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[bookmark: _Toc90493904]ABSTRACT
Background: Vegetables are major sources of dietary nitrates. They contain varying concentrations of nitrate depending on the type of vegetable, agricultural practices, environment, cooking methods and other factors. 
Aim: The aim of this study was to determine the level of nitrates in raw and cooked vegetables consumed by patients with non-communicable diseases (NCDs) in Ghana. 
Materials and Methods: The research employed an experimental study design. Vegetables consumed by patients with NCDs reporting for care at the Korle Bu Dietherapy Unit, were identified from a secondary data and sampled from Shoprite Mall, Agbogbloshie and Dome Markets. The nitrate contents in raw and cooked (boiled, fried, stewed, prepared soup and Abom) vegetables were determined using the steam distillation-titration method and reported as mean (mg/kg) ± SD. Statistical Package for Social Sciences (SPSS version 26.0) was used to analyse data -at a 95% confidence interval. One-Way ANOVA and Dunnett’s Post Hoc were used to determine variations in nitrate levels of vegetables after undergoing the different cooking treatments. 
[bookmark: _GoBack]Results Tomato stew (23.76%), tomato (light) soup (18.18%), tomato Abom (15.70%) and vegetable salad (8.47%) were consumed by a majority of the study participants. Nitrate concentration was highest in raw Kontomire (171.04 ± 13.37 mg/kg) and lowest in raw onion (101.60 ± 30.41 mg/kg). The highest mean nitrate level for boiled and fried vegetables were recorded for vegetable salad (52.96 ± 16.80 mg/kg) and cabbage (125.92 ± 40.75 mg/kg) whilst the least nitrate levels were recorded for cucumber (29.12 ± 4.02 mg/kg) and sweet pepper (92.64 ± 26.96 mg/kg). The highest and lowest nitrate levels in stews prepared were observed in Kontomire (45.28 ± 5.28 mg/kg) and tomato stew (29.76 ± 5.51 mg/kg). Kontomire soup (44.56 ± 5.90 mg/kg) and tomato soup (33.84 ± 3.99 mg/kg) recorded the highest and lowest nitrate levels amongst soups prepared.  Garden egg Abom obtained a higher (43.12 ± 3.85 mg/kg) nitrate level and tomato Abom recorded the least (29.68 ± 5.51 mg/kg). One-Way ANOVA showed significant differences between the nitrate levels of the raw vegetable types and the cooking treatments they were subjected to (p<0.05). Dunnett’s post hoc analysis revealed significant differences in nitrate levels between raw and boiled; boiled and fried; raw and fried (mainly cabbage, sweet pepper and cucumber) vegetables, and between uncooked and composite vegetable foods (stew, soup and Abom) (all p- values <0.05). 
[bookmark: _Toc90493905]Conclusion: Vegetable salads and tomatoes in the form of stew, soup and Abom were consumed by a majority of the study participants. Mean nitrate levels were higher in Kontomire and cabbage but lower in other vegetables. Nitrate losses occurred in all cooking methods however fried vegetables retained the most nitrates.
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Abom: A Ghanaian traditional dish prepared by boiling the principal vegetable separately and grinding in an earthenware bowl, with onion, pepper, tomatoes, momone (fermented dried fish) and salt, and topping up with warmed palm oil. 
Stew: A combination of solid food ingredients including vegetables cooked to a thickened consistency.
Soup: A liquid dish, prepared by boiling meat, fish, or vegetables in a lot of water. 
Tomato Abom: Grounded fresh peppers, tomatoes, onions with salt. 
Tomato or Light soup: A type of soup made from a mixture of vegetables; tomato, onions and garden eggs and a protein source (meat or fish). Tomato forms the major vegetable component.
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[bookmark: _Toc90493909]CHAPTER ONE
1. [bookmark: _Toc70351749][bookmark: _Toc77238539][bookmark: _Toc90493910]INTRODUCTION
[bookmark: _Toc90493911][bookmark: _Toc70351750][bookmark: _Toc77238540]1.1 Background
Vegetables are the most important source of nitrate in the human diet. They contribute to the intake of more than 80% of dietary nitrates (Salehzadeh et al., 2020). Nitrate levels in vegetables vary considerably. These differences have been attributed to factors such as plant species, the part of plant consumed, environmental conditions, agricultural practices, and post-harvest activities such as storage, pre-preparation, cooking, and preservation techniques (EFSA, 2008). 
Dark green leafy vegetables and beetroot are especially rich sources of dietary nitrates (Hord et al., 2009).  Nitrate levels in fruit vegetables are reportedly lower compared to leafy, stem, and root vegetables (Razgallah et al., 2016; Salehzadeh, et al., 2020). The nitrate concentration in vegetables in decreasing order are leaf > stem > root > inflorescence/flower > fruit > grain/seed (Santamaria, 2006). Data from research works in many countries across the continents have recorded higher nitrate contents amongst commonly consumed vegetables such as spinaches, lettuces, and cabbages (Alexander et al., 2016; Kmecl, Knap & Znidarcic, 2017; Haftbaradaran, Khoshgoftarmanesh & Malakouti, 2018; Corradini et al., 2018), and relatively lower nitrate content in tomatoes, carrots, cucumber, garlic and red pepper (Raczuk, Wadas & Głozak, 2014; Bahadoran et al., 2016; Ding et al., 2018).  
Exposures to light and fertilizer applications have been recognized as the main environmental condition and agricultural practices that greatly impact nitrate accumulation in vegetables (Gruda, 2005). Vegetables grown under low light intensities significantly have higher nitrate content than those grown under high light intensities (Santamaria et al., 1999; Tamme et al., 2010; Salehzadeh et al., 2020). The application of nitrogen-containing fertilizers and the increased use of organic manure leads to higher nitrate accumulation in vegetables (Santamaria, 2006; Chung et al., 2011; Salehzadeh et al., 2020) and varies with the type, amount, and the number of times the fertilizer is applied (Santamaria, 2006). 
Losses of nitrate ions are experienced with washing and trimming (removal of non-edible parts such as the stem, midribs and peels) of most vegetables. Nitrate ions are highly soluble in water hence easily leach out of vegetables when washed. About 15% of nitrate losses have been associated with the washing of leafy vegetables, 40% with trimming of lettuce and spinach and 62% with peeling of potatoes and beetroot (EFSA, 2008). 
[bookmark: _Toc70351751][bookmark: _Toc77238541]Some methods adopted in the cooking of vegetables can lead to greater losses of nitrates whilst others may confer very little to no losses. Boiling has been found to reduce the nitrate content of vegetables (Prasad & Chetty, 2008 & 2011; Salehzadeh, et al., 2020). Wang et al., (2018) showed that boiling at 100°C for 2 minutes is the optimal cooking condition for maintaining about 70% of nitrate content in spinach. Steaming, baking or drying (oven and freeze-drying) have also been found to cause insignificant to no losses of nitrate levels in vegetables (Pagliano & Mester, 2019; Prasad & Chetty 2011; Mozolewski & Smoczynski, 2004). Frying tends to decrease moisture content in vegetables as a result higher nitrate concentrations are retained in fried vegetables (Prasad & Chetty, 2011; Salehzadeh, et al., 2020).

[bookmark: _Toc90493912]1.2 Problem statement 
The prevalence of non-communicable diseases such as diabetes and cardiovascular disease as well as their risk factors including obesity, hypertension and dyslipidaemia is on the rise globally (Roglic, 2016; Roth et al., 2018) and also among the Ghanaian population (Ofori-Asenso et al., 2016; Asamoah-Boaheng et al., 2019). Over 70% of deaths relating to cardiovascular diseases are preventable through a healthy lifestyle (Tzoulaki et al., 2016), a significant part of which is the intake of healthy diets. Vegetables form a significant part of a healthy diet (U.S. Department of Health and Human Services, 2015).
In addition to being a good source of vitamins and minerals needed for normal body function, (Ramya & Patel, 2019) helping with regulation of body weight (Brownlee et al., 2017) and other benefits, dietary nitrate obtained from vegetables helps to lower blood pressure, blood lipids and enhance vascular function (Joshipura et al., 2001; Lundberg et al., 2006; Liu et al., 2013; Rammos et al., 2014; Kapil et al., 2015; Jackson et al., 2018).
Accurate estimation of vegetable nitrate intake is a challenge due to the lack of a comprehensive database of nitrate levels of vegetables grown in Ghana. The use of a food database from other countries may not be applicable as the nitrate concentrations in vegetables from different locations vary. Additionally, the state in which a vegetable is consumed, whether cooked or raw, significantly affects their nitrate levels. Experimental studies investigating the nitrate levels of vegetables after undergoing various cooking methods are scarce in Ghana. This knowledge is critical to provide the baseline data needed to advance research in the field of nitrate from vegetables and chronic diseases. It provides the added rationale for carrying out this study.
[bookmark: _Toc70351752][bookmark: _Toc77238542][bookmark: _Toc90493913]1.3 Justification
This study will determine and document the nitrate levels of a sample of commonly consumed vegetables on the Ghanaian market. The impact of different cooking methods on vegetable nitrate levels will also be determined. The data acquired will serve as valid reference data necessary for any investigation on the possible association between vegetable nitrate intake and cardiovascular health among Ghanaians. 
[bookmark: _Toc70351753][bookmark: _Toc77238543]The vegetables with the highest nitrate levels and cooking methods that may retain the most nitrate concentration will be identified. This will inform dieticians in their practice to recommend the appropriate vegetables and cooking methods to patients. 









[bookmark: _Toc90493914]1.4 Aim
[bookmark: _Toc77238544][bookmark: _Toc70351755]The aim of this study was to obtain the nitrate levels of raw and cooked vegetables consumed by patients with non-communicable diseases (NCDs) in Ghana.
[bookmark: _Toc90493915]1.4.1 Specific objectives 
The specific objectives were to:
1. Obtain information on the types of vegetables consumed by the study population based on 24-hour dietary recall interviews obtained from secondary data.

1. Determine the mean nitrates levels in milligrams per kilogram of the uncooked state of each vegetable consumed.

1. Determine the mean nitrate levels in milligrams per kilogram of each vegetable after undergoing different cooking treatments (boiling, frying, stewing, prepared soup and Abom).






[bookmark: _Toc77238545][bookmark: _Toc90493916]CHAPTER TWO
[bookmark: _Toc70351758][bookmark: _Toc77238546][bookmark: _Toc90493917]2.0 LITERATURE REVIEW  
[bookmark: _Toc70351759][bookmark: _Toc77238547][bookmark: _Toc90493918]2.1 Vegetable consumption and its importance in the diet 
[bookmark: _Toc70351760][bookmark: _Toc77238548]Vegetables are good sources of nutrients, especially vitamins (A, C E, B1, B3, B6, B9, and K), minerals (potassium, copper, magnesium, iron, and manganese), other bioactive compounds (choline, quercetin) and dietary fibre which provide health benefits to the human body. Many research findings have proven and supported the role adequate vegetable intake, plays in minimizing the onset of chronic diseases such as arthritis, cancer, coronary heart disease, diabetes, and stroke (Sadeghi et al., 2015; Aune et al., 2017). However, vegetable consumption in Ghana (Ruel, Minot & Smith, 2004; Amo-Adjei, & Kumi-Kyereme, 2015) and across the world (Hall et al., 2009) has been recorded to be low despite these findings. Dietary guidelines advocate the increased intake of fruits and vegetables of at least, five (5) servings (400 g) daily to protect one against chronic diseases; that is at least two servings of fruits and three servings of vegetables every day as part of a balanced diet for optimal health (World Health Organization; 2003a; Chung et al., 2011; U.S. Department of Health and Human Services, 2015). 
[bookmark: _Toc90493919]2.2 Nitrate and its sources in the diet
Nitrates are nitrogenous chemical compounds that are widely distributed in the environment. Nitrate anions are present in water, soil, microorganisms, plants and animals (Chung et al., 2011; Ding et al., 2018). It is produced in the soil from the oxidation of organic waste materials such as decomposing plants and manure through the activities of nitrogen-fixing bacteria (Prasad & Chetty, 2008). Soil nitrate is a sole source of the nitrogen compound which plays a pivotal role in plant growth, therefore it is found in most vegetables (EFSA, 2008; Lucarini et al., 2012). 
Nitrates are present in lots of foods consumed by humans (Merusi et al., 2010) hence, can be obtained exogenously in the human body through the diet. Exogenous sources of nitrate are often through the consumption of vegetables and to a lesser extent through fruit, grains, drinking water and food additives used in the preservation of processed food products (Quijano et al., 2017; Blekkenhorst et al., 2018). 
Nitrogenous fertilizers are used in farming to promote crop output worldwide (Mosier et al., 2005). Consequently, increased amounts of nitrates have been found in harvested crops and leached into drinking water resources (EFSA, 2008). In the food industry, nitrates are used as preservatives and antimicrobial agents in food processing (Stavroulakis, et al., 2018; Salehzadeh, 2020). They are used as food additives, in processed foods such as cheese, spirits, liqueurs, meats, and fish products. 	
Vegetables account for about 80% of total dietary nitrate intake (Sadeghi et al., 2015; Bondonno et al., 2018). However, vegetables, especially green leafy vegetables and beetroot contributes the highest; more than 80% (Tamme et al., 2006; Hord, Tang & Bryan 2009; Weitzberg and Lundberg, 2013) of human exposure to nitrate compared to other nitrate sources (Chetty et al., 2019).
[bookmark: _Toc90493920][bookmark: _Toc70351761][bookmark: _Toc77238549]2.3 Nitrate levels in vegetables consumed by a majority of the study participants 
Many studies have been conducted worldwide to assess the nitrate concentration in vegetables. Table 2.3 below shows the nitrate concentration of some vegetables investigated in the work of some authors.


