducing 

national food insecurity. The Pacific Island Countries are especially prone to adverse 

weather condition such as cyclones, flooding and drought. During famines, the usual crops 

tend to get destroyed or damaged; leaving the food crops that can withstand adverse 

weather conditions. Hence, utilization of underutilized leafy food crops after the 

cyclones/famines becomes the easy option. 

4.4.4. Constraints Faced by the Indigenous People in Producing and Consuming 

Leafy Food Crops 

Traditional food crops are those accepted by a community, through habit and tradition, as 

suitable and required sources of food. People are familiar to them and know how to 

produce, cook and consume them. Typically, in subsistence agriculture, farmers grew and 

used traditional food crops because the practice was familiar. People used the selected 

varieties of crops to meet the requirements and restrictions of their environment. The 

dietary transition of the urban population has had adverse effects on the consumption of 

leafy food crops. Production of leafy food crops in Fiji is mostly subsistence. 

Unavailability of land in house backyards poses a major constraint on the production of 

leafy food crops in urban areas. Since most of the leafy food crops are drought intolerant 

hence, they cannot be grown during dry season without irrigation (Vorster, 2007). Scarcity 

of water in urban areas is also a constraint for growing own vegetables.  The high cost of 

fertilizer affects the quantity of vegetables produced in rural areas. Another factor is the 

risk of grazing animals damaging the leafy vegetable crops as most rural people cultivate 

the food crops in open lands.  
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PART II:   Chemical Analysis of Leafy Vegetables 

4.5. Quality Control and Quality Assurance 

To attain significant data, appropriate quality control and quality assurance processes were 

developed and maintained. Duplicate sample analysis was used to determine consistency 

or reproducibility of the method. Also duplicate samples were taken from the same source, 

digested and analysed following identical procedure.  

Duplicate samples were analysed which agreed within 10% showing good accuracy and 

precision. In cases where the duplicate samples were not accurate and precise, whole 

samples were repeated and checked for accuracy and precision.  

Samples were also spiked with a known level of analyte and the percentage recovery was 

between 80 to 110 %; this was taken as another quality control measure. Analysis of the 

reagent blank was also undertaken to monitor the purity of the chemicals, lab distilled/de-

ionized water and the cleanliness of the glassware’s. The calibration of the instruments 

used i.e. Atomic Absorption Spectrophotometer, UV-visible spectrophotometer and High 

Performance Liquid Chromatography (HPLC) were calibrated prior to the analysis of the 

samples.  

4.6. Protein Levels in Leafy Vegetables 

Protein sources mainly vary in their nutritional value, with proteins from animal origin 

tending to be higher quality because they contain all the essential amino acids. Even 

though proteins from plant-based origins may be limited in one or more essential amino 

acids, protein requirements can easily be met on a vegetarian diet when a range of plant 

foods is consumed and energy requirements are met (American Dietetic Association and 

Dieticians of Canada, 2003). Hence, the determination of proteins in the leafy vegetables 

selected in the present study was thought to be of great public interest. 

The crude protein levels of the leafy vegetables studied are presented in Table 4.6. The 

effects of different cooking methods had different effects on the protein contents of the 
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leafy vegetables. For all vegetables, steaming gave rise to the protein contents in the leafy 

vegetables except bitter gourd leaves, nightshade leaves, mustard leaves and 

kangkong/swamp cabbage leaves (Table 4.6).  

4.6.1. Crude Protein Levels in Raw Vegetables 

The crude proteins levels in all vegetables are relatively low with levels ranging from 1.35 

to 2.47%, where fenugreek leaves and bitter gourd leaves contain the highest and the 

lowest levels of protein respectively in the leaf concentrates (Figure 4.1). The Pacific 

Islands Food Composition Table reported the protein levels in cooked and raw leafy 

vegetables (Dignan et al., 2004). Drumstick leaves in raw samples is reported to be 

7.6g/100g, nightshade leaves as 5.0g/100g, pumpkin leaves as 4.9g/100g and creeping 

spinach as 1.6g/100g (Dignan et al., 2004). In comparison to the study carried out by 

Dignan et al (2004) and the present study on the same leafy vegetables, a decline of 69.0, 

64.6 and 61.0% in drumstick leaves, nightshade leaves and pumpkin leaves respectively 

while an increase in the retention of 5% in creeping spinach. The reason of the decline 

may be due to low fertility of soils. 

 

Figure 4.1. Percentage crude protein in analysed raw leafy vegetables. 
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Table 4.6. Percentage crude protein in raw and cooked leafy vegetables and percentage loss in different cooking methods. 

Leafy Vegetables and the 

Cooking methods 

Crude Protein (%) Loss (%) 

Raw Steam Boiled Fried Steam Boiled Fried 

Creeping spinach 1.68±0.66 1.86±0.23 2.10±0.06 0.67±0.01 -10.7 -25.0 -23.5 

Bitter Gourd leaves 1.35±0.08 0.92±0.21 0.89±0.01 0.45±0.16 33.3 33.3 66.7 

Chilly Leaves 1.97±0.02 1.91±0.05 2.43±0.15 1.64±0.04 2.6 -25.6 15.4 

Drumstick leaves 2.24±0.48 2.36±0.12 2.13±0.08 1.81±0.01 -4.4 4.4 20.0 

Fenugreek leaves 2.47±0.59 nd nd 1.05±0.25 nd nd 57.1 

Kangkong/Swamp cabbage 1.93±0.25 1.64±0.02 1.41±0.26 1.09±0.06 28.2 43.6 23.1 

Nightshade leaves 1.77±0.28 1.52±0.08 2.64±0.26 0.48±0.12 14.3 -51.4 71.4 

Mustard leaves 1.88±0.37 0.67±0.02 0.92±0.35 0.60±0.01 65.8 52.6 68.4 

Pumpkin leaves 1.91±0.69 2.41±0.12 0.79±0.11 0.20±0.09 -26.3 57.9 89.5 

Radish leaves 2.19±0.31 nd nd nd nd nd nd 

nd: Not detected 

(-) indicates retention 
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4.6.2.  Effects of Cooking Methods on Protein Contents 

Fruits and vegetables have been reported to be very good sources of minerals and 

phytochemicals (Khonsarn and Lawan, 2012; Lakshminarayana et al., 2005; Tharasena 

and Lawan, 2012). Unlike fruits, which are mostly eaten in raw form, most vegetables are 

thermally processed or cooked before consumption. However, in order to attain maximum 

health benefits, some green leaves are generally consumed in raw form or are slightly 

cooked (Bailey, 1992). In this study, the three most commonly cooking techniques used 

to prepare leafy vegetables has been undertaken and effects of the cooking methods on the 

mineral, protein and carotenoid contents have been reported. The percentage loss of 

protein during cooking has been calculated by the following formula where, A = level of 

protein content in the sample of raw vegetables and B = level of protein content in the 

sample of cooked vegetables. 

� � 100% �
�

�
A

BALoss  

The losses of protein levels during different cooking techniques have also been presented 

in Table 4.6.  Table 4.6 clearly shows the loss of 33.3, 2.6, 28.2, 14.3 and 65.8% protein, 

which was noticed in steamed bitter gourd leaves, chilly leaves, kangkong/swamp 

cabbage, nightshade leaves and mustard leaves respectively. Steaming led to the retention 

of 10.7, 4.4 and 26.3% crude protein in creeping spinach, drumstick leaves, and pumpkin 

leaves respectively. Boiling also had both positive (retention) and negative (loss) effects 

on different leafy vegetables. Boiling method also resulted in retention of the protein 

levels except in bitter gourd leaves, drumstick leaves, kangkong/swamp cabbage leaves, 

mustard leaves and in pumpkin leaves with loss of 33.3, 4.4, 43.5, 52.6, and 57.9% 

correspondingly. Frying on the other hand resulted in a loss in the crude protein levels in 

all the vegetables studied ranging from 15.4 to 89.5 except in creeping spinach with 

retention of 23.5% crude protein. 
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4.7. Mineral Contents of Leafy Vegetables 

The results of the mineral (elemental) analysis of underutilized or non-utilized ten leafy 

vegetables cooked using different cooking methods is shown in Table 4.7. The results 

obtained in this study shows that Fe levels in all leafy vegetables ranged from 

234.81mg/100 in fenugreek leaves to around 5mg/100g in some of the fried samples such 

as mustard leaves, chilly leaves and drumstick leaves. The Zn levels ranged from 

10.35mg/100g in raw pumpkin leaves to < 2mg/100g in fried kangkong/swamp cabbage, 

drumstick leaves and chilli leaves. Cu levels as high as 2.53mg/100g in raw fenugreek 

leaves and low as < 0.5mg/100g in fried chilli leaves, drumstick leaves, kangkong/swamp 

cabbage, mustard leaves, pumpkin leaves and steamed kangkong/swamp cabbage. Mn 

levels range from 17.38mg/100g in raw kangkong/swamp cabbage to < 1.5mg/100g in 

fried bitter gourd leaves, drumstick leaves, pumpkin leaves and mustard. Cr levels range 

from 1.82mg/100g in raw fenugreek leaves to 1.02mg/100g in steamed kangkong/swamp 

cabbage. P levels vary from the highest level being 25.83mg/100g in raw mustard leaves 

to 0.89mg/100g in fried mustard leaves. Similarly, S levels vary from 681.50mg/100g in 

raw drumstick leaves to 51.68mg/100g in fried bitter gourd leaves (Table 4.7). Sulphur 

level was found to be the highest among all the mineral determined.  
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Table 4.7. Levels of Fe, Zn, Cu, Mn, Cr, P and S in raw leafy vegetables and using different cooking methods (mg/100g). 

