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Abstract 

In this dissertation report our main objective is to study the Environmental Impact on Vegetable 
Plants mainly, comparison of metal amassment and Antioxidant activity of mining impact site 
sample and control site samples in vegetable plants. Metal detection was done by different 
techniques i.e. AAS, ICP-MS and Flame photometry and different Antioxidants assay was done 
for comparison. 
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Chapter-1 	 Introduction: Environmental Impact on Antioxidant activity 
in vegetables 

The basic need of human is food for which they relied on plants. Plants are grown in bio-
friendly environment are in great demand in today's life because human body is more habituated 
to natural products. There are many constituents in plants that are compatible to human digestive 
system, which regulate its absorption and reduce the side effects [1, 2, 3].Vegetable plants are 
also very useful for strengthening immune system in humans and hence facilitate towards 
maintaining good health and longevity. 

Nowadays Vegetable plants are used as home remedies, nutritional supplements to maintain 
good health and a disease free body. The chemical constituents of Vegetable plants consist of 
flavonols, alkaloids, proteins, amino acids, enzymes, aroma forming substances, vitamins and 
minerals [4, 5, 6, 7]. It has been also believed in ancient time that Vegetable plants also used for 
curative purposes and the efficiency of Vegetable plants for curative purpose primarily 
accounted in terms of its large number of bioactive compounds (organic constituents). One main 
reason for Vegetable plants are used for curative purpose is that they are economical and 
available in large amount for humans in every part of the world. 

However, metals and metalloids present in Vegetable plants play important role in various 
physiological, biochemical and metabolic processes in humans [8, 9]. They referred to as 
essential elements. In addition, it is worth mentioning that certain elements which are not 
categorized as the essential elements, e.g.Ga [10], Pt [11], As [12], Hg [13], Pb [14] play 
important role in pharmaceutical drug formulations for therapeutic purpose in both contemporary 
as well as traditional medicine. 

As stated above that human body requires number of essential inorganic elements or minerals 
in order to maintain good health, these are obtained mainly from food items. Fresh fruits and 
Vegetables are though high in vitamins and other important organic constituents related to health 
issues, they are often low in essential elements [15]. Edible plants, which accumulate minerals 
essential for their growth, can be considered to be natural source of mineral supplements to 
humans. Several studies have been carried out to estimate the concentration of essential and non-
essential elements in large number of Vegetable plants [16, 17], in order to assess the parts of the 
plants that are suitable for elemental supplementation [18]. It has been argued that the trace 
element may need to be combined or chelated with some ligand (e.g. porphyrin), in order to be 
physiologically absorbed and thus be able to prevent or cure any impairment caused by the 
deficiency of an element. However a direct correlation between trace elements and therapeutic 
action in humans is yet to be established [19, 20]. 
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Chapter-1 	 Introduction: Environmental Impact on Antioxidant activity 
in vegetables 

1.2 Common Vegetable Plants and their function 

1.2.1 Spinacia oleracea (Amaranthaceae) 

Spinach is an annual plant, which grows to a height up to 30 cm. The leaves are alternate, 
simple, ovate to triangular-based, very variable in size from about 2-30 cm long and 1-15 cm 
broad, with larger leaves at the base of the plant and small leaves higher on the flowering stem. 
The flowers are inconspicuous, yellow-green, 3-4 mm diameter, maturing into a small, hard, dry, 
lumpy fruit cluster 5-10 mm across containing several seed. 

Spinach (Spinacia oleracea) is an important dietary vegetable rich in antioxidants that is 
commonly consumed fresh in salads or after boiling fresh, frozen or canned leaves. Spinach 
contains several active antioxidant components, including flavonoids, p-coumaric acid 
derivatives, and uridine, which are reported to act synergistically [21, 22]. Spinach leaves 
contain about 1000-1200 mg kg of total flavonoids[23,24], and flavonoid levels have been 
shown to be affected by genetics [23,25], maturation [26,27], growing season [23], fresh-cut 
processing and domestic cooking [24], and frozen storage. At least 15 flavonoids consisting 
mainly of patuletin and spinacetin derivatives have been identified in spinach. These include the 
glucuronides and acylated di- and triglycosides of methylated and methylene dioxide derivatives 
of 6- oxygenated flavonols, Fig.1.1 (Annexure-I) [23-25, 29-32]. 

Flavonoids are known to display a wide array of pharmacological and biochemical 
actions[33]. Flavonoids and other phenolic compounds act as antioxidants by the free radical 
scavenging properties of their hydroxyl groups, and are also effective metal chelators. The 
extensive conjugation across the flavonoid molecule and numerous hydroxyl groups enhances 
their antioxidant properties, allowing them to function as reducing agents, hydrogen or electron-
donating agents, or free radical scavengers [34]. Flavonoids also possess anti-allergic, anti-
inflammatory, anti-thrombotic, anticarcinogenic and antiviral actions, which in part may be 
related to their free radical scavenging properties [33]. Spinach ranks high among vegetables in 
oxygen radical absorbing capacity (ORAL), an in vitro assay that measures the peroxyl 
scavenging capacity of plant extracts [35]. In addition, spinach flavonoids and water-soluble 
spinach extracts have been shown to have antimutagenic [36, 37] antioxidative [32,38], 
antitumor[39], and anti-inflammatory properties [40] in biological systems, but have no potential 
adverse estrogenic activity [41] or toxic effects in animals[42]. These studies suggest that 
spinach extracts may exert beneficial effects such as chemo- and central nervous system 
protection, and anticancer and antiaging functions [42, 43]. 