[bookmark: _Toc77212663][bookmark: _Toc90493960]Table 2.3: Nitrate content in vegetables
	Raw Vegetables
	Nitrate Concentration (mg/kg)

	
	Iran (Salehzadeh et al., 2020)
	Tunisia (Razgallah et al., 2016)
	China (Chung  et al., 2011)
	(EFSA, 2008)
	Estonia
(Tamme et al., 2006)

	Cabbage 
	530
	1963
	960
	311
	437

	Lettuce
	370
	1079
	1300
	1324
	2167

	Spinach
	-
	-
	3900
	1066
	2508

	Celery
	-
	-
	1300
	1103
	565

	Asparagus
	-
	-
	16
	209
	-

	Carrot 
	324
	890
	170
	296
	148

	Beetroot
	-
	543
	3000
	1379
	1446

	Cauliflower
	-
	726
	400
	148
	287

	Artichoke
	--
	496
	-
	174
	-

	Tomato
	166
	57
	26
	43
	41

	Cucumber
	-
	-
	99
	185
	160

	Onion 
	382
	310
	7
	164
	55

	Garlic
	-
	1036
	14
	69
	-

	Pea
	-
	976
	18
	30
	-



Data from the table shows nitrate levels to vary within vegetable species and amongst the countries presented. The highest nitrate concentration in the vegetables was found in green leafy vegetables and the least in fruit vegetables. According to Santamaria (2006), the nitrate concentration in vegetables mostly follows the pattern: leaf > stem > root > inflorescence/flower > fruit > grain. A similar trend can be observed in table 1 above.
[bookmark: _Toc70351762][bookmark: _Toc77238550][bookmark: _Toc90493921]2.4 Factors affecting nitrate contents in vegetables
The nitrate content accumulated in various vegetables has been found to vary considerably from one country or region to another. These differences have been attributed to numerous factors including environmental, agricultural, plant genetics, edible plant portion and legislations (Santamaria, 2006; Tamme et al., 2006; Reinik, Tamme & Roasto, 2008; Correia et al., 2010). 
[bookmark: _Toc70351763][bookmark: _Toc77238551][bookmark: _Toc90493922]2.5 Environmental factors affecting nitrate contents in vegetables
[bookmark: _Toc70351764]Environmental factors such as soil quality and weather conditions greatly influence the nitrate concentrations in vegetables in numerous ways. The type, pH, and composition of the soil have been found to impact mineralization processes surrounding soil nitrate formation thus influencing nitrate levels in crops grown (Tamme et al. 2006; Hsu, Arcot & Lee, 2009; Vahed et al. 2015). Seasonal and weather conditions such as light intensity, air temperature, and humidity significantly affect nitrate levels in vegetable crops.  In the presence of sunlight, nitrates are easily converted into nitrites via activated enzymes hence, under cloudy conditions; nitrates are highly accumulated in plants (Weightman et al., 2012). Vegetables grown and harvested in winter and autumn have been reported to amass higher nitrates as compared to those grown and harvested in spring, summer, and undercover (Tamme et al., 2010; Salehzadeh et al., 2020). Quijano et al., (2017), reported a low nitrate content of 787 mg/kg in lettuce grown and harvested in the open air during April to September (summer and spring) and high nitrate content of 949 mg/kg between October and March (autumn and winter). They further reported a much lower nitrate content of 611 mg/kg observed in lettuce grown under cover during autumn and winter. 
[bookmark: _Toc77238552][bookmark: _Toc90493923]2.6 Agricultural factors influencing nitrate contents in vegetables
Some horticultural practices by farmers during planting are reported to play a role in nitrate accumulation in vegetables. Fertilizer application is one of the common farming practices worldwide. The application of ample nitrogenous based fertilizer is associated with a high yield and healthy plant growth (Campanella, Onor & Pagliano, 2017). The amount of applied fertilizer, the timing of fertilization, the number of fertilizer applications and conditions surrounding its mineralization influence the availability of nitrate for uptake (Smolen & Sady, 2009; Hsu, Arcot & Lee, 2009). The overuse of both organic matter and nitrogen-containing fertilizers has been found to have a major influence on the increase of nitrate concentration in various vegetables (EFSA, 2008). 
Vegetables grown under greenhouse cultivation systems usually possess high nitrates in comparison to vegetables grown conventionally or in the open air in the same season (Boroujerdnia, Ansari & Dehcordie, 2007; Tamme et al., 2010). In greenhouse farming, the use of fertilizers is common and it is also associated with high nitrogen mineralization and lower light intensities (Tamme et al., 2010; Kalaycıoğlu, & Erim 2019) all of these factors are conducive in causing high nitrate accumulation in vegetables. 
Plants affected by moisture stress absorb little soil nitrates.  Proper plant irrigation or good water supply to vegetable crops tends to dilute nitrates in the soil, enhancing their uptake. On the other hand, over irrigation may lead to nitrates leaching out of the soil (Prochaska et al., 2008).
Over cultivation and over planting is associated with low nitrate uptake in vegetable crops   (Abu‐Rayyan, Kharawish & Al‐Ismail, 2004; Hsu, Arcot & Lee, 2009). Abu‐Rayyan, Kharawish & Al‐Ismail, (2004), reported a significant increase of nitrate content in lettuce grown, after an increase in plant spacing. 
The duration in plant growth and time of harvest are factors capable of influencing nitrate contents in vegetables. Plants that take a longer time to grow and mature may absorb higher nitrates from the soil during that period. Also late harvesting of matured vegetables can lead to loss of nitrates accumulated Mirecki, et al., (2015). Mirecki, et al., (2015), reported a decrease in nitrate content 157 to 72 mg/kg of carrot from a two month delay in harvest. 
[bookmark: _Toc77238553][bookmark: _Toc70351765]Nitrate contents have also been found to vary between plant species and cultivar types. These differences have been attributed to the unique biological properties of the plant culture used in planting (Tamme et al. 2006; Vahed et al. 2015).
[bookmark: _Toc90493924]2.7 Effects of storage and cooking methods on nitrate contents in vegetables
Once vegetables are harvested, their nitrate contents can further be affected by storage, cooking, and other food processing activities. Prolonged storage of vegetables can lead to the conversion of part of its nitrates to nitrites especially during storage under ambient temperatures. This usually occurs due to the activation of the nitrate reductase enzyme and the presence of bacterial growth (Chung, Chou &, Hwang, 2004; Mirecki, et al., 2015). However, the nitrate conversion to nitrite process in vegetables stored under refrigerated conditions is significantly reduced but may proceed slowly (Chung, Chou &, Hwang, 2004). The nitrate reductase enzyme conversion activity is inhibited under frozen storage conditions (Prasad & Chetty, 2008; Mirecki et al., 2015) leading to no nitrate losses (EFSA, 2008). 
Food production processes such as washing, peeling trimming, boiling, frying, steaming, and preservation may influence nitrate levels in vegetables.  Boiling is a moist or wet heat cooking method that involves cooking food in water or seasoned liquid at 100°C. High nitrate losses have been recorded with the boiling of vegetables. According to Chetty & Prasad, (2009), losses associated with nitrates when cooked by boiling are a result of leaching of nitrates ions into the cooking liquid since nitrates are highly soluble compounds. 
Prasad & Chetty, (2008) reported a 47–59%, reduction in nitrate levels in boiled fresh leafy vegetables. A similar study by (Salehzadeh et al., 2020),  showed a reduction in nitrate levels of boiled raw cabbage and beet leaf, from 4504.33 ± 29.35 mg/kg and 7599.33 ± 40.39 mg/kg to 3959.33 mg/kg  ± 31.20 and 6698 ± 46.47 mg/kg, respectively. Boari et al., (2013) also reported an average of 42.60% nitrate losses from boiling dried wild Mediterranean plants. Amongst cooking methods, boiling has been found to cause the greatest losses of nitrate in vegetables.
Frying is associated with cooking food in hot fat or oil. Vegetables can be fried by sautéing, stir-frying or deep frying. Research results conducted by Prasad & Chetty, (2008) showed that the process of deep-frying green leafy vegetables in soybean oil increased their nitrate content by 159–309%. Similar outcomes were observed by Salehzadeh et al., (2020), where the nitrate contents in fresh beet leaf, carrots, and tomatoes were reduced from 7599.33 mg/kg ± 40.39, 3517.22 ± 14.90 mg/kg, 3332.78 ± 21.81 mg/kg to 9349.22 mg/kg ± 49.92, 4569.89 ± 17.73 mg/kg, and 3748.38 ± 18.48 mg/kg when fried. During frying, moisture losses may occur and extra nitrates from the cooking oil could cause an increase in the nitrate content in the fried vegetable (Chetty & Prasad, 2009).

[bookmark: _Toc90493925]CHAPTER THREE
[bookmark: _Toc90493926]3.0 MATERIALS AND METHODS
[bookmark: _Toc90493927]3.1 Study design
The study design for this study was experimental. 
[bookmark: _Toc90493928]3.2 Study site 
The identified vegetables were obtained from three major markets; Agblogbloshie Market, Dome Market and Shoprite at the Accra Mall. Vegetable cleaning, preparation, cooking and storage were done at the Therapeutic Catering Laboratory of the Department of Dietetics, University of Ghana. The Therapeutic Catering Laboratory is resourced with a clean source of water, catering equipment, freezers and gas stoves. The laboratory is used for training dietetic students in therapeutic catering. Vegetable nitrate analysis was carried out at the Ecological Laboratory located at the University of Ghana, Legon Campus. The Ecological Laboratory was established in 1993 and is currently under the Institute for Environment and Sanitation Studies (IESS) as a semi-autonomous unit of the University of Ghana. The Ecological Laboratory plays a very important role in research activities of the IESS, other research institutions and the University of Ghana. Since its inception, it has supported a number of projects and research related activities of the University. The laboratory has high precision and state of the art equipment including Atomic Absorption Spectrometer (AAS), Spectrophotometer, High Performing Microscopes and the capacity of undertaking tests and analysis such as the determination of the concentrations of heavy metals and cations in soil, plant and water samples (IESS, 2017).
[bookmark: _Toc77238558][bookmark: _Toc90493929]3.3 Study participants
This study used secondary data from a previous study that investigated the dietary intake of patients with various non-communicable diseases and their risk factors, at the Dietherapy department of the Korle-Bu Teaching Hospital (KBTH).  Dietary intake information from the 272 patients who participated in that study was used in the initial stage of this current study. 
[bookmark: _Toc90493930]3.4 Identification of the type of vegetables consumed by patients
A twenty-four-hour recall interviews from the secondary data by Steele-Dadzie, (2018) was used to identify vegetables consumed by a majority of a section of patients with non-communicable diseases in Ghana. The interviews were done for two days, one weekday and one weekend day. Patients indicated all foods consumed, including vegetables as well as the cooking methods used in their preparation. This current study documented the type of vegetables consumed by patients daily. Their nitrate levels were hence determined experimentally.
[bookmark: _Toc90493931]3.5 Sample collection and preliminary processing of vegetables
The identified vegetables were obtained from three major markets; Agblogbloshie Market, Dome Market and Shoprite at the Accra Mall, which were all located within the residential areas of most patients and represented where patients shopped for vegetables. Samples were purchased on markets days where new fresh produce from the farms in the hinterlands were brought to the market. Each sample was bought from three different vendors on three different markets days and combined prior to preliminary processing. Purchased samples were immediately transported to the Therapeutic Catering Laboratory of the Department of Dietetics for cleaning, preparation and storage. 
The samples were cleaned thoroughly with tap water to remove adhered dirt particles. Root vegetables were brushed with a vegetable brush and green leafy vegetables, washed in several changes of lukewarm water by gentle shakes and allowed to sit a minute in 2% brine solution (Telende, 2020). Other vegetables were rubbed gently with hands in water to facilitate the removal of the dirt particles. The cleaned samples were drained off in a colander for two minutes. 
The non-edible parts of the cleaned and dried vegetables were trimmed off. Carrots were peeled as thinly as possible using a vegetable peeler. The stalks of Kontomire (cocoyam leaves), Ayoyo, garden eggs and tomatoes were cut off. The seeds of the sweet pepper, cucumber and tomatoes for frying were removed. The skin of garlic and onion, the stem and damaged outer layer of cabbage and lettuce were also removed. The heads and tails of okro and green beans were also cut off. The trimmed and peeled vegetables were cut into uniform pieces using a multipurpose vegetable cutter to ensure even cooking. 
[bookmark: _Toc90493932]3.6 Procedure for boiling, frying and preparing vegetable stews and soups
Twenty-five grams of each sample in the raw state were weighed in triplicate from. One part was tested in the raw state while the other two were boiled and fried respectively.  Boiling was done in a small steel pot of 50 ml boiling water (at 100°C) under medium heat (gas stove mark 160°C). Green leafy vegetables (lettuce, cabbage and Ayoyo) were boiled for three (3) minutes, firm vegetables, (tomatoes, sweet pepper and green beans) for six (6) minutes and hard vegetables (carrot, onion and garlic) for eight (8) minutes (Prasad & Chetty, 2011; Ekart et al., 2013). 
Frying of vegetables was done in 7 ml sunflower oil in a pre-heated non-stick pan under medium heat (gas stove mark 160°C). Green leafy, firm and hard vegetables were fried for two (2), three (3) and four (4) minutes respectively (Ekart et al., 2013; Salehzadeh, et al., 2020). The boiled and fried vegetables were allowed to drain and cool for two (2) minutes respectively. 
 Vegetable stews and soups were prepared according to standardized recipes by Talende, (2020) with slight modifications from information gathered via personal communication for Ghanaian recipes. Tables 2A to 2L below shows the various vegetable weights and recipes used in preparing vegetable stews, soups and Abom (boiled vegetables grinded with onions and pepper with added palm oil).