Leafy Vegetables and Cooking Method Fe Zn Cu Mn Cr P S 

Creeping spinach 

Raw 21.10 ± 0.00 7.09±0.00 1.41±0.01 3.40±0.06 1.26±0.01 5.11±0.39 293.70±1.70 

Steamed 22.33± 0.01 8.61±0.02 1.39±0.01 3.58±0.01 1.32±0.01 5.15±0.23 267.23±1.03 

Boiled 20.46±0.30 7.79±0.41 1.33±0.01 4.39±0.00 1.54±0.01 5.20±0.25 258.18±0.22 

Fried 20.67±0.02 8.03±0.01 1.28±0.01 3.20±0.01 1.28±0.01 4.23±0.11 145.99±1.26 

Bitter gourd leaves 

Raw 7.19±1.14 7.95±0.85 0.53±0.25 2.04±0.06 1.41±0.01 3.09±0.03 131.65±0.04 

Steamed 11.09±0.46 12.24±0.07 0.63±0.00 3.04±0.03 1.44±0.01 3.20±0.24 103.09±2.37 

Boiled 16.64±1.04 10.21±0.00 2.04±0.00 2.77±0.00 1.29±0.03 3.53±0.18 89.25±1.55 

Fried 4.72±0.41 3.10± 0.12 0.56±0.01 1.00±0.00 1.33±0.01 6.20±0.11 51.68±3.10 

Chilly leaves 

Raw 14.13±0.18 3.68±0.00 0.74±0.01 3.34±0.00 1.28±0.04 3.56±0.53 338.38±2.23 

Steamed 18.28± 3.81 3.19± 0.04 1.18±0.03 2.34±0.03 1.17±0.01 2.42±0.69 279.23±0.23 

Boiled 13.70±0.39 4.35±0.00 0.96±0.10 2.64±0.82 1.21±0.06 3.53±0.14 170.83±0.24 

Fried 5.19± 0.14 1.26 ± 0.00 0.25±0.00 1.64±0.77 1.31±0.06 3.33±0.09 229.06±3.20 

Drumstick leaves 

Raw 9.47±0.66 3.16± 0.33 0.51±0.27 2.62±0.06 1.23±0.01 4.12±0.45 681.50±0.51 

Steamed 11.05±1.43 2.25±0.20 0.76±0.02 2.24±0.07 1.17±0.10 2.34±0.22 360.23±0.07 

Boiled 14.74±0.55 1.88±0.32 0.26±0.00 1.95±0.01 1.24±0.03 2.17±0.71 93.64±2.31 

Fried 5.63±0.41 1.96±0.02 0.38±0.01 1.23±0.00 1.17±0.01 2.03±0.03 235.22±1.23 

Fenugreek leaves 
Raw 234.81±2.39 7.57± 0.51 2.53±0.02 13.80±0.02 1.82±0.01 4.82±0.58 122.20±1.39 

Fried 215.06±0.27 7.33±0.00 1.47±0.01 5.32±0.00 1.48±0.05 1.17±0.26 198.04±0.26 
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Table 4.7 continued 

Leafy Vegetables and Cooking Methods Fe Zn Cu Mn Cr P S 

Kangkong/Swamp 

cabbage 

Raw 17.62±0.49 3.75±0.17 0.64±0.01 17.38±0.00 1.12±0.01 3.94±0.59 193.20±0.26 

Steamed 14.05±1.14 2.51±0.22 0.41±0.25 16.09±0.47 1.02±0.01 2.84±0.43 145.08±0.14 

Boiled 12.65±0.31 2.77±0.21 0.57±0.01 14.34±0.03 1.22±0.01 2.75±0.05 161.58±3.94 

Fried 9.35±0.31 1.51 ±0.18 0.31±0.01 1.81±0.01 1.19±0.01 2.56±0.29 204.02±0.11 

Mustard leaves 

Raw 11.43±0.69 9.04±0.18 0.95±0.02 3.21±0.06 1.42±0.03 25.83±1.13 404.79±0.12 

Steamed 14.35±2.09 5.20±0.00 1.83±0.29 3.21±0.00 1.21±0.01 4.19±0.92 411.93±0.93 

Boiled 25.84±0.55 5.48±0.00 1.77±0.01 2.49±0.00 1.80±0.01 5.07±0.04 250.47±0.20 

Fried 5.43±0.55 3.47±0.00 0.36±0.14 1.40±0.23 1.16±0.02 0.89±0.42 93.64±2.36 

Nightshade leaves 

Raw 18.43±2.89 6.07±0.03 1.04±0.77 17.82±1.84 1.31±0.01 3.94±1.59 177.54±0.33 

Steamed 21.99±1.40 5.05±0.16 1.35±0.19 12.30±1.70 1.35±0.01 2.84±0.43 515.31±1.60 

Boiled 23.45±0.62 4.27±0.05 1.50±0.02 7.68±0.08 1.26±0.01 2.71±0.01 191.89±0.08 

Fried 9.98±1.56 3.65±0.06 0.57±0.01 4.53±0.05 1.17±0.02 2.56±0.29 158.50±0.09 

Pumpkin leaves 

Raw 79.24±0.51 10.35±0.00 2.07±0.01 3.40±0.00 1.36±0.02 5.16±0.46 227.31±0.05 

Steamed 100.26±0.09 5.20±0.01 0.79±0.01 3.60±0.04 1.22±0.02 3.99±0.10 313.59±0.28 

Boiled 119.50±1.35 5.48±0.01 1.10±0.03 2.87±0.18 1.20±0.05 4.01±0.01 141.03±0.13 

Fried 35.48±0.57 3.47±0.01 0.41±0.32 1.44±0.72 1.41±0.02 1.26±0.13 80.70±0.23 

Radish leaves Raw 19.13±0.11 8.23±0.00 1.65±0.01 5.42±0.00 1.20±0.05 2.46±0.46 439.17±0.21 
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4.7.1. Mean Iron levels in Leafy Vegetables 

The estimates of iron (Fe) levels in various raw leafy vegetables are shown in Figure 4.2. 

The analysis revealed that fenugreek leaves are the richest source of Fe having iron level 

about 200mg/100g.  Fe level in pumpkin leaves is about 50mg/100g which is the second 

richest sources of Fe. Other leafy vegetables are also a good source of dietary Fe as the 

levels are more than 10mg/100g except bitter gourd leaves with 7.19mg/100g and 

drumstick leaves with 9.47mg/100g. When compared to the reported levels from Dignan 

et al. (2004), of the leafy vegetables drumstick leaves, nightshade leaves, creeping 

spinach, and pumpkin leaves of 2.7mg/100g, 19.0mg/100g, 1.3mg/100g and  2.5mg/100g 

respectively, the levels obtained from the present study revealed the levels of 

9.47mg/100g, 18.43mg/100g, 21.1mg/100g and 79.24mg/100g in drumstick leaves, 

nightshade leaves, creeping spinach, and pumpkin leaves respectively. This could be due 

to changes in the mineral levels due to factors discussed in section 1.5, Chapter 1. 

Fenugreek and pumpkin leaves are mostly low lying and would have undergone some 

soil/dust contamination where at times even vigorous washings cannot get rid of this. This 

could be the reason for a higher level of Fe in these leaves due to soil Fe/Al contamination. 

This could be the reason for higher levels of Fe than other leafy vegetables.  

 

Figure 4.2. Mean iron levels in analysed raw leafy vegetables. 
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4.7.2. Mean Zinc Levels in Leafy Vegetables 

The mean zinc (Zn) levels in various raw vegetables are shown in Figure 4.3. Creeping 

spinach, bitter gourd leaves, fenugreek leaves, lettuce, mustard leaves, nightshade leaves, 

pumpkin leaves and radish leaves contain more than 5mg/100g of Zn. Other vegetables 

such as chilly leaves, drumstick leaves and kangkong/swamp cabbage leaves are also good 

sources of Zn as their levels are more than 3mg/100g. The levels of Zn in green leafy 

vegetables are also reported in the Pacific Islands Food Composition Table where data 

reported are as follows; drumstick leaves with 0.5mg/100g, nightshade leaves with 

0.3mg/100g, creeping spinach with 0.8mg/100g and pumpkin leaves as 0.9mg/100g 

(Dignan et al., 2004). The present study, however, found a little higher levels of Zn in the 

sample of raw leaves of various vegetables. Application of organic or inorganic fertilizers 

in the crop can lead to an increase in the Zn levels in raw samples (Oloyede, 2012; Lim 

and Vimala, 2012).   

 

Figure 4.3. Mean zinc levels in analysed raw leafy vegetables. 
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(Cu) levels in raw vegetables are presented in Figure 4.4. In all the leafy vegetables 

analysed in this study, the Cu levels range from 0.5-2.5mg/100g.  

