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The nutritional quality and antioxidant activity of organic and conventional green 
beans were compared in a series of experiments. Firmness, percent dry matter, 
carotenoids and chlorophyll contents, respiration rate, vitamin C and proteins were 
evaluated. Hydroxyl radical scavenging activity, SOD, APX and POX were also 
analysed. In a second experiment, organic green beans treated with hexanal 
formulations were stored with untreated at 12⁰C in the refrigerator for a period of 
three weeks during two seasons. The results of the experiment showed higher levels 
of most of the parameters measured in organic green beans (with significant 
differences in firmness, carotenoids and chlorophyll b), except for respiration, vitamin 
C, antioxidant activity(hydroxyl radical scavenging) and APX where conventional 
green beans were higher and showed significant differences in respiration and 
vitamin C. The storage experiment showed a decrease in firmness and fresh weight 
and increase in respiration during storage for both seasons. Carotenoids and 
chlorophyll contents showed decrease in concentrations during the first week and 
increased during the second week of storage.  
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CHAPTER 1 

 INTRODUCTION 

Green bean (Phaseolus vulgaris L.) is grown worldwide as an important vegetable 
for its high quality, nutritional and sensory properties and as a grain legume for its 
major protein source and economic value (Martins and Silva, 2004; Sarikamis et al., 
2009).  As a legume, it is a cheap and good source of protein, and supplies nitrogen 
to the soil by forming a “symbiotic” or mutually beneficial partnership with rhizobia 
through the biological nitrogen fixation process. Research has shown that this is the 
most efficient way to supply the large amounts of nitrogen needed by legumes to 
produce high-yielding crops with a high protein content. 
http://www.agriculture.gov.sk.ca. It is also rich in carbohydrates, vitamins, dietary fibre, 
and to a less extent some minerals such as iron, magnesium, calcium, phosphorus, 
potassium, copper and zinc (Bressani 1982; Reyes and Paredes 1992; Kigel 1999; 
Santalla et al., 1999; Rehman et al., 2001).  

The consumption of green beans has been linked to the reduced risk of diseases, 
such as cardiovascular diseases, cancer, degenerative diseases, diabetes mellitus, 
and this has been attributed to the presence of antioxidants, which inhibit oxidation 
by scavenging free radicals in living cell (Anderson et al., 1984; et al., 2001; 
www.medallionlab.com) as such it is referred to as a functional food item. 

Bioactive compounds such as enzyme inhibitors, lectins, phytates, oligosaccharides 
and phenolic substances contained in the seed coat (Amarowicz and Pegg, 2008), 
play metabolic roles in humans or animals that frequently consume them. The major 
antioxidant components in green beans include vitamin A, (through their 
concentration in carotenoids, including β-carotene), vitamin C,  dietary fibre, K, folate 
and iron, Mg, thiamine, riboflavin, Cu, Ca, P, protein, omega-3 fatty acids, niacin 
(www.whfoods.org). The free radicals in the body are reduced by the action of 
vitamins A and C. Vitamin C , a water-soluble antioxidant and B-carotene a fat-

soluble one, team up to  prevent cholesterol from becoming oxidized. Vitamin K₁ 
helps prevent excessive activation of osteoclasts, the cells responsible for breaking 

down bone. Friendly bacteria in the intestines help convert some K₁  and K₂, which 

activates osteocalcin, the major non-collagen protein in bone. Osteocalcin anchors 
molecules inside the bones. Fibre, K and folate and mg play a significant cardio-
protective role (www.whfoods.org).  

They are produced in a range of environments and in regions such as Latin America, 
Africa, Europe, US, China and Canada. The leading producer and consumer is 
Brazil, for subsistence, the highest per capita consumption in the world is the Great 
Lakes region. In African countries such as Kenya, Tanzania, Zambia, Uganda, it is 
produced as a dietary protein (Peters, 1993 and Wortmann and Allen, 1994).  The 
fresh pods are grown in most regions in Canada, where they rank as the third 
vegetable with production for processing mainly in Quebec and Ontario (Global pulse 
production, 2008 FAO). Green beans are among the most frequently consumed 
vegetables in the United States (United States Department of Agriculture, 2006). 
They are cultivated primarily for their green pods, shelled seeds and leaves, and dry 
seeds. The dry leaves, stalks and threshed pods can be fed to animals and used as 

http://www.agriculture.gov.sk.ca/
http://www.medallionlab.com/
http://www.whfoods.org/
http://www.whfoods.org/
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fuel for cooking as a secondary use in Africa and Asia (Sperling et al., 1996). They 
are consumed fresh, frozen or canned, served in salads or alone. They are also  
important ingredients of soups and stews (Decoteau, 2000). 

Organically produced foods creates a confidence in consumers about health and 
nutrition benefits and the environmental impacts it provides. It is widely assumed that 
any benefit derived from organic food is due to an absence of pesticide residues 
(Worthington, 2001).  The recent food crises such as mad cow disease have 
lessened consumer confidence in conventionally produced foods that make use of 
pesticides and other chemicals in their production (Dreezens et al., 2005, Siderer et 
al., 2005). As a result, majority of consumers purchase organic foods in order to 
avoid pesticides according to a recent survey (Whole Foods Market, 2005) as they 
are more particular about their health and as such will go for foods that promote  
healthy living. 

Organic production or farming involves the use of different  methods such as tillage 
and cultivation practises, crop rotation, and natural products for inputs, to enhance or 
promote, restore and maintain soil fertility and ecological balance (Winter and Davis, 
2006).  As a result, organic foods offer a better combination of nutrients. Organic 
food production began on a small scale, and made use of small farms and local 
distribution of fresh produce, and grew rapidly to a combination of both small and 
large food producers. Organically produced foods have been found to contain higher 
amounts of minerals and vitamins than conventional crops (Bourn and Prescott, 
2002; Magkos et al., 2003), with significantly higher levels of iron, magnesium and 
phosphorus (Worthington, 1998 and 2001). Application of compost to soils is based 
on crop N requirements resulting in more P needed by the crop and eventually lead 
to P build up in the soil (Eghball and Power, 1999). Phosphorus solubility is 
increased by the application of organic matter (Andrews et al., 2002 and Herencia et 
al., 2007), resulting in its availability and absorption by plants. 

In addition, lower nitrate levels but higher vitamin C contents in organic crops, have 
been found in some studies and there has been a consistency in the findings for 
higher nitrate levels in conventionally produced vegetables (Woese et al., 1997). 
Worthington (2001), also reported  127 cases of higher nitrate levels in conventional 
foods, 43 cases of higher  nitrate levels in organic foods, and 3 cases of no observed 
difference.  According to the Carbon/Nitrogen balance, theory, high nitrogen content 
in plants, increases protein production (although with low levels of lysine) and 
reduces carbohydrate and vitamin C production. The low levels of essential amino 
acid, lysine results in lower quality in terms of nutrition. Excess nitrogen only 
accumulates as nitrates (Worthington, 2001).Organic produce on the other hand 
contain lower nitrogen than conventional, more vitamin C, less nitrates, less protein, 
but of higher quality, lower nitrogen availability has been attributed to higher 
antioxidant contents in organic vegetables as reported by several researchers 
(Magkos et al., 2003). 

The handling of green beans is a concern because of its perishable nature, 
particularly organically produced green beans, since organic production prohibits the 
use of antibiotics for microbiological safety risks (Winter and Davis, 2006). To fulfil its 
function as a functional food on getting to consumers, green beans have to be well 
preserved. At the moment, there are no postharvest treatment procedures for 
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organic produce at present (Paliyath and Subramanian, 2008). Green beans have an 
intense respiration and heat emission, which limits the shelf life after harvest, this 
has partially been attributed to the intense metabolic activity of immature seeds in 
the pods (Sanchez-Mata et al., 2003). “Degradation of structural elements such as 
the cell wall and plasma membrane is an inherent feature of ripening and 
senescence” (Paliyath and Droillard, 1992). Phospholipase D is the key enzyme 
involved in the initiation of membrane deterioration. It binds to membrane and in 
response to hormones and external stimuli initiates a cascade of catabolic reactions, 
resulting in the accumulation of several neutral lipids, which leads to membrane 
destabilization (Paliyath and Droillard, 1992). Organic cultivation seems to better 
preserve the cellular apparatus of vegetables, showing different contents of 
antioxidants in  different parts of the plant, that is, as observed when vegetables are 
exposed to heat stress (Yamaguchi et al., 2001).  

Hexanal is a naturally occurring volatile C6 aldehyde, it is produced naturally during 
lipid peroxidation mediated by lipoxygenase and the hydroperoxides lysases and 
gives the characteristic green flavour evolved during wounding process in vegetables 
such as cucumber and  beans. It is also a component of GRAS (generally regarded 
as safe) status (Paliyath and Subramanian, 2008). 

Hexanal has been observed to be a strong inhibitor of Phospholipase D inhibitor 
action, and it has been proposed by Paliyath and Subramanian (2008) to be an 
effective technology for storing organically produced vegetables as there are no 
technologies for the storage of organic vegetables at the moment. 

 

1.1 Green beans  

1.1.1 Origin and Distribution  

Green bean, which refers to the unripe pod of snap bean or common bean, string 
bean, yellow wax bean (Phaseolus vulgaris L.), runner or flat bean (P. Coccineus L.), 
and long bean (Vigna sesquipedalis), belong to the Fabaceae (Leguminosae) family, 
subfamily (Faboideae), in which both the fleshy pod and seeds are consumed 
(Cantwell and Suslow, 1998).   

Green beans was domesticated in Central and South America more than 6000 years 
ago, independent domestication took place in neighbouring countries, which were 
Mexico and Guatemala, and Peru. In the 16th century, dry seeds were introduced 
and planted in Spain and from there taken to France. Small-seeded wild types were 
found in northern Argentina and Central America. The unripe pods soon became 
popular as a vegetable in Europe and is now produced worldwide and found in all 
countries in tropical Africa (Messiaen and Seif, 2004).  
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1.1.2 Importance and uses 

They are cultivated primarily for their green pods, green shelled seeds, dry seeds 
and green leaves. The green pods are marketed fresh, frozen or canned, whole, cut 
or French-cut. In some parts of the tropics, the leaves are used as a pot-herb, and to 
a lesser extent the green-shelled beans are eaten (James Duke, 1983). The dry 
leaves, threshed pods and stalks are fed to animals and used as fuel for cooking in 
Africa and Asia (Sperling et al., 1996).They are cultivated for subsistence in the 
Great Lakes region and for dietary protein in Kenya, Tanzania, Zambia, Malawi and 
Uganda (Peters, 1993; Wortmann et al., 1994).  

1.2 Quality 

1.2.1 Definition 

Quality is a quite complex characteristic that depends on many factors and includes 
both objective measurable traits and subjective sensory characteristics (Auerswald 
et al., 1999; Schnitzler and Gruda 2002). Quality refers to safety, sensory and 
nutritional properties. It is defined on the basis of subjective and objective 
measurement by consumers, buyers and food clients and as such its definition 
differs between cultures and countries.  

Food safety is an important component of food quality and can be argued that as the 
most important, since a lack of food safety can result into serious injury, illness or 
even death for the consumer of the respective product (ISO, 2006).  

Physiological maturity influences the quality of a plant material, which in turn 
influences the drop-chemical composition of the material or produce. (Martinez, 
1995). 

1.2.2 Sensory quality of green beans 

Sensory quality refers to features of a product which are assessed by humans by 
means of organs of smell, touch, taste, sight and hearing; and also by some 
particular tests. Beans should be well formed and straight, bright in colour with a 
fresh appearance free of defects, and tender (not tough or stringy) but firm.  The 
diameter of the pod, rather than length, is a good indicator of quality.  Buyers prefer 
pods with no or only slight bulges, indicating tender, young seeds.  As the name 
implies, snap beans should break easily when the pod is bent, giving off a distinct 
audible snap.  Poor quality is most often associated with over-maturity, broken 
beans, water loss, chilling damage and decay (Cantwell and Suslow, 1998).   

1.2.3 Nutritional value 

The minimum content of impurities in food (residues of pesticides, nitrates, heavy 
metals) at optimum content of valuable components such as vitamins, minerals and 
proteins). The nutritional value of a produce is determined by having the appropriate 
content of compounds necessary for proper functioning of the body.  