	Ingredients 
	Directions 

	100 g tomato
60 g onion
10 g  kpakpo shito (petite bell chilli)
2 g salt	
	Combine ingredients in an earthenware bowl and grind into a smooth mixture. [image: Description: C:\Users\HP\Desktop\Picture9.png]




	




[bookmark: _Toc90493961]Table 3.6A: Recipe for Tomato Abom




[bookmark: _Toc90493962]Table 3.6B: Recipe for Kontomire Abom
	Ingredients 
	Directions 

	100 g Kontomire (cocoyam leaves)
10 g kpakpo shito (petite bell chilli)
60 g onion
30 g charred tomato
3 g charred momone (fermented salted fish), 
15 g koobi (salted dried tilapia)
62 ml (¼ cups,) palm oil
2 g salt 



	Place a saucepan on medium heat, bring water to a boil, add washed cocoyam leaves and allow boiling for 5 minutes, draining for a minute in a colander and setting aside.
Grind charred momone, kpakpo shito, onion, charred tomato and salt in an earthen ware bowl into a smooth mixture. 
Add cooked Kontomire and grind till well mixed and smooth set aside. 
Heat palm oil in a small saucepan over medium heat.
Add koobi, stir and allow frying for a minute.
Pour oil onto the grounded mixture and mix well.[image: Description: C:\Users\HP\Desktop\Picture9.png]













[bookmark: _Toc90493963]Table 3.6C: Recipe for Garden egg Abom
	Ingredients
	Directions

	100 g African garden eggs
10 g kpakpo shito (petite bell chilli)
60 g onion
30 g charred tomato
3 g charred momone (fermented salted fish), 
15 g koobi (salted dried tilapia)
62 ml (¼ cups,) palm oil
2 g salt 
	Place a saucepan on medium heat, bring water to a boil add washed garden eggs and allow to boil for 10 minutes, drain for a minute in a colander and set aside.
Grind charred momone, kpakpo shito, onion, charred tomato and salt in an earthen ware bowl into a smooth mixture. 
Add cooked garden eggs and grind till well mixed and smooth set aside. 
Heat palm oil in a small saucepan over medium heat.
Add koobi, stir and let it sweat for a minute.
Pour oil onto the grounded mixture and mix well[image: Description: C:\Users\HP\Desktop\Picture9.png]












[bookmark: _Toc90493964]Table 3.6D: Recipe for Tomato Soup
	Ingredients
	Recipe

	100 g tomatoes
60 g garden eggs
30 g onion
10 g kpakpo shito (petite bell chilli)
15 g beef
15 g smoked mackerel 
3 g garlic 
3 g ginger 
2 g of salt
	Pour beef into a saucepan over medium heat; add blended ginger, garlic and onion, salt, a cup of water, stir and let cook for 10 minutes.
Add smoked mackerel, garden eggs, tomatoes, onion, and petite kpakpo shito, stir and allow vegetables to boil for 5 minutes then take out and blend.
Strain the blended mixture into the saucepan, stir and let simmer for 2 minutes[image: Description: C:\Users\HP\Desktop\Picture1.png]
















[bookmark: _Toc90493965]Table 3.6E: Recipe for Okro Soup
	Ingredients
	Recipe

	100 g okro, grated
30 g tomato
30 g onion
20 g Ayoyo (jute leaves)
10 g kpakpo shito (petite bell chilli)
15 g beef 
15 g smoked mackerel
3 g garlic 
3 g ginger 
2 g of salt 


	Boil grated okro in 250 ml of boiling water for 3 minutes. Add Ayoyo leaves, stir and cook for another 2 minutes and set aside.
Pour beef into a saucepan over medium heat; add blended ginger, garlic and onion, salt, a cup of water, stir and let cook for 10 minutes.
Add smoked mackerel, tomatoes, onion, and kpakpo shito stir and allow vegetables to boil for 5 minutes, 
Take out boiled vegetables, blend and pour back into the mixture allow to simmer for 2 minutes and pour in boiled okro, add salt, stir and let cook for 3 minutes.
[image: Description: C:\Users\HP\Desktop\Picture1.png]












[bookmark: _Toc90493966]Table 3.6F: Recipe for Kontomire Soup	
	Ingredients 
	Recipes

	100 g Kontomire (cocoyam leaves) 
60 g garden eggs
30 g onion
10 g kpakpo shito (petite bell chilli)
15 g beef
15 g smoked mackerel 
3 g garlic 
3 g ginger 
2 g of salt
	Pour beef into a saucepan over medium heat; add blended ginger, garlic and onion, salt, a cup of water, stir and let cook for 10 minutes.
Add smoked mackerel Kontomire, tomatoes, onion, kpakpo shito, let boil for 5 minutes.
Take out boiled vegetables, blend and pour back into the mixture allow to simmer for 2 minutes.
[image: Description: C:\Users\HP\Desktop\Picture1.png]












[bookmark: _Toc90493967]Table 3.6G: Recipe for Kontomire Stew
	Ingredients 
	Recipes

	100 g Kontomire (cocoyam leaves), julienned
75 g tomatoes
60 g sliced onion 
10 g kpakpo shito (petite bell chilli)
15 g smoked mackerel
30 g ground agushie (white melon seeds)
44 ml (3 tbs) palm oil
3 g garlic 
3 g ginger 
2 g fresh momone (fermented salted fish)
2 g salt
	Pour oil into a warmed saucepan. Add momone, and sliced onions and let sweat for a minute under medium heat.
Add blended tomatoes, pepper and garlic, stir and let simmer for 8 minutes.
Add smoked salmon, stir and let simmer for 2 minutes.
Mix agushie with water stir and pour mixture into the sauce, cover and let it cook for 4 minutes. 
Add Kontomire, cover and let wilt for 5 minutes; stir to uniformly mix with the sauce.
[image: ]

Add salt and mix thoroughly and allow simmering for a minute










[bookmark: _Toc90493968]Table 3.6H: Recipe for Mixed Vegetable Stew 
	Ingredient
	Recipes

	200 g tomatoes 
60 g onions, sliced
30 g carrots, sliced
30 g green bell pepper, diced
30 g French beans, sliced
10 g kpakpo shito (petite bell chilli)
44 ml (3 tbs) soya bean oil 
3 g garlic 
3 g ginger 
2 g of salt
	Pour oil into warmed saucepan.
Add onion, stir and let sweat for a minute over medium heat.
Add blended tomatoes, kpakpo shito, garlic and ginger, stir and let simmer down for 10 minutes.
Add carrots, cover and let it cook for 2 minutes.
Add green bell pepper, French beans and salt, allow cooking for 2 minutes.
[image: Description: C:\Users\HP\Desktop\Picture8.png]














[bookmark: _Toc90493969]Table 3.6I: Recipe for Garden egg Stew
	Ingredients
	Recipe

	100 g  garden eggs, cubed
75 g tomatoes 
60 g onion, sliced
10 g  kpakpo shito (petite bell chilli)
15 g smoked salmon
44 ml (3 tbs) palm oil
3 g garlic 
3 g ginger 
2 g  momone (fermented salted fish)
2 g of salt 

 
	Pour palm oil in a warmed saucepan, add onions, momone, stir and sweat for a minute over medium heat.
Add blended tomatoes, garlic, ginger and kpakpo shito stir and let it simmer for 8 minutes.
Add smoked mackerel, allow to cook for 2 minutes
Add garden eggs, stir and cover and let it cook for 7 minutes.
Add salt let it simmer for another 3 minutes.
[image: ]















[bookmark: _Toc90493970]Table 3.6J: Recipe for Okro Stew
	Ingredients
	Recipes

	100 g okro, grated
75 g tomatoes
60 g onions
20 g Ayoyo (jute leaves)
10 g  kpakpo shito (petite bell chilli)
15 g smoked mackerel
44 ml (3 tbs) palm oil
3 g garlic 
3 g ginger 
2 g  momone (fermented salted fish)
2 g of salt
	Pour oil into a heated saucepan. Add momone, and sliced onions and let sweat for a minute under medium heat. 
Add blended tomatoes, garlic, ginger and kpakpo shito stir and let it simmer for 8 minutes.
Add smoked mackerel, allow to cook for 2 minutes
Add okro, stir and cover and let it cook for 5 minutes then add Ayoyo allowing simmering for 2 minutes.
Add salt let it simmer for another 3 minutes.[image: ]














[bookmark: _Toc90493971]Table 3.6K: Recipe for Cabbage Stew 
	Ingredients
	Recipe

	100 g cabbage, shredded
75 g tomatoes 
60 g onion, sliced
10 g kpakpo shito (petite bell chilli)
15 g smoked salmon
44 ml (3 tbs) palm oil
3 g garlic 
3 g ginger
2 g salt
	Pour oil into warmed saucepan.
Add blended tomatoes, onion, petite bell peppers, garlic and ginger, stir and let simmer down for 7 minutes.
Add smoked mackerel and allow cooking for 3 minutes.
Add cabbage, cover and let it cook for 4 minutes.
Add salt, allow cooking for a minute.
[image: Description: C:\Users\HP\Desktop\Picture8.png]












	Ingredient
	Recipe

	200 g tomatoes 
60 g onions, sliced
10 g kpakpo shito (petite bell chilli)
44 ml (3 tbs) soya bean oil 
3 g garlic 
3 g ginger 
2 g of salt
	Pour oil into warmed saucepan.
Add onion, stir and let sweat for a minute over medium heat.
Add blended tomatoes, petite bell peppers, garlic and ginger, stir and let simmer down for 14 minutes.
Add salt and allow simmering for a minute.
[image: Description: C:\Users\HP\Desktop\Picture8.png]








[bookmark: _Toc90493972]Table 3.6L: Recipe for Tomato Stew 




[bookmark: _Toc90493933] 3.7 Sample preparation for laboratory analysis
[bookmark: _Toc70351790][bookmark: _Toc77238567]The raw and cooked (boiled, fried, and composite vegetable foods) samples were homogenized separately for a minute using a kitchen blender (Kenwood, model: CY-440S) in 50 ml water, kept in zip lock bag and frozen for further analysis. Each lot was analysed in triplicates. Nitrate content in the vegetables was determined using steam distillation-titration method according to Okelebo and Woomer, (2002).
[bookmark: _Toc90493934]3.8 Extraction of nitrate from samples 
Forty millilitres (40 ml) of 2 M potassium chloride (KCl) extraction solution was added to 10 g of the homogenised samples in a plastic bottle. The mixture was then shaken on an orbital shaker (Gallenkamp, model: SG95/05/087) for 30 minutes and filtered through a filter paper to obtain a clear filtrate. 
[bookmark: _Toc70351791][bookmark: _Toc77238568][bookmark: _Toc90493935]3.9 Measurement of nitrate content in the vegetables
Using steam distillation apparatus (Buchi, model: K-314) 10 ml aliquots of the filtrate was measured into a distillation flask and 2 g of cooled ignited magnesium oxide (MgO) was added to it. The mixture was distilled and the ammonium collected into a conical flask. After distilling off the ammonium-nitrogen (NH4-N) from the filtrate in the above procedure, 0.2 g of Dervarda's alloy was added to the remaining contents in the distillation flask to reduce existing nitrate-nitrogen (NO3-N) to ammonium nitrogen (NH4-N). The mixture was distilled into a 250 ml conical -flask containing 10 ml boric acid solution. The distillate was titrated against 0.01 M hydrochloric acid (HCl) until a colour change of faint pink was observed indicating the endpoint and the titre value recorded.  

The formula used for calculating nitrate content is as follows:      
[bookmark: _Toc77238569][bookmark: _Toc70351792]Nitrate (mg/kg) = 

[bookmark: _Toc90493936]3.10 Data management plan 
Data collected was stored on a password-protected personal computer. Data was accessible to only the research team.
[bookmark: _Toc90493937]3.11 Data analysis  
[bookmark: _Toc70351797]Data entry, calculations and cleaning were done using Microsoft Excel. All data were entered into Microsoft Excel and exported to Statistical Package for Social Sciences for analysis. Statistical Package for Social Sciences (SPSS) version 26.0 was used to analyse the data. Frequencies and percentages were used to report the types of vegetables consumed by the study participants. The mean nitrate levels of each vegetable were computed in mg/kg ± standard deviation. One-way Analysis of Variance (ANOVA) and Independent Sample T-Test was used to analyse the variations in nitrate levels of vegetables after undergoing the different treatments at a confidence interval of 95%. Significance was set at p < 0.05. Post Hoc; Dunnett’s test was used to identify particular treatments which resulted in the significant difference in nitrate levels.

[bookmark: _Toc90493938][bookmark: _Toc77238570][bookmark: _Toc70351800][bookmark: _Toc77238573]3.12 Ethical approval
This study was approved by the Ethics and Protocol Review Committee of the College of Health Sciences, University of Ghana (Ethics Identification Number: CHS-Et/M.6-4.3/2020-2021). Confidentiality of all information received from the study was observed. 
[bookmark: _Toc90493939]3.13 Dissemination of results
Copies of the research work will be submitted to the University of Ghana, UGSpace of the Balme Library; the libraries of the School of Biomedical and Allied Health Sciences and the Department of Dietetics as reference material. Findings from the study will be developed into manuscripts and published in peer-reviewed scientific journals and presented at both local and international conferences.