All the leafy vegetables analysed showed less than 2.5mg/100g of Cu in the leaf extracts. 

Fenugreek leaves, pumpkin leaves and radish leaves show the highest levels of more than 

1.5mg/100g of Cu. The higher levels of Cu in these leafy vegetables could be due to soil 

contamination as these are leaves of food crops i.e. fenugreek leaves, pumpkin leaves and 

radish leaves are generally low lying on the grounds. The other leafy vegetables generally 

show less than 1.5mg/100g of Cu in the leaf extracts. The low levels of copper in the 

leaves may be due to low levels of copper in the soils where these leafy food crops were 

grown hence the uptake was minimized.  The content of essential elements in plants is 

conditional, the content being affected by soil characteristic and the ability of the plants 

to selectively accumulate some metals (Divrikli et al., 2006). Additional sources of heavy 

metals reported are: rainfall in atmospheric polluted areas, traffic density, plant protection 

agents and fertilizers which could be adsorbed through leaf blades (Lim and Vimala, 

2012). Uptake and accumulation of elements by plants may follow different pathways i.e., 

through the roots and foliar surface (Sawidis et al., 2001). The uptake of metals form the 

soil also depends on different factors such as their soluble content in the soil and pH of 

the soil (Ismail et al., 2005).  

 

 

Figure 4.4. Mean copper levels in analysed raw leafy vegetables. 
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4.7.4. Mean Manganese Levels in Leafy Vegetables 

The mean manganese (Mn) levels in raw leafy vegetables are shown in Figure 4.5. 

Fenugreek leaves, kangkong/swamp cabbage leaves and nightshade leaves show the 

highest levels of Mn with more than 10mg/100g. Other leafy vegetables such as creeping 

spinach , bitter gourd, chilly leaves, drumstick leaves, lettuce, mustard leaves and 

pumpkin leaves contain less than 5mg/100g of Mn while radish contains more than 

5mg/100g of Mn. 

 

Figure 4.5. Mean manganese levels in analysed raw leafy vegetables. 
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Figure 4.6.  Mean chromium levels in analysed raw leafy vegetables. 

4.7.6. Mean Phosphorus Levels in Leafy Vegetables 

The mean phosphorus (P) levels in the raw leafy vegetables are shown in Figure 4.7. In 

all leafy vegetables, P levels are less than 6mg/100g and more than 2mg/100g. The daily 

dietary recommendation of P in children and adults range from 460mg/day to 1000mg/day 

(NHMRC, 2006). Consumption of higher amounts of these vegetables daily would help 

in meeting the dietary requirements.  

 

Figure 4.7. Mean phosphorus levels in analysed raw leafy vegetables. 
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Some of the results obtained on the mineral composition of bitter gourd leaves in this 

study is in close agreement with the recent reported data in the literature (Asaolu et al., 

2012). Data on the mineral contents (Fe and Zn) of drumstick leaves, kangkong/swamp 

cabbage, nightshade leaves, lettuce, mustard leaves and creeping spinach have been 

published in the Pacific Food Composition Tables (Dignan et al., 2004). However, no data 

on the mineral profiles of chilly leaves, radish leaves, fenugreek leaves is available in the 

Pacific. The mineral contents of pumpkin leaves have been published by Schönfeldt and 

Pretorius, (2011). Some of the difference in the chemical composition is expected as 

factors such as species, climate variability, growing conditions, nature of soil, and 

application of fertilizers might be linked (Saidu and Jideobi, 2008). Other factors that 

cause variation in the mineral contents could include location, agricultural practices, 

rainfall, use of irrigation and temperature (Kawashima and Soares, 2003b). In general, the 

mineral contents of raw leaves are higher than the cooked leaves in the previous reported 

values (Uusiku et al., 2010). The fluctuations in the Fe and Zn levels in raw and cooked 

leafy could be due to addition of fertilizers in the soil (Lim and Vimala, 2012). Addition 

of animal manure could lead to higher rates of absorption of minerals as it contains 

significant amount of nutrients such as N, P, Mg, Cu and Zn (Eneji et al., 2001). 

4.7.7. Mean Sulphur Levels in Leafy Vegetables 

The mean sulphur (S) levels in raw vegetables are shown in Figure 4.8. Compared to other 

elements analysed in the present study, sulphur was seen to be in higher concentrations in 

leaf samples. Drumstick leaves, mustard leaves and radish leaves are highest sources of 

sulphur with 681.5, 404.79 and 439.17mg/100g of sulphur. Other leafy vegetables 

analysed also show to contain high levels of sulphur. The roots of trees which grows deep 

in the soils can scavenge nutrients from deep soil layers where chemical weathering is not 

complete (Lyons et al., 2014).  



86 

 

 

Figure 4.8. Mean sulphur levels in analysed raw leafy vegetables. 
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nightshade leaves and in pumpkin leaves. The respective increase was 5.8%, 54.2%, 

29.4%, 16.7%, 25.6%, 19.3% and 26.5%. While in other vegetables such as 

kangkong/swamp cabbage, steaming resulted in the loss of Fe level with 20.2%. Boiling 

also had positive activity i.e. retention on Fe levels as in leafy vegetables such as bitter 

gourd leaves, drumstick leaves, mustard leaves, nightshade leaves and pumpkin leaves, 

an increase of 131.4%, 55.7%, 126.1%, 27.2% and 50.8% respectively (Table 4.8). 

However, in all leafy vegetables, the Fe content was abridged upon frying the sample. 

Losses ranged from 2.0 to 63.3%. Kawashima and Soares (2003a) reported a similar 

conclusion as cooking for a longer time did not increase the Fe solubility. Thermal 

treatment can stimulate the interaction of available species with other components of the 

human diet, altering the bioavailability (Ferreira et al., 2014). 

The Zn levels increased for creeping spinach and bitter gourd leaves with 21.4% and 

54.0% accordingly upon steaming. All other steamed vegetables showed a loss in the 

levels of Zn. The highest loss of Zn in steamed vegetables is seen in pumpkin leaves with 

49.8% and lowest in chilly leaves with 13.3% (Table 4.8). The effect of boiling on Zn 

levels showed an increase in the case of creeping spinach, bitter gourd and chilly leaves 

as 9.9%, 28.4%, and 18.2% respectively. On the other hand, boiling also showed a 

negative effect on Zn content in drumstick leaves, kangkong/swamp cabbage leaves, 

mustard leaves and nightshade leaves with a loss of 40.5%, 26.1%, 39.4%, 29.7%, and 

47.1% respectively. All fried vegetables showed a negative effect on the Zn levels with a 

loss ranging from 3.2% to 66.2% except for creeping spinach which showed an increase 

of 13.3%. This increase in the Zn content in creeping spinach could have been affected by 

contamination during food preparation, digestion or both.  

Cooking of various leafy vegetables gave mixed results for Cu levels. The steaming bitter 

gourd leaves, chilly leaves, drumstick leaves, mustard leaves and nightshade leaves 

showed increased levels of Cu as compared to the levels in raw leaves (Table 4.7). The 

respective increase in the Cu level was 18.9%, 59.5%, 49.0%, 92.6% and 29.8%. In the 

case of spinach, kangkong/swamp cabbage, and pumpkin leaves the decline in the Cu level 

was 1.4%, 35.9% and 61.8% correspondingly. Boiling of leafy vegetables also resulted in 
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an increase in Cu levels. Cu level in bitter gourd leaves, chilly leaves, mustard leaves and 

nightshade leaves with 284.9%, 29.7%, 86.3% and 44.2% respectively (Table 4.8). A loss 

of Cu content in the vegetables such as creeping spinach, kangkong/swamp cabbage and 

pumpkin leaves was seen with 5.67%, 51.6% and 46.9% respectively. All vegetables fried 

showed a loss of Cu from 9.2% to 80.2% except bitter gourd leaves with an increase of 

5.7%. 

The effects of cooking on Mn contents in the studied leafy vegetables showed that 

steaming generally increases the Mn levels in creeping spinach, bitter gourd leaves and in 

pumpkin leaves with 5.3%, 49.0%, and 5.9% respectively. On the other hand, chilly leaves 

showed a loss of 29.9%, drumstick leaves 14.5%, kangkong/swamp cabbage 7.4% and 

nightshade leaves 31.0%. Boiling also increased Mn levels by 29.1% in creeping spinach 

and by 35.8% in bitter gourd leaves. Upon boiling, a loss of 21.0% Mn levels was found 

in chilly leaves, of 25.6% in drumstick leaves, of 17.5% in kangkong/swamp cabbage and 

22.4% in mustard leaves, 56.9% in nightshade leaves and of 15.6% in pumpkin leaves.  A 

loss from 5.9% to 93.2% was observed in all vegetables upon using frying method of 

cooking (Table 4.8). 