2 



Chapter-1 	 Introduction: Environmental Impact on Antioxidant activity 
in vegetables 

1.2.2 Brassica oleracea (brassicaceae) 

Cabbage is a leafy green vegetable. It is herbaceous, biennial, dicotyledonous flowering 
plants distinguish by a short stem upon which crowded a mass of leaves, usually green but in 
some varieties red and purplish, which while immature form a characteristic compact, globular 
cluster (cabbagehead). Leaves are close together, round, smooth and slightly notched at the 
margins. Regarding the organoleptic properties, internal and external leaves are considerably 
different: internal leaves are pale yellow and are tender and sweeter than the dark green external 
leaves, which may influence the consumer's choice. Due to these characteristics internal leaves 
are eaten raw in salads or, most usually, cooked. As far as we know, only the phenolic 
composition of the external leaves has been described, consisting of complex flavonol glycosides 
[44] and nothing has been reported about the antioxidant capacity of tronchuda cabbage. 

The phenolic composition of tronchuda cabbage leaves has already been reported: the 
external leaves were characterized by the presence of complex flavonol glycosides [45], while 
the internal ones exhibited both flavonol glycosides and hydroxycinnamic acid derivatives. The 
organic acids profile and the antioxidant capacity of external and internal leaves were also 
previously described [44, 59]], with the external ones exhibiting higher antioxidant potential. 
However, nothing has been reported about tronchuda cabbage seeds. In fact, several studies with 
other Brassica species have reported the existence of phenolics in the seeds, namely phenolic 
acids.  and their derivatives [57, 58,], flavonoid glycosides [57] and tannins. These compounds 
have been considered as UV screens in young seedlings [60] and have been associated with 
seedling vigour, height and weight [61, 62]. Regarding B. oleracea seeds, previous studies with 
different varieties, other than costata, concerned its germination sensitivity to hypoxia , the effect 
of its film-coating to control insect pests, the determination of glucosinolates [63] and fatty acids. 
[56] and sterols . 

Brassicaceae vegetables are reported to reduce the risks of some cancers, especially due to 
their contents of glucosinolates and derived products [52, 54]. Flavonoids and other phenolics 
are also considered to contribute to this capacity [47, 48, 55]. The antioxidant activity of some 
Brassica oleracea varieties has already been investigated. Cauliflower has been assayed for the 
ability to scavenge DPPH and ABTS+, as well as for ferric reducing efficiency and ability to 
inhibit lipid peroxidation [50]. The oxygen radical absorbance capacity values have been 
measured in broccoli [49, 51]. To find the antiradical activity of white cabbage, hydroxyl radical 
was used [53]. 
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Chapter-1 	 Introduction: Environmental Impact on Antioxidant activity 
in vegetables 

1.2.3 Trigonellafoenum-graecum (Fabaceae) 

Fenugreek is a annual green leafy vegetable. Fenugreek has three culinary uses: as a herb 
(dried or fresh leaves), as a spice (seeds), and as a vegetable (fresh leaves, sprouts, and 
microgreens).The destinctive cuboid yellow to amber coloured fenugreek seeds are frequently 
encountered in the cuisine of the Indian subcontinent. The seeds are used in the preparation of 
pickles, vegetable dishes, daals, and spice mixes, such as panch phoron and sambar powder. 
Fenugreek seeds are used both whole and in powdered form and are are often roasted to reduce 
their bitterness and enhance their flavor.Dried fenugreek leaves, called kasuri methi (or kasoori 
methi or qasuri methi) in North India and Pakistan, after the region of Kasur (Qasur) in Punjab, 
Pakistan province,, where fenugreek grows abundantly, are used as an herb in a wide variety of 
dishes and breads. The dried leaves have a somewhat bitter taste and a characteristically strong 
but pleasant fragrance. Fenugreek is also used as a vegetable. Fresh fenugreek leaves are a main 
ingredient in many Indian curies. The sprouted seeds and microgreens are used in salads 

Fenugreek (Trigonella foenum-graecum) being rich in phytochemicals has traditionally 
been used as a food,forage and medicinal plant [65,66].Fenugreek seeds contain lysine and L-
tryptophan rich proteins, mucilaginous fibre and other rare chemical constituents such as 
saponins, coumarin, fenugreekine, nicotinic acid, sapogenins, phytic acid, scopoletin and 
trigonelline, which are thought to account for many of its presumed therapeutic effects [67]. 
Various components of the seeds have varying activities. For example, the component called 
fenu-greekine, a steroidal sapogenin peptide ester has hypo- glycemic properties [68]. It is shown 
to delay gastric emptying, slow carbohydrate absorption, and inhibit glucose transport in humans 
[69]. It can increase the erythrocyte insulin, receptors and peripheral glucose utilization, thus 
showing improved pancreatic function. Trigonelline, another component is suggested to exert 
hypoglycemic effects in healthy patients without diabetes [68]. Thus the bestdocumented 
medical use of fenugreek is to control blood sugar in both insulin-dependent (type 1) and 
noninsulin - dependent 	(type 2) diabetics .[70]. Treatment with fenugreek seed powder 
normalized the enhanced lipid peroxidation and increased susceptibility to oxidative stress 
associated 'with depletion of antioxidants in diabetic ' rats. In normal rats supple-mentation 
resulted in increased antioxidant status with reduction in peroxidation [71]. 