[bookmark: _Toc90493940]CHAPTER FOUR
[bookmark: _Toc90493941]4.0 RESULTS
[bookmark: _Toc90493942]4.1 Types of vegetables consumed by study participants	
Table 4.1 shows the types of vegetables consumed by majority of the study participants. The highest vegetable consumed by the participants was tomato in the form of tomato stew (23.76%), followed by tomato soup (18 .18%) and tomato Abom (15.70%). A lower proportion of the study population consumed onion (0.41%) in its raw form.  
Table 4.1: Types of vegetables and composite vegetable foods consumed by study participants (N=272)
	Vegetable 
	Frequency (%)

	Tomato Stew
	115 (23.76)

	Tomato Soup
	   88 (18.18)

	Tomato Abom (ground tomato, onion and pepper)
	   79 (15.70)

	Vegetable Salad (raw)
	 41 (8.47)

	Kontomire Stew
	 39 (8.05)

	Okro Stew
	 29 (5.99)

	Garden Egg Stew
	 25 (5.17)

	Okro Soup
	24 (4.96)

	Cabbage Stew
	10 (2.07)

	Tomatoes (raw)
	  9 (1.86)

	Vegetable Stew
	  6 (1.24)

	Cabbage (raw)
	  5 (1.03)

	Carrot (raw)
	  4 (0.83)

	Kontomire Soup
	  4 (0.83)

	Lettuce (raw)
	 4 (0.83)

	Cucumber (raw)
	 3 (0.62)

	Onion (raw)
	  2 (0.41)





[bookmark: _Toc90493943]4.2 The mean nitrate levels for raw vegetables
The result of the nitrate levels of the identified vegetables is presented in Table 4.2. Kontomire recorded the highest nitrate levels of (171.04 ± 13.37 mg/kg) and onion the lowest of (101.60 ± 30.41 mg/kg). 
[bookmark: _Toc90493973]Table 4.2: Mean nitrate (mg/kg) for uncooked (raw) vegetables 
	Vegetable
	Mean Nitrate (mg/kg) Agbogbloshie       Market
	Mean Nitrate (mg/kg) Dome     Market
	Mean Nitrate (mg/kg) Shoprite Market
	Overall Mean Nitrate (mg/kg)

	Kontomire	
	158.40 ± 19.73
	185.04 ± 24.09
	169.68 ± 13.39
	171.04 ± 13.37

	Cabbage
	156.96  ± 32.42
	184.80 ± 8.31
	162.96 ± 14.22
	168.24 ± 14.65

	Green Beans
	144.48  ± 11.64
	166.56 ± 6.49
	156.96 ± 4.99
	156.00 ± 11.07

	Vegetable Salad 
	130.56 ± 0.83
	178.32 ± 18.59
	154.32 ± 4.79
	154.40 ± 23.88

	Ayoyo
	134.64 ± 34.25
	160.80 ± 10.24
	- 
	147.72 ± 18.50

	Sweet Pepper
	130.56  ± 7.93
	157.92 ± 14.13
	153.12 ± 12.58
	147.20 ± 14.61

	Garlic 
	132.48 ± 7.48
	142.80 ± 9.59
	156.72 ± 11.39
	144.00 ± 12.16

	Lettuce	
	109.68 ± 26.00
	153.84 ± 5.40
	156.24 ± 9.36
	139.92 ± 26.22

	Okro 
	126.48 ± 19.46
	143.52 ± 7.93
	146.16 ± 19.49
	138.72 ± 10.68

	Cucumber
	121.68 ± 3.74
	144.96 ± 4.63
	134.40 ± 3.00
	133.68 ± 11.66

	Garden Egg 
	114.24 ± 2.08
	132.96 ± 8.03
	141.36 ± 6.00
	129.52 ± 13.88

	Tomatoes
	92.16 ± 43.70
	132.72 ± 18.56
	139.44 ± 15.88
	121.44 ± 25.58

	Carrot
	91.68 ± 24.11
	133.44 ± 6.84
	132.96 ± 3.69
	119.36 ± 23.97

	Onion
	99.60 ± 31.44
	132.96 ± 0.83
	72.24 ± 0.42
	101.60 ± 30.41


[bookmark: _Toc90493944]Details of the raw data are shown in Appendix 3.0

4.3 Nitrate levels (mg/kg) of different vegetables after undergoing different treatments
The nitrate levels in raw, boiled and fried vegetables are presented in Table 4.3. The percentage gain (+) or loss (-) of nitrate associated with different cooking methods employed, One-Way ANOVA and Dunnett’s Post Hoc analysis are also presented in Table 4.3. 
In general boiling and frying resulted in significant losses of nitrate levels compared to raw vegetables (p<0.05). The proportions of nitrate that was lost in all boiled vegetables was however, higher than that for all fried vegetables, suggesting that fried vegetables retain more nitrate levels compared to boiled vegetables.
 The highest mean nitrate levels for boiled and fried vegetables were recorded for vegetable salad (52.96 ± 16.80 mg/kg) and cabbage (125.92 ± 40.75 mg/kg) respectively, whilst the least mean nitrate levels for boiled and fried vegetables were recorded for cucumber (29.12 ± 4.02 mg/kg) and sweet pepper (92.64 ± 26.96 mg/kg) respectively.


[bookmark: _Toc90493974]  Table 4.3: Nitrate levels (mg kg-1) of different vegetables after undergoing different treatments
	Vegetable 
	Mean Raw
	Mean Boiled
	Percentage Increase (+) or decrease (-)
	Mean Fried
	Percentage Increase (+) or decrease (-)
	p value
	Post Hoc

	Cabbage
	168.24 ± 14.65
	44.32 ± 7.17
	-73.66
	125.92 ± 40.75
	-25.15
	< 0.001
	a p < 0.001*

	
	
	
	
	
	
	
	  b 0.003*

	
	
	
	
	
	
	
	  c p < 0.001*

	Green Beans
	156.00 ± 11.07
	47.92 ± 10.43
	-69.28
	124.32 ± 24.74
	-20.31
	< 0.001
	a p < 0.001*

	
	
	
	
	
	
	
	  b 0.018

	
	
	
	
	
	
	
	c p < 0.001*

	Vegetable Salad
	154.40 ± 23.88
	52.96 ± 16.80
	-65.70
	122.40 ± 27.59
	-20.73
	<0.001
	a p < 0.001*

	
	
	
	
	
	
	
	  b 0.041

	
	
	
	
	
	
	
	c p < 0.001*

	Ayoyo
	147.72 ± 18.50
	42.60 ± 25.63
	-71.16
	110.40 ± 39.37
	-25.26
	< 0.001
	 a p < 0.001*

	
	
	
	
	
	
	
	   b 0.052

	
	
	
	
	
	
	
	   c 0.001*

	Sweet Pepper
	147.20 ± 14.61
	43.28 ± 3.64
	-70.60
	92.64 ± 26.96
	-37.07
	< 0.001
	a p < 0.001*

	
	
	
	
	
	
	
	  b p < 0.001*

	
	
	
	
	
	
	
	  c p < 0.001*

	Garlic 
	144.00 ± 12.16
	41.92 ± 4.03
	-70.89
	122.16 ± 37.87
	-15.17
	< 0.001
	a p < 0.001*

	
	
	
	
	
	
	
	  b 0.084

	
	
	
	
	
	
	
	c p < 0.001*

	Lettuce
	139.92 ± 26.22
	44.16 ± 7.54
	-68.44
	118.40 ± 18.51
	-15.38
	< 0.001
	a p < 0.001*

	
	
	
	
	
	
	
	  b 0.054

	
	
	
	
	
	
	
	c p < 0.001*


 a = difference between raw and boiled, b = difference between raw and fried, c = difference between fried and boiled
 Dunnett’s post hoc test; * significant at p<0.05
	Vegetable 
	Mean Raw
	Mean Boiled
	Percentage Increase (+) or decrease (-)
	Mean Fried
	Percentage Increase (+) or decrease (-)
	p value
	Post Hoc

	Cucumber
	133.68 ± 11.66
	29.12 ± 4.02
	-78.22
	94.16 ± 29.40
	-29.56
	< 0.001
	a p < 0.001*

	
	
	
	
	
	
	
	b p < 0.001*

	
	
	
	
	
	
	
	c p < 0.001*

	Tomatoes
	121.44 ± 25.58
	37.84 ± 3.02
	-68.84
	105.60 ± 43.54
	-13.04
	< 0.001
	 a p < 0.001*

	
	
	
	
	
	
	
	 b 0.440

	
	
	
	
	
	
	
	 c p < 0.001*

	Carrot
	119.36 ± 23.97
	40.48 ± 8.38
	-66.09
	103.76 ± 32.21
	-13.07
	< 0.001
	 a p < 0.001*

	
	
	
	
	
	
	
	 b 0.279

	
	
	
	
	
	
	
	 c p < 0.001*

	Onion
	101.60 ± 30.41
	47.92 ± 9.49
	-52.83
	101.20 ± 21.53
	-0.39
	< 0.001
	 a p < 0.001*

	
	
	
	
	
	
	
	 b 0.999

	
	
	
	
	
	
	
	 c p < 0.001*


[bookmark: _Toc90493975]Table 4.3 Continuation: Nitrate levels (mg kg-1) of different vegetables after undergoing different treatment
a = difference between raw and boiled, b = difference between raw and fried, c = difference between fried and boiled
Dunnett’s post hoc test; * significant at p<0.05

[bookmark: _Toc90493945]4.4 Nitrate levels of composite vegetables after undergoing different cooking treatments
The nitrate levels of the cooked composite vegetables are reported in Table 4.4. The mean nitrate levels of the prepared composite vegetable stews ranged from 29.76 ± 5.51 mg/kg to 45.28 ± 5.28 mg/kg. Kontomire stew had the highest nitrate content within the studied composite vegetable stews and tomato stew the least. Kontomire soup (44.56 ± 5.90 mg/kg) and Tomato (light) soup (33.84 ± 3.99 mg/kg) recorded the highest and lowest nitrate levels amongst soups respectively. Garden egg Abom obtained a higher (43.12 ± 3.85 mg/kg) nitrate level and tomato Abom recorded the least (29.68 ± 5.51 mg/kg).
Significant differences were obtained between uncooked vegetables and their composite vegetable foods (p<0.05). The nitrate levels recorded for stews, soups and Abom prepared were not significantly different from each other (p>0.05).  

[bookmark: _Toc90493976]        Table 4.4: Mean Nitrate levels (mg/kg) of composite vegetables after undergoing different treatments
	Vegetable 
	Raw
	Stew
	Abom
	Soup
	p value
	Post Hoc

	Kontomire
	171.04 ± 13.37
	45.28 ± 5.28
	39.84 ± 3.93
	44.56 ± 5.90
	< 0.001
	a p < 0.001*

	
	
	
	
	
	
	b p < 0.001*

	
	
	
	
	
	
	c p < 0.001*

	Garden egg
	129.52 ± 13.88
	40.24 ± 1.47
	43.12 ± 3.85
	-
	< 0.001
	a p < 0.001*

	
	
	
	
	
	
	c p < 0.001*

	Okro
	138.72 ± 10.68
	37.60 ± 2.46
	-
	36.00 ± 3.69
	< 0.001
	a p < 0.001*

	
	
	
	
	
	
	b p < 0.001*

	Cabbage
	168.24 ± 14.65
	35.68 ± 1.32
	-
	-
	< 0.001
	a p < 0.001*

	Tomato
	121.44 ± 25.58
	29.76 ± 1.92
	33.84 ± 3.99
	29.68 ± 5.51
	< 0.001
	a p < 0.001*

	
	
	
	
	
	
	b p < 0.001*

	
	
	
	
	
	
	c p < 0.001*

	
	
	
	
	
	