The Cr levels increased in creeping spinach, bitter gourd leaves, and in nightshade leaves 

with 4.8%, 2.1%, and 3.1% respectively upon steaming. On the other hand, steaming 

resulted in loss of Cr contents in chilly leaves (8.6%), drumstick leaves (4.9%), 

kangkong/swamp cabbage (8.9%), mustard leaves (14.8%) and in pumpkin leaves 

(10.3%) and the same is reported in Table 4.8. The effect of boiling on creeping spinach, 

drumstick leaves, kangkong/swamp cabbage, and mustard showed an increase of Cr 

contents by 22.2%, 0.8%, 8.9% and 26.8% respectively. However, bitter gourd leaves, 

chilly leaves, nightshade leaves and pumpkin showed a loss between 3.8 to 8.5%. Fried 

creeping spinach, chilly leaves, kangkong/swamp cabbage and pumpkin leaves showed a 

positive effect with an increase from 1.6 to 6.3%. On the contrary, bitter gourd leaves, 

drumstick leaves, fenugreek leaves, mustard leaves and nightshade leaves showed loss in 

the Cr levels with 5.7%, 4.9%, 18.7%, 18.3% and 10.7% correspondingly upon frying 

(Table 4.8).  
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The steaming of some leafy vegetables showed increases in P levels. An increase in P 

levels was noticed in creeping spinach by 0.8% and in bitter gourd leaves by 3.6%. 

Steamed chilly leaves, drumstick leaves, kangkong/swamp cabbage, mustard leaves, 

nightshade leaves and pumpkin leaves showed a loss of P by 32.0%, 43.2%, 27.9%, 

83.8%, 27.9% and 22.7% respectively where the data is presented in Table 4.8. In all 

boiled vegetables, there was a loss of P content from 0.8 to 80.4% except for creeping 

spinach and bitter gourd leaves in which an increase of 1.8 and 14.2% was noticed 

respectively. Likewise, frying also leads to the loss of P levels in all vegetables from 6.5% 

to 96.6% except in bitter gourd leaves which showed an increase in P level by 100.7%.  

The steaming of the studied vegetables showed a negative effect on the S contents in most 

vegetables such as creeping spinach, bitter gourd leaves, chilly leaves, drumstick leaves, 

kangkong/swamp cabbage and nightshade leaves with loss of 9.0%, 21.7%, 17.5%, 

47.1%, 24.9%, and 6.9 % respectively. On the other hand, steaming also resulted in total 

retention of S in mustard leaves and in pumpkin leaves with 1.8% and 38.0% respectively. 

The boiling also resulted in the loss of S contents in leaves of creeping spinach, bitter 

gourd, chilly, drumstick, nightshade leaves, pumpkin and mustard leaves with loss of 

12.0%, 32.2%, 49.5%, 86.3%, 16.4%, 15.0%, 38.0% and 38.1% respectively, while 5.6% 

of S was retained in kangkong/swamp cabbage upon boiling. Frying results in the loss of 

S in all vegetables analysed ranging from 21.4% to 64.4%. However, in fenugreek leaves, 

frying resulted in retention of 62.1% S.  

The percentage loss of minerals using different cooking methods showed this trend: 

Steaming > Boiling > Frying. These results support the reports on the effects of heat and 

cooking on trace elements (Fubara et al., 2011; Saika et al., 1999). In the present study, 

reduction in the concentration of the minerals analysed was more pronounced for frying. 

The leaching of minerals during steaming and boiling has been reported to be a major 

factors affecting the loss (Fubara et al., 2011).  

 



90 

 

Table 4.8. Percentage loss of mineral contents during cooking of leafy vegetables. 

Cooking 
Methods 

Fe Zn Cu Mn Cr P S 

Creeping spinach 

Steam -5.8 -21.4 1.4 -5.3 -4.8 -0.8 9 

Boil 3 -9.9 5.7 -29.1 -22.2 -1.8 12 

Fried 2 -13.3 9.2 5.9 -1.6 17.2 50 

 Bitter gourd leaves 

Steam -54.2 -54 -18.9 -49 -2.1 -3.6 21.7 

Boil -131.4 -28.4 -284.9 -35.8 8.5 -14.2 32.2 

Fried 34.4 61 -5.7 51 5.7 -100.7 60.7 

 Chilly leaves 

Steam -29.4 13.3 -59.5 29.9 8.6 32 17.5 

Boil 3 -18.2 -29.7 21 5.5 0.8 49.5 

Fried 63.3 65.8 66.2 50.9 -2.3 6.5 32.3 

 Drumstick leaves 

Steam -16.7 28.8 -49 14.5 4.9 43.2 47.1 

Boil -55.7 40.5 49 25.6 -0.8 47.3 86.3 

Fried 40.6 38 25.5 53.1 4.9 50.7 65.5 

 Fenugreek leaves  

Fried 8.4 3.2 41.9 61.5 18.7 75.7 -62.1 

 Kangkong/Swamp cabbage 

Steam 20.3 33.1 35.9 7.4 8.9 27.9 24.9 

Boil 28.2 26.1 51.6 17.5 -8.9 35 16.4 

Fried 46.9 59.7 51.6 93.2 -6.3 35 -5.6 

     (-) indicates retention. 
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Table 4.8 continued 

Cooking 
Methods 

Fe Zn Cu Mn Cr P S 

Mustard leaves 

Steam -25.6 42.5 -92.6 0 14.8 83.8 -1.8 

Boil -126.1 39.4 -86.3 22.4 -26.8 80.4 38.1 

Fried 52.5 61.6 62.1 56.4 18.3 96.6 76.9 

 Nightshade leaves 

Steam -19.3 16.8 -29.8 31 -3.1 27.9 6.9 

Boil -27.2 29.7 -44.2 56.9 3.8 31.2 15 

Fried 45.9 39.9 45.2 74.6 10.7 35 21.4 

 Pumpkin leaves 

Steam -26.5 49.8 61.8 -5.9 10.3 22.7 -38 

Boil -50.8 47.1 46.9 15.6 11.8 22.3 38 

Fried 55.2 66.5 80.2 57.7 -3.7 75.6 64.4 

       (-) indicates retention 
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Generally, the analysis indicated that steaming and boiling methods are the best cooking 

procedures for the studied leafy vegetables. The increase in solubility with cooking 

evidently designates the useful outcome of these procedures in making the minerals more 

available for absorption (Kawashima and Soares, 2003a).  However, cooking of 

vegetables by frying method results in higher losses of mineral elements as compared to 

steaming or boiling methods and thus it should not be a preferable method of cooking 

these leafy vegetables. 

The summarized results for percent retention and percent loss of the minerals contents in 

the studied leafy vegetable after cooking are presented in Table 4.9. Generally, steaming 

and boiling increase retention of minerals in the leafy vegetables. Greater losses in the 

mineral contents of the leafy vegetables were mostly associated with frying method of 

cooking and a similar observation has been reported in literature (Fabura et al., 2011; 

Saika et al., 1999).  

Table 4.9. Percentage retention and loss of mineral elements after different cooking 

methods.  

 

Minerals 

 

Retention during different cooking methods (%) Loss during different cooking methods (%) 

Steaming Boiling Frying Steaming Boiling Frying 

Fe 5.8 to 54.2 27.2 to 131.4 - 20.3 3.0 to 28.2 2.0 to 63.3 

Zn 21.4 to 54.0 9.9 to 28.4 13.3 13.3 to 49.8 26.1 to 47.1 3.2 to 66.5 

Cu 18.9 to 92.6 29.7 to 284.9 5.7 1.4 to 61.8 5.7 to 51.6 9.2 to 80.2 

Mn 5.29 to 49.0 29.1 to 35.8 - 7.4 to 31.0 17.5 to 56.9 5.9 to 93.2 

Cr 2.1 to 4.8 0.8 to 26.8 1.6 to 6.3 4.9 to 14.8 3.8 to 11.8 4.9 to 18.7 

P 0.8 to 3.6 1.8 to 14.2 100.7 22.7 to 83.9 0.8 to 80.4 6.5 to 96.6 

S 1.8 to 38.0 - 5.6 to 62.1 6.9 to 47.1 12.0 to 86.3 21.4 to 76.9 
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4.9. Carotenoid Levels in Raw and Cooked Vegetables 

4.9.1. Chromatograms and Calibration Curves of Standards 

The reference standards for β-carotene and lutein were used as external standards for their 

identification and quantification using HPLC. The chromatogram for the lutein and β-

carotene is presented in Figure 4.9. It was clear from the chromatogram that β-carotene 

and lutein peaks were well separated, which means that the usual resolution problem 

among two peaks throughout carotenoid analysis has been well resolved using the HPLC 

method that has been used in the present study (Bushway, 1985). The linear calibration 

curves of peak area (absorbance at 460nm) versus the concentration of the standards for 

lutein and β-carotene were linear in range of 2 to 10mg/L showing a good correlation of 

R= 0.9853 and R= 0.9971 respectively (Appendix 4). A representative HPLC 

chromatogram for lutein and β-carotene in fried pumpkin leaves is shown in Figure 4.10. 

 

Figure 4.9. HPLC chromatogram of 4 mg/L lutein and β-carotene standard under the 

conditions described under carotenoids. 



94 

 

 
Figure 4.10. Representative HPLC chromatogram for lutein and β-carotene in fried 

pumpkin leaves. 