The steroidal saponins (diosgenin, yamogenin, tigogenin and neotigogenin) are thought to 
inhibit cholesterol absorption and synthesis and hence its potential role in arteriosclerosis. 
Clinical studies demonstrated a statistically significant decline in human serum total cholesterol, 
triglycerides and LDL cholesterol by fenugreek-consumption [72-73]. It is also used topically to 
treat inflammation, and to promote postpartum lactation in animals.The beneficial 
gastroprotective effect of fenugreek seeds has been researched in gastric ulcers of rats [74]. 
There is considerable commercial interest in growing fenugreek for its high sapogenin content. 
At present diosgenin, a steroid sapogenin used in the manufacture of birth control pills is isolated 
from Dioscorea species. This is the starting compound for over 60% of the total steroids, 
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hormones and cortisone production by the pharmaceutical industry. Fenugreek being an annual 
and easy to. cultivate might one day replace the present commercial sources. Plant phenolics have 
potential health benefits mainly due to their antioxidant properties such as reactive oxygen 
species (ROS) scavenging and inhibition, electrophile _ scavenging and metal 
chelation.[74]Epidemiological studies support a relationship between the consumption of 
phenolic rich food products and a low incidence of coronary 	heart disease [76], 
atherosclerosis[77], certain forms of cancer [78], and stroke [79]. They have also been reported 
to exhibit pharmacological properties such as antitumor, antiviral, antimicrobial, anti-
inflammatory, hypotensive and antioxidant activity [80-81]. They are plant secondary 
metabolites, primarily synthesized through the pentose phosphate pathway (PPP), shikimate and 
phenyl-propanoid pathways. The oxidative PPP provides precursor erythrose-4-phosphate for the 
shikimate pathway. The shikimate pathway converts these sugar phosphates to aromatic amino 
acids like phenylalanine, which becomes the precursor for the phenylpropanoid pathway. 

1.2.4 Brassica juncea (Brassicaceae) 

Mustard is a annual green leafy vegetable. The leaves, the seeds, and the stem of this 
mustard variety are edible. B. juncea can hyperaccumulate cadmium and many other soil trace 
elements. Especially cultured, it can be used as selenium, chromium, iron and zinc food 
supplement. This plant is used in phytoremediation to remove heavy metals, such as lead, from 
the soil in hazardous waste sites because it has a higher tolerance for these substances and stores 
the heavy metals in its cells. 

The use of metal-accumulating plants to remove toxic metals, including Cd, Zn and Cu 
[87] from soil and aqueous streams has been proposed as a possible solution to this problem [85]. 
This process of using plants for - environmental restoration is termed "phytoremediation".. 
Phytoremediation takes advantage of the ability of plants to adsorb, uptake and concentrate 
elements and organic compounds contaminating the environment. Phytoremediation has been-
viewed as a promising technique to remediate metal-contaminated soils because it offers 
advantages of being in situ, cost effective, and nondestructive [84]. In order to find suitable 
plants for removal Cd from the contaminated environment, we need a wide range of knowledge 
concerning the physiological and biochemical features of potentially useful species. Preliminary 
surveys for biomass, cadmium accumulation and membrane lipid composition of Brassica 
juncea, identified as a metal accumulator and a high biomass crop plant within the Brassicaceae 
family [83]. 

Cultivars of Brassica juncea (L.) Czern. (Indian mustard, a high biomass forages and oil 
crop) have also demonstrated the ability to accumulate as high as 1.5% Pb in shoot tissues when 
grown in nutrient solution with high concentrations of soluble Pb [86]. At lower Pb 
concentrations in solution, the shoot tissue accumulations were substantially less, although root 
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concentrations were very high. In spite of the significant capacity of B. juncea plants to 
concentrate Pb and translocate it to the shoots in solution culture, little uptake into the shoots was 
observed in B. juncea plants growing in -soils where Pb bioavailability is limited [86]. In [82] 
paper, reported the enhanced uptake of Pb accumulation in soil-grown B. juncea plants with 
synthetic chelates. 

1.3 Environmental Contamination and effect on vegetable plants 

Environmental pollution is the contamination of environment which causes discomfort, 
instability, disorder and leaves harmful impact on physical system and on living organism. 
Pollution can take the form of chemical substances, or energy, such as noise, heat, or light 
energy. Pollutants, the elements of pollution, can be foreign substances or energies, or naturally 
occurring; when naturally occurring, they are considered contaminants when they exceed natural 
levels. With the increasing awareness day by day about the environmental degradation and 
pollution, the field of ecology has become an entirety in itself Ecology is all about how 
environment is maintained, degrades, and destroyed by human beings and the various harmful 
effects that come associated with the ecological imbalance. 