	d p < 0.001*

	Mixed vegetable 
	121.44 ± 25.58
	35.52 ± 2.09
	-
	-
	< 0.001
	a p < 0.001*


a = difference between raw and stew, b = difference between raw and soup, c = difference between raw and Abom, 
d = difference between raw and mixed vegetable stew
Dunnett’s post hoc test; * significant at p<0.05
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CHAPTER FIVE
[bookmark: _Toc90493946]5.0 DISCUSSION 
[bookmark: _Toc90493947]5.1 Factors affecting nitrate levels in raw vegetables
Participants of this study were found to be consuming a variety of vegetables and vegetable foods. Vegetables are good sources of nutrients and beneficial bioactive compounds that aid the body to fight against cancer, diabetes and cardiovascular diseases (Aune et al., 2017). The World Health Organisation Global Action Plan for the prevention and control of non-communicable diseases 2013-2030, includes the consumption of vegetables as part of a healthy diet plan. 
A total of 29.75% of the study participants reported consuming raw; cabbage, tomatoes, carrot, lettuce and cucumber as side dishes, fillings in bread or as garnishes on their main meals. However, 70.25% consumed most vegetables in cooked forms as stews, soups or Abom (boiled vegetables grinded with onions and pepper with added palm oil). Vegetables can be consumed raw or prepared at the domestic level before consumption. Usually, some vegetables go through food preparation methods that vary among consumers. The preparation methods are based on convenience, habits, sensory preferences, situational factors and perceived nutritional benefits (Bigoni et al., 2013; Hossain et al., 2017). 
A majority of the study participants consumed tomatoes in cooked forms as tomato stew, tomato (light) soup and Abom, whilst a few ate tomatoes uncooked. Also, onion in its raw form was found to be eaten less (0.41%) amongst all the vegetables identified from the study. According to Kpodo, Mensah & Dzah (2015), tomatoes and onions are significant ingredients in Ghanaian stews or soups. Onions are mostly used as spices to season stews and other vegetable foods (Etana, Aga & Fufa, 2019). Although, onion was consumed less in its raw forms by the study participants, it was possibly consumed cooked in prepared stews, soups and Abom as it forms a significant part of the Ghanaian recipes for stews, soups and Abom.
Lower nitrate levels were recorded for raw tomatoes and raw onions compared to other vegetables analysed in this work. However, the recorded mean nitrate levels for these two vegetables were higher compared to the study done by Vahed et al., (2014) who reported mean nitrate levels of 34.67 ± 0.67 mg/kg and 68.03 ± 1.34 mg/kg for Iranian tomatoes and onions respectively. Vahed et al., (2014) and other researchers (Raczuk, Wadas & Głozak, 2014; Bahadoran et al., 2016; Ding et al., 2018) have reported similar trends, where lower nitrates contents in tomatoes and onions were observed compared to other vegetables analysed in their studies. According to Santamaria (1999), the nitrate content varies between the different portions of the plants; petiole > leaf > stem > root > inflorescence > tuber > bulb > fruit > seed, indicating bulb and fruit vegetables such as onion and tomatoes to have low nitrate contents.
The highest raw nitrate levels were found in Kontomire followed by cabbage for this study. Kontomire (also known as Cocoyam leaves) and cabbage are green leafy vegetables. Green leafy vegetables have been reported to be exceptionally rich in nitrates (Santamaria, 2006; Hord et al., 2009). 
Findings in this work were similar to a study conducted in Tunisia by Razgallah et al., (2016) who recorded higher nitrate contents in green leafy vegetables, cabbage and chard. Different agricultural practices associated with vegetable cultivation may have influenced vegetable nitrate levels. 
Over-cultivation and over-planting deplete soil nitrate concentration in farmlands inducing low nitrate uptake in vegetable crops (Abu‐Rayyan, Kharawish & Al‐Ismail, 2004; Hsu, Arcot & Lee, 2009). According to Bationo, Fening & Kwaw, (2018) most farm lands in Ghana are consequently low in organic matter due to poor farming practices such as continuous cropping. Bationo, Fening & Kwaw, (2018), further reports, on the organic matter content in farm lands found in Ghana to be generally low due to high mineralization associated with the warm and humid climate. Nitrates are produced in the soil from the oxidation of organic waste materials such as decomposing plants and manure through the activities of nitrogen-fixing bacteria (Prasad & Chetty, 2008). 
Soil nitrate is a sole source of the nitrogen compound which plays a pivotal role in plant growth. (EFSA, 2008; Lucarini et al., 2012), thus a low organic matter composition in farm lands in which vegetables are grown can be a possible explanation of the  lower mean nitrate levels recorded in this study compared to other studies (Razgallah et al., 2016).
Other green leafy vegetables, Ayoyo (jute leaves) and lettuce studied in this work were also found to contain high mean nitrate levels. Mean nitrate level in lettuce was found to be lower compared to the mean nitrate level of 1079 ± 240 mg/kg reported in the study of Razgallah et al., (2016).
According to Cintya et al., (2018) wide variations of nitrate levels exist in vegetables, ranging from 1 to 10000 mg/kg and are influenced by many factors. The unique physical and biological properties of plants influence nitrate concentrations. Nitrates are exclusively formed and transported in leaf mesophilic cells and xylem respectively. Thus, leafy vegetables are high in nitrate levels. It is estimated that nitrate contents in green leafy vegetables can be greater than 1000 mg/kg compared to stem, root and fruit vegetables (Tamme et al., 2006). 
Currently, the limit concentrations for nitrates in green leafy vegetables have been established for spinach and lettuce (European Commission, 2002). The nitrate level for lettuce in this study recorded is 139.92 ± 26.22 mg/kg and falls below the established minimum nitrate levels; 2500.00-4500.00 mg/kg allowed in legislation for food samples by the European Union Legislation, (2011) and Turkish Food Codex, (2008).  
According to Ziarati & Arbabi-Bidgoli, (2014), leafy vegetables contain higher levels of nitrate due to high plant dependency on nitrates during initial growth.  The uptake of soil nitrates by the plant is purposely used for root and shoots development leading excess soil nitrates accumulating in the leaves and stems of the crop.
The raw nitrate levels recorded in this work for sweet pepper (147.20 ± 14.61 mg/kg) and tomato (121.44 ± 25.58 mg/kg) respectively, were found to be higher than (89.20 ± 16.20 mg/kg) and (30 ± 8.22 mg/kg) respectively, reported by Haftbaradaran, Khoshgoftarmanesh & Malakouti, (2018) in Iran. Similarly, nitrate levels recorded for okro (138.72 ± 10.68 mg/kg) and onion (101.60 ± 30.41 mg/kg) were higher than nitrate contents obtained in Nigerian okro (40.50 ± 0.90 mg/kg) and onions (39.00 ± 1.60 mg/kg) (Alexander, Handawa and Charles, 2016). Results for the mean nitrate levels in cucumber (133.68 ± 11.66 mg/kg), and garden eggs (129.52 ± 13.88 mg/kg), were also not in agreement with results of a previous study, by Razgallah et al., (2016) who reported 468 ± 71 mg/kg and (875 ± 97 mg/kg) in egg plants and zuchini vegetables that are found within the same family as cucumber and garden eggs grown in Tunisia. 
Nitrate contents vary significantly among vegetable plant species or vegetables belonging to different botanical families (Boari et al., 2013). The genetic variability in vegetable types significantly affects nitrate concentration in plants (Santamaria, 2006). Thus, the variability in mean nitrate levels observed amongst identified vegetable types. Additionally, soil fertilizer application is one of the common farming practices worldwide and its overuse is related to an increase in nitrate uptake in vegetables resulting in high nitrate concentrations amongst harvested vegetables (EFSA, 2008). In Ghana, the overuse of fertilizers in plant cultivation has been reported amongst many farmers (Fianko et al., 2011).
Findings in this present study on the raw nitrate levels in green beans (156.00 ± 11.07 mg/kg), carrots (119.36 ± 23.97 mg/kg) and garlic (144.00 ± 12.16 mg/kg) were in contrast to other research findings who reported on higher mean nitrate levels in green beans (365 mg/kg, mg/kg) (Ekart et al., 2013), garlic (1036 ± 194 mg/kg) and carrot (890 ± 316 mg/kg) (Razgallah et al., 2016). Seasonal and weather conditions such as light intensity, air temperature and humidity also affect nitrate levels in vegetable crops.  
In the presence of sunlight, nitrates are easily converted into nitrites by enzymes that reduce nitrate concentration in vegetable plants. High rainfall is associated with the leaching of nitrates deep into soils or water bodies. Rainfall amounts are generally high in Ghana (over 800 mm in most years) (Chemura, Schauberger & Gornott, 2020), especially in the Southern regions (Rhebergen et al., 2016) where vegetables analysed are mostly grown.  According to Nyantakyi-Frimpong and Bezner-Kerr (2015), plant water availability related constraints are the most limiting factors in crop cultivation in West Africa during the dry seasons. Low rain or drought stress is related to poor mineralization of soil nitrates and these results in poor uptake of nitrate by vegetable plant roots (Prochaska et al., 2008) leading to low nitrates contents in harvested vegetables.
Also, plant age, maturity and harvest time are associated with varying nitrate levels (Chung, Chou & Hwang, 2004; Tamme et al., 2006; Hmelak Gorenjak & Cencic, 2013). Cintaya et al., (2016) reported higher nitrate levels in fresh vegetables compared to aged vegetables. Plants that take a longer time to grow and mature may absorb higher nitrates from the soil during that period. 
However, as plants mature, its leaves are able to convert nitrates into plant protein therefore; fewer nitrates can be found in the matured as compared to younger plants. Late harvesting of matured vegetables is associated with the loss of accumulated nitrates (Mirecki et al., 2015). Hence, the time of harvesting and the maturity of vegetables harvested for consumption may have resulted in the varying nitrate levels amongst vegetable types recorded in this study.
Once vegetables are harvested, their nitrate contents can further be affected by poor storage conditions (Cintaya et al., 2018). Prolonged storage of vegetables can lead to the conversion of part of its nitrates to nitrites especially during storage under ambient temperatures. This usually occurs due to the activation of the nitrate reductase enzyme and the presence of bacterial growth (Mirecki, et al., 2015). However, the nitrate conversion to nitrite process in vegetables stored under refrigerated conditions is significantly reduced but may proceed slowly (Chung, Chou &, Hwang, 2004). Whilst the nitrate reductase enzyme conversion activity is inhibited under frozen storage conditions (Mirecki et al., 2015). 
To reduce the effect of temperature on vegetables bought during this study, purchased samples were kept on ice during transportation from the market to the Therapeutic Catering Laboratory and immediately cleaned, taken through preliminary processing and stored in the freezer prior to cooking. Similarly, cooked vegetables were frozen after cooking prior to laboratory analyses. In Ghana, it is estimated that about 20–50% of vegetables produced are lost due to poor pre-harvest and postharvest factors, including poor harvesting, handling and storage methods (Gonzalez et al., 2014; Arah et al., 2015). Hence, poor conditions prior to vegetable purchasing that we had limited control over, could have contributed to the lower mean nitrate levels.
Raw vegetable salad in this current study (comprised a combination of onion, lettuce and cucumber) was found to contain a mean nitrate level of 154.40 ± 23.88 mg/kg. The result obtained fell within the range of nitrate levels (140–1937 mg/kg) recorded for raw salads reported in the study by Stavroulakis et al., (2018). 
The nitrate level of raw vegetable salad (154.40 ± 23.88 mg/kg) was observed to be higher compared to the individual raw vegetables constituents, cucumber (133.68 ± 11.66 mg/kg), lettuce (139.92 ± 26.22 mg/kg) and onion (101.60 ± 30.41 mg/kg). The combination of a variety of vegetables to make salads tends to increase its nutritional content (Chijioke et al., 2019) and may have influenced the level of nitrates in raw vegetable salads. 
[bookmark: _Toc90493948]5.2 Effect of cooking methods on vegetable nitrate levels
The mean nitrate levels in boiled vegetables in this study ranged from 29.12 ± 4.02 mg/kg to 52.96 ± 16.80 mg/kg which were significantly lower compared to mean nitrate levels observed amongst raw vegetables (101.60 ± 30.41 mg/kg to 168.24 ± 14.65 mg/kg) (p < 0.05).  Percentage nitrate losses ranging from 52.83% to 78.22% were also observed after boiling the raw vegetables. Higher percentage nitrate losses (52.83% to 78.22%) were recorded in this study compared to studies conducted by Prasad et al., (2008) where boiling process reduced the nitrate content of vegetables by 47.00% to 56.00%.
The decrease in nitrate contents of vegetables on boiling is due to the leaching of nitrates into cooking water (Prasad & Chetty, 2008). Nitrates are highly water-soluble, thus boiling can promote movement of nitrates from vegetable tissues into cooking water resulting in losses (Prasad & Chetty, 2008). Boiling the vegetables in water promoted the softening of vegetable tissues and cell wall degradation enhancing nitrate solubilisation and diffusion into the cooking liquid (Boari et al., 2013). Study results by Wang et al., (2018) revealed that, boiling vegetables at 100℃ for two to three (2-3) minutes is an optimal cooking condition that preserves approximately 70.00% of vegetable nitrate contents. However, vegetables identified in this study were boiled at 100℃ for three to eight (3-8) minutes according to most Ghanaian recipes and this may have contributed to the low nitrate levels in boiled vegetables in this study. 
The mean nitrate levels of fried vegetables ranged from 92.64 ± 26.96 mg/kg to 125.92 ± 40.75 mg/kg which were lower compared to mean nitrate levels observed amongst raw vegetables (101.60 ± 30.41 mg/kg to 168.24 ± 14.65 mg/kg) in this study. Frying significantly decreased the nitrate levels in cabbage (125.92 ± 40.75 mg/kg), cucumber (94.16 ± 29.40 mg/kg) and sweet pepper (92.64 ± 26.96 mg/kg). Percentage nitrate losses ranging from 0.39% to 37.07% were also observed after frying the raw vegetables. 
Percentage nitrate losses (0.39% to 37.07%) obtained from fried vegetables in this work were lower than that in a study done by Prasad & Chetty, (2008) who reported 158.75% to 307.06% increase in nitrate levels from fried vegetables. They attributed results obtained to high moisture lost from deep frying the vegetables in high amount of oil for longer times. 
The lower nitrate levels observed in this study could also be attributed to the short frying times used (2-4 minutes) in this study compared to (12 minutes) by Prasad & Chetty, (2008). Additionally, shallow frying was used in this study rather than deep frying, in accordance with typical Ghanaian stir fried vegetable recipes. These two factors may have resulted in the difference obtained in this study compared to others (Prasad & Chetty, 2008; Salehzadeh et al., 2020). Shallow or stir frying over a relatively shorter time may have retained relatively more moisture compared to deep frying over longer periods and this would have prevented the concentration of nitrates in the fried vegetables in this study.
[bookmark: _Toc90493949]5.3 Nitrate levels in composite vegetables meals (stews, soups and Abom)
Study results obtained for stews (Kontomire, cabbage, mixed vegetable salads and Abom ranged from (29.76 ± 5.51 mg/kg to 45.28 ± 5.28 mg/kg) and (29.68 ± 5.51 mg/kg to 43.12 ± 3.85 mg/kg) respectively. There is limited literature to compare the mean nitrate level in stews and Abom prepared in this study. However, findings from the nitrate levels in Iranian vegetable stews; Ghormeh (herb) stew (105.45 mg/kg) and celery stew (136.76 mg/kg) reported by Rezaei et al., (2014) showed high nitrate contents, possibly due to the different types of vegetables used. Rezaei et al., (2014) also reported a mean nitrate level of 39.20 mg/kg in eggplant stew whilst findings in this current study recorded 40.24 ± 1.47 mg/kg in cooked garden egg stew. Findings in this study on mean nitrate level of soups prepared (33.84 ± 3.99 mg/kg to 44.56 ± 5.90 mg/kg) were also higher compared to Egyptian restaurant soups (15.00 − 20.00 mg/kg) analysed by Abdel-Moemin, (2016).
The composite vegetables were prepared according to different traditional recipes and culinary traditions. The preparation of the Ghanaian composite vegetables in this study involved sorting, destalking, washing, peeling, cutting, blanching, steaming and boiling. In a research conducted by Mozolewski & Smoczynski, (2004), a decrease in nitrate level in potatoes from 18% to 40% after preliminary processing methods (washing, peeling and rinsing) was reported. This indicates that, common preliminary processes including washing and peeling and trimming used in this study during vegetable processing may have contributed to a reduction in the nitrate levels of the identified vegetables.
In addition, the vegetables were taken through different cooking procedures and durations. These cooking methods can induce a series of changes in vegetable properties (Rothwell et al., 2015), affecting the concentration of their components. Cooking methods involving heating treatments usually impact negatively on the nutritional value of vegetables. Heating treatments are associated with thermal degradation, oxidation and leaching that result in changes on the texture, colour and structure of plant tissues, consequently leading to losses of nutrients and other compounds including nitrates inherent in most vegetables (Pellegrini et al., 2010).
Cooking vegetables can reduce nitrate concentrations by up to 75% (Menard et al., 2008). Most cooking recipes usually requires boiling vegetables separately and discarding the cooking liquid as observed in the preparation of Abom. Discarding the cooking liquid causes a reduction in nitrate levels since nitrates leach into cooking liquid (Prasad & Chetty, 2008).
Over all, the differences in the mean nitrate levels amongst raw vegetables identified in this study and with other studies can be related to vegetable species and their unique physical and biological properties (vegetable size, age and maturity), agricultural practices, climatic and storage conditions adopted during vegetable cultivation and after harvesting. 
[bookmark: _Toc90493950]5.4 Conclusion
In this study, vegetables consumed by a majority of a section of the Ghanaian population with non-communicable disease and their risk factors, the nitrate concentration in vegetables and the effects of cooking processes on nitrate levels were investigated. The results revealed vegetable salads and tomato in the form of stew, soup and Abom were consumed by a majority of the study participants. The results obtained in the research indicate that, nitrate concentrations were higher in raw Kontomire and raw cabbage but lower in other raw vegetables. 
A general reduction of the mean nitrate levels was caused by all cooking methods. However proportion nitrate losses in boiled vegetables were higher than losses in fried vegetables. Losses of nitrate were also observed in stew, soup and Abom preparations compared to raw vegetables.
[bookmark: _Toc90493951]5.5 Contribution to knowledge 
The nitrate levels of commonly consumed vegetables on the Ghanaian markets were identified and documented. Specific nitrate-rich vegetables in Ghana and cooking methods that may retain the most nitrate concentration were also identified. The acquired data can be included in the Ghanaian standard food database to serve as a valid reference source for estimating the impact of vegetable nitrates on cardiovascular health. 
[bookmark: _Toc90493952]5.6 Limitations
· Vegetables purchased from Accra Shoprite mall had undergone some preliminary preparations including sorting, cleaning and washing prior to purchasing.