4.9.2.     β-Carotene and Lutein Contents in Leafy Vegetables 

Vitamin A deficiency is one of the major public health problems in the Pacific Island 

Countries (FAO, 2013; Englberger et al., 2014). One of the most important contributory 

factors for this is the inadequate intake of Vitamin A or its precursor β-carotene (Gayathri 

et al., 2004). Increasing the intakes of Vitamin A/ β-carotene (precursor of Vitamin A) 

rich foods in the diets may be preferable to the massive synthetic Vitamin A dosage 

approach and can be one of the strategies for improving nutritional status (Gopalan, 1992). 

In view of the fact that β-carotene is susceptible to loss during heat treatment, it is essential 

to ensure that maximum retention of this pro-vitamin either by adapting to appropriate 

cooking methods or by adding specific ingredients which may minimize its loss and 

accompanying fat can increase gut uptake and bio-conversion example coconut cream 

(Gayathri et al., 2004). 

4.9.3. Effects of Cooking on β-Carotene and Lutein Contents 

The contents of β-carotene and lutein in the raw and cooked leafy vegetables are presented 

in Table 4.10. The β-carotene content is in the order of  chilly leaves > nightshade leaves 
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> pumpkin leaves > drumstick leaves > kangkong/swamp cabbage > creeping spinach > 

radish leaves > fenugreek leaves > mustard leaves > bitter gourd leaves with 

232.45mg/100g, 107.73mg/100g, 103.03mg/100g, 51.15mg/100g, 41.69mg/100g, 

22.35mg/100g, 22.25mg/100g, 19.24mg/100g, 12.35mg/100 and 12.03mg/100g 

respectively in the raw samples. The lutein contents in the studied vegetables follow the 

following order: nightshade leaves > chilly leaves > pumpkin leaves > bitter gourd leaves 

> fenugreek leaves > radish leaves > drumstick leaves > creeping spinach > mustard leaves 

> kangkong/swamp cabbage with values determined as  232.26mg/100g, 134.53mg/100g, 

181.08mg/100g, 54.03mg/100g, 51.05mg/100g, 45.06mg/100g, 38.32mg/100g, 

36.02mg/100g, 24.41mg/100g and 22.45mg/100g correspondingly.  

The results presented in this study are different as compared with other reports (Chang et 

al., 2013, and Lako et al., 2007). The major reason for the variation could be the growing 

conditions of the leafy crops, maturity level, season, and agricultural practices (Hart and 

Scott, 1995). However, some leafy vegetables such as drumstick leaves and nightshade 

leaves in the present study and the reported literature show a decline in the levels of β-

carotene upon boiling (Gayathri et al., 2004).  

The percent loss of β-carotene contents upon different cooking methods is also presented 

in Table 4.10. The β-carotene content in bitter gourd leaves, chilly leaves, creeping 

spinach, kangkong/swamp cabbage, mustard leaves, and pumpkin leaves increased upon 

steam and boiling. Steaming bitter gourd leaves resulted in an increase of 53.6%, chilly 

leaves with 5.7%, creeping spinach with 144.0%, kangkong/swamp cabbage with 6.9%, 

mustard leaves with 82.8% and pumpkin leaves with 7.8% increase in the β-carotene 

contents. Boiling also led to an increase in the β-carotene levels in bitter gourd leaves, 

chilly leaves, creeping spinach, kangkong/swamp cabbage, mustard leaves and in 

pumpkin leaves with 64.2%, 7.0%, 48.8%, 18.4%, 109.6% and 45.6% respectively.  

On the contrary, steaming and boiling reduced the β-carotene levels in nightshade leaves 

and drumstick leaves. This shows the lesser stability of β-carotene upon steaming and 

boiling. The β-carotene content was reduced by 1.4% and 20.4% upon steaming and 1.1% 
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and 27.4% upon boiling in nightshade leaves and drumstick leaves respectively. In all 

leafy vegetables, β-carotene declined 3.5 to 88.0% upon frying. The β-carotene contents 

in some of the raw samples were lower than that of the steamed and boiled vegetables. 

The effects of steaming, boiling, and frying showed varying results as shown in Table 

4.10.  Significant increase in the retention of β-carotene was observed during steaming 

and boiling of the leafy vegetables while frying significantly decreased the levels of β-

carotene and lutein. Absorption of water during boiling did not cause a dilution effect on 

the β-carotene contents (Chang et al., 2013). The results reported in the present study are 

in close agreement with that reported in literature (Hart et al., 1995; Masrizal et al., 1997; 

Pinheiro San’Ana et al, 1998). A study reported the retention of 65 to 80% β-carotene 

upon boiling of kangkong/swamp cabbage (Masrizal et al., 1997). Generally, different 

cooking methods have been reported to increase the extractability of carotenoids and thus 

increase the bioavailability of carotenoids to humans (Hart et al., 1995). Moreover, boiling 

of leafy vegetables resulted in better preservation of β-carotene compared to steaming 

which is also reported by Pinheiro San’Ana et al (1998) who concluded that boiling in 

water was the technique that determines the utmost stability of these two compounds in 

carrots linked to water pressure cooking and steaming at 115–120 °C. The conclusions of 

the same study described that the alteration of the temperature, instead of the presence of 

water, was the major reason influencing the carotenoids stability (Pinheiro San’Ana et al, 

1998). A similar study on the effects of temperature on the carotenoids contents in carrots 

concluded that the steaming of carrots required a longer time to reach to appropriate 

tenderness which resulted in prolonged exposure to oxygen and light (Miglio et al., 2008). 

In the case of frying, major losses could be explained by the lipophilic nature of 

carotenoids and their instability in the higher temperature reached during frying compared 

to boiling or steaming (Miglio et al., 2008). Another similar study on the effects of 

domestic cooking showed that boiling amaranth and drumstick leaves for 10 minutes 

resulted in the retention of 32.5% and 50.0% β-carotene respectively (Gayathri et al., 

2004). 

β-Carotene is the primary pro-vitamin A carotenoid which occurs together with the three 

main xanthophylls lutein, violaxanthin and neoxanthin, and the chlorophylls a and b as 
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well as smaller amounts of their cis-forms in the chloroplast of leafy vegetables (Lessin 

et al., 1997). Heat treatment is often carried out before the vegetables are consumed. The 

most commonly used methods of heat treatment are steaming, boiling and frying. During 

frying, degradation of pro-vitamin A carotenoids may occur (Rodriguez-Amaya et al., 

2006). Although carotenes such as α-carotene and β-carotene are known to be heat-stable 

(Bao and Chang, 1994), they isomerize into various cis isomers upon cooking (Khachik 

et al., 1991). As reported by Miglio et al. (2008), boiling carrots, courgettes and broccoli 

did not affect the total carotenoid concentration (p = 0.05), while steaming and frying 

resulted in significant losses of 22.0 and 35.0% respectively.  

The lutein content in the cooked leafy vegetables was affected upon different cooking 

methods. Steaming generally increased the lutein contents in bitter gourd leaves, creeping 

spinach, kangkong/swamp cabbage, mustard leaves, pumpkin leaves and drumstick leaves 

from 34.2%, 54.1%, 15.3%, 61.0%, 33.7% and 126.8% respectively while boiling 

increased the lutein contents by 33.2%, 7.4%, 25.9%, 44.8%, 28.5%, and 103.8% 

correspondingly. On the other hand, steaming and boiling led to a decline in the lutein 

levels. Chilly leaves and nightshade leaves showed a decline in the lutein content by 2.3% 

and 31.3% upon steaming and 39.3% and 52.2% upon boiling respectively. Frying had 

the same effect as that of β-carotene. All the leafy vegetables in study showed a decline 

in the lutein levels from 15.2 to 90.7%. The effects of frying on the carotenoid content 

was considered in terms of the losses during frying duly caused by degradation and other 

chemical changes such as cis-trans isomerization (Kidmose et al., 2006). 
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Table 4.10. Lutein and β-carotene levels in raw and cooked leafy vegetables and the effects of the cooking methods on 

carotenoid contents. 

Leafy Vegetables and Cooking Methods β-Carotene (mg/100g) Loss (%) Lutein (mg/100g) Loss (%) 

Bitter gourd leaves 

Raw 12.03±1.12  54.03±2.23  

Steamed 18.48±3.01 -53.6 72.57±2.61 -34.2 

Boiled 19.75±1.38 -64.2 71.94±1.80 -33.2 

Fried 11.62±0.34 3.4 22.90±1.09 57.6 

Chilly leaves 

Raw 232.45±15.25  181.08±1.98  

Steamed 245.79±4.64 -5.7 176.98±5.68 2.3 

Boiled 248.68±21.19 -7.0 128.42±0.95 29.1 

Fry 119.09±3.96 48.8 96.56±2.55 46.7 

Creeping spinach 

Raw 22.35±0.55  36.02±2.17  

Steam 54.54±0.90 -144 55.49±2.61 -54.1 

Boiled 32.37±1.38 -48.8 38.70±4.09 -7.4 

Fry 13.86±0.42 38.0 20.94±0.65 41.8 

Fenugreek leaves 
Raw 19.24±1.01  51.05±4.58  

Fry 9.02±0.29 53.1 4.77±0.16 90.7 

Kangkong/Swamp cabbage 

Raw 41.69±0.16  22.53±0.25  

Steam 44.55±1.22 -6.9 25.98±0.99 -15.3 

Boiled 49.38±1.85 -18.4 28.36±0.56 -25.9  

  Fry 33.59±0.82 19.4 19.11±1.79 15.2 
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   Table 4.10 continued  