The amount and quantity of protein in plant tissues such as green beans are 
determined by the amount of nitrogen from any source of fertilizer (Worthington, 
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2001). The amount of total proteins in organic produce are lower than conventional 
produce because of a greater amount of nitrogen is made available to conventional 
crops from synthetic fertilizers. However, organic crops are higher in protein quality 
measured by content of basic amino acid. 

The level of carotenoids in plants depend on many factors such as soil parameters, 
genotype, weather, pesticides and fertilizer used. Carotenoids help in enhancing the 
immune system of the body particularly beta-carotene, which stimulates the increase 
in the number of lymphocytes. Also, they exhibit anti-tumor activity, as a result of 
their antioxidant properties and neutralization of free radicals (Stracke et al., 2008).  

1.3 Antioxidants 

1.3.1 Origin of Oxidants 

Reactive oxygen species (ROS) which refers to oxidants free radicals or oxygen-free 
radicals are formed as a result of many exogenous and endogenous factors, and this 
could be the reason for the damaging effects of oxygen (Krishnaiah et al., 2007). 
ROS are produced to serve essential biological functions in some cases and in other 
cases, they are just by-products of metabolic processes (Shigenaga et al., 1994). 
One or more unpaired electrons make up a free radical, and it is capable of 
independent existence. Exogenous sources of free radicals refers to radiation from 
the environment and man-made sources, while endogenous sources are as a result 
of electron transfer reaction  produced enzymatically and non-enzymatically. 

 

1.3.2 Role of antioxidants 

Plants contain secondary metabolites which are substances that are capable  of 
slowing or preventing the oxidation of other molecules (Krishnaiah et al., 2007; 
Hamid et al., 2010). These molecules referred to as antioxidants include carotenoids, 
cinnamic acids, folic acid, flavonoids, ascorbic acid, tocopherols and tocotrienols and 
benzoic acids, for the prevention of oxidation of susceptible substrate (Hollman, 
2001). The source of antioxidants is in fruits and vegetables, foods as well as nuts, 
grains, meat, poultry and fish (Baublis et al., 2000). Antioxidants offer a protective 
role in reducing the risk of diseases, such as cardiovascular diseases, age-
degenerated diseases, cancer, diabetes mellitus (Atoui et al., 2005; Alasalvar et al., 
2005). 

Antioxidants help to prevent cells by interacting with and stabilising free radicals and 
prevent some damage they might cause (Hamid et al., 2010). Antioxidants are 
reducing agents as they have to be oxidised themselves to remove free radical 
intermediates and inhibit other oxidation reactions (Sies, 1997). Oxidation reactions 
are essential for life but they can as well cause damage to body cells. As a result of 
this, various types of antioxidants are maintained in the body of plants and animals 
to help reduce or prevent this damage. The antioxidants include vitamin C and E, 
glutathione and enzymes such as superoxide dismutase, catalase and peroxidises 
(Hamid et al., 2010). 
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1.3.3 Antioxidant Enzymes 

1.3.3.1 Superoxide Dismutase 

Superoxide dismutase (SOD) can be found in the cytoplasm and in the mitochondria. 
SOD in the cytoplasm contains copper and zinc atoms, while that in the mitochondria 
contains manganese.  

SOD converts 2 superoxide radicals into one hydroxide peroxide and one oxygen 
molecule. 

                           SOD 

O₂- + O₂- + 2H+ -> H₂O₂ + O₂ 

SOD does better in removing H₂O₂ with the help of glutathione peroxide or catalase. 

It destroys free radical superoxide by converting it to peroxide which can in turn be 
destroyed by catalase or GPX reactions. SOD reduces Feᶟ+ to Fe ²+, releasing the 

Fe from storage sites so it can react with  H₂O₂ and produce hydroxyl radicals 

Manganese-SOD 

Nuclear-encoded primary antioxidant that helps to remove O₂- radicals. It contains 

one manganese atom per subunit, that cycles from manganese (III) – manganese (II) 
and back to Mn(III) during the 2 step dismutation of superoxide. The expression of 
Mn-SOD is essential for the survival of aerobic life and the development of cellular 
resistance to oxygen radical-mediated toxicity. 

Copper, Zinc-SOD 

Contains 2 identical subunits of about 32k Da, each subunit contains a metal cluster, 

the active site, constituted by a Cu and Zn atom (Banci et al., 1998). H₂O₂ inactivates 

Cu, Zn-SOD as a result of several sequence reactions which include reduction of 

active site Cu (II) to Cu(I) by H₂O₂; the Cu(I) is further oxidised by a second H₂)2, 

resulting in a powerful oxidant, Cu(I)O, Cu(II)OH or Cu (III); and finally oxidation of 
histidine, causing loss of SOD activity (Liochev et al., 1998). Antioxidant defense role 

of Cu, Zn-SOD is to catalyse the dismutation of superoxide anion (O₂-) radicals, to 

form H₂O₂ and O₂. 

Extracelluar SOD 

This is found in the intersticial spaces of tissues and also in extracellular fluids 
accounting for the majority of the SOD activity of plasma, lymph and synovial fluid 
(Adachi and Wang, 1998). It is a glycoprotein containing Cu and  Zn (Adachi and 
Wang, 1998), and the only known extracellular enzyme to scavenge the superoxide 
radicals (Enghild et al., 1999). EC-SOD is not induced by its substrate or other 
oxidants, and its regulated in mammalian tissues primarily occurs in a manner 
coordinated by cytokinins rather than as a response of individual cells to oxidants 
(Buschfort et al., 1997). EC-SOD controls the availability of ES superoxide, which is 
important for a variety of physiological pathways. 
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Nickel SOD 

Composed of 4 identical subunits of 13.4k Da. Purified from the cytosolic fraction of 
streptomyces sp. And Streptomyces coelicolor. Amino acid composition is different 

from Fe, Mn, Zn-Cu SODs. Stable at pH 4.0 to 8.0 and up to 70⁰C. Cyanide and 

hydrogen peroxide inhibits it. The apoenzyme lacking in nickel had no ability to 

mediate the conversion of O₂- to H₂O₂, indicating the Niᶟ+ plays a main role in the 

activity (Young et al., 1996). 

1.3.3.2 Ascorbate Peroxidase (APX) 

Ascorbate peroxidases are enzymes that detoxify peroxidases (H₂O₂) with ascorbate 

as a substrate, protecting  quality cells from harmful effects of  hydrogen peroxide 
generated as a by-product during photosynthesis and respiration (Dalton, 1991). 
They catalyse the reaction of ascorbate and peroxidase, in which electrons are 
transferred from APX to peroxidase (POX), producing dehydroascorbate and water 
as products (Raven EL, 2000). 

Ascorbate + H₂O₂  Dehydroascorate + water 

C6H8O6 + H₂O₂  C6H6O6 +2 H₂O  

1.3.3.3 Catalase 

Tetrameric haeminenzyme consisting of 4 identical tetrahedrally arranged subunits 
of 60k Da. Molecular mass is about 240k Da. The efficiency of catalase cannot be 

saturated by H₂O₂ at any concentration (Lledias et al., 1998). Catalase reacts with 

H₂O₂ to form water and molecular oxygen and reacts with hydrogen donors 

(methanol, ethanol) using 1 mole of peroxide:  

           2H₂O₂ -> 2H₂O + O₂ 

           ROOH + AH₂ -> H₂O + ROH + A 

Catalase catalyses H₂O₂, in aerobic organic catalase with several peroxidases  

catalyse H₂O₂ enzymatically, in  animals catalase and glutathione peroxidase  

detoxify hydrogen peroxide. It helps in tolerating oxidative stress in the adaptive 

response of cells (Hunt et al., 1998). Catalase maintains the concentration of O₂ 
either for repeated rounds of chemical reduction or for direct interaction with toxin 

(Speranza et al., 1993). This it achieves by capturing H₂O₂ before it escapes and 

converts it to O₂. 

1.3.3.4 Glutathione Peroxidase 

Selenium-containing perodiases are an important example of glutathione peroxidise. 

They catalyse the reduction of a variety of hydroperoxides (ROOH and H₂O₂) using 

GSH, thereby protecting mammalian cells against oxidative damage.  

                           GPX 

ROOH + 2 GSH -> ROH + GSSG + H₂O  
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Cytosolic and mitochondrial GP (CGPX or GPX1) reduces fatty acid hydroperoxides 

and H₂O₂ at the expense of glutathione. GPX1 and phospholipid 8hydroperoxides 

GP GPX4 (or PH GPX) are found in most tissues. GPX4 is located in both the 
cytosol and the membrane fraction. GPX1 present in erythrocytes, liver and kidney 
and GPX4 is highly expressed in renal epithelial cells and testes. Cytosolic GPX2 (or 
GPX-G1) and extracellular GPX3 (or GPX-P) are poorly  

GPX1 (80 kDa) contains one selenocysteine (Sec) residue in each of the four 
identical subunits, which is essential for enzyme activity (Ding et al., 1998). Although 

GPX shares the substrate, H₂O₂, with catalase, it alone can react effectively with lipid 

and other organic hydroperoxides. The glutathione redox cycle is a major source of 
protection against low levels of oxidant stress, whereas catalase becomes more 
significant in protecting against severe oxidant stress (Yan and Harding, 1997). In 
animals cells, and specially in human erythrocytes, the principal antioxidant enzyme 

for the detoxification of H₂O₂ has for a long time been considered to be GPX, as 

catalase has much lower affinity for H₂O₂ than GPX (Izawa et al., 1996). 

 

1.4 Postharvest Quality of Green beans  

1.4.1 Postharvest handling and storage of green beans 

Snap beans (yellow, green and purple types) are harvested when they are rapidly 
growing; about 8 to 10 days after flowering for typical mature snap beans.  All pod 
beans should be harvested when the pod is bright green and fleshy, and the seeds 
are small and green. After that period, excessive seed development reduces quality 
and the pod becomes pithy and tough, and loses its bright colour (Cantwell and 
Suslow, 1998). 

Cooling 

Snaps beans can be hydro-cooled, and this is especially beneficial in dry climates 
where dehydration is a concern and in situations where evaporation of surface 
moisture occurs rapidly after cooling (beans packed in wire-bound crates).  Although 
hydro-cooling is very rapid, significant postharvest decay can occur if the product 
remains wet after cooling.  Forced-air cooling is the method of choice if beans have 
been packed.  Although efficient cooling is achieved without leaving free moisture on 
beans, water loss does occur (Boyette et al., 1994; Sargent, 1995).   

Optimum Storage Conditions 

Storage at low temperatures slows down respiration rate (Hong and Kim, 2001), 
microbial growth (Zagory, 1999) and quality deterioration (Jacxsens et al., 2002; 
Lamikanra and Watson, 2003). The recommended conditions for commercial storage 
of green beans are 5 to 7.5 °C (41 to 46 °F) with 95 to 100% relative humidity.  At 5 
to 7.5 °C (41 to 46 °F) a storage-life of 8 to 12 days is expected.  Good quality can 
be maintained for a few days at temperatures below 5 °C (41 °F) but chilling injury 
will be induced. Some chilling may occur even at the recommended storage 
temperature of 5°C (41 °F) after 7 to 8 days depending on cultivar.   
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At storage temperatures above 7.5°C (46 °F), quality rapidly decreases due to 
yellowing, seed development and water loss.  Waxed cartons and plastic film liners 
are helpful to reduce water loss.  The perishability and rates of water loss of 
immature beans are higher than for mature beans.  Long beans have postharvest 
requirements similar to those of snap beans with similar responses to chilling 
temperatures (Zong et al., 1992).  

1.4.2 The role of Phospholipase D (PLD) in membranes 

Membrane deterioration in green beans is as a result of a series of catalytic 
cascades initiated by the enzyme PLD (Paliyath and Subramanian, 2008). 
Phosphatidate phosphatise, lipolytic acyl hydrolase and lipoxygenase, act on 
intermediates generated during this catabolic cascade causing the degeneration of 
membrane. 