· Ayoyo (a local green leafy vegetable) could not be obtained from Accra Shoprite mall since it was not on sale at the mall.

[bookmark: _Toc90493953]5.7 Recommendations
· The nitrate levels of vegetables grown in other locations in the country should be investigated since nitrates levels in vegetables vary considerably when grown under different climatic and soil conditions. 

· The effects of other cooking methods on nitrate levels such as steaming, roasting or baking should be investigated as boiling highly reduced vegetable nitrate levels. Although frying was reported to retain most nitrates in the cooked vegetables, the cooking method has been implicated in increasing the incidence of cardiovascular diseases. 

· Preparation of composite vegetable foods combined other ingredients which may have influenced nitrate levels in the samples. Therefore, other sources of nitrate such as drinking water and other food ingredients should be considered to determine their contribution to nitrate levels in the composite vegetable foods.
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	Variables 
	Male (n=71)
	Female (n=201)
	Total (n=272) 
	p-value

	Age in years (mean ± SD) 
	51.08 ± 10.91
	49.53 ± 9.11
	50.12 ± 9.65
	0.088

	Ethnicity 
Akans
Ewe
Ga
Northern
Othersa 
Total 
	
19 (26.8)
14 (19.7)
30 (42.3)
8 (11.3)
0 (0)
71 (100)
	
85 (42.3)
32 (15.9)
70 (34.8)
11 (5.5)
3 (1.1)
201 (100)
	
104 (38.2)
46 (16.9)
100 (36.8)
19 (7.0)
3 (1.1)
272 (100)
	0.087

	Religion 
Christian
Muslim
Othersb 
Total 
	
63 (88.7)
7 (9.9)
1 (1.4)
71 (100)
	
173 (86.1)
24 (11.9)
4 (2.0)
201 (100)
	
236 (86.8)
31 (11.4)
5 (1.8)
272 (100)
	0.844

	Marital Status 
Single
Married
Divorced
Widowed 
Total 
	
7 (9.9)
61 (85.9)
3 (4.2)
0 (0)
71 (100)
	
21 (10.4)
126 (62.7)
32 (15.9)
22 (8.1)
201 (100)
	
28 (10.3)
187 (68.8)
35 (12.9)
22 (8.1)
272 (100)
	 p < 0.001*

	Level of Education 
No formal education
Primary
SHS
Tertiary
Total 
	
1 (1.4)
25 (35.2)
26 (36.6)
19 (26.8)
71 (100)
	
21 (10.4)
88 (43.8)
61 (30.3)
31 (15.4)
201 (100)
	
22 (8.1)
113 (41.5)
87 (32.0)
50 (18.4)
272 (100)
	0.013*

	Employment Status 
Unemployed
Employed
Retired 
Total 
	
2 (2.8)
57 (80.3)
12 (16.9)
71 (100)
	
43 (21.4)
154 (76.6)
4 (2.0)
201 (100)
	
45 (16.5)
211 (77.6)
16 (5.9)
272 (100)
	P < 0.001*

	Residence 
Accra
Tema
Othersc 
Total 
	
58 (81.7)
1 (1.4)
12 (16.9)
71 (100)
	
147 (73.1)
11 (5.5)
43 (21.4)
201 (100)
	
205 (75.4)
12 (4.4)
55 (20.2)
272 (100)
	0.223
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Appendix 2.0 Formula
1.1 Nitrate content calculation (Okelebo and Woomer, 2002)
Nitrate (mg/kg) = 
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[bookmark: _Toc89204552]2.1 Titre value and mean nitrate content for raw vegetables Agbobgloshie market 
	Vegetable 
	Titre Value 1
	Computed Nitrate value 1
	Titre Value 2
	Computed Nitrate value 2
	Titre Value 3
	Computed Nitrate Value 2
	Mean Nitrate

	Garlic 
	1.72
	123.84
	1.90
	136.80
	1.90
	136.80
	132.48

	Onion
	0.88
	63.36
	1.66
	119.52
	1.61
	115.92
	99.60

	Cabbage
	1.66
	119.52
	2.44
	175.68
	2.44
	175.68
	156.96

	Carrot
	1.08
	77.76
	1.66
	119.52
	1.08
	77.76
	91.68

	Ayoyo
	1.34
	96.48
	2.26
	162.72
	2.01
	144.72
	134.64

	Tomatoes
	1.60
	115.20
	1.66
	119.52
	0.58
	41.76
	92.16

	Sweet Pepper
	1.82
	131.04
	1.70
	122.40
	1.92
	138.24
	130.56

	Cucumber
	1.63
	117.36
	1.72
	123.84
	1.72
	123.84
	121.68

	Lettuce
	1.93
	138.96
	1.24
	89.28
	1.40
	100.80
	109.68

	Green Beans
	2.10
	151.20
	1.82
	131.04
	2.10
	151.20
	144.48

	Vegetable Salad
	1.82
	131.04
	1.80
	129.60
	1.82
	131.04
	130.56

	Kontomire 
	1.99
	143.28
	2.51
	180.72
	2.10
	151.20
	158.40

	Garden egg 
	1.62
	116.64
	1.57
	113.04
	1.57
	113.04
	114.24

	Okro
	1.96
	141.12
	1.45
	104.40
	1.86
	133.92
	126.48



	Vegetable 
	Titre Value 1
	Computed Nitrate value 1
	Titre Value 2
	Computed Nitrate value 2
	Titre Value 3
	Computed Nitrate Value 2
	Mean Nitrate

	Garlic 
	1.83
	131.76
	2.07
	149.04
	2.05
	147.60
	142.80

	Onion
	1.84
	132.48
	1.86
	133.92
	1.84
	132.48
	132.96

	Cabbage
	2.70
	194.40
	2.50
	180.00
	2.50
	180.00
	184.80

	Carrot
	1.95
	140.40
	1.76
	126.72
	1.85
	133.20
	133.44

	Ayoyo
	2.33
	167.76
	2.07
	149.04
	2.30
	165.60
	160.80

	Tomatoes
	2.12
	152.64
	1.80
	129.60
	1.61
	115.92
	132.72

	Sweet Pepper
	2.42
	174.24
	2.08
	149.76
	2.08
	149.76
	157.92

	Cucumber
	1.94
	139.68
	2.06
	148.32
	2.04
	146.88
	144.96

	Lettuce
	2.18
	156.96
	2.05
	147.60
	2.18
	156.96
	153.84

	Green Beans
	2.40
	172.80
	2.32
	167.04
	2.22
	159.84
	166.56

	Vegetable  Salad
	2.65
	190.80
	2.18
	156.96
	2.60
	187.20
	178.32

	Kontomire 
	2.95
	212.40
	2.32
	167.04
	2.44
	175.68
	185.04

	Garden egg
	1.72
	123.84
	1.93
	138.96
	1.89
	136.08
	132.96

	Okro 
	1.94
	139.68
	1.92
	138.24
	2.12
	152.64
	143.52


2.2 Titre value and mean nitrate content for raw vegetables Dome market
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2.3 Titre value and mean nitrate content for raw vegetables (Shoprite Mall)
	Vegetable 
	Titre Value 1
	Computed Nitrate value 1
	Titre Value 2
	Computed Nitrate value 2
	Titre Value 3
	Computed Nitrate Value 2
	Mean Nitrate

	Garlic 
	2.35
	169.20
	2.04
	146.88
	2.14
	154.08
	156.72

	Onion
	1.00
	72.00
	1.01
	72.72
	1.00
	72.00
	72.24

	Cabbage
	2.05
	147.60
	2.44
	175.68
	2.30
	165.60
	162.96

	Carrot
	1.79
	128.88
	1.86
	133.92
	1.89
	136.08
	132.96

	Ayoyo
	-
	-
	-
	-
	-
	-
	-

	Tomatoes
	1.75
	126.00
	2.18
	156.96
	1.88
	135.36
	139.44

	Sweet Pepper
	1.98
	142.56
	2.32
	167.04
	2.08
	149.76
	153.12

	Cucumber
	1.90
	136.80
	1.82
	131.04
	1.88
	135.36
	134.40

	Lettuce
	2.09
	150.48
	2.32
	167.04
	2.10
	151.20
	156.24

	Green Beans
	2.14
	154.08
	2.26
	162.72
	2.14
	154.08
	156.96

	Vegetable Salad
	2.10
	151.20
	2.22
	159.84
	2.11
	151.92
	154.32

	Kontomire 
	2.42
	174.24
	2.50
	180.00
	2.15
	154.80
	169.68

	Garden egg 
	1.87
	134.64
	2.03
	146.16
	1.99
	143.28
	141.36

	Okro 
	2.15
	154.80
	2.22
	159.84
	1.72
	123.84
	146.16
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2.4 Titre value and mean nitrate content for boiled vegetables (Agbobgloshie)

	Vegetable 
	Titre Value 1
	Computed Nitrate value 1
	Titre Value 2
	Computed Nitrate value 2
	Titre Value 3
	Computed Nitrate Value 2
	Mean Nitrate

	Garlic 
	0.60
	43.20
	0.44
	31.68
	0.60
	43.20
	39.36

	Onion
	0.67
	48.24
	0.40
	28.80
	0.61
	43.92
	40.32

	Cabbage
	0.47
	33.84
	0.76
	54.72
	0.72
	51.84
	46.80

	Carrot
	0.80
	57.60
	0.60
	43.20
	0.60
	43.20
	48.00

	Ayoyo
	0.35
	25.20
	0.32
	23.04
	0.35
	25.20
	24.48

	Tomatoes
	0.57
	41.04
	0.43
	30.96
	0.56
	40.32
	37.44

	Sweet Pepper
	0.44
	31.68
	0.75
	54.00
	0.45
	32.40
	39.36

	Cucumber
	0.30
	21.60
	0.42
	30.24
	0.30
	21.60
	24.48

	Lettuce
	0.60
	43.20
	0.42
	30.24
	0.60
	43.20
	38.88

	Green Beans
	0.76
	54.72
	0.60
	43.20
	0.71
	51.12
	49.68

	Vegetable Salad
	0.38
	27.36
	0.57
	41.04
	0.56
	40.32
	36.24




[bookmark: _Toc89204556]2.5 Titre value and mean nitrate content for boiled vegetables (Dome)
	Vegetable 
	Titre Value 1
	Computed Nitrate value 1
	Titre Value 2
	Computed Nitrate value 2
	Titre Value 3
	Computed Nitrate Value 2
	Mean Nitrate