Mustard leaves 

Raw 12.35±0.82  24.41±2.46  

Steam 22.57±1.24 -83.0 39.31±3.09 -61 

Boiled 25.89±1.26 -110.0 35.25±0.99 -44.4 

Fry 9.78±0.06 21.0 2.68±0.13 89 

Nightshade leaves 

Raw 107.73±6.49  232.26±2.82  

Steam 109.22±1.56 1.4 159.58±2.25 31.3 

Boiled 106.58±9.11 1.1 111.02±5.60 52.2 

Fry 12.89±0.33 88.0 33.98±1.33 85.4 

Pumpkin leaves 

Raw 103.03±4.09  134.53±1.93  

Steam 111.06±13.77 -7.8 179.89±9.29 -33.7 

Boiled 149.97±7.71 -45.6 172.87±10.54 -28.5 

Fry 22.41±4.77 78.2 38.28±0.52 71.6 

Drumstick leaves 

Raw 51.15±0.81  38.32±5.11  

Steam 40.85±1.47 20.1 86.86±2.06 -127 

Boiled 37.14±0.47 27.4 78.09±5.20 -104 

Fry 10.44±0.22 79.6 21.97±0.70 43 

Radish Raw 22.25±1.22  45.06±2.33  

       (-) indicated retention 
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Studies have been carried out on the effects of cooking techniques on the levels of 

carotenoids. Gayathri et al. (2004) has reported the loss of 27 to 71% of β-carotene during 

pressure cooking and 16 to 67% loss of β-carotene during the boiling of vegetables.  Liu 

et al. (2007) has reported that boiling increased the lutein extractability in Sauropus 

androgynous by almost 20% within 4 minutes. Thermal processing may have led to 

isomerization from trans to cis isomers hence reducing the concentrations A study on the 

effects of heat treatment showed that all carotenoid compounds (β-carotene and lutein) 

levels significantly increased in steamed and boiled broccoli (32 and 19% respectively) in 

comparison to the raw ones (Miglio et al., 2008). Based on the literature reports as well 

as the present study, it is reported that cooking green vegetables promotes the release of 

carotenoids from the matrix due to the disruptions of carotenoid-protein complexes 

leading to better extractability and higher levels in cooked samples (Bernhardt and 

Schlich, 2006). 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

This Chapter presents the conclusions of the present research and some recommendations 

for improving the intake of leafy vegetables to improve the nutrition status of indigenous 

people in Fiji. The limitations of the present study are also highlighted. 

5.1. Conclusions 

Many leafy food crops are known to the people; however, some of these are unutilized 

due to various reasons such as poor taste, lack of availability at affordable prices or lack 

of knowledge on their production techniques. Lack of backyard land is another factor 

affecting the poor intake of leafy food crops as most urban lands are being used for 

housing facilities. Higher prices of vegetables in the local markets leads to poor intakes as 

people are very sensitive towards higher prices hence they opt for cheaper and easier 

sources of food which are mainly composed of starchy fatty foods. Crop production should 

aim to increase the usage of underutilized traditional food crops. After conducting this 

survey on the consumption and production of underutilized leafy food crops in Fiji, the 

study concluded that out of the various leafy food crops present/available, the production 

of leafy food crops is dependent on availability of land, seeds, fertilizers, pesticides, etc. 

while consumption is more dependent on cost, availability in the markets, taste and 

palatability. Thus people are dependent on convenient and processed foods for daily 

consumption. Indigenous leafy food crops, besides being rich in micronutrients also have 

added traits. The studied vegetables are resistant to pest and diseases, easy to grow and 

are quite acceptable to local tastes.   

Initiatives to increase the production and consumption of underutilized plant species will 

not only help household food security but will also increase the value of these plant species 

(new source of income) and will ultimately enable the poor to strengthen their livelihoods. 

Furthermore, increasing food crop diversity will enhance resilience of the food systems 

and reduce the threat of climate change; invariably strengthening the food security of Fiji.  
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These underutilized leafy food crops will not only play significant roles in attaining 

household food security; some of these plant species are important in local food cultures.  

Producing fruits and vegetables at home provides a direct access to essential nutrients that 

may not be readily available or within the economic reach of the people. Home production 

of vegetable crops would also proliferate a diversity of foods. The inclusion of fruits and 

vegetables in the daily diet make serves to other foods even more edible. It could also 

establish a basis for additional income through the sale of fruits and vegetables. Home 

production can also help compensate for the seasonal availability of foods and promotes 

self-sufficiency.  

The chemical analysis of the studied leafy vegetables was also undertaken in the study. In 

the raw vegetables, the study revealed the protein levels to be the highest in fenugreek 

leaves with 2.47% while the lowest levels of crude protein was seen in bitter gourd leaves 

with 1.35%. The highest content of crude protein seen upon steaming was seen in pumpkin 

leaves with 2.41% whereas the lowest was seen in mustard leaves. Upon boiling, highest 

protein content was found in chilly leaves with 2.43% with the lowest found in pumpkin 

leaves with 0.79%, while in the fried leafy vegetables, the highest content of protein was 

found in drumstick leaves with 1.81% and the lowest was found in pumpkin leaves with 

0.2%. The Fe contents was seen to be highest in fenugreek leaves in fenugreek leaves with 

234.81mg/100g while lowest levels was found in bitter gourd leaves with 7.19mg/100g in 

raw vegetables. During steaming, pumpkin leaves was found to contain the highest level 

with 119.50mg/100g while bitter gourd leaves contain the lowest 11.09mg/100g of Fe 

respectively. Upon frying, Fe content was seen to be the highest in fenugreek leaves with 

215.06mg/100g and the lowest levels Fe content was seen in bitter gourd leaves with 

4.72mg/100g. The Zn levels in raw leafy vegetables was seen to be the highest in pumpkin 

leaves with 10.35mg/100g whereas the lowest content was seen in drumstick leaves with 

3.16mg/100g. Steamed leafy vegetables showed the higher levels in bitter gourd leaves 

with 12.24mg/100g while the lowest was seen in drumstick leaves with 2.25mg/100g. The 

highest levels of Zn was seen in boiled bitter gourd leaves with 10.21mg/100g and 

drumstick leaves showed the lowest levels with 1.88mg/100g of Zn contents. After frying, 

fenugreek leaves was found to contain the highest levels of Zn with 7.33mg/100g of Zn 
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and 1.26mg/100g was found in chilly leaves. Cu content in raw leafy vegetables was seen 

to be highest in fenugreek leaves with 2.53mg/100g while the lowest level was seen in 

drumstick leaves with 0.51mg/100g. After steaming, mustard leaves contained the highest 

level of Cu with 1.83mg/100g whereas kangkong/swamp cabbage was found to contain 

the lowest levels of Cu with 0.41mg/100g. Upon boiling, bitter gourd leaves showed the 

highest level of Cu content with 2.04mg/100g and drumstick leaves was found to contain 

0.26mg/100g. After frying, fenugreek leaves showed to contain the highest levels of Cu 

with 1.47mg/100g and chilly leaves showed to contain the lowest levels Cu with 

0.25mg/100g. In raw leafy vegetables analysed, nightshade leaves showed to contain the 

highest levels of Mn while bitter gourd leaves showed to contain the lowest levels of Mn 

with 17.82 and 2.04mg/100g respectively. Upon steaming, kangkong/swamp cabbage was 

seen with the highest level of Mn with 16.09mg/100g while drumstick leaves was seen 

with the lowest level with 2.24mg/100g. Kangkong/swamp cabbage showed the highest 

content with 14.34mg/100g and drumstick leaves showed the lowest content with 

1.95mg/100g of Mn upon boiling. The highest level of Mn upon frying was found in 

fenugreek leaves with 5.32mg/100g whereas the lowest level of Mn was found in bitter 

gourd leaves with 1m/100g. The Cr levels was seen to be the highest in fenugreek leaves 

with 1.82mg/100g while it was seen to be lowest in kangkong/swamp cabbage with 

1.12mg/100g in raw leafy vegetables. In steamed leafy vegetables, the highest level of Cr 

was seen in bitter gourd leaves with 1.44mg/100g while the lowest was seen in kangkong 

leaves with 1.02mg/100g. Mustard leaves was found to contain the highest levels of Cr 

upon boiling with 1.80mg/100g and pumpkin leaves was found to contain the lowest level 

of Cr with 1.20mg/100g of Cr. Frying showed the highest content of Cr in fenugreek 

leaves with 1.48mg/100g while the mustard leaves showed the lowest content of Cr with 

1.16mg/100g.  