1.4.3 The role of hexanal in combating PLD in membranes 

Primary alcohols and aldehydes can be effective inhibitors of PLD. A primary alcohol 
such as hexanol and an aldehyde such as hexanal were potent inhibitors of PLD 
activity (Paliyath et al., 2003). They inhibited both soluble and membrane-associated 
forms of PLD (Paliyath et al., 1999). It appears that as the chain length increases, 
the efficiency of primary alcohols in participating in the reaction decreases, 
essentially showing an inhibition of the reaction in the presence of water. Aldehydes 
do not possess the primary alcohol structure required for their participation in the 
reaction and may block the reaction at the water-binding site. The advantage of 
hexanal over other PLD inhibitors is its volatile nature. Produce may be exposed to 
vapour if required; this is similar to the application of 1-MCP (Agro Fresh Inc.).  The 
use of hexanal is also compatible for organic produce, as there are no postharvest 
treatment procedures available for organic produce currently (Paliyath and 
Subramanian, 2008).     

1.5 Organic/Conventional farming 

1.5.1 Definition 

 

Organic agriculture is an ecological production management system that relies on 
the use of biological methods such as plant and animal wastes, crop rotation, use of 
cover crops, as opposed to off-farm inputs, to improve the fertility of the soil, check 
weeds and control diseases and pests, thus promoting ecological processes, 
biodiversity and  biological cycles. Organic agriculture combines tradition, innovation 
and science to benefit the shared environment and promote fair relationships and a 

good quality of life for all involved (FAO/WHO Codex Alimentarius Commission, 
Winter and Davis, 2006, IFOAM, 2009). 
 
Conventional agriculture, on the other hand, is a management system that makes 
use of a wide range of cultural, biological, and chemical practices and tools to 
increase crop yields, protect crops, and increase productive efficiency of livestock 
through antibiotics and hormones. (Letourneau and van Bruggen 2006). 
Conventional agriculture may give short-term gains in production, but in most cases 
it is not sustainable in the long term, nor does it guarantee safe food (IFOAM, 2002). 
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1.5.2  Consumer perception  

The belief that organic produce are healthier and safer than conventional ones with 
greater nutritional value, better taste, safety for health and environmentally friendly is 
the reason for which it is bought by so many groups of people such as women, 
families with children and elderly ones (Hughner et al., 2007). 

1.5.3 Comparison between the nutritional qualities of organic and conventional 
produce 

Studies carried out to compare differences between organic and conventional crops 
have shown differences between them with respect to safety and nutritional 
composition. Some authors reported that organic crops have significantly higher 
levels of iron, magnesium and phosphorus (Worthington, 1998 and 2001). Organic 
horticultural crops and fruits contain more minerals and vitamins than conventional 
crops (Bourn and Prescott, 2002; Magkos et al., 2003). Reasonable consistent 
findings have been shown to exist in the nitrate contents. Higher nitrate levels are 
found in conventional crops than in organic crops (Woese et al., 1997).  Organic 
crops on the other hand have higher levels of plant secondary metabolites (Winter 
and Davis, 2006). 

Some important factors such as crop varieties, farming systems, localization, time of 
fertilizer application, handling procedures and storage after harvesting, make some 
of the comparisons invalid as shown by many scientific literature (Warman and 
Harvard, 1997&1998, Bourn and Prescott, 2002, Maqueda et al., 2001).  

The basis on which the nutrient concentrations are expressed, namely, dry and fresh 
weight, is another factor that may annul the interpretation of nutritional value of 
organic and conventional crops. For example, some studies show that organic crops 
have higher dry matter content than conventional crops (Woese et al., 1997, 
Fjelkner-Modig et al., 2000). With different crops however, the results shown were 
contradictory. In organic pea and potatoes, the dry matter contents were higher than 
in organic cabbages. Also, the results of lycopene content from three varieties of 
tomatoes showed a higher lycopene content of fresh weight basis, but no significant 
results on a dry weight basis (Caris-Veyrat et al., 2004). Similar soils and climatic 
conditions are required to make a vivid comparison between both organic and 
conventional crops (Kumpulainen 2001). Due to unpredictable and uncontrollable 
production variables such as year to year weather variations, direct comparative 
studies of organic and conventional crops are difficult to design and execute 
(Magkos et al., 2003). 

Nutritional Composition  

The reason for which organic crops are more nutritious than conventional crops is 
because of the use of pesticides and fertilizers in conventional crop production which 
may possibly limit the natural ability of the plants to synthesize their own nutrients 
(Whole Foods Market 2005). In addition, selection of cultivars is usually for a specific 
resource-using functions such as yield characteristics, pest resistance and not for 
their nutrient content (Davis et al., 2004) which might be the reason for limitation in 
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the cultivars’ abilities to incorporate soil minerals, transport them within plant, or 
synthesize nutrients such as proteins and vitamins. A review of 41 studies 
(Worthington, 2001) compared crops produced by organic farming systems to crops 
produced using conventional farming systems. Organic crops contained 27% more 
vitamin C, 21.1% more of iron, 29.3% more magnesium and 13.6% more 
phosphorus than did conventional crops.  

Antioxidants 

Recently, some studies conducted by researchers compare organic and 
conventional foods with respect to nutritional  composition have reported increases 
in nutrients from organic production practices particularly organic acids and 
polyphenolic compounds,  most of which has potential human health benefits as 
antioxidants. Two hypotheses have been proposed in respect to these increases; 
one relates the effects of different fertilization on the metabolism of plants, while the 
other considers the responses of plants to stressful environments such as attacks 
from insects, pests, pathogens and weeds. The more nitrogen fertilizer provided in 
conventional farming increases plant growth and development but decreases the 
production of secondary metabolites, such as organic acids, polyphenolics, 
chlorophyll and amino acids. In organic farming, where there is a limit to the use of 
pesticides, the plants require more resources in synthesizing their own chemical 
defence mechanisms, these results in the production of antioxidants such as 
polyphenolics (Asami et al., 2003).  

The impact of consuming greater levels of organic acids and polyphenolics on 
human health is yet to be determined. In Vitro studies carried out to compare organic 
and conventional strawberries showed that extracts from the organic strawberries 
were higher in antipoliferative activity against colon cancer and breast cancer cells 
than extracts from conventional strawberries (Olsson et al., 2006). An in vivo study 
did not show any difference in plasma levels of antioxidants, vitamin C and lycopene 
in human subjects who had consumed tomato purees from either organic or 
conventional sources for 3 weeks. It only showed higher vitamin C levels in organic 
tomatoes and vitamin C and polyphenols in organic tomato purees than conventional 
tomatoes and purees (Caris-Veyrat et al., 2004). 

Nitrates 

“Conventionally cultivated vegetables normally have a far higher nitrate 
content than organically produced vegetables” (Woese et al., 1997).  

The results of 18 studies comparing nitrate levels of organic and conventional foods 
by Worthington 2001 showed 127 cases of higher nitrate levels in conventional 
foods, 43 cases of higher nitrate levels in organic foods, and 6 cases of which there 
was no difference observed. 

Naturally occurring toxins and microbiological safety 

The impact of the increase in secondary metabolites such as organic acids and 
polyphenolics on human health is beneficial; however the increase in other 
secondary metabolites such as glycoalkloids might prove a threat to human health. 
Glycoalkloids are naturally occurring toxins produced by potatoes and tomatoes and 
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provide resistance against pests. However, exposure to high levels of glcoalkloids 
can inhibit cholinesterase enzymes in humans and animals, because they are on the 
high side in damaged potatoes or those exposed to light. Mycotoxins also have their 
levels altered through the use of insecticides to prevent insect damage. This reduces 
the opportunities for secondary fungal colonization of damaged plant tissue (Winter 
and Davis, 2006). Pesticides reduce plant stress and thus reduce the levels of 
naturally occurring toxins in some cases or increase the levels in others with 
increased plant stress. 

The use of manure is more widespread in organic production than in conventional 
because the use of synthetic fertilizers is prohibited. In addition, organic standards 
require that animal manures be composted according to specific procedures as 
opposed to conventional production. Also the use of antibiotics in organic animal 
production is prohibited. These appear to be the reason for the lower antimicrobial 
resistance in bacterial isolates from organically produced foods and food animals as 
compared with conventionally produced foods (IFT 2006). In a study conducted by 
Mukherjee and others (2004), 476 organic produce samples and 129 conventional 
produce samples were collected in Minnesota and analysed for Escherichia coli, 
Salmonella and E. Coli 0157:H7. None of the samples contained E. Coli 0157:H7, 2 
samples (1 organic lettuce and 1 organic green pepper) contained Salmonella, while 
9.7% and 1.6% of the organic and conventional produce samples respectively, 
contained E. Coli. Campylobacter spp. Isolates from bovine faeces were found to be 
26.7% in organic farms and 29.1% in conventional farms (Sato et al., 2004). 

1.6  Research hypothesis and objectives 

It is generally believed that organically produced food are of better quality than 
conventionally produced ones, primarily because of the absence of pesticides and 
synthetic fertilizers in organic production, as discussed earlier, and as such, they are 
willing to pay more or significant premium in order to obtain organic food crops. In 
addition, consumers are more concerned about what they consume, so  they rather 
go for organic produce because they also believe that they are more nutritious than 
conventional foods. Many studies have also supported the fact that organically 
produced foods are better at least in terms of the use of natural materials than 
synthetic ones. The reduced risk of diseases such as cancer and other degenerative 
diseases, is another benefit from consuming organic produce, as such diseases are 
associated with residual pesticides (Hammitt, 1990). 

 Green bean, being a functional food item helps to reduce the risk of diseases 
because of its antioxidant composition. It is also known for its high quality nutritional 
attributes, as it provides protein, minerals, and vitamins in diets. The organic 
production of green beans therefore promises to be better in terms of nutritional 
quality and  in the antioxidant activity than its counterpart conventional green beans. 
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Hypothesis  

Organically produced green beans are better in quality and antioxidant composition 
than conventionally produced ones. 

The objectives of this study are to: 

1. Evaluate and compare the nutritional quality and antioxidant components in 
both organic and conventional green beans. 

2. Determine the postharvest quality of refrigerated organically produced green 
beans. 
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CHAPTER 2 

EVALUATION AND COMPARISON BETWEEN ORGANICALLY AND 
CONVENTIONALLY PRODUCED GREEN BEANS 

2.1 Introduction 

Green beans are an important vegetable legume that has gained a lot of attention 
because of its nutritional and particularly its antioxidant quality, and is referred to as 
a functional food. The organic production of green beans is also helps to enhance 
and promote its nutritional and antioxidant quality. Studies have shown that 
organically produced green beans contain more minerals and vitamins such as 
vitamin C, and particularly health promoting substances such as a wide variety of 
carotenoids, flavonoids and polyphenols.  According to the international Federation 
of Organic Agriculture Movements (IFOAM) standards where organic farming is 
organised, states that organic farming not only pursues agricultural and ecological 
principles but also aims at food security and social justice, high demands on food 
quality and health as well as the integration of local knowledge (IFOAM, 2002). 
Organic farming makes use of natural methods such as crop rotation, intercropping, 
the use of cover crops and natural products including green manures, plants and 
animal wastes to enhance crop growth, bring pests and diseases under control or to 
an acceptable level and maintain the fertility of the soil.  And, as the farming is 
mostly mixed, hedges are frequently used to provide stock-proof boundaries 
between fields. Synthetic materials allowed are quickly broken down by oxygen and 
sunlight. Specific methods are also used to minimize air, water and soil pollution 
(Watt and Buckley, 1994). 

Conventional agriculture on the other hand make use of pesticides for insect pests 
and weed control, and heavy amounts of mineral fertilizers for the supply of nutrients 
in order to enhance growth and optimum yield of crops. Pesticides reduce plant 
stress and thus reduce the levels of naturally occurring toxins in some cases or 
increase the levels in others with increased plant stress. Nitrates levels in 
conventionally grown crops are higher than crops produced organically (Woese et 
al., 1997).  

Consumers are particular about what they consume and as such go for foods that 
are nutritionally and environmentally safe. There is a wide assumption that any 
benefit derived from organic food is due to the absence of pesticide residues 
(Worthington, 2001). The recent food crises have lessened consumer confidence in 
conventionally produced foods that make use of pesticides and other chemicals in 
their production (Dreezens et al., 2005, Siderer et al., 2005). As a result, majority of 
consumers purchase organic foods in order to avoid pesticides according to a recent 
survey (Whole Foods Market, 2005).   