	Garlic 
	0.72
	51.84
	0.42
	30.24
	0.80
	57.60
	46.56

	Onion
	0.86
	61.92
	0.64
	46.08
	0.94
	67.68
	58.56

	Cabbage
	0.72
	51.84
	0.54
	38.88
	0.82
	59.04
	49.92

	Carrot
	0.54
	38.88
	0.56
	40.32
	0.65
	46.80
	42.00

	Ayoyo
	0.91
	65.52
	0.62
	44.64
	1.00
	72.00
	60.72

	Tomatoes
	0.40
	28.80
	0.60
	43.20
	0.46
	33.12
	35.04

	Sweet Pepper
	0.54
	38.88
	0.56
	40.32
	0.73
	52.56
	43.92

	Cucumber
	0.35
	25.20
	0.48
	34.56
	0.48
	34.56
	31.44

	Lettuce
	0.67
	48.24
	0.70
	50.40
	0.83
	59.76
	52.80

	Green Beans
	0.56
	40.32
	0.42
	30.24
	0.55
	39.60
	36.72

	Vegetable Salad
	0.90
	64.80
	1.00
	72.00
	1.01
	72.72
	69.84
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2.6 Titre value and mean nitrate content for boiled vegetables (Shoprite Mall)

	Vegetable 
	Titre Value 1
	Computed Nitrate value 1
	Titre Value 2
	Computed Nitrate value 2
	Titre Value 3
	Computed Nitrate Value 2
	Mean Nitrate

	Garlic 
	0.54
	38.88
	0.57
	41.04
	0.55
	39.60
	39.84

	Onion
	0.67
	48.24
	0.53
	38.16
	0.67
	48.24
	44.88

	Cabbage
	0.50
	36.00
	0.51
	36.72
	0.50
	36.00
	36.24

	Carrot
	0.36
	25.92
	0.53
	38.16
	0.42
	30.24
	31.44

	Ayoyo
	-
	-
	-
	-
	-
	-
	-

	Tomatoes
	0.58
	41.76
	0.56
	40.32
	0.57
	41.04
	41.04

	Sweet Pepper
	0.80
	57.60
	0.45
	32.40
	0.69
	49.68
	46.56

	Cucumber
	0.47
	33.84
	0.42
	30.24
	0.42
	30.24
	31.44

	Lettuce
	0.48
	34.56
	0.72
	51.84
	0.50
	36.00
	40.80

	Green Beans
	0.52
	37.44
	1.37
	98.64
	0.50
	36.00
	57.36

	Vegetable Salad
	0.51
	36.72
	1.09
	78.48
	0.60
	43.20
	52.80





[bookmark: _Toc89204558]2.7 Titre value and mean nitrate content for fried vegetables (Agbobgloshie)

	Vegetable 
	Titre Value 1
	Computed Nitrate value 1
	Titre Value 2
	Computed Nitrate value 2
	Titre Value 3
	Computed Nitrate Value 2
	Mean Nitrate

	Garlic 
	1.02
	73.44
	1.18
	84.96
	1.18
	84.96
	81.12

	Onion
	1.05
	75.60
	1.01
	72.72
	1.16
	83.52
	77.28

	Cabbage
	1.00
	72.00
	1.18
	84.96
	1.13
	81.36
	79.44

	Carrot
	1.02
	73.44
	0.90
	64.80
	0.90
	64.80
	67.68

	Ayoyo
	1.10
	79.20
	1.14
	82.08
	1.20
	86.40
	82.56

	Tomatoes
	0.55
	39.60
	0.82
	59.04
	0.94
	67.68
	55.44

	Sweet Pepper
	0.97
	69.84
	0.72
	51.84
	0.96
	69.12
	63.60

	Cucumber
	0.90
	64.80
	0.83
	59.76
	0.80
	57.60
	60.72

	Lettuce
	1.53
	110.16
	-1.53
	110.16
	1.50
	108.00
	109.44

	Green Beans
	1.67
	120.24
	0.56
	40.32
	1.76
	126.72
	95.76

	Vegetable Salad
	1.88
	135.36
	0.90
	64.80
	1.00
	72.00
	90.72
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2.8 Titre value and mean nitrate content for fried vegetables (Dome)

	Vegetable 
	Titre Value 1
	Computed Nitrate value 1
	Titre Value 2
	Computed Nitrate value 2
	Titre Value 3
	Computed Nitrate Value 2
	Mean Nitrate

	Garlic 
	2.08
	149.76
	2.01
	144.72
	2.40
	172.80
	155.76

	Onion
	1.30
	93.60
	1.76
	126.72
	1.90
	136.80
	119.04

	Cabbage
	2.10
	151.20
	2.34
	168.48
	2.04
	146.88
	155.52

	Carrot
	1.40
	100.80
	1.94
	139.68
	1.41
	101.52
	114.00

	Ayoyo
	1.80
	129.60
	1.98
	142.56
	1.98
	142.56
	138.24

	Tomatoes
	1.70
	122.40
	2.16
	155.52
	1.71
	123.12
	133.68

	Sweet Pepper
	1.20
	86.40
	1.54
	110.88
	1.32
	95.04
	97.44

	Cucumber
	1.49
	107.28
	1.72
	123.84
	1.62
	116.64
	115.92

	Lettuce
	1.16
	83.52
	1.66
	119.52
	1.60
	115.20
	106.08

	Green Beans
	1.68
	120.96
	2.24
	161.28
	1.87
	134.64
	138.96

	Vegetable Salad
	1.22
	87.84
	2.42
	174.24
	2.00
	144.00
	135.36
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	Vegetable 
	Titre Value 1
	Computed Nitrate value 1
	Titre Value 2
	Computed Nitrate value 2
	Titre Value 3
	Computed Nitrate Value 2
	Mean Nitrate

	Garlic 
	1.62
	116.64
	1.73
	124.56
	2.05
	147.60
	129.60

	Onion
	1.66
	119.52
	1.81
	130.32
	1.00
	72.00
	107.28

	Cabbage
	1.96
	141.12
	1.99
	143.28
	2.00
	144.00
	142.80

	Carrot
	1.78
	128.16
	1.95
	140.40
	1.67
	120.24
	129.60

	Ayoyo
	-
	-
	-
	-
	-
	-
	-

	Tomatoes
	1.74
	125.28
	1.75
	126.00
	1.83
	131.76
	127.68

	Sweet Pepper
	1.78
	128.16
	1.07
	77.04
	2.02
	145.44
	116.88

	Cucumber
	1.57
	113.04
	1.04
	74.88
	1.80
	129.60
	105.84

	Lettuce
	1.90
	136.80
	1.88
	135.36
	2.04
	146.88
	139.68

	Green Beans
	1.86
	133.92
	1.90
	136.80
	2.00
	144.00
	138.24

	Vegetable Salad
	1.92
	138.24
	1.95
	140.40
	2.01
	144.72
	141.12
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2.10 Titre value and mean nitrate content for composite vegetable foods (Agbobgloshie)

	Vegetable 
	Titre Value 1
	Computed Nitrate value 1
	Titre Value 2
	Computed Nitrate value 2
	Titre Value 3
	Computed Nitrate Value 2
	Mean Nitrate

	Kontomire stew
	0.67
	48.24
	0.73
	52.56
	0.71
	51.12
	50.64

	Garden egg stew 
	0.45
	32.40
	0.50
	36.00
	0.66
	47.52
	38.64

	Tomato stew 
	0.42
	30.24
	0.50
	36.00
	0.40
	28.80
	31.68

	Cabbage stew
	0.46
	33.12
	0.53
	38.16
	0.50
	36.00
	35.76

	Mixed vegetable stew 
	0.44
	31.68
	0.56
	40.32
	0.54
	38.88
	36.96

	Okro stew
	0.55
	39.60
	0.50
	36.00
	0.63
	45.36
	40.32

	Kontomire Abom
	0.60
	43.20
	0.50
	36.00
	0.42
	30.24
	36.48

	Garden egg Abom
	0.66
	47.52
	0.51
	36.72
	0.64
	46.08
	43.44

	Tomato Abom
	0.45
	32.40
	0.52
	37.44
	0.53
	38.16
	36.00

	Kontomire soup
	0.58
	41.76
	0.50
	36.00
	0.50
	36.00
	37.92

	Okro soup
	0.60
	43.20
	0.47
	33.84
	0.60
	43.20
	40.08

	Tomato soup
	0.40
	28.80
	0.45
	32.40
	0.37
	26.64
	29.28
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2.11 Titre value and mean nitrate content for composite vegetable foods (Dome)

	Vegetable 
	Titre Value 1
	Computed Nitrate value 1
	Titre Value 2
	Computed Nitrate value 2
	Titre Value 3
	Computed Nitrate Value 2
	Mean Nitrate

	Kontomire stew
	0.60
	43.20
	0.60
	43.20
	0.68
	48.96
	45.12

	Garden egg stew 
	0.52
	37.44
	0.58
	41.76
	0.63
	45.36
	41.52

	Tomato stew 
	0.38
	27.36
	0.38
	27.36
	0.48
	34.56
	29.76

	Cabbage stew
	0.68
	48.96
	0.43
	30.96
	0.43
	30.96
	36.96

	Mixed vegetable stew 
	0.41
	29.52
	0.60
	43.20
	0.51
	36.72
	36.48

	Okro stew
	0.44
	31.68
	0.48
	34.56
	0.62
	44.64
	36.96

	Kontomire Abom
	0.48
	34.56
	0.64
	46.08
	0.50
	36.00
	38.88

	Garden egg Abom
	0.72
	51.84
	0.58
	41.76
	0.65
	46.80
	46.80

	Tomato Abom
	0.35
	25.20
	0.34
	24.48
	0.44
	31.68
	27.12

	Kontomire soup
	0.78
	56.16
	0.50
	36.00
	0.77
	55.44
	49.20

	Okro soup
	0.45
	32.40
	0.40
	28.80
	0.52
	37.44
	32.88

	Tomato soup
	0.42
	30.24
	0.56
	40.32
	0.50
	36.00
	35.52
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2.12 Titre value and mean nitrate content for composite vegetable foods (Shoprite Mall)

	Vegetable 
	Titre Value 1
	Computed Nitrate value 1
	Titre Value 2
	Computed Nitrate value 2
	Titre Value 3
	Computed Nitrate Value 2
	Mean Nitrate

	Kontomire stew
	0.63
	45.36
	0.58
	41.76
	0.46
	33.12
	40.08

	Garden egg stew 
	0.61
	43.92
	0.59
	42.48
	0.49
	35.28
	40.56

	Tomato stew 
	0.36
	25.92
	0.48
	34.56
	0.32
	23.04
	27.84

	Cabbage stew
	0.44
	31.68
	0.47
	33.84
	0.52
	37.44
	34.32

	Mixed vegetable stew 
	0.36
	25.92
	0.56
	40.32
	0.46
	33.12
	33.12

	Okro stew
	0.52
	37.44
	0.42
	30.24
	0.54
	38.88
	35.52

	Kontomire Abom
	0.60
	43.20
	0.68
	48.96
	0.56
	40.32
	44.16

	Garden egg Abom
	0.41
	29.52
	0.64
	46.08
	0.58
	41.76
	39.12

	Tomato Abom
	0.38
	27.36
	0.36
	25.92
	0.34
	24.48
	25.92

	Kontomire soup
	0.68
	48.96
	0.66
	47.52
	0.60
	43.20
	46.56

	Okro soup
	0.38
	27.36
	0.54
	38.88
	0.54
	38.88
	35.04

	Tomato soup
	0.56
	40.32
	0.46
	33.12
	0.51
	36.72
	36.72
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[bookmark: _Toc89204565]3.1 One-Way ANOVA for raw, boiled and fried vegetable samples 

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Garlic
	Between Groups
	52007.309
	2
	26003.654
	53.308
	.000

	
	Within Groups
	11707.315
	24
	487.805
	
	

	
	Total
	63714.624
	26
	
	
	

	Onion
	Between Groups
	17161.382
	2
	8580.691
	14.316
	.000

	
	Within Groups
	14385.254
	24
	599.386
	
	

	
	Total
	31546.637
	26
	
	
	

	Cabbage
	Between Groups
	71417.126
	2
	35708.563
	57.031
	.000

	
	Within Groups
	15026.918
	24
	626.122
	
	

	
	Total
	86444.045
	26
	
	
	

	Carrot
	Between Groups
	31409.318
	2
	15704.659
	29.279
	.000

	
	Within Groups
	12872.909
	24
	536.371
	
	

	
	Total
	44282.227
	26
	
	
	

	Tomato
	Between Groups
	35493.850
	2
	17746.925
	19.630
	.000

	
	Within Groups
	21697.229
	24
	904.051
	
	

	
	Total
	57191.078
	26
	
	
	

	Sweet Pepper
	Between Groups
	48637.709
	2
	24318.854
	56.246
	.000

	
	Within Groups
	10376.870
	24
	432.370
	
	

	
	Total
	59014.579
	26
	
	
	

	Cucumber
	Between Groups
	50174.477
	2
	25087.238
	74.865
	.000

	
	Within Groups
	8042.342
	24
	335.098
	
	

	
	Total
	58216.819
	26
	
	
	

	Lettuce
	Between Groups
	45433.997
	2
	22716.998
	58.428
	.000

	
	Within Groups
	9331.315
	24
	388.805
	
	

	
	Total
	54765.312
	26
	
	
	

	Green Beans
	Between Groups
	55565.606
	2
	27782.803
	48.739
	.000

	
	Within Groups
	13680.691
	24
	570.029
	
	

	
	Total
	69246.298
	26
	
	
	

	Vegetable Salad
	Between Groups
	48407.962
	2
	24203.981
	31.455
	.000

	
	Within Groups
	18467.712
	24
	769.488
	
	

	
	Total
	66875.674
	26
	
	
	

	 Ayoyo
	Between Groups
	34079.674
	2
	17039.837
	23.770
	.000

	
	Within Groups
	10753.171
	15
	716.878
	
	

	
	Total
	44832.845
	17
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3.2 One-Way ANOVA for uncooked and composite vegetable foods

	
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Kontomire  
	Between Groups
	110426.846
	3
	36808.949
	265.067
	.000

	
	Within Groups
	4443.725
	32
	138.866
	
	

	
	Total
	114870.571
	35
	
	
	