The highest level of P in raw leafy vegetables was found in mustard leaves with 

25.83mg/100g while the lowest level of P was found in 3.09mg/100g. Creeping spinach 

was found to contain the highest level of P upon steaming with 5.15mg/100g and the 

lowest P levels was found in steamed drumstick leaves with 2.34g/100g. Upon boiling, 

creeping spinach was found to contain the highest level of P with 5.2mg/100g while 
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drumstick leaves was found to contain the lowest levels of P with 2.17mg/100g in boiled 

samples. In fried samples, bitter gourd leaves were found to contain the highest levels of 

P with 6.20mg/100g while mustard leaves were found to contain the lowest levels with 

0.89mg/100g. The S content of the raw leafy vegetables showed drumstick leaves to 

contain the highest levels of 681.50mg/100g while nightshade leaves was found to contain 

the lowest level of 177.54mg/100g. Out of the steamed leafy vegetables, nightshade leaves 

were found to contain the highest levels of S with 515.31mg/100g whereas bitter gourd 

leaves were found to contain the lowest levels of 103.09mg/100g. Boiled creeping spinach 

was found to contain the highest levels of S with 258.18mg/100g and boiled drumstick 

leaves was found to contain the lowest levels of S with 93.64mg/100g. Upon frying, chilly 

leaves were found to contain the highest level of S with 229.06mg/100g while pumpkin 

leaves were found to contain the lowest levels of S with 80.7mg/100g.  

The β-carotene in raw leafy vegetables was seen to be the highest in chilly leaves with 

232.45mg/100g while the lowest level of β-carotene was seen in bitter gourd leaves with 

12.03mg/100g. Likewise, in steamed leafy vegetables, β-carotene was found to be the 

highest in chilly leaves with 245.79mg/100g whereas the lowest β-carotene content was 

found in steamed mustard leaves. Out of all boiled leafy vegetables, highest level of β-

carotene was found in chilly leaves with 248.68mg/100g while the lowest levels of β-

carotene was found in bitter gourd leaves with 19.75mg/100g. The highest levels of β-

carotene was found in chilly leaves with 119.09mg/100g and the lowest levels of β-

carotene in fried samples was found in mustard leaves with 9.78mg/100g. The lutein levels 

in raw samples was found to be the highest in nightshade leaves with 232.26mg/100g 

while the lowest was found to be in kangkong/swamp cabbage with 22.53mg/100g. Upon 

steaming, pumpkin leaves was found to contain the highest levels with 179.89mg/100g 

while the lowest levels of lutein was found in kangkong/swamp cabbage with 

2598mg/100g. Out of all the boiled leafy vegetables, pumpkin leaves showed the highest 

content of lutein with 172.87mg/100g while the lowest level of lutein was found in boiled 

kangkong/swamp cabbage with 28.36mg/100g and upon frying, the highest levels of 

lutein was found in chilly leaves with 96.56mg/100g while the lowest levels of lutein was 

found in mustard leaves with 2.68mg/100g. 
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Most of the studied leafy vegetables are of high nutritional quality due to good levels of 

minerals, proteins and carotenoids. The main methods of cooking leafy vegetables are 

steaming, boiling or frying. Steaming and boiling have shown to be the best methods of 

preparation with reduced losses of proteins and minerals. Frying method of cooking 

vegetables resulted in loss of nutrients mainly carotenoids as these compounds are very 

sensitive to heat and light. The factors that affect nutritional contents of leafy food are the 

soil type, crop variety, season of growing, climatic conditions, geochemistry and 

agricultural practices.  

5.2. Recommendations 

The following recommendations are suggested for future studies;  

Further research is needed to increase the evidence by filling the knowledge gaps with 

better inventories and with a larger household sample size in order to obtain more detailed 

data on the production and consumption of underutilized leafy food crops in the country.  

There is a need for introducing more compositional data on the plant biodiversity in the 

national food composition tables to increase awareness amongst people about the 

nutritional value of indigenous food plants in Fiji.  

Many wild plant species have the potential to become conventional foods of the future 

being good sources of income and the vehicles for improved nutrition and food security 

but further investigation for more compositional data of all such leafy food crops are 

required.  

Development of the urban market of low-cost, ready-to-eat products and other convenient 

foods based on domestically produced traditional food plants will stimulate increased 

consumption of, and demand for, these foods. 

Nutrition based education on the underutilized leafy food crops to the public should be 

implemented. This will ensure that the knowledge on the nutritional values of certain leafy 
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food crops available is delivered to the public as means of abating/limiting the incidences 

of micronutrient deficiencies and attaining food security.  
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Appendix 1: Questionnaire Used for Collection of Household Data 

Student Research Project on Production and Consumption of Leafy Vegetables 

UNIVERSITY OF THE SOUTH PACIFIC 

Faculty of Science, Technology & Environment 

School of Biological and Chemical Sciences 

Name of the respondent _____________________Age:______Education: _________ 

Address: ______________________ ___________________ _________ 

1. Please give me following information about your family members 

Name of family 
member 

Age Sex  Education Main occupation Annual 
income 

      
      
      
      
      
      
      
      
      
      
      
      

2. Tell us the names of various leafy vegetables you are familiar with or are known to you. 

Tick (√) the leafy foods in table below. Add it if it is not listed. 

Serial. 
No. English Name Botanical 

Name 
Local 
Name Description of plant Tick  

1 Aibika, pele 
Abelmosc
hus 
manihot 

Bele 
(Fijian) 

small woody bush; many 
different kinds   

2 

Amaranth or 
Tropical spinach 
or  Ceylon 
spinach 

Amaranth
us species 

Tubua 
(Fijian), 
Bhaji 
(Indian) 

plant with stand-up 
stems and spikes of 
flowers; many different 
kinds 
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3 Basella or 
Creeping spinach 

Basella 
alba, 
Basella 
rubra 

Poi (Indian) 
climbing or bushy plant 
with pink or white 
flowers 

  

4 Cassava leaves Manihot 
esculenta 

Tapioca 
(Fijian) root-bearing shrub   

5 Chilly leaves Capsicum 
frutescens 

Rokete 
(Fijian) small fruit-bearing bush   

6 Chinese cabbage 
or Pak choi 

Brassica 
chinensis 

Cabbage 
(Fijian) 

dark green leaves with 
light stalks   

7 English cabbage 

Brassica 
oleracea 
(var. 
capitata) 

Gobhi 
(Indian) 

solid round heads of 
light green leaves   

8 Cowpea leaves 
Vigna 
unguiculat
a 

  climbing or bushy plant 
with long pea pods   

9 
Drumstick tree 
or Horse radish 
tree 

Moringa 
oleifera 

Drumstick 
(Fijian) 

small tree with 
yellowish-white flowers 
and long pods 

  

10 Fern 
Athyrium 
esculentu
m 

Ota, 
otalevu 
(Fijian) 

large wild fern that 
grows in wet places   

11 Gnetum or 
Jointfir spinach 

Gnetum 
gnemon   

small nut-bearing tree 
that usually grows in the 
bush 

  

12 Indian mulberry 
tree 

Morinda 
citrifolia 

Kura 
(Fijian), 
Archi 
(Indian) 

small tree with white 
flowers and bumpy 
fruits 

  

13 

Kangkong/swam
p cabbage or 
Kangkong/swam
p cabbage 

Ipomoea 
aquatic 

Karamwa 
(Fijian) 

trailing plant that grows 
in water or on dry land   

14 Pumpkin leaves Cucurbita 
moschate   fruit-bearing vine   

15 Roselle or Red 
sorrel 

Hibiscus 
sabdariffa   small bush with woody 

branches   

16 Sweet potato 
leaves 

Ipomoea 
batatas 

Kumala 
(Fijian) root-bearing vine   

17 Taro leaves 

Colocasia 
esculenta, 
Xanthoso
ma 
species 

Dalo 
(Fijian) root-bearing shrub   
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18 Water cress 

Nasturtiu
m 
officinale, 
Roripa 
nasturtium
-
aquaticum 

Water 
karisi 
(Fijian) 

trailing plant that grows 
in water   

19 Winged bean 
leaves 

Psophocar
pus 
tetragonol
obus 

  climbing plant with long 
four-sided pods   

20 Lettuce Lactuca 
sativa Lettuce  

Small, upright plant with 
long or cylindrical 
leaves 

  

21 Nightshade 
leaves 

Solanum 
nigrum 

Malasou 
(Fijian) 

Small flowering plant, 
has small berries that are 
poisonous and must not 
be eaten 

  

22 Mustard leaves 
Brassica 
nigra 
Koch 

Sarso(India
n) 

Mustard leaves are 
bright green and can be 
either curly or smooth 

  

23 Fenugreek leaves 
Trigonella 
foenum-
graecum 

Methi 
(Indian) 

Leaves are toothed, 
grey-green and obovate. 
The root of the plant 
resembles fingery 
structures. The flowers 
are white or pale yellow. 

  

24 Papaya shoots Carica 
papaya Pawpaw     

25 Fig Leaves Ficus 
species 

mati, nunu 
(Fiji) 

Small tree, often with 
rough leaves, with edible 
fruit 

  

26 Bottle gourd Lagenaria 
siceraria Lauki (I)     

3. Tell us the names and quantities of different leafy vegetables/foods produced, consumed 

and sold/marketed annually by your family. 

Name of 
leafy 
vegetable 

Quantity 
produced 
on farm in 
a  year 
(kg) 

Quantity 
gathered 
from 
common 
lands 
(kg) 

Quantity 
consumed 
in a year 
(kg) 

Quantity 
sold in a 
year (kg) 

Quantity 
purchased 
in a year 
(kg) 

Reasons 
for not 
eating 
adequate 
amounts 



133 

 

of it (use 
code)* 

       
       
       
       
       
       
       
       
       
       
       
       

* What are the reasons for not eating many types of or adequate amounts of leafy 
vegetables? Code:  A= Not readily available; B = Prices are higher; C= we don’t know 
how to cook them; D = Poor taste; E = any other (specify)  

4. Tell us about the frequency and quantity eaten and the cooking method of different 
leafy vegetables eaten in your family. 