Most established vegetation within the vicinity or influence of industrial and urban areas is 
subjected to the regular or episodic impact of pollution .complete decimation of the vegetation as 
a consequence of this is a relatively infrequent occurrence, although mining and industrial wastes 
containing metals or other toxins may remain virtually devoid of vegetation [88]. The acute 
phytotoxic effects of many environmental contaminants are well known, but studying the 
possible chronic effects of lower concentration of atmospheric contaminants on growth and 
vigour of plants is probably of more relevance, particularly to long-lived plants. This has been a 
major focus of research in European and North American forests (Pitelka,1988;Schulze,1989) 
but much evidence is speculative due to the lack of long term data(Blank et al., 1989). 

In many herbaceous plants the selection pressure of pollution has led to the natural 
evolutionary development of tolerant plant geneotypes in response to a wide range of air and 
soil-brone pollutants and to herbicides (Bradshaw& McNelly, 1981; MacNair, 1981; Murphy, 
1983; Taylor,1990) 



Chapter-I 	 Introduction: Environmental Impact on Antioxidant activity 
in vegetables 

1.3.1 Different types of contamination in plants 

There are mainly two types of contamination present in plants and foods. 

Biological (ants, flies, fungi, bacteria, etc.) and chemical (petrol, fertilizer, soaps, cleaners, 
detergents etc.). Our main concerned was on chemical contaminants, which can be air-borne, 
water-borne and soil-borne. 

1.3.1 a Air-borne contamination 

Diesel and petrol fuelled vehicles are responsible for the generation of a wide range of 
pollutants, with concentrations and relative proportions of pollutants depending on vehicle 
technology and operating conditions [91]. In terms of their effects on plants and their relatively 
high concentrations in exhaust emissions, nitric oxide (NO) and nitrogen dioxide (NO2) are the 
most important phytotoxic pollutants associated with road transport [90]. However, trace 
amounts of other nitrogen-containing compounds such as nitrous acid (HONO), nitrous oxide 
(N20) and ammonia (NH3) may also be present in vehicle emissions [89]. During combustion, 
other pollutants, including sulphur dioxide (SO2) and volatile organic compounds (VOCs), are 
emitted, together with carbonaceous particles from incompletely burnt fuel droplets [91]. 
Concentrations of traditionally important pollutants such as sulphur dioxide (SO2) and black 
smoke have declined substantially, whilst road traffic emissions have emerged as the major cause 
of poor air quality. Previous research has shown that at high concentrations, many of the 
pollutants present in exhaust gases can be damaging to plants [92,93].The interactions between 
plants and different types of pollutants were investigated by many authors: most studies on the 
influence of environmental pollution focus on physiological and ultrastructural aspects [94,95]. 
Studies concerning the anatomy of the vegetative organs under conditions of pollution have been 
also carried out [96]. Although fumigation experiments with exhaust gases under controlled 
conditions have tended to confirm the findings from field studies [90]. 

1.3.1 b water-borne contamination 

The problem associated with the• disposal of sewage water and municipal wastes are 
important aspects of water pollution which should be considered in the context of wider 
environmental problem. Application of waste water for Irrigation purposes has increased over 
the past years. This waste water also contains high amounts of trace elements and heavy metals. 
Waste waters are contaminated with trace elements like Lead (Pb), Cadmium (Cd), Nickel (Ni), 
Mercury (Hg), Copper (Cu), Zinc (Zn), Boron (B) , Cobalt (Co), Chromium (Cr), Arsenic (As), 
Molybdenum (Mo), Manganese (Mn), etc. Many of these are non- essential and are toxic to 
plants, animals and human beings. Sensitivity of vegetable crops like lettuce, parsley, cabbage, 
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onion, spinach, carrot, radish, tomato etc. to water pollutant s has been reported. Waste water is 
suitable for irrigation if the content of toxic elements is reduced considerably. Long term intake 
of leafy vegetables grown on sludge constitutes a possible health hazard to consumers 
[97].Concentration of Pb was high in spinach, cabbage and spinach. Spinach had higher 
concentration of Cd when grown on urban sewerage sludge. Concentration of Mn was found to 
be 60% higher in sewerage treated fields [98]. Concentration of Zn, Cu, Mn, Ni, and Cd were 
higher in tomato and cabbage plants grown in high metal media than grown on low metal media 
[105]. Cd, Pb and Zn concentration was high in potato grown in sewerage sludge [103]. 

Toxicity of as many as 76 priority pollutants was observed in lettuce present in soil and 
nutrient solutions [100].Uptake of Cd, Cr, Pb and Zn increased in lettuce as the dosage of sludge 
was increased [102]. Contents of heavy metals particularly Zn in plants of spinach, fenugreek 
and lettuce increased at increasing rate of sewage sludge [101]. Cauliflower curds tend to 
accumulate high amounts of Zn, Cu, Fe, Mn, Pb and Ni than leaves when grown on sewage 
sludge [99]. As Cr concentration in soil solution increases, Cr uptake and translocation is also 
increased [104]. 