	Garden egg
	Between Groups
	46332.518
	2
	23166.259
	287.485
	.000

	
	Within Groups
	1933.978
	24
	80.582
	
	

	
	Total
	48266.496
	26
	
	
	

	Okro 
	Between Groups
	62337.638
	2
	31168.819
	266.160
	.000

	
	Within Groups
	2810.534
	24
	117.106
	
	

	
	Total
	65148.173
	26
	
	
	

	Tomato
	Between Groups
	57573.343
	4
	14393.336
	58.813
	.000

	
	Within Groups
	9789.235
	40
	244.731
	
	

	
	Total
	67362.578
	44
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3.3 Independent Sample Test table for uncooked and composite vegetable foods
	Independent Samples Test

	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	Cabbage
	Equal variances assumed
	5.979
	.026
	17.377
	16
	.000
	132.559999999999970
	7.628368108579975
	116.388582022211120
	148.731417977788820

	
	Equal variances not assumed
	
	
	17.377
	9.038
	.000
	132.559999999999970
	7.628368108579975
	115.314402394347840
	149.805597605652080
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	Multiple Comparisons

	Dunnett t (2-sided)a  

	Dependent Variable
	(I) Dataset
	(J) Dataset
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	
	Lower Bound
	Upper Bound

	Garlic
	Raw
	Fried
	21.84000
	10.41158
	.084
	-2.6211
	46.3011

	
	Boiled
	Fried
	-80.24000*
	10.41158
	.000
	-104.7011
	-55.7789

	Onion
	Raw
	Fried
	.40000
	11.54109
	.999
	-26.7147
	27.5147

	
	Boiled
	Fried
	-53.28000*
	11.54109
	.000
	-80.3947
	-26.1653

	Cabbage
	Raw
	Fried
	42.32000*
	11.79568
	.003
	14.6071
	70.0329

	
	Boiled
	Fried
	-81.60000*
	11.79568
	.000
	-109.3129
	-53.8871

	Carrot
	Raw
	Fried
	15.60000
	10.91758
	.279
	-10.0499
	41.2499

	
	Boiled
	Fried
	-63.28000*
	10.91758
	.000
	-88.9299
	-37.6301

	Tomato
	Raw
	Fried
	15.84000
	14.17393
	.440
	-17.4603
	49.1403

	
	Boiled
	Fried
	-67.76000*
	14.17393
	.000
	-101.0603
	-34.4597

	Sweet Pepper
	Raw
	Fried
	54.56000*
	9.80215
	.000
	31.5308
	77.5892

	
	Boiled
	Fried
	-49.36000*
	9.80215
	.000
	-72.3892
	-26.3308

	Cucumber
	Raw
	Fried
	39.52000*
	8.62938
	.000
	19.2461
	59.7939

	
	Boiled
	Fried
	-65.04000*
	8.62938
	.000
	-85.3139
	-44.7661

	Lettuce
	Raw
	Fried
	21.52000
	9.29522
	.054
	-.3183
	43.3583

	
	Boiled
	Fried
	-74.24000*
	9.29522
	.000
	-96.0783
	-52.4017

	Green Beans
	Raw
	Fried
	31.68000*
	11.25491
	.018
	5.2376
	58.1224

	
	Boiled
	Fried
	-76.40000*
	11.25491
	.000
	-102.8424
	-49.9576

	Vegetable Salad
	Raw
	Fried
	32.00000*
	13.07659
	.041
	1.2777
	62.7223

	
	Boiled
	Fried
	-69.44000*
	13.07659
	.000
	-100.1623
	-38.7177

	 Ayoyo
	Raw
	Fried
	37.32000
	15.45831
	.052
	-.3858
	75.0258

	
	Boiled
	Fried
	-67.80000
	15.45831
	.001
	-105.5058
	-30.0942

	*. The mean difference is significant at the 0.05 level.

	a. Dunnett t-tests treat one group as a control, and compare all other groups against it.
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	Multiple Comparisons

	Dunnett t (2-sided)a  

	Dependent Variable
	(I) Dataset
	(J) Dataset
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	
	Lower Bound
	Upper Bound

	Garlic
	Boiled
	Raw
	-102.08000*
	10.41158
	.000
	-126.5411
	-77.6189

	
	Fried
	Raw
	-21.84000
	10.41158
	.084
	-46.3011
	2.6211

	Onion
	Boiled
	Raw
	-53.68000*
	11.54109
	.000
	-80.7947
	-26.5653

	
	Fried
	Raw
	-.40000
	11.54109
	.999
	-27.5147
	26.7147

	Cabbage
	Boiled
	Raw
	-123.92000*
	11.79568
	.000
	-151.6329
	-96.2071

	
	Fried
	Raw
	-42.32000*
	11.79568
	.003
	-70.0329
	-14.6071

	Carrot
	Boiled
	Raw
	-78.88000*
	10.91758
	.000
	-104.5299
	-53.2301

	
	Fried
	Raw
	-15.60000
	10.91758
	.279
	-41.2499
	10.0499

	Tomato
	Boiled
	Raw
	-83.60000*
	14.17393
	.000
	-116.9003
	-50.2997

	
	Fried
	Raw
	-15.84000
	14.17393
	.440
	-49.1403
	17.4603

	Sweet Pepper
	Boiled
	Raw
	-103.92000*
	9.80215
	.000
	-126.9492
	-80.8908

	
	Fried
	Raw
	-54.56000*
	9.80215
	.000
	-77.5892
	-31.5308

	Cucumber
	Boiled
	Raw
	-104.56000*
	8.62938
	.000
	-124.8339
	-84.2861

	
	Fried
	Raw
	-39.52000*
	8.62938
	.000
	-59.7939
	-19.2461

	Lettuce
	Boiled
	Raw
	-95.76000*
	9.29522
	.000
	-117.5983
	-73.9217

	
	Fried
	Raw
	-21.52000
	9.29522
	.054
	-43.3583
	.3183

	Green Beans
	Boiled
	Raw
	-108.08000*
	11.25491
	.000
	-134.5224
	-81.6376

	
	Fried
	Raw
	-31.68000*
	11.25491
	.018
	-58.1224
	-5.2376

	Vegetable  Salad
	Boiled
	Raw
	-101.44000*
	13.07659
	.000
	-132.1623
	-70.7177

	
	Fried
	Raw
	-32.00000*
	13.07659
	.041
	-62.7223
	-1.2777

	 Ayoyo
	Boil
	Raw
	-105.12000
	15.45831
	.000
	-142.8258
	-67.4142

	
	Fried
	Raw
	-37.32000
	15.45831
	.052
	-75.0258
	.3858

	*. The mean difference is significant at the 0.05 level.

	a. Dunnett t-tests treat one group as a control, and compare all other groups against it.



	
	Multiple Comparisons

	
	Dunnett t (2-sided)a  

	
	(I) DATASET
	(J) DATASET
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	
	Lower Bound
	Upper Bound

	Kontomire
	Raw
	Soup
	126.48000*
	5.55511
	.000
	112.7834
	140.1766

	
	Stew
	Soup
	.72000
	5.55511
	.998
	-12.9766
	14.4166

	
	Abom
	Soup
	-4.72000
	5.55511
	.731
	-18.4166
	8.9766

	
	Raw
	Abom
	131.20000
	5.55511
	.000
	117.5034
	144.8966

	
	Stew
	Abom
	5.44000
	5.55511
	.644
	-8.2566
	19.1366

	
	Soup
	Abom
	4.72000
	5.55511
	.731
	-8.9766
	18.4166

	
	
	
	
	
	
	
	

	Garden egg
	Raw
	Abom
	86.40000
	4.23169
	.000
	76.4580
	96.3420

	
	Stew
	Abom
	-2.88000
	4.23169
	.723
	-12.8220
	7.0620

	
	
	
	
	
	
	
	

	Okro
	raw
	soup
	102.72000
	5.10132
	.000
	90.7349
	114.7051

	
	stew
	soup
	1.60000
	5.10132
	.931
	-10.3851
	13.5851

	
	
	
	
	
	
	
	

	Tomato
	raw
	vstew
	85.92000
	7.37459
	.000
	67.1673
	104.6727

	
	stew
	vstew
	-5.76000
	7.37459
	.850
	-24.5127
	12.9927

	
	Abom
	vstew
	-5.84000
	7.37459
	.844
	-24.5927
	12.9127

	
	soup
	vstew
	-1.68000
	7.37459
	.998
	-20.4327
	17.0727

	
	Abom
	Soup
	-4.16000
	7.37459
	.946
	-22.9127
	14.5927

	
	Stew
	Soup
	-4.08000
	7.37459
	.949
	-22.8327
	14.6727

	
	Raw
	Soup
	87.60000
	7.37459
	.000
	68.8473
	106.3527

	
	Vstew
	Soup
	1.68000
	7.37459
	.998
	-17.0727
	20.4327

	
	
	
	
	
	
	
	

	
	*. The mean difference is significant at the 0.05 level.

	
	a. Dunnett t-tests treat one group as a control, and compare all other groups against it.

	
	vstew= mixed vegetable stew


[bookmark: _Toc89204571]4.2A Post hoc test for uncooked and composite vegetable foods








[bookmark: _Toc89204572]4.2B Post hoc test for uncooked and composite vegetable foods

	
	Multiple Comparisons

	
	Dunnett t (2-sided)a  

	
	(I) DATASET
	(J) DATASET
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	
	Lower Bound
	Upper Bound

	Kontomire
	Stew
	Raw
	-125.76000*
	5.55511
	.000
	-139.4566
	-112.0634

	
	Abom
	Raw
	-131.20000*
	5.55511
	.000
	-144.8966
	-117.5034

	
	Soup
	Raw
	-126.48000*
	5.55511
	.000
	-140.1766
	-112.7834

	
	Stew
	Raw
	-125.76000
	5.55511
	.000
	-139.4566
	-112.0634

	
	Soup
	Raw
	-126.48000
	5.55511
	.000
	-140.1766
	-112.7834

	
	Abom
	Raw
	-131.20000
	5.55511
	.000
	-144.8966
	-117.5034

	
	Stew
	Raw
	-89.28000
	4.23169
	.000
	-99.2220
	-79.3380

	
	Abom
	Raw
	-86.40000
	4.23169
	.000
	-96.3420
	-76.4580

	
	
	
	
	
	
	
	

	Garden egg
	Stew
	raw
	-89.28000
	4.23169
	.000
	-99.2220
	-79.3380

	
	Abom
	raw
	-86.40000
	4.23169
	.000
	-96.3420
	-76.4580

	
	
	
	
	
	
	
	

	Okro
	stew
	raw
	-101.12000
	5.10132
	.000
	-113.1051
	-89.1349

	
	soup
	raw
	-102.72000
	5.10132
	.000
	-114.7051
	-90.7349

	
	
	
	
	
	
	
	

	Tomato
	stew
	raw
	-91.68000
	7.37459
	.000
	-110.4327
	-72.9273

	
	Abom
	raw
	-91.76000
	7.37459
	.000
	-110.5127
	-73.0073

	
	soup
	raw
	-87.60000
	7.37459
	.000
	-106.3527
	-68.8473

	
	vstew
	raw
	-85.92000
	7.37459
	.000
	-104.6727
	-67.1673

	
	Stew
	Abom
	.08000
	7.37459
	1.000
	-18.6727
	18.8327

	
	Raw
	Abom
	91.76000
	7.37459
	.000
	73.0073
	110.5127

	
	Vstew
	Abom
	5.84000
	7.37459
	.844
	-12.9127
	24.5927

	
	Soup
	Abom
	4.16000
	7.37459
	.946
	-14.5927
	22.9127

	
	
	
	
	
	
	
	

	
	*. The mean difference is significant at the 0.05 level.

	
	a. Dunnett t-tests treat one group as a control, and compare all other groups against it.
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Ref. No. X
Ms_Esusmaba Serwa Asaam
College of Health Sciences.
Dept. of Nutrition and Dietetics.
seans

Korle-8u.

ETHICAL CLEARANCE
Protocol identification Number. CHS-Et/M.6 ~4.3/2020-2021

FWA: 000185779 1ORG: 0005170 1r8: 00006220

The College of Health Sciences Ethical and Protocol Review Committee (EPRC) on August 11, 2021
reviewed and approved your research protocol.

Title of Protocol:  “An assessment of the nitrate levels in raw and cooked vegetables
consumed by patients with non-communicable diseases”

Principal Investigator: Ms. Esumaba Serwa Asaam

This approval requires that you submit six-monthly review report(s) of the study 1o the Committes
a0d 2 final full review report 1o the EPRC at the completion of the study. The Commuttee may
observe, or Cause 10 be observed, procedures and records of the study before, during and fter
implementation.

Please note that any significant modification(s) to this project/study must be submitted to the
Committee for review and approval before its implementation.

You are required to report all serious adverse events related to this study to the EPRC within seven
(7) days verbally and fourteen (1) days in writing.

As part of the review process, it Is the Committee’s duty to review the ethical aspects of any
manuscript that may be produced from this study. You wall therefore be required to furnish the
Committee with any manuscript for publication.

This ethical dearance is valid until August 11, 2022.

Please always quote the protocol identification number in all future correspondence in relation to

this protocol. Adfny,
Signed: /s

Professor Andrew Anthony Adjel
Chair, Ethical and Protocol Review Committee

e Provost, CHS
Dean, SBAHS
Head, Nutrition and Dietetics

< #0.Bom KB 52 Korle Bu, Accro. Ghono. Telephons: +233 (0] 302 665103/4 _+ Fax. +233 (0) 302 660762
* Emad odmun cha@ug.edu gh /provos.chaGug edu.gh |+ Webske: vewww cha.ug edu.oh




image1.png
INTEGRI pROCEDAMUS