Name of 
leafy 
vegetabl
e 

Months 
when 
usually 
eaten 

Freque
ncy of 
eating 
(use 
code)* 

Quantity 
(Kg) used 
in one day 
preparation 

Are leafy 
vegetables 
cooked 
alone or are 
mixed with 
other food 
items when 
cooking? 

If 
vegetables 
are cooked 
as mixed 
food, what 
are the 
other food 
items 
mixed 
with 
them?  

What are 
the 
proportions 
of the items 
mixed with 
leafy 
vegetables? 

Techniq
ues of 
cooking 
different 
vegetabl
es (use 
code)** 
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* Frequency of eating use code: 1= Almost every day; 2 =  Most days (4-6 days in a week);  
3 = Seldom (2-3 days in a week);   4 = Once in a week;  5 =  Once in 15 days;  6 =  Once 
in a month.   

** What are the techniques usually associated with cooking or processing different leafy 
vegetables for household consumption? Use code: A = Boiling; B = Steaming; C = 
Microwaving; D = Frying; E = other (specify). 

5. Since some of the leafy vegetables are available seasonally, what other foods are 
generally eaten in those months when the leafy vegetables are not available? 

Name 
seasonal 
vegetables 

Substitutes foods for leafy vegetables  (Tick (√) 
Canned 
vegetables 

Chicken Pork Beef Lamb/goat 
meat 

Fish  Others  

        
        
        
        
        
        
        
        
        

6. If known the nutritional value of some other edible leafy vegetables which are currently 
not part of your daily diet, would you consider inclusion of them in your diet? 

� Yes 

� No 

� Maybe 

7. What are the constraints in growing local leafy vegetables in your home gardens/ fields? 

______________________________________________________________________ 

_______________________________________________________________________
_______________________________________________________________________ 

8. What are the constraints in selling local leafy vegetables produced in your home 
gardens/ fields? 

______________________________________________________________________ 
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_______________________________________________________________________ 

_______________________________________________________________________ 

The information collected in this interview will be used for research thesis and remain 
confidential. 

Thank you very much for your patience and kind cooperation 
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Appendix 2: Per household annual quantity of leafy vegetables produced and consumed (kg/year). 

  Location Education Family Size Annual Income 
R U P S T < 6 >6 < 16,000 16000-22000 > 22,000 

Aibika_QP 167 51 66 238 57 169 61 197 63 85 
Aibika_QC 99 33 81 106 28 77 81 98 88 55 
Amaranth_QP 175 99 104 292 72 159 187 181 246 114 
Amaranth_QC 97 41 78 101 39 70 115 89 101 68 
Creeping spinach_QP 85 . 82 93 . 38 136 109 49 51 
Creeping spinach_QC . 52 . 52 . 52 . . . . 
Chinese cabbage_QP 99 40 74 116 50 93 66 108 59 56 
Chinese cabbage_QC 46 26 45 39 31 34 66 50 30 28 
English cabbage_QP 64 26 73 53 22 37 93 83 44 21 
English cabbage_QC 22 19 23 18 21 20 21 19 19 20 
Drumstick leaves _QP 120 30 86 134 157 94 171 129 134 81 
Drumstick leaves _QC 44 18 44 42 15 34 52 37 56 33 
Fern_QP 65 26 40 80 15 69 31 70 54 51 
Fern_QC 91 32 83 86 36 65 84 89 124 26 
Jointfir_QP 102 . 101 104 . 56 125 106 260 12 
Jointfir_QC . . . . . . . . . . 
Kankong_QP 165 5 113 233 28 125 283 177 133 163 
Kangkong/swamp cabbage_QC 50 33 53 52 16 49 42 49 76 34 
Pumpkin_QP 99 36 71 115 60 100 50 109 57 101 
Pumpkin_QC 106 43 92 120 44 97 108 129 39 38 
Roselle_QP 108 12 108 114 36 74 136 126 90 57 
Roselle_QC 54 8 71 41 11 52 38 54 47 38 
Sweetpotato_QP 50 56 104 36 . 77 29 50 8 104 
Sweetpotato_QC . . . . . . . . . . 
Taro_QP 161 77 142 179 45 154 103 157 168 107 
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Taro_QC 156 40 188 106 24 89 255 160 145 67 
Watercress_QP 308 105 420 88 200 89 503 308 363 124 
Watercress_QC 47 29 25 44 37 28 61 54 16 43 
Winged bean leaves_QP 75 . 73 77 . 38 91 68 104 . 
Winged bean leaves_QC . . . . . . . . . . 
Lettuce_QP 76 25 36 84 15 74 37 74 69 63 
Lettuce_QC 129 46 121 117 42 92 127 145 94 69 
Nightshade leaves_QP 150 . 110 500 1 128 180 500 80 104 
Nightshade leaves_QC . . . . . . . . . . 
Mustard_QP 33 13 36 18 18 22 61 23 81 9 
Mustard_QC 25 14 14 33 14 23 13 15 13 38 
Fenugreek_QP 19 12 10 51 12 11 39 26 12 6 
Fenugreek_QC 32 9 33 32 9 30 26 51 16 30 
Papaya_QP 26 . . 26 . 26 26 26 . . 
Papaya_QC . . . . . . . . . . 

P = Quantity Produced (kg/yr); C = Quantity Consumed (kg/yr); R = Rural; U = Urban; P = Primary education; S = Secondary 

education; T = Tertiary level education 
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Appendix 3: Percentage of Quantities of Leafy food crops Produced which are 

consumed by the households themselves 

Leafy Food Crops Rural areas Urban areas 

  
Primar

y 
Secondar

y 
Tertiar

y 
Primar

y 
Secondar

y 
Tertiar

y 

Aibika 76.30 72.90 75.00 100.00 65.00 85.70 

Amaranth 76.30 72.90 50.00 87.50 80.00 88.10 

Chinese cabbage 91.30 95.70 100.00 100.00 90.00 90.50 

English cabbage 38.80 51.40 87.50 50.00 45.00 78.60 

Drumstick leaves  52.50 57.10 50.00 50.00 50.00 50.00 

Fern 30.00 32.90 37.50 25.00 20.00 31.00 

Kangkong/swamp cabbage 23.80 34.30 25.00 25.00 5.00 14.30 

Pumpkin 31.30 28.60 12.50 25.00 0.00 4.80 

Roselle 21.30 37.10 25.00 37.50 0.00 7.10 

Taro 86.30 85.70 75.00 75.00 80.00 71.40 

Watercress 10.00 15.70 0.00 12.50 20.00 19.00 

Lettuce 33.80 50.00 50.00 50.00 45.00 54.80 

Mustard 31.30 30.00 12.50 12.50 20.00 31.00 

Fenugreek 6.30 12.90 0.00 0.00 5.00 4.80 
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Appendix 4: Calibration Curves 
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Appendix 5. Quality Assurance and Quality Control 

 The analysis of Quality control samples and precision for duplicate samples for Zn 

analysis. 

 

In House 
QC 

Samples Reading 1 Reading 2 Mean 
Standard 
Deviation 

Percentage 
Difference 

Zn 

A 0.774 0.768 0.771 0.004 0.722 

B 0.968 0.918 0.943 0.035 5.272 

Fe 

A 1.169 1.200 1.185 0.022 2.585 

B 3.306 3.027 3.166 0.197 8.796 

Cu 

A 0.019 0.021 0.020 0.001 6.667 

B 0.080 0.077 0.078 0.002 3.404 

Mn 

A 0.019 0.019 0.019 0.000 1.799 

B 0.007 0.007 0.007 0.000 1.404 

Cr 

A 0.117 0.114 0.116 0.002 2.597 

B 0.680 0.683 0.682 0.002 0.440 

Recovery of spiked samples in Zn Analysis 

Serial Number Concentration Expected % Recovery 

A Spiked with 0.6ppm 0.253 0.263 98.12 

B Spiked with 0.6ppm 0.408 0.403 103.27 

C Spiked with 0.6ppm 0.258 0.263 100.06 

D Spiked with 0.6ppm 0.412 0.403 104.28 

 

 

          = 2.80% 
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Recovery of Spiked samples during Mn Analysis. 

Serial Number Concentration Expected % Recovery 

A spiked with 1.6ppm 0.104 0.110 98.33 

B spiked with 1.6 ppm 0.105 0.110 99.27 

C spiked with 1.6ppm 0.148 0.154 99.95 

D spiked with 1.6ppm 0.151 0.154 101.97 

 

 

                                  1.55% 

Recovery of Spiked samples during Fe Analysis. 

Serial Number Concentration Expected % Recovery 

A spiked with 2ppm  0.661 0.642 107.08 

B spiked with 2ppm 0.653 0.642 105.78 

C spiked with 0.2ppm 0.312 0.363 89.39 

D spiked with 0.2ppm 0.323 0.363 92.54 

 

 

                                  9.15% 
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Appendix 6: Income Frequency Graph of Households