The need therefore arises to compare the nutritional and antioxidant quality of both 
organic and conventional green beans in order to be able to ascertain the which of 
the farming systems is of better quality in terms of nutrition and health-promoting 
ability. 
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2.2 Materials and Methods 

2.2.1 Experimental Materials 

Fresh conventional Mexican green beans of unknown variety were purchased from 
Zehrs Supermarket, and freshly harvested organic green beans (unknown variety) 
were obtained from an organic farm located at the Arboretum of the University of 
Guelph. These bean pods of possibly different varieties, from two different sources 
with different environmental conditions, harvesting times (the conventional green 
beans were not freshly harvested on the day they were purchased, and it must have 
taken at least 4 days to transport them from the field to the store) and handling 
procedures were spread out on trays to attain ambient temperature before quality 
and antioxidant analysis were carried out.  

 

2.2.2 Quality assessment 

2.2.2.1 Firmness 

Firmness was measured using the Ottawa texture measurement system.  The 
firmness of 15 bean pods representative of each replicate were measured. The 
compression test cell was inserted and the test time was adjusted to 6 seconds and 
the speed to 5 cm/min. The test cell was lowered until the shadow between the 
green pod and the test cell just touched, without applying a significant force to the 
pod. The computer automatically stops recording the graph after 6 seconds. Results 
were expressed in Newton/millimetres.  

 

2.2.2.2   Dry Matter content  

The fresh weights in grams of twenty pods per replicate of each treatment were 
measured using the Mettler Toledo weighing balance. The dry weights were also 

determined by oven-drying at 80⁰C for a period of two weeks, and the weights were 

measured in grams. The percentage dry matter was calculated as follows:  

 % Dry matter = Dry weight x   100% 

                        Fresh weight      

   

2.2.2.3 Respiration  

Respiration was measured using the EGA CO₂ analyser to determine the amount of 

CO₂ standard and the amount of CO₂ in each of the sample. Five bean pods per 

replicate of three from both treatments were closed up in jars and the lids were 

injected with syringe needles to take up CO₂ from the pods. Air blanks were also 

taken from closed jars, of known volumes and weight and rate of respiration was 
calculated thus:  
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        CO₂ production             =    measure in ppm x free volume of jar 

  (mL CO₂ /Kg fresh weight/ hr)                weight in Kg x 0.5hr 

      

                Respiration =      ∑ (CO₂ for each of the weeks X free space)    X        1                        

      (mL/Kg/hr)                      (Fruit weight x 0.5 hr)                               1000                                                                  

 

2.2.2.4  Carotenoids and Chlorophyll contents 

Chlorophyll a and b, and carotenoids were determined using the Beckman DU 800 
spectrophotometer.  10 ml of 95% ethanol was added to finely chopped 2 gram 
sample of green bean pods in test tubes and kept in the refrigerator for 12 hrs. The 
contents were thoroughly shaken after 12 hours and left to attain room temperature. 
They were shaken again and absorbance was read at different wave lengths of 480 
nm, 645 nm and 663 nm, for carotenoids, chlorophyll a and b respectively. 
Chlorophyll a, b and carotenoids were calculated as follows: 

 Chlorophyll a (Ca) = 13.36 (A645 nm) – 5.19 (A663 nm) 

Chlorophyll b (Cb) = 27.43 (A663 nm) – 8.12 (A645 nm) 

Total carotenoids (Cx+c) = 1000 (A480 nm) – [2.13 (Ca) + 97.64 (Cb)] 

                                                                        209 

They were expressed as μg/ml of plant extract and final unit was in μg/g fresh weight 
by dividing by the amount of bean pods used for the assay. 

 

2.2.2.5 Protein 

Protein was determined using the Bradford method.  BSA standard samples were 
prepared by adding different volumes of BSA (2 mg/ml), 2 μl, 4 μl, 6 μl, 8 μl and 10 μl 
respectively to 2.5 ml  of Bradford reagent and double distilled water to make up to a 
volume of 5 ml for each concentration. For the blank sample, 2.5 ml of Bradford 
reagent was added to 2.5 ml of double distilled water. A standard curve was plotted. 

For the bean samples, different volumes were added to 2.5 ml of Bradford reagent 
and made up to a volume of 5 ml with double distilled water. The mixtures were 
thoroughly shaken and kept for 10 minutes in the dark, after which the OD values 
were read at 595 nm in the spectrophotometer.  Protein concentration was 
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determined from the standard BSA curve equation by solving for x and multiplying by 
the dilution factor. 

2.2.2.6 Vitamin C 

Vitamin C standards were made by dissolving 100 mg of dehydrated vitamin C in 
100 ml of 1% Metaphosphoric acid in a volumetric flask. 1 ml of this mixture was 
added to 9 ml of 1% Metaphosphoric acid in 3 replicates to obtain a 10 ml mixture. 
2,6-dichloroindophenol (dye) was titrated against the mixtures in drops to get a slight 
pink colour which persisted for 30 seconds. The volume of the dye used was 
recorded. 

5 ml of EDTA and 50 ml of 1% Metaphosphoric acid were added to 50 g of green 
beans and blender for a minute. They were homogenized for 2 minutes in the probe 
and centrifuged for 5 minutes at 8,500 rpm. 50 ml of the supernatant was diluted to 
100 ml with 1% Metaphosphoric acid. 10 ml per replicate of three was taken from the 
mixture. 2,6-dichlorophenolindophenol solution was titrated against the mixtures to 
obtain a pink colour which persisted for 30 seconds. The volume of the dye used 
was recorded. 

Vitamin C content was calculated as:  

Mg ascorbic acid/g, ml, tablet or capsule = T x V x D  

Where T = ascorbic acid equivalent of dye solution expressed as mg/ml dye 

V = net ml dye used for titration of aliquot of diluted sample 

D = dilution factor 

 

2.2.3 Suitable extracts of beans from sodium citrate buffer pH 6 

250 g of frozen green beans with 250 ml of Sodium Citrate buffer (pH 6) were 
homogenized in a blender for 3minutes. The mixture was poured into centrifuge 

tubes and centrifuged at 15,000 rpm at 4⁰C for 15 minutes. 

To a 250 g bean sample,  250 ml of Sodium Citrate buffer (pH6), 1mM PMSF( 
Phenylmethanesulfonylfluoride) in 1 ml of DMSD (Dimethyl Sulfoxide minimum), 5 
mM Ascorbate and 1mM EDTA(Ethylenediaminetetraacetic acid), were all added in a 
blender and homogenized for 3 minutes. The mixture was centrifuged at 15,000 rpm 

at a temperature of 4⁰C for 15 minutes. The supernatant was poured out in a beaker. 

103.2 g of Ammonium Sulphate was added to 200 ml of the supernatant, stirred in 

the cold room for 2 hrs and centrifuged at 17,000 rpm at 4⁰C for 15 minutes. Only the 

pellets were retained in the tubes, while the supernatants were thrown. The pellets 

were kept in the -20⁰C freezer. The pellets were dissolved with 5 ml of Sodium 

Citrate buffer (pH 6). The solution was pip petted into plastic bag and allowed to stir 
in a mixture of 0.1 g Ascorbate in 500 ml of Sodium Citrate buffer (pH 6) overnight. 
The mixtures were centrifuged for 2 minutes at 12,000 rpm. The supernatants were 
used for different antioxidant enzymes, Ascorbate peroxidise, Peroxidase and 
Superoxide dismutase.  
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2.2.4 Antioxidant activity  

2.2.4.1 Hydroxyl radical scavenging 

To 100 μl volume of sample at different concentrations and double distilled water, 

690 μl 2-deoxyribose buffers and 100 μl FeCl₃/EDTA were added and the mixture 

was placed in 37⁰C water bath. 100 μl ascorbic acid and 10 μl of freshly prepared 

H₂O₂ were then added to the mixture to start the reaction. This was kept in the water 

bath for a period of 20 minutes. The reaction was stopped by the addition of 1 ml of 
cold TCA (Trichloroacetic acid) and 0.5 ml of TBA (Thiobarbitunic acid). The mixture 
was boiled for 8 minutes without water getting into the tubes, cooled and poured into 
curettes for the and the absorbance to be read at 532 nm in the spectrophotometer.  

 

2.2.5 Antioxidant enzymes  

2.2.5.1 Ascorbate Peroxidase 

The assay medium contains the following reagents; Potassium phosphate buffer, 

EDTA, ascorbate, Hydrogen peroxide (H₂O₂) and the sample. The reagents were put 

in a curette in the following order: 600 μl of 50 mM KPO₄ buffer (pH 7), 100 μl of 1 

mM EDTA, 100 μl of 5 mM Ascorbate, 100 μl of H₂O₂ and 100 μl of sample. For the 

blank, 700 μl of the buffer was used excluding the sample. The absorbance was read 
at 290 nm continuously for 180 seconds. 

 

2.2.5.2 Peroxidase Assay 

100 mM of Sodium Phosphate buffer (pH 6.5) was prepared by mixing up 100 mM of 
each of prepared mono and dibasic Sodium Phosphate. To 50 ml of the prepared 
100 mM Sodium Phosphate buffer, 100 μl of Guaiacol was added.  

15% of hydrogen peroxide (H₂O₂) was prepared by mixing 30 ml of 50% H₂O₂ and 70 

ml of double distilled water. 

Assay:  To different concentrations of samples, equivalent to 5 μg, 10 μg, 15 μg, 20 
μg and 25 μg protein respectively, 700 μl of Guaiacol/buffer was added in a curette, 

double distilled water to make up the volume to 1 ml. 10 μl of 15% H₂O₂ was 

immediately added to the solution. The absorbance was read at a wavelength of 470 
nm every 30 seconds for 2 minutes. 

 

2.2.5.3 Superoxide Dismutase (SOD) Assay 

Reagents: 50 mM Sodium Phosphate buffer was prepared by mixing up mono and 
dibasic Sodium Phosphate to obtain a pH of 7.8 for a 500 ml assay volume.  
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To the buffer was added 15 mM Methionine, 80 μM NBT, 2 μM Riboflavin and 0.1 
mM EDTA in a flask wrapped with tin foil. 3 ml of the mixture was added to different 
concentrations of samples of 20 μl, 40 μl, 60 μl and 80 μl. For the blank, 3 ml each of 
the mixture was kept both in the dark and in the light for 10 minutes. Absorbance 
was read at a wavelength of 560 nm in the spectrophotometer. 

 

2.2.6 Native PAGE and activity staining 

Concentrated amounts of protein (50μg) from green bean tissues of both treatments, 
organic and conventional were subjected to discontinuous polyacrylamide  gel 
electrophoresis (PAGE) under non-denaturing conditions as described by Rao et al.,. 

(1996). Electrophoresis separation was carried out on 8% gel at 4⁰C for 4 h at a 

constant current of 30 mA per gel for both SOD and POX, and on 10% gel for 3 h 
under the same conditions except that the carrier buffer contained 2mM ascorbate 
and the gel was pre-run for 30 minutes to allow ascorbate diffuse into the gels. 

After electrophoresis, gels were stained for the activities of APX, SOD and POX as 
described by Rao et al. (1996).  Staining of APX isozymes was done after 
equilibrating gel in 50 mM potassium phosphate buffer (pH 7.0) containing 2 mM 
ascorbate for 30 minutes, and then in 50 mM potassium phosphate buffer (pH 7.0) 

containing 4 mM ascorbate and 2 mM H₂O₂ for 20 minutes. The gel was washed with 

potassium phosphate buffer (pH 7.0) for a minute and incubated in a solution of 50 
mM potassium phosphate buffer (pH 7.8) containing 30 mM 
tetramethylethylenediamine (TEMED) and 3.0 mM NBT with gentle agitation for 15 
min. The reaction was stopped by washing in distilled water and stored in 10% acetic 
acid solution.  

For the staining of POX isoenzymes, gel was stained by incubation in 100 mM 
sodium acetate buffer (pH 4.5) containing 2 mM benzidine dihydrochloride  dissolved 

in 1 mL DMSO. 3 mM H₂O₂ was added to the solution to start the reaction and 

allowed to continue for 20 min.  

SOD isoenzymes were stained by incubating in a solution containing 2.5 mM nitro 
blue tetrazolium for 25 min, after which they were stained in 50 mM potassium 
phosphate buffer (pH 7.8) containing 28 μM riboflavin and 28 mM 
tetramethylethylenediamine (TEMED) for 20 min in the dark. After 20 min, the gel 
was placed in distilled water and exposed on a light box for 15 min at room 
temperature. 