1.3.1 c Soil-borne contamination 

Extensive industrial production is usually connected with the emission of various. pollutants 
to the environment. Among the most dangerous are heavy metals which accumulate in the 
ground, soil and bottom sediments of seas and oceans over long periods of time and effect biotic 
factors of the environment. Heavy metal contamination of soil affects the quality of crops, which 
very often reduces and sometimes disables the production of valuable food and animal feed 
[107]. Plants harvested from heavy metal polluted areas are usually tested for heavy metal 
concentration while the concentration of other elements is often .neglected. Plants can easily 
uptake cadmium and transfer it to other organs [107]. 

The excessive intake of these elements from the soil creates dual problems; first the harvested 
crops get contaminated, which serve as a source of heavy metal in our diet, and secondly the 
crop yield decline due to the inhibition of metabolic processes [110] Zinc, copper, iron, 
manganese, lead and cadmium contents in soils receiving sewage sludge accumulated mostly in 
the top 0 to 15 cm layers. Heavy metals occur in the soil both in soluble and combined forms. 
However, only soluble exchangeable and chelated metal species in the soils are mobile and 
hence available to the plants [111]. Metal accumulation in plant depends on plant species, growth 
stages, types of soil and metals, soil conditions, weather and environment [108]. Thus 
accumulation of heavy metals in the edible parts of vegetables represents a direct pathway for 
their incorporation into the human food chain [109]. 
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1.3.2 Bioaccumulation 

As we discussed above the elements in plants are mainly taken up by root and above ground 
tissues from the underneath soil due to bioaccumulation. The levels of bio accumulated metals in 
the plants depend on the concentration of metals in soil and nature of the metals, whether it is 
non-biodegradable or non-thermo degradable and transportation of metal from one system to 
another in a food chain. Thus vegetable plants may acts as a medium for transferring higher 
levels of heavy metals from contaminated soil to food chain and causes metal toxicity and related 
human disease [112, 113]. The literature reports showing elevated levels of heavy metals in 
edible part of vegetables and plants. Plants take up both essential metal (Cu, Cr, Fe, Cu, Zn, and 
Se) and non-essential (As, Cd, Hg, and Pb) metals non-specifically. The biological activities 
related to many of these metal ions have been discussed by [ 114]. 

1.4 Inorganic elements: Their biological importance 

The inorganic elements in biological systems can be classified in to three categories: 

Structural elements: C, H, 0, N, P, S and Ca. 

Macronutrients (elements acts as electrolyte found in mg g 1  levels): Na, K, Mg, Cl, and Ca. - 

Trace elements: classified as essential and non-essential elements. 

'Certain elements present in body in µg g' levels and called as micronutrients. The important 
functions of these macro and micronutrients have been elaborately discussed by Fraga et al. 
2005. Essential elements play important roles in several biochemical processes. They are: Co, 
Cr, Cu, Fe, I, Mn, Mo, Zn, Se, Ni, F, and V. 

The physiological effects of essential elements depend on the level of intake or absorption in 
the body. The optimum range of these elements provides proper functioning to human system. If 
intake is less than the optimum range, than functioning will be improper and deficiency 
syndrome will occur. On the other hand, toxic effects start appearing when the intake exceeds the 
safe limit. The major functions and deficiency symptoms which led to the recognition of 
essential mineral elements has been illustrated in Table 1.1 (Annexure-II). 

In addition, certain elements are non-essential elements and referred to as toxic elements, 
namely: As, Br, Cd, Hg, Pb, Se, Sb, TI. The toxicity of an element was found to depend on the 
oxidation state, as outlined in Table 1.2 [115]. 
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1.5 Plant based food materials 

As part of any healthy eating plan, it is particularly important to include mainly plant-based 
foods, such as cereals, grains, rice, pasta, bread, vegetables, legumes and fruits. These are low in 
saturated fat, high in vitamins and minerals, and contain many other components that help to 
fight diseases such as heart disease and cancer. Plant-based foods are high in fibre, which reduce 
constipation [www.heart foundation.org., 116]. 

Many plants or plant parts are eaten as food. Seeds of plants are a good source of food for 
animals, including humans, because they contain the nutrients necessary for the plant's initial 
growth, including many healthful fats, such as Omega fats. In fact, the majority of food 
consumed by human beings is seed-based foods. Edible seeds include cereals (maize, wheat, 
rice, et cetera), legumes (beans, peas, lentils, et cetera), and nuts. Oilseeds are often pressed to 
produce rich oils - sunflower, flaxseed, rapeseed (including canola oil), and sesame. Seeds are 
typically high in unsaturated fats and, in moderation,_ are considered a health food, although not 
all seeds are edible. Large seeds, such as those from a lemon, pose a choking hazard, while 
seeds from apples and cherries contain a poison (cyanide). 

Fruits are the ripened ovaries of plants, including the seeds within. Many plants have 
evolved fruits that are attractive as a food source to animals. Fruits, therefore, .make up a 
significant part of the diets of most cultures. Some botanical fruits, such as tomatoes, pumpkins, 
and egg plants, are eaten as vegetables. Vegetables are a second type of plant matter that is 
commonly eaten as food. These include root vegetables (potatoes and carrots), leaf vegetables 
(spinach and lettuce), stem vegetables (bamboo shoots and asparagus), and inflorescence 
vegetables (globe artichokes and broccoli and other vegetables such as cabbage or cauliflower 
[en.wikipedia.org., 117]. 