 

2.2.7   Statistical analysis 

The experimental design was a made up of two treatments namely; organic and 
conventional green beans collected from two different sites. The statistical analysis 
was performed using a graph pad Prism version 4 software. The means and 
standard errors of the treatments were calculated and compared at a significant level 
of  p< 0.05 using t-test. 
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2.3 Results 

2.3.1 Effect of organic and conventional farming systems on the firmness of 
green beans 

The firmness of a produce is a sensory quality that in turn provides a measurement 
of its overall nutritional and organoleptic quality attributes. Figure1 shows a 
significant difference in the firmness of organically grown green beans with a 
firmness of 48.40 N/mm and conventional green beans which showed a firmness of 
22.70 N/mm. The organic pods gave a snap sound when bent with the hands and 
crunchier when eaten as compared to the conventional beans.  
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             Figure 1. 

Difference in the firmness of organic and conventional green  beans. Mean 

with different letters are significantly different at (p< 0.05). 
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2.3.2 Effects of organic and conventional farming systems on the dry matter 
content of green beans 

Figure 2 shows the differences in the dry matter content of organic and conventional 
green beans. The percentage dry matter of organic beans was 10.1%, as compared 
to 9.84% for the conventional beans. The rapid growth in  conventional beans, which 
is as a result of heavy fertilization, increases the yield by making the pods turgid with 
water content. This might be responsible for the lower dry matter content due to 
dilution.  

 

2.3.3 Effect of organic and conventional farming systems on the respiration of 
organic green beans 

The respiration rates of beans under the two production systems were high as green 
beans is a highly perishable vegetable with high metabolic activities occurring within 

the seeds in the pods. A higher respiration value of 406.82 ML CO₂/kg/hr was found 

in conventional green beans as compared to 357.66 ML CO₂/kg/hr in organic beans 

(figure 3). This led to the lower dry matter content in the conventional beans than in 
the organic, which also explains why the organic green beans were firmer than the 
conventional ones.  
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Figure 2. Difference in the percentage of dry matter between organic and 

conventional green beans. Means with different letters are significantly 

different at (p<0.05).  
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Figure 3. Difference in the respiration rates of organic and conventional green 

beans. Means with different letters are significantly different at (p<0.05). 
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2.3.4 Effects of organic and conventional farming systems on the carotenoids 
and chlorophyll contents of green beans 

Carotenoids and chlorophyll contents were found to be higher in organic than in 
conventional green beans, with significant differences in carotenoids and chlorophyll 
b (figure 4). Chlorophylls a and b for conventional green beans were 0.8817 and 
8.057 μg/g fresh weight, while they were 0.8933 and 9.588 μg/g fresh weight for the 
organic green beans. This accounts for the greener and fresher pods in organic 
beans. Carotenoid contents in both organic and conventional green beans were 
7.950 and 7.163 μg/g fresh weight in conventional and  μg/g fresh weight in organic 
green beans.  

 

2.3.5 Effects of organic and conventional production on the vitamin C content 
of green beans 

Vitamin C content was significantly lower in organic beans than in the conventional 
beans (figure 5). The level of vitamin C in the organic beans was 0.026 mg/g fresh 
weight, while it was 0.057 mg/g fresh weight in conventional beans. This is contrary 
to expectation and results from most studies where the vitamin C content was higher 
in organic produce than conventional ones. 

Higher vitamin C levels were observed in organic tomatoes and vitamin C and 
polyphenols in organic tomato purees than conventional tomatoes and purees in a 
study by Caris-Veyrat et al (2004). Organic crops contained 27% more vitamin C 
than conventional than  conventional crops (Worthington 2001).  Woese et al (1995) 
also reported more vitamin C in organic crops. 
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Figure 4. Differences in the carotenoid and chlorophyll contents of organic and 

conventional green beans. Means with different letters are significantly 

different at (p<0.05).  
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Figure 5. Difference in the vitamin C content of organic and conventional green 

beans. Means with different letters are significantly different at (p<0.05).  
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2.3.6 Effect of the treatments on the antioxidant activity in green beans 

Hydroxyl radical scavenging activity increased gradually in both organic and 
conventional green beans with a higher activity in conventional beans until it reached 
57% inhibition (Figure 6). At this point, the inhibition was 57.24% at 190 μg protein 
for organic green beans and 57.73% at 185ug protein for conventional beans. 
Beyond this point, the activity in organic beans was almost constant, while the 
activity in conventional green beans increased further.      

 

2.3.7 Effect of the treatments on the antioxidant enzymes in green beans 

Figures 7, 8 and 9 shows the antioxidant enzyme activities. SOD and POX activities 
were higher in organic beans than in conventional beans. SOD activity increased in 
both bean treatments, and the highest activity level was at 87.86% inhibition and 
79.68% inhibition at 950 μg protein 925 μg proteins for both organic and 
conventional green beans respectively. POX activity was also higher in the organic 
than in the conventional green beans. The highest level of activity(the amount of 
guaiacol oxidised) for both green bean variety was at 25 μg protein, which were 
0.0049 μmol/min and 0.0043 μmol/min for organic and conventional green beans 
respectively. The isozyme profile of SOD and POX also showed intensity in band 
sharpness in the organic than in the conventional.  APX was a little higher in activity 
in the conventional than the organic green beans. This is also evident in the isozyme 
profile  (figure 10) as it was only the conventional profile that showed a sharpness in 
band. 
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Table 1. Protein content of organic and conventional green beans expressed 

as protein/gram fresh weight of produce  

Conventional                  Organic 

0.925                                  0.95 

   

 

 

 

Figure 6. Difference in the antioxidant activity of organic and conventional 

green beans 
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Figure 7. Difference in the activity of SOD in organic and conventional green 

beans 

 

 

 



 

 

31 

 

 

 

 

 

Figure 8. Difference in the activity of peroxidase in organic and conventional 

green beans 
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Figure 9. Difference in the activity of Ascorbate peroxidase in organic and 

conventional green beans.  
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2.3.8 Native PAGE staining 

Further studies were conducted to evaluate the differences in antioxidant enzyme 
activities between extracts from conventionally grown and organically grown beans. 
There were several bands showing SOD activity, both in conventionally and 
organically grown beans (Figures SC and SO). The patterns of isozyme activities 
were nearly similar with a fast moving isozyme (arrow designated 1), two major 
bands showing intermediate relative mobility (arrow designated SC2 and SC3), and 
a slow moving isozyme (arrows designated SC4 and SO3). Ascorbate peroxidise 
activity was more pronounced in extracts of conventional beans separated on the gel 
( Figure AC). Peroxidase activity was also discernible in gels, more clearly in extracts 
of organically grown beans (Figure PO). 
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                            Conventional                                          Organic 

 

Figure 10 - Native gels stained for the activity of SOD (SC for conventional and 

SO for organic), APX (AC for conventional and AO for organic) and POX (PC 

for conventional and PO for organic). The arrows to the right and left indicate 

the isozymes. 
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2.4 Discussion 

Organic green beans were firmer than the conventional ones as shown in this study. 
This agrees with most studies that organically produced crops are firmer than their 
conventional counterparts. Organically produced apple fruits for the purpose of 
meeting market quality standards were firmer, sweeter and less acidic even though 
they were lower in yield than conventionally grown apples, according to a study by 
Bertschinger et al., (2002). Reig et al., (2006) also found similar differences in the 
quality of apples grown organically and conventionally.  

Organic vegetables are beneficial in terms of human health. Secondary metabolites 
act as anti-nutrients that can retard growth and reduce the bioavailability of nutrients 
in food (Benbrook, 2005). The main drive for increased consumer demand for 
organic food crops is the perception that organic foods are safer and more nutritious 
than corresponding conventional ones (Lockie et al., 2002; Williams and Hammitt, 
2001). The major challenge in the comparison of organic and conventional produce 
is the difficulty in controlling all the variables/factors involved (Lester, 2006 and 
Hornick, 1992).  In addition, one of the limitations of this study is the collection of 
bean pods from different  sources, one from a nearby organic farm and the other 
from the store (transportation of beans from the farm market to the store reduces 
water loss in the pods), possibility of different varieties, different environmental 
conditions and handling procedures). Therefore, it is important to know that, or 
consider the fact that components of the system might exert an influence on soil and 
crop quality (Rosen and Allan, 2007). The report of the effects of organic production 
on the quality of produce by Bourn and Prescott (2002), Lester (2006) and Zhao et 
al., (2006) showed higher levels of dry matter content, mineral concentrations, 
vitamin C, phytonutrient, better taste and lower nitrate levels. Higher rates of K 
fertilization have been reported to be the reason for the low dry matter content in 
conventional crops (Allison et al., 2001). On the other hand, lower soil N and 
possibly lower K availability in organic systems than conventional systems could be 
the reason for higher dry matter content in organic produce (Woese, et al., 1997). 
Higher P levels and lower N and K levels in organic inputs (manures and compost) 
tend to increase P, secondary and micronutrients compared to conventionally 
fertilized systems (Chen et al., 1998). Under low nitrogen supply as in the case of 
organic green beans, plants tend to synthesize N-poor molecules such as  amino 
acids, proteins, which yield an increase in the dry matter content of such produce 
(Herencia et al., 2011). 

The vitamin C content in organic green beans was lower than that of conventional 
green beans as shown in some studies (Lester, 2006; Montagu and Gob, 1990), but 
contrary to most studies which report a higher vitamin C content on the average 
(Worthington, 2001; Chen, 2005; Heaton, 2001; Woese et al., 1997; Williams, 2002). 
Factors such as planting date, location, weather and environmental conditions, which 
should be the same (as beans were obtained from two different sources), might 
possibly be the reason for the low vitamin C levels in the organic beans (Warman 
and Harvard, 1998).  Davis et al., (2004) attributed the decreases in nutrient content 
to changes in the cultivars (plant varieties) used. They maintained that cultivars are 
frequently selected for their yield characteristics, growth rate, and pest resistance but 
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are not chosen because of their nutrient content. Selection of cultivars for specific 
resource-using functions such as growth rate, yield, pest resistance, or other non-
nutrient characteristics might be subject to tradeoffs that result in limitations in the 
cultivars' abilities to incorporate soil minerals, transport them within the plant, or 
synthesize nutrients such as proteins and vitamins. 

On the basis of total activity, SOD activity was higher in organic green beans than in 
conventional beans. While on a specific activity basis, the highest activity was at 
950μg protein for organic and 925μg protein for conventional. Isozyme profiles of 
SOD observed under Native PAGE and activity staining (figure 10) were more 
intense for conventional green beans than for the organic. Organic beans showed 
highest activity at 25μg protein for POX, while for the conventional beans highest 
activity was also at 25μg protein but with less amount of guaiacol oxidised. Isozyme 
profiles for POX observed under Native PAGE and activity staining was more intense 
in organic green beans than in conventional. For APX, the total activity was more in 
conventional than in the organic green beans and similarly in the isozyme profiles.   

 

2.5 Postharvest treatment for analysing quality 

2.5.1 Introduction 

Green beans are highly perishable in nature, hence the need for careful postharvest 
handling. To fulfil its function as a functional food on getting to consumers, green 
beans have to be well preserved. The intense metabolic activity of the immature 
seeds inside the pods could be the reason for its intense respiration (Sanchez-Mata 
et al., 2003), and this limits its shelf life after harvest. Degradation of structural 
elements such as the cell wall and plasma membrane is an inherent feature of 
ripening and senescence. In addition, the deterioration of membrane initiated by the 
enzyme, Phospholipase D also aids in shortening the shelf life of green beans. PLD 
becomes bound to membrane initiating a cascade of catabolic reactions, in response 
to hormones and external stimuli leading to the generation of several neutral lipids, 
which accumulates resulting in the destabilization of the membrane (Paliyath and 
Droillard, 1992).  

The use of hexanal as a Phospholipase D inhibitor has been proposed by Paliyath 
and Subramanian 2008, to be an effective technology for storing organically 
produced vegetables. Hexanal is produced naturally during lipid peroxidation 
mediated by lipoxygenase and the hydroperoxides lysases and gives the 
characteristic green flavour evolved during wounding process in vegetables such as 
cucumber and beans. It is also a component of GRAS (generally regarded as safe) 
status (Paliyath and Subramanian, 2008).  

The objective of this study is therefore to evaluate the effects of hexanal 
formulations, formulation 1 and enhanced freshness formulation (EFF) on the quality 
and shelf life of organic green beans. 
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2.5.2 Source of organic green beans 

Organic green beans alone were used for the storage experiment. The organic green 
beans used were also obtained from the organic farm located at the Arboretum at 
the University of Guelph, as in experiment 1, for two different seasons, namely July 
2010 and September 2011.  

 

2.5.3 Postharvest treatment and storage of organic green beans 

For both seasons 1 and 2, the freshly harvested pods were washed with 0.1% 
Tween 80 (40 ml in 40 litres of water) for a minute, and sterilized in vinegar (4 litres 
in 40 litres of water) for 5 minutes. They were divided into three portions which 
served as the control and treatments, namely; Formulation 1 and Enhanced 
Freshness Formulation (EFF) (2% v/v each) in three replicates (or replicated three 

times), and stored in the refrigerator at 12⁰C for a period of 4 weeks for season 1, 

and 3 weeks for season 2. 

Formulation 1 contains mainly hexanal, while Enhanced Freshness Formulation 
(EFF) is a basic stock composition of 1% (v/v) hexanal, 1% (v/v) geraniol, 1% (w/v) 
alpha-tocopherol, 1% (w/v) ascorbic acid, 0.1% (w/v) cinnamic acid, 0.1% (v/v) 

tween 80 and 0.1% (w/v) CaCl₂, diluted in water to desired concentration (1-3% v/v) 

as described by Paliyath and Subramanian (2008). 

 

2.5.4 Measurement of quality parameters  

2.5.4.1 Firmness 

Firmness was measured using the Ottawa texture measurement system.  The 
firmness of 15 bean pods representative of each replicate were measured. The 
compression test cell was inserted and the test time was adjusted to 6 seconds and 
the speed to 5 cm/min. The test cell was lowered until the shadow between the 
green pod and the test cell just touched, without applying a significant force to the 
pod. The computer automatically stops recording the graph after 6 seconds. Results 
were measured in Newton/meter and expressed in Newton/millimetres.  

 

2.5.4.2 Dry Matter content  

The fresh weights in grams of twenty pods per replicate of each treatment were 
measured using the Mettler Toledo weighing balance. The dry weights were also 

determined by oven-drying at 80⁰C,for a period of two weeks in the drying chamber, 

and the weights were measured in grams. The percentage dry matter was calculated 
as follows:  
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 % Dry matter = Dry weight  x  100% 

                        Fresh weight       

   

2.5.4.3 Respiration  

Respiration was measured using the EGA CO₂ analyser to determine the amount of 

CO₂ standard and the amount of CO₂ in each of the sample. Five bean pods per 

replicate of three from both treatments were closed up in jars and the lids were 

injected with syringe needles to take up CO₂ from the pods. Air blanks were also 

taken from closed jars, of known volumes and weight and rate of respiration was 
calculated thus:  

        CO₂ production                   =    measure in ppm x free volume of jar 

      (ml CO₂ /Kg fresh weight/ hr)                weight in Kg x 0.5hr 

            Respiration =      ∑ (CO₂ for each of the weeks X free space)    X        1                        

    (ml/Kg/hr)                      (Fruit weight x 0.5 hr)                               1000                                                                  

 

 

2.5.4.4 Chlorophylls and Carotenoids  

            Chlorophyll a and b, and carotenoids were determined using the Beckman 
DU 800 spectrophotometer.  10 ml of 95% ethanol was added to finely chopped 2 
gram sample of green bean pods in test tubes and kept in the refrigerator for 12 hrs. 
The contents were thoroughly shaken after 12 hours and left to attain room 
temperature. They were shaken again and absorbance was read at different wave 
lengths of 480 nm, 645 nm and 663 nm, for carotenoids, chlorophyll a and b 
respectively. Chlorophyll a, b and carotenoids were calculated as follows: 

 Chlorophyll a (Ca) = 13.36 (A645 nm) – 5.19 (A663 nm) 

Chlorophyll b (Cb) = 27.43 (A663 nm) – 8.12 (A645 nm) 

Total carotenoids (Cx+c) = 1000 (A480 nm) – [2.13 (Ca) + 97.64 (Cb)] 

                                                                        209 

They were expressed as μg/ml of plant extract and final unit was in μg/g fresh weight 
by dividing by the amount of bean pods used for the assay. 
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2.5.5 Statistical analysis 

The experiment involved two treatments, namely, formulation 1 and enhanced 
freshness formulation (EFF) and the control, each replicated three times. The 
statistical analysis was performed using graph pad Prism version 4 software. The 
means and standard errors of the treatments were calculated, the differences 
between the means of the treatments were determined Tukey’s test was used to 
determine the significant difference between the treatments at p< 0.05. 

 

2.5.6 Results 

2.5.6.1 Effects of hexanal formulations on the firmness of organic green beans 
in storage 

Firmness in the treated and untreated green beans decreased gradually with weeks 
in storage as shown in the Figure 2.1 below. Treated and the untreated pods were 
still very firm and looking fresh after 1 week of storage, although pods treated with 
EFF were better in quality than F1 and the untreated and was able to maintain some 
degree of firmness till 2 weeks of storage. After 2 weeks of storage, pods with F1 
treatment and the control were already losing their firmness, first the untreated 
followed by F1 treated pods. At week 3, firmness level for the treated and the 
untreated pods, dropped, but pods treated with EFF still retained some level of 
firmness. Untreated pods were already deteriorating and no longer good for storage. 
The difference in the level of firmness from the 3rd to the 4th week was not as high in 
the control (17.38 N/mm and 17.35 N/mm during the 3rd and 4th weeks) as the 
treated pods (20.22 N/mm and 15.60 N/mm during the 3rd and 4th weeks for F1; 
23.69 N/mm and 15.78 N/mm during the 3rd and 4th weeks for EFF), as control pods 
had already reached their climax in deterioration.  

 

 

 

 

 

 

 



 

 

40 

 

 

 

 

 

 

Figure 2.1. Changes in the firmness of organic green beans during storage 
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2.5.6.2 Effects of hexanal formulations on the dry matter content of organic 
green beans in storage 

Fresh weight of green beans decreased with weeks in storage (figure 2.2). The rate 
of respiration in green beans during storage accounts for its decrease in moisture 
content. Figure 2.3 shows the dry matter content of freshly harvested green beans, 
(the dry weights during the periods of storage were not taken). 

 

 2.5.6.3 Effects of hexanal formulations on the respiration of organic green 
beans in storage 

Respiration increased with weeks in storage with higher respiration in the control 
than the in the treated pods (Figure 2.4). However at weeks 1 and 2, season 1; and 
weeks 1,2 and 3, season 2 EFF had a higher respiration rate than F1 and control, for 
both seasons 1 and 2, even though the difference was not significant. The 

respiration rate at week 2 season 1 was 436.81, 404.78 and 429.71 ml CO₂/Kg/hr 

respiration for EFF, F1 and control respectively. In addition, the rate of respiration 
from zero time to week 4 of storage was higher in the control and formulation 1 than 
in EFF. The initial respiration was 357.66, while at 4 weeks, the rates were, 932.59, 

762.70 and 590.66 mL CO₂/Kg/hr for control, F1 and EFF respectively. At 4 weeks of 

storage, the pods had already deteriorated, the appearance, in terms of freshness 
and colour was lost.  
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Figure 2.2 Changes in the fresh weight of organic green beans during storage. 

Means with different letters are significantly different at (p<0.05).  
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Figure 2.3 Dry matter content of freshly harvested organic green beans. Means 

with different letters are significantly different at (p<0.05).  
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Figure 2.4 Changes in respiration of organic green beans during storage. 

Means and SD (p<0.05) 
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2.5.6.4 Effects of hexanal formulations on the carotenoids and chlorophyll 
contents of organic green beans in storage 

 Maximum carotenoids and chlorophyll content accumulation in stored green beans 
took place at week 2 (Figure 2.5). Carotenoid and chlorophyll contents followed a 
pattern of decreasing right from beginning of storage until the first week after which 
they increased again until the second week. The initial carotenoids for control, F1 
and EFF was 7.90 μg/g fresh weight, while the final values at week 2 were, 8.507, 
8.217 and 8.210 μg/g fresh weight for control, F1 and EFF respectively. Initial 
Chlorophyll a content was 0.8933 μg/g fresh weight for all the pods, both treated and 
untreated, while the final concentrations at week 2 were 0.533, 0.613 and 0.5367 
μg/g fresh weight for control, F1 and EFF. For chlorophyll b, the initial concentration 
at week 2 were 9.588 μg/g fresh weight, while the final values were 11.09, 10.49 and 
10.65 μg/g fresh weight for control, F1 and EFF respectively. 
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Figure 2.5 Changes in carotenoids and chlorophyll content of organic green 

beans during storage. Means and SD (p<0.05). 
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               Control 

              Formulation 1 

               Enhanced 

                                                                                                       Freshness  

                                                                                                       Formulation 

              Week 1                                               Week 3                     

 

Figure 2.6  Changes in the appearance of organic beans from week 1 to 3 in 

storage 
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2.5.7 Discussion  

Firmness 

Hexanal treatment helped in maintaining the firmness of beans in storage, as pods 
treated with EFF were firmer than pods treated with F1 and the untreated.  
Vegetables undergo several stress conditions during their storage time (Halliwell, 
2006). Firmness in vegetables is a measure of temperature. Green bean, being a 
highly perishable vegetable with intense metabolic activity of immature seeds inside 
the pods (Sanchez-Mata et al., 2003), is prone to membrane deterioration which is a 
series of catalytic reactions initiated by the enzyme Phospholipase D (Paliyath and 
Subramanian, 2008). Treatment with hexanal, a potent inhibitor of PLD extended the 
shelf life of refrigerated green beans up to 2 weeks of their storage time.   

Respiration 

Several stress conditions are experienced by vegetables during the period of their 
storage. Immature seeds in the pods could partly be the reason for the intense 
respiration resulting in the short shelf-life of the untreated pods (Sanchez-Mata and 
Diez-Marques, 2002). Changes in respiratory patterns affects changes in other 
quality parameters. The high respiration rate accounted for the increase in dry matter 
content with weeks in storage,  as more moisture is lost due to this process, and can 
be observed in the amount fresh weight during storage. This also accounts for the 
loss of texture or firmness in bean pods with weeks in storage. In addition to texture, 
the appearance is also affected, as the pods lost their freshness, changed in colour 
from bright green to a dark green colour and shrivelled particularly at the third week 
of storage. 

Fresh weight 

The decrease in fresh weight was as a result of the loss of water content due to 
respiration. The loss was more in the control and formulation 1 than EFF for both 
seasons. Taking a look at the respiration rate, EFF had higher respiration rate in the 
first three weeks during season 1 than F1 and control, but the rate of respiration and 
increased deterioration was higher in control and F1 than EFF. 

Carotenoids and Chlorophyll contents 

Carotenoid content decreased at one week of storage and then increased again until 
the second week. This is also similar with the chlorophyll contents, chlorophylls a 
and b decreased gradually at the beginning of storage  until the a week after storage 
and then increased until the second week. Level of carotenoid can fluctuate 
depending on environmental conditions (Haard, 1985). Some interconversion of 
carotenoids occurring during storage as plant cells deteriorate, which could also be 
as a result of day-to-day variation in the chromatographic system might be the 
reason for the increase in carotenoid content after the first week of storage (Howard 
et al., 1999). Carotenoid near the outer cell wall would be more susceptible to heat 
and oxidative damage. Carotenoids protect chlorophyll, membranes and cell genetic 
composition against reactive oxygen species (ROS) under heavy metal stress (Hou 
et al., 2007). Decrease in carotenoid content is a common response to toxicity (Rout 
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et al., 2001), however, increase may be due to its important role in detoxifying ROS 
(Tewari et al., 2002; Chandra et al., 2009). The increase in carotenoids and 
chlorophyll contents of bean pods after one week of storage was depicted by their 
dark green colour at 2 weeks of storage. Carotenoid losses in leek according to a 
study carried out by Howard et al (1999) amounted to about 53 percent of its total 

carotenoid content within three days at temperatures of 15⁰C and 17⁰C. Average 

carotene losses in kale also resulted in 1.6 percent at 0⁰C, 22.4 percent at 1⁰C, and 

66.7 percent at 21⁰C after four days of storage. 
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CHAPTER 3 

CONCLUSION AND RECOMMENDATION 

Organic green beans as compared to conventional beans contained more dry 
matter, quality protein, carotenoids and higher antioxidant activity and enzymes 
because of the production of secondary metabolites (Asami et al., 2003).  Organic 
production might result in smaller produce (Woese et al., 1997), however, they are 
more nutritional in terms of quality and safety of nutrients they contain. Organic 
green beans contained less vitamin C than the conventional which could have been 
as a result of a number of factors such as  environmental conditions, fertility, soil 
moisture (Warman and Harvard, 1998). Also, conventional green beans might have 
contained same or may be more of some nutrients but for a lot of factors, such as 
differences in location and environmental conditions, planting time, possibility of 
different varieties, and transportation of the conventional pods from the farm to the 
store. These were limitations that has hindered a valid conclusion as to whether 
organic produce are actually more nutritious than conventional ones.  