1. S.1 Quality of plants based food materials 

Research shows that plant-based foods are superior in nutrition to foods that are derived 
from animal sources.. Studies confirm that both the quantity and the quality of nutrients in plant-
based food far exceeds that of the nutrients obtained from animal sources. Fueling your body 
with plant-based foods also provides optimal protection- from chronic diseases, such as heart 
disease and colon cancer. 

Carbohydrates, regarded by many as energy food, are available in three varieties: starch, 
sugar, and fiber. Grains, a kind of starch, are often consumed to increase energy levels during 
exercise. It is becoming widely accepted that whole grains have greater nutritional value than 
their milled, processed, and refined counterparts, i.e. flour, sugar, and pre-cooked rice. In its 
entirety, the grain contains a plethora of micronutrients that are stripped away during processing. 
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Once these essential nutrients have been eliminated, the food is virtually nothing but empty 
calories. It is commonly believed that in order to get adequate dietary protein for building strong 
muscles and bones, you need to consume meat and dairy products. The reality is that per calorie, 
plant-foods supply far more protein and other nutrients to the body than animal foods do, 
providing no cholesterol, very little saturated fat, and no animal protein which has been linked to 
cancer, heart disease, diabetes, and a host of other chronic illnesses. 

Plants, whose chemical content has been shaped by thousands of years of evolution, 
produce two types of metabolites; 

Primary metabolites: protein, lipids, carbohydrates, vitamins, fibres, minerals; the resulting 
products are generally intended with a nutrirtional aim and their use raises no serious problem. 

Secondary metabolites: alkaloids, polyphenols, carotenoids, coumarins, quinones, . terpenes, 
lignanes etc; medicines containing them have been marketed and they are currently being 
increasingly used for physiological purposes; most such plants, which border on those used in 
herbal medicine, represent a genuine problem in that legislation concerning them in the area of 
plant-based food supplements varies widely from country to country or may even be non-
existent. So special attention will be paid to the secondary metabolites of plants [guide lines are 
given by partial Agreement, in The Social and Public Health Field, 2005, 118]. But nowadays 
computer vision technology is used for food quality assurance.. 

1.5.2 Metabolites to be analyzed 

As stated above mostly secondary metabolites are required to be analysed. 

Phenolics are -broadly distributed in the plant kingdom and are the most abundant secondary 
metabolites of plants. Plants polyphenols have drawn increasing attention due to their potent 
antioxidant properties and their marked effects in the prevention of various oxidative stress 
associated diseases such as cancer. The identification and development of phenolic compounds 
or extract from different plants has become a major area of health and medical-related research. 
The mechanism of action involving antioxidant and pro-oxidant activity as well as interference 
with cellular functions is discussed [119]. 

Plant phenolics include phenolics acids, flavonoids, tannins (Figure 2) and the less 
common stilbenes and lignans (Figure 3). Flavonoids are the most abundant polyphenols in our 
diets. The basic flavonoid structure is the flavan nucleus, containing 15 carbon atoms arranged in 
three rings (C6-C3-C6), which are labeled as A, B and C..Flavonoid are themselves divided into 
six subgroups: flavones, flavonols, flavanols, flavanones, isoflavones, and anthocyanins, 
according to the oxidation state of the central C ring. Their structural variation in each subgroup 
is partly due to the degree and pattern of hydroxylation, methoxylation, prenylation, or 
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glycosylation. Some of the most common flavonoids include quercetin, a flavonol abundant in 
onion, broccoli, and apple; catechin, a flavanol found in tea and several fruits; naringenin, the 
main flavanone in grapefruit; cyaniding glycoside, an anthocyanin abundant in berry fruits (black 
currant, raspberry, blackberry, etc.). 

Phenolic acids can be dived into two classes: derivatives of benzoic acid such as gallic acid, 
and derivatives of cinnamic acid such as coumaric, caffeic and ferulic acid. Caffeic acid is the 
most abundant phenolic acid in many fruits and vegetables, most often esterified with quinic'acid 
as in chlorogenic acid, which is the major phenolic compound in coffee. Anther common 
phenolic acid is ferulic acid, which is present in cereals and is esterified to hemicelluloses in the 
cell wall [120]. 

1.5.3 Methods used for analysis 

Antioxidants, neutralize free. radicals or their action [85][molecules]. They act as the levels 
of prevention, interception and repair. Preventive antioxidants prevent the formation of reactive 
oxygen species (ROS). These include superoxide dismutase (SOD), which catalyses the 
dismutation of superoxide to 14202 and catalase are those which break down hydrogen peroxides 
to water[99]. Interception of free radicals is mainly carried out by scavenging oxygen centred 
radicals (e.g., peroxyl radicals). These are promoted by some non-enzymatic antioxidants, 
namely, vitamin C (ascorbic acid), vitamin E (a-Tocopherol), glutathione, thiol compounds, 
carotenoids, polyphenols, flavonoids, etc. Certain enzymatic antioxidants are available for repair 
and reconstruction of injured cells [87-89]. Presence of free radicals cause oxidative stress 
related disease in our body. Infact, pro-oxidants in the form of reactive oxygen and nitrogen 
species (ROS and RNS respectively) are naturally produced in our body during various 
metabolic processes, but they are kept within the control levels by the built-in antioxidant 
defence [119]. 