Refrigerated storage of green beans at 12⁰C lasted for three weeks after which they 

were no longer fit for storage. The pods had deteriorated except for pods treated with 
enhanced freshness formulation (EFF). Hexanal treatment was able to inhibit the 
enzyme PLD and extend the shelf life for a period of three weeks.  

Changes in moisture in stored green beans would be minimized by the use of micro 

perforated polyethylene vegetable storage bags. In addition, storage at 10⁰C in 

Ziploc vegetable bags will help retain moisture and total carotenoid content during 
storage. Storage of green beans should also not be more than 2 weeks because of 
the high rate of respiration. Edible coatings can also be a better way of reducing 
moisture, hence preserving the quality and extending the shelf life of organic green 
beans in storage. 

 

 

 

 

 

 

 

 

 



 

 

51 

LITERATURE CITED 

 

[IFT] Institute of Food Technologists. 2006. Antimicrobial resistance: implications for 
the food system. An expert report by the Institute of Food Technologists. 

Doyle MP, Busta F, Cords BR, Davidson PM, Hawke J, Hurd HS, Isaacson RE, 
Matthews K, Maurer J, Meng J, Montville TJ, Shryock TR, Sofos JN, Vida 
http://postharvest.ucdavis.edu/producefacts/index.shtml ver AK, Vogel L, panelists. 
Compr Rev Food Sci Food Saf 5(3):71–137. African Journal of Pure and Applied 
Chemistry Vol. 4(8), pp. 142-151, August 2010    ISSN 1996-0840 ©2010 Academic 
Journals 

Alasalvar C.M., Al-Farsi P.C., Quantick F., Shahidi R., Wiktorowic Z. (2005). Effect of 
chill storage and modified atmosphere packaging (MAP) on antioxidant activity, 
anthocyanins, carotenoids, phenolics and sensory quality of ready-to-eat shredded 
orange and purple carrots. Food Chem. 89: 69–76. 

Allison, M.F., J.H. Fowler, and E.J. Allen. 2001. Responses of potato (Solanum 
tuberosum) to potassium fertilizers. J. Agr. Sci. 136:407–426. 
Alternative Agr. 7:63–68. 

Asami DK, Hong YJ, Barrett DM, Mitchell AE. 2003. Comparison of the total phenolic 
and ascorbic acid content of freeze-dried and air-dried marionberry, strawberry, and 
corn grown using conventional, organic, and sustainable agricultural practices. J. 
Agric Food Chem 51: 1237-41. 

Atoui AK, Mansouri A, Boskou G, Panagiotis K (2005). Tea and herbal infusions 
Their antioxidant activity and phenolic profile. Food Chem. 89: 27-36. 

Auerswald, H., Peters, P., Bruckner, B., Krumbein, A., Kuchenbuch, R., 1999. 
Sensory analysis and instrumental measurement of short-term stored tomatoes 
(Lycopersicon esculentum Mill.). Postharvest Biol. Technol. 15, 323 – 334. 
 
Banci, L., Benedetto, M., Bertini, I., Del Conte, R., Piccioli, M., Viezzoli, M.S., 1998. 
Solution structure of reduced monomeric Q133M2 copper, zinc superoxide 
dismutase (SOD). Why is SOD a dimeric enzyme? Biochemistry 37, 11780–11791. 
 
Buschfort, C.M., Mu¨ ller, R., Seeber, S., Rajewsky, M.F., Thomale, J., 1997. DNA 
excision repair profiles of normal and leukemic human lymphocytes: functional 
analysis at the single-cell level. Cancer Res. 57, 651–658. 
 
Adachi, T., Wang, X.L., 1998. Association of EC-SOD phenotype with the endothelial 
constitutive NO synthase polymorphism. FEBS Lett. 433, 166–168. 
 
Ding, L., Liu, Z., Zhu, Z., Luo, G., Zhao, D., Ni, J, 1998. Biochemical characterization 
of selenium-containing catalytic antibody as a cytosolic glutathione peroxidase 
mimic. Biochem. J. 332, 251–255. 
 

http://postharvest.ucdavis.edu/producefacts/index.shtml


 

 

52 

Enghild, J.J., Thogersen, I.B., Oury, T.D., Valnickova, Z., Hojrup, P., Crapo, J.D., 
1999. The heparin-binding domain of Ec-SOD is proteolytically processed 
intracellularly during biosynthesis. J. Biol. Chem. 274, 14818–14822. 
 
Lledı´as, F., Rangel, P., Hansberg, W., 1998. Oxidation of catalase by singlet 
oxygen. J. Biol. Chem. 273, 10630–10637. 
 
Izawa, S., Inoue, Y., Kimura, A., 1996. Importance of catalase in the adaptive 
response to hydrogen peroxide: analysis of acatalasaemic Saccharomyces 
cerevisiae. Biochem. J. 320, 61–67. 
 
Young, H., Kim, E.J., Roe, J.H., Hah, Y.C., Kang, S.O., 1996. A novel nickel-
containing superoxide dismutase from Streptomyces spp. Biochem. J. 318, 889–896. 
 
Yan, H, Harding, J.J., 1997. Glycation-induced inactivation and loss of antigenicity of 
catalase and superoxide dismutase. Biochem. J. 328, 599–605. 
 
Speranza, M., Bagley, A.C., Lynch, R.E., 1993. Cells enriched for catalase are 
sensitized to the toxicities of bleomycin, adriamycin, and paraquat. J. Biol. Chem. 
268, 19039–19043. 
  
Letourneau DK and van Bruggen A. 2006. Crop protection in organic agriculture. In: 
Kristiansen P, Taji A, and Reganold J (Eds). Organic agriculture: a global 
perspective. Collingwood, Australia: CSIRO Publishing. 
 
Liochev, S.I., Chen, L.L., Hallewell, R.A., Fridovich, I., 1998. The familial ALS-
associated amino acid substitutions E100G, G93A, and G93R do not influence the 
rate of inactivation of Cu,Zn-SOD by H2O2. Arch. Biochem. Biophys. 
352, 237–239. 
 
Hunt, C., Sim, J.E., Sullivan, S.J., Featherstone, T., Golden, W., Kapp-Herr, C.V., 
Hock, R.A., Gomez, R.A., Parsian, A.J., Spitz, D.R., 1998. Genomic instability and 
catalase gene amplification induced by chronic exposure to oxidative stress. Cancer 
Res. 58, 3986–3992. 
 
Sperling, L., Scheidegger, U. And Buruchara, R. (1996) Designing seed system with 
small farmers: principles derived from bean research in the Great Lakes region of 
Africa.pp.14. ODI Network paper no. 60. 
 
Peters, A. (1993) China, Michigan Dry bean Digest, 17(4):18-20. 
 
Wortmann, C.S. and Allen, D.J. (1994) African bean production environments: their 
definitions, characteristics and constraints. Network on bean research in Africa. 
Occasional Publication Series no. 11. Pp.47. Dares Salaam. Tanzania. 
 
Dalton,D.A. (1991) in Peroxidases in Chemistry and Biology (Everse, J., Everse, 
K.E. and Grisham, M.B., eds.), pp. 139-153, CRC Press, Boca Raton, FL.  
 



 

 

53 

Hong, S.I. & Kim, D.M. (2001). Influence of oxygen concentration and temperature 
on respiratory characteristics of fresh-cut green onion. International Journal of Food 
Science and Technology, 36, 283–290. 
 
Paliyath, G., Murr, D.P., Yada, R.Y., Pinhero, R.G., 2003. Inhibition of phospholipase 
D. US patent # 6,514,914. 
 
G. Paliyath, R.G. Pinhero, R.Y. Yada, D.P. Murr Effect of processing conditions on 
phospholipase D activity of corn kernel subcellular fractions J. Agric. Food Chem., 47 
(1999), pp. 2579–2588 
 

Hughner, R.S., P. McDonagh, A. Prothero, C.J. Shultz, and J. Stanton. 2007. Who 
are organic food consumers? A compilation and review of why people purchase 
organic food, Journal of Consumer Behaviour 6: 1-17. 
 

Zagory,1999. Effects of post-processing handling and packaging on microbial 
populations. Postharvest Biol Technol 15:313-21. 

 

L. Jacxsens, F. Devlieghere, J. Debevere Temperature dependence of shelf-life as 
affected by microbial proliferation and sensory quality of equilibrium modified 
atmosphere packaged fresh produce. Postharvest Biol. Technol., 26 (2002), pp. 59–
73. 

 
Lamikanra O, Watson MA. 2003. Temperature and storage duration effects on 
esterase activity in fresh-cut cantaloupe melon. J Food Sci 68:790–3. 

 
Watt, T.A., Buckley, G.P. (Eds.), 1994. Hedgerow Management and Nature 
Conservation. Wye College Press, Ashford, Kent. 

 
Halliwell, B. Oxidative stress and neurodegeneration: where are we now? J. 
Neurochem 97:1634–1658; 2006. 

 
Halliwell, B. Reactive species and antioxidants. Redox biology is a fundamental 
theme of aerobic life. Plant Physiol. 141:312–322; 2006. 

 
Sanchez-Mata, M.C., Camara, M. & Diez-Marques, C. (2002). Extending shelf-life 
and nutritive value of green beans (Phaseolus vulgaris L.), by controlled atmosphere 
storage: micronutrients. Food Chemistry, 80, 317–322. 
 
Tewari R.K., Kumar P., Sharma P.N., Bisht S.S. (2002): Modulation of oxidative 
stress responsive enzymes by excess cobalt. Plant Science, 162: 381–388. 

 
Chandra, R., R.N. Bharagava, S.Yadav and D.Mohan: Accumulation and distribution 
of toxic metals in wheat (Triticum aestivum L.) and Indian mustard (Brassica 
campestris L.) irrigated with distillery and tannery effluents. J. Hazardous Materials, 
162, 1514-1521 (2009). 

 



 

 

54 

Haard, N. 1985. Characteristics of edible plant tissues. In Food Chemistry., O. 
Fennema (Ed.), p. 857-911. Marcel Dekker, Inc., New York. 
 

Baublis A, Lu C, Clydesdale F, Decker E, (2000). "Potential of wheat-based 
breakfast cereals as a source of dietary antioxidants”.   http://www.jacn.org  

Benbrook, C.M. (2005) Elevating Antioxidant Levels in Food Through Organic 
Farming and Food Processing, p. 81. The Organic Center, Foster, R.I. 

Bertschinger, L., Mouron, P., Dolega, E., Höhn, H., Holliger, E., Husistein, A., 
Schmid, A., Siegfried, W., Widmer, A., Zürcher, M., and Weibel, F. (2002) Ecological 
Apple Production: A comparison of organic and integrated apple-growing. XXVI 
International Horticultural Congress: Sustainability of Horticultural Systems in the 
21st Century. Biochemical changes in antioxidant enzymes of Arabidopsis thaliana. 
Plant Physiology. 1996. 110, 125-136. 

Bourn, D. and Prescott, J. 2002. A comparison of the nutritional value, sensory 
qualities and food safety of organic and conventionally produced foods, Crit. Rev. 
Food Sci. Nutr. 42 (1) (2002), pp. 1 – 34. 

Boyette, M. D., J. R. Schultheis, E.A. Estes, and W.C. Hurst. 1994. Postharvest 
cooling and handling of green beans and field peas.  North Carolina Coop. Ext. 
Service Bulletin AG-413-8.  

Cantwell, M. and T. Suslow. 1998. Snap Bean Produce Facts. Recommendations for 
Maintaining Postharvest Quality. http://postharvest.ucdavis.edu/produce.  