One of the significant actions of antioxidants is to inhibit lipid peroxidation. Lipid peroxidation 
is a free radical mediated process as given below: 

LH + •OH 	> L® +H20 

L• + 02 	> LOO• 

LOO• + LH —> L. + LOOH 

LOO• + a-TOH ---->LOOH + a-T0• 
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When free radical (.OH) attacks a lipid (LH), it can abstract a hydrogen atom from a 
methylene group (CH2) leaving behind an unpaired electron on carbon on carbon atom (CH). 
This carbon radical is stabilized by molecular rearrangement to produce a conjugated diene, 
which can then react with an oxygen molecule to give a lipid peroxyl radical (LOO.). These 
radicals can further abstract hydrogen atoms from other lipid molecules to form lipid 
hydroperoxide (LOOH) and at the same time propagate LP further. The peroxidation can be 
terminated by a number of reactions. The most significant one involves reaction of LOO• or lipid 
radical (L•) with a molecule of antioxidant such as vitamin E or a-Tocopherol (a-TOH), which 
forms a more stable tocopherol phenoxyl radical, which is not involved in further chain reaction. 
The process of LP give rise to many products of toxicological interest, like malondialdehyde 
(MDA), 4-hydroxynonenal (4-HNE) and various 2-alkenals. The schematic representation of 
MDA formation is given in fig. 1.2. Devasagayam et al. [87] has briefly reviewed the possible 
interaction of free radicals with carbohydrate, DNA and proteins. 

The antioxidant property is conventionally measured as total phenolic contents and total 
flavonoid contents. The antioxidant activities are assayed by measuring the extents of inhibition 
of a commercially available free radical (DPPH*) by increasing the concentration of plants 
extracts. Single analysis has not been accurate for assessing antioxidant activities of plant based 
food materials. A series of antioxidant activities, namely, metal chelating ability ferric reducing 
power, and lipid peroxidation inhibition are done to assess the quality of a medicinal plant as a 
sources of antioxidants. 

The inorganic elements are in the range of 4g g', so it demands low detection limits. Apart 
from the detection limit, we should also take care of other parameters, like multielemental 
capability, accuracy, precision, sample preparation method, and analysis time, size of sample and 
reproducibility and minimum interference from sample matrix for elemental analysis techniques. 

The analytical techniques suited for performing trace element analysis are: 

Inductive coupled plasma (ICP) atomic emission spectroscopy or mass spectroscopy as detector 
(ICP-AES and ICP-MS respectively) 

Atomic absorption spectroscopy (AAS) 

Flame photometry (FP) 	 - 

X-ray fluorescence spectrometry (XRF) 

Particle induced X-ray emission (PIXE) 

Neutron activation analysis (NAA) 
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Among these techniques, the most used is AAS, FM, and ICP-MS. While techniques like XRF 
and PIXE have not been very popular. Still NAA remains the only technique, which is non-
destructive, with multielemental capabilities, needs minimum sample preparation, and is not 
affected by complex sample matrix. 

AAS and ICP-MS are becoming popular for determing metals and metalloids in biological and 
environmental samples in solution form. AAS is based on the principle of absorption of 
monochromatic light to measure the concentration of an element in gas-phase. It is primarily 
single element analytical technique, though multielemental hollow cathode lamps are available. 
Both ICP-MS and AAS are destructive techniques as the sample has to be in solution phase, 
which is aspirated into flame and the quantification is based on optical measurement. In ICP-
MS, the plasma technology and the temperature involved improves the excitation process and the 
sensitivity further increased by replacing optical detection method AES by MS, where the ions of 
the elements to be detected are directly measured. It is multielemental in nature where different 
ions are separated using the concept of variation in bending ions of different masses by applying 
magnetic field. The detection limit for ICP-MS are order of the ng/g(ppb) or less and are finding 
applications in different fields, like environmental science, food chemistry, geology, biology , 
etc. 

On the other hand, XRF and PIXE based on measuring characteristic X-rays by exciting the 
samples with X-ray source and protons respectively. The detection limits for these techniques are 
poorer as compared to AAS and ICP-MS. 
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It's a great challenge for us to quantitative analyze vegetable plants due to their complex matrix 
character. These vegetables are grown in natural environment, so they are susceptible to 
contaminations that prevail locally. We have used Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS), Atomic Absorption Spectrometry and Flame Photometry (FP) for 
measuring the concentrations of the trace and minor elements in vegetable plants. Antioxidant 
activities were determined by the following conventio 	ds using UV-Visible 
spectrophotometric measurements. 	l RAL 

6, 21910 

2.1 Sampling 

It is a process of extracting an aliquot from a large quanta 	erial, which should be a 
true representative of whole material to be analyzed. Sample collection and storage is an 
important part of sampling. It is known that the plant materials of same species but grown in 
different soil, climate and other environmental condition, show significant variation in the 
characteristics. Different parts of the same plant, namely, root, stem, leaves, bark, fruit, and seeds 
have elemental compositions are also different. In this study we have chosen our study area in 
the vicinity of active copper mine to evaluate the effect of mining activites on the qualities of 
vegetable plants. We choose Khetri region in Rajasthan which is the largest active copper mine 
in India. About four common vegetable plant species with local names given, which are chosen 
for studies namely, Spinacia oleracea (palak), Brass/ca oleracea (gobhi), Trigonella foenum-
graecum (methi), and Brass/ca juncea (sarson) were taken from the periphery of the mining area 
and collected from eight to ten locations within 20 km2. This mining area will be named as 
mining impact site. Similar vegetable species were collected from non-mining area which will 
name as control site. We have chosen Haridwar as control site which is a part of fertile Ganges 
Basin and is used for cultivation of numerous vegetable plants. 