Caris-Veyrat C, Amiot MJ, Tyssandier V, Grasselly D, Buret M, Mikolajczak M, 
Guilland JC, Bouteloup-Demange C, Borel P. 2004. Influence of organic versus 
conventional agricultural practice on the antioxidant micro constituent content of 
tomatoes and derived purees; consequences on antioxidant plasma status in 
humans. J Agric Food Chem 52:6503–9. conventional produce grown by Minnesota 
farmers. J Food Prot 67:894–900. 

Chen, L., W.A. Dick, J.G. Streeter and H.A. Hoitink. 1998. Fe chelates from compost 
microorganisms improve Fe nutrition of soybean and oat. Plant Soil 200:137–147. 
 
Chen, M.C. 2005. Organic fruits and vegetables: Potential health benefits and 
Costa, M.A.C., J.K. Brecht, S.A. Sargent and D.J. Huber. 1994. Tolerance of snap 
beans to elevated CO2 levels.  Proc. Fla. State Hort. Soc. 107:271-273.  

Davis DR, Epp MD, Riordan HD. 2004. Changes in USDA food composition data for 
43 garden crops, 1950 to 1999. J Am Coll Nutr 23:669–82. 

Decoteau, D.R. 2000. Vegetables Crops. Upper Saddle River, New Jersey 07458 
pp. 343 – 352. 

Dreezens, E. Martijn, C., Tenbult, P., Kok, G. and Vries, N. 2005. Food and Values: 
an examination of values underlying attitudes towards genetically modified-  and 
organically grown food products. Appetite 44: 115 – 22.  

http://www.jacn.org/


 

 

55 

Hammitt, J.K. 1990. Risk perceptions and food choice: An exploratory analysis of 
organic-versus conventional-produce buyers. Risk analysis, Vol. 10, No. 3, 1990. 

Heaton, S. 2001. Organic farming, food quality and human health. Soil Assn. Rpt., 
Bristol, UK. 

Herencia, J.F., P.A. Garcia-Galavis, J.A. Ruiz Dorado and C. Maqueda. 2011. 
Comparison of the nutritional quality of the crops grown in an organic and 
conventional fertilized soil. Scientia Horticulturae. Article in Press. 

Hollman PCH (2001). Evidence for health effects of plant phenols: local or systemic 
effects?. J. Sci. Food Agric. 81: 842–852. 
http://postharvest.ucdavis.edu/producefacts/index.shtml 

Hornick, S.B. 1992. Factors affecting the nutritional quality of crops. Amer. J. 

Howard, L.A., A.D. Wong, A.K. Perry and B.P Klein. B-Carotene and ascorbic acid 
retention in fresh and processed vegetables. J Food Science Vol. 64, No. 5 pp 929-
936 (1999). 

IFOAM (2002): IFOAM Norms - Basic Standards for Organic Production and 
Processing, IFOAM Accreditation Criteria for Bodies certifying Organic Production 
and Processing including Policies related to IFOAM Norms. IFOAM Guarantee 
System. In  the Internet at: http://www.ifoam.org/standard/norms/cover.html. 

James A. Duke. 1983. Handbook of Energy Crops. unpublished. 

Lester, G. 2006. Organic versus conventionally grown produce: Quality differences, 
and guidelines for comparison studies. HortScience 41:296–300. 

Lockie, S., K. Lyons, G. Lawrence, and K. Mummery. 2002. Eating ‘green’: 
Motivations behind organic food consumption in Australia. Sociol. Ruralis 42:23–40. 

Magkos, F., Arvaniti, F. And Zampelas, A. 2003. Organic food: nutritious food or food 
for thought? A review of the evidence, Int. J. Food Sci. Nutr. 54 (5) (2003), pp. 357 – 
371.  

Martinez, C., G. Ros, M.J. Periago, G.Lopez, J. Ortuno. 1995. Physico-chemical and 
sensory quality criteria of green beans (Phaseolus vulgaris L.) Lebenson Wis u. 
Technol. 28, 515-520 (1995). 
 
Martins, R.C., C.L.M. Silva, 2004. Frozen green beans (Phaseolus vulgaris L.) 
quality profile evaluation during home storage. Journal of Food Engineering 64 
(2004) 481-488. www.elsevier.com/locate/jfoodeng 

Messiaen, C.-M. & Seif, A.A., 2004. Phaseolus vulgaris L. (French bean) [Internet] 
Record from Protabase. Grubben, G.J.H. & Denton, O.A. (Editors). PROTA (Plant 
Resources of Tropical Africa / Ressources végétales de l’Afrique tropicale), 
Wageningen, Netherlands. < http://database.prota.org/search.htm>. Accessed 23 
December 2011.  

http://www.ifoam.org/standard/norms/cover.html
http://www.elsevier.com/locate/jfoodeng
http://database.prota.org/search.htm


 

 

56 

Kumpulainen, J.2001. Nutritional and toxicological quality comparison between 
organic and conventionally grown foodstuffs  Proc. Int. Fertil. Soc., 472 (2001), pp. 
1–20. 

 
Maqueda, C., Ruiz, J.C., Morillo, E., Herencia, J.F., 2001. Effect of 
an organic amendment on nutrient availability and plant content 11th Int Symp 
Environmental Pollution and its Impact on Life in the Mediterranean Region 
MESAEP & SECOTOX Proceedings Limasol (Chipre). 

 
Fjelkner-Modig, S., H. Bengtsson, R. Stegmark, S. Nyström (2000)  The influence 
of organic and integrated production on nutritional, sensory and agricultural aspects 
of vegetable raw materials for food production 
Acta Agric. Scand., Sec. B, Soil and Plant Sci., 50 (2000), pp. 102–113 
 
Warman, P.R.,  K.A. Havard (1997) Yield, vitamin and mineral content of organically 
and conventionally grow carrots and cabbage.  Agric. Ecosyst. Environ., 61 (2) 
(1997), pp. 155–162 
 
P.R. Warman, K.A. Havard (1998) Yield, vitamin and mineral content of organically 
and conventionally grow potatoes and sweet corn Agric. Ecosyst. Environ., 68 (3) 
(1998), pp. 207–216 
 
Montagu, K.D. and K.M. Goh. 1990. Effects of forms and rates of organic and 
inorganic nitrogen fertilizers on the yield and some quality indices of tomatoes 
Mukherjee A, Speh D, Dyck E, Diez-Gonzalez F. 2004. Preharvest evaluation of 
coliforms, Escherichia coli, Salmonella, and Escherichia coli 0157:H7 in organic and 
conventional produce grown by Minnesota farmers. J. Food Prot 67:894-900. 

Olsson ME, Andersson CS, Oredsson S, Berglund RH, Gustavsson K-E. 2006. 
Antioxidant levels and inhibition of cancer cell proliferation in vitro by extracts from 
organically and conventionally cultivated strawberries. J Agric Food Chem 54:1248–
55. 

Paliyath, G. and Droillard, M.J. 1992. The mechanism of membrane deterioration 
and disassembly  during senescence. Plant Physiol. Biochem., 30: 789-812. 

Paliyath, G. and Subramanian, J. 2008. Phospholipase D inhibition technology for 
enhancing shelf life and quality, in postharvest biology and technology of fruits, 
vegetables and flowers. Pp 240 -244. 

Rao, M. V.; Paliyath, G.; Ormrod D. P. Ultraviolet-B- and ozoneinduced 
Reig, G., Soria, Y., and Larrigaudiere, C. (2006) Effects of organic and conventional 
growth management on apple fruit quality at harvest. First International Organic 
Apple & Pear Symposium., Wolfville, Nova Scotia, Canada.  
 

Rocha-Guzman, N.E., Gonzalez-Laredo, R.F., Ibarra-Perez, F.J., Nara-Berumen, 
C.A. and Gallegos-Infante, J. 2005. Effect of pressure cooking on the antioxidant 
activity of extracts from three common bean (Phaseolus vulgaris L.) cultivars. Food 
chemistry Volume 100, Issue 1, 2007.pp 31 – 35.  



 

 

57 

Rosen, C.J. and D.L. Allan. 2007. Exploring the benefits of organic nutrient sources 
for crop production soil quality. Horttechnology. 2007 17 (4). 

Sanchez-Mata, M.C., Camara, M., Diez-Marques, C. 2003. Extending shelf life  and 
nutritive value of green beans (Phaseolus vulgaris L.), by controlled atmosphere 
storage: macronutrients. Food Chem. Volume 80 issue 3. Pp. 309 -315. 

Sargent, S.A. 1995. Optimizing packing and cooling methods for maintaining high 
quality snap beans. In: FACTS Proceedings, G.J. Hochmuth and D.N. Maynard (eds) 
Univ. Florida, pp. 8.  

Sarikamis, G., Yasar, F., Bakir, M., Kazan, K. And Ergul, A. 2009.Genetic 
characterization of green beans (Phaseolus vulgaris L.) genenotypes from eastern 
Turkey. Genetic and Molecular Research 8(3): 880 – 887 (2009). 
www.funpecrp.com.br  

Sato K, Bartlett PC, Kaneene JB, Downes FP. 2004. Comparison of prevalence and 
antimicrobial susceptibilities of Campylobacter spp. Isolates from organic and 
conventional dairy herds in Wisconsin. Appl Environ Microbiol 70: 1442-7. 

Schnitzler, W. H. and N. Gruda (2002). Hydroponics and product quality. in: Savvas, 
D., Passam, H.C., (Eds.). Hydroponic Production of Vegetables and Ornamentals. 
Embryo Publications. Athens. Greece. pp. 373-411. 
 
Shigenaga KK, Tory MH, Bruce NA (1994). Oxidative damage and mitochondrial 
decay in ageing. Proceedings of National Science Academy. 91: 10771-10778. 

Siderer, Y., Maquet, A. And Anklam, E. 2005. Need for research to support 
consumer confidence in the growing organic food market, Trends Food Sci. Technol. 
16 (2005), pp. 332 – 343. 

Sies H (1997). Oxidative stress: oxidants and antioxidants. Exp. Physiol., 82(2): 
291–295. Technol. Res. 7, 250–257. 

The World’s healthiest foods. www.whfoods.org George Muteljan Foundations. 

United States Department of Agriculture (USDA), 2006. National Agricultural 
Statistics Service. http://www.usda.gov/nass/pubs/pubs.htm/  

Whole Foods Market.2005. Whole Foods market organic trend tracker. Austin, Tex.: 
Whole Foods Market. 

Williams, C.M. 2002. Nutritional quality of organic food: Shades of grey of shades 

Williams, P.R. and J.K. Hammitt. 2001. Perceived risks of conventional and 

Winter, C.K. and Davis, S.F. 2006. Organic foods, Institute of Food Technologists. 
Volume 71, Nr 9, 2006. Journal of Food Science, pp. 117 – 121. 

Woese, K., Lange, D., Boess, C.H. and Werner, K. 1997. A comparison of 
organically and conventionally  grown foods: results of a review of the relevant 
literature, J. Sci. Food Agric. 74 (1997), pp. 281 – 293.  

http://www.funpecrp.com.br/
http://www.whfoods.org/
http://www.usda.gov/nass/pubs/pubs.htm/


 

 

58 

Worthington, V. 1998. Effect of agricultural methods on nutritional quality: a 
comparison of organic with conventional crops, Altern. Ther. Health Med. 4 (1998), 
pp. 58 – 69. 

Worthington, V. 2001. Nutritional quality of organic versus conventional fruits, 
vegetables and grains, J. Altern. Complement. Med. 7 (2001), pp. 161 – 173.  

www.medallionlab.com 

Yamaguchi, T., Mizobuchi, T., Kajikawa, R., Kawashima, H., Miyabe, F., Terao, J., 
Takamura, H. and Matoba, T. 2001. Radical-scavenging activity of vegetables and 
the effect of cooking on their activity. Food Sci. 
 
Zhao, X., E.E. Carey, W. Wang, and C.B. Rajashekar. 2006. Does organic 
production enhance phyochemical content of fruit and vegetables? Current 
knowledge and prospects for research. Hort Technology 
 
Zong, R.J., M. Cantwell, L. Morris and V. Rubatzky. 1992.  Postharvest studies on 
four fruit-type Chinese vegetables. Acta Hort. 318:345-354. 
 

http://www.medallionlab.com/

	thesis title page - Copy[1]
	DEDICATION_mod[1]
	Dorothy[1]