All plants sample collected were sealed in pre-cleaned, pre-weighted zip-lock polythene bags 
and transported to our laboratory. Plants samples were weighted and then washed with tap water 
rinsed with Milli-Q water to remove surface dust particles and extraneous materials [121] and 
were kept for drying to remove moisture content. Samples are air-dried in sunlight and then in an 
oven at 70-80 °C for 48h. After withdrawing the samples from oven, it was kept in a desiccators 
so that moisture does not get reabsorbed. For safe side we use laminar hood and a dust free 
chamber for sample handling and sample preparation. 

Sample homogenization was done by crushing, grinding and pulverizing the dried sample in 
agate mortar. Samples were then sieved to uniform particle size by passing through 100 mesh 
size sieve. In some report mentioned that sample size is necessary of analysis [122]. The sample 
preservation and storage is to prevent any undesirable change between the time sample is 
collected and analysis is done. The matrix properties, humidity, pH, temperature, duration of 
storage and container material are linked to the contamination and to maintain originality of the 
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sample. Samples are recommended to be stored at -4°C. Soxhlet extraction was done of these 
plants samples with McOH Fig. 2.1 (Annexure —I). 5gm of dried powdered sample was extracted 
in 200mLof McOH for 8 h at 40-60°C. Then this extracted solution should be evaporated by 
Rota evaporator, and then lyophilizations was done to get vegetable plant extract in dried from 
and then weight the dry extract of plant sample. Dry extract of plant is used to calculate the % 
extraction. 

% extraction = [Dry plant extract/wt. of dry powdered plant] X100 

2.2 Chemical reagents 

For elemental quantitative analysis we need 97-98 % HNO3, 97% HC1O4, 98-99% H2SO4, 
30% H202, and Millipore-Q water. For antioxidant assay, 2,2'-Diphenyl-l-picrylhydrazyl free 
radical (DPPH•), 3-(2-pyridyl)-5,6-bis(4-phenyl-sulphonic acid)-1',2,4-triazine (ferrozine), (+)-
catechin, oleic acid ferrous chloride were obtained from Sigma-Aldrich GmbH, Germany. Folin-
Ciocalteu reagent (F-CR), gallic acid, aluminum chloride, methanol, trichloroacetic acid (TCA), 
Oleic acid, sodium nitrite, hydrogen peroxide, Thiobarbatiuric acid (TBA) and sodium carbonate 
were obtained from Merck India. Butylated hydroxyltoluene (BHT) was purchased from 
Himedia, India. All the chemicals were used without further purification. 

2.3 Trace Element Analytical techniques 

There are different techniques for trace element analysis. Each technique has its own 
advantage and disadvantage. We mainly used Inductive Coupled Plasma Mass Spectrometry 
(ICP-MS) and atomic spectrometry (AAS) for analyzing elements. We use Flame Photometer to 
analysis some alkali metal. 

2.3.1 Atomic Absorption Spectrometry (AAS) 

This technique is used to analyze trace elements. It consist of 4 basic structural components; 
a light source (hollow cathode lamp), an atomizer section for selecting the wavelength of the 
target element, and a detector for converting the light into electrical signal. It utilizes the 
phenomenon that "free" atoms in gaseous state absorb radiation at specific wavelength. Actually, 
sample is in liquid state and the element in the sample to be analyzed by AAS is usually in 
bounded form. The element is converted in to free atom in vapor state by apply heat energy, 
either by flame (flame atomization) or by electric furnace (electro thermal atomization). The 
measured absorbance by free metal atoms is correlated to their concentration and follows Beer 
Lambert's Law [123]. 
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The inorganic content of most vegetable plants is only a minor constituent and interfered by 
major, constituents. So, we first need to ensure that the analyte of interest is released from sample 
matrix, by decomposing organic matter. Many decomposition methods are available for 
determination of trace elements in plants, including dry ashing and wet digestion. Besides this 
microwave digestion is also frequently used in AAS as described by Akman et al. [124] for trace 
heavy metal contents in cereals, pulses and spices. 

2.3.1.1 Instrumentation 

The element analyses were carried out using the atomic absorption spectrophotometer at 
Department of Chemistry IIT Roorkee. It uses acetylene-air/acetylene-nitrous oxide mixture to 
ignite flame. The operational conditions including the adjustment of flame height are software 
controlled. Hollow cathode lamps of the respective elements were used. For each element the 
instrument was first calibrated using at least four standard solutions of the element which were 
obtained from the Merck Specialities Private LTD Mumbai (India). The flow rate of air and 
acetylene was maintained at 10.1 and 2.6 L/min respectively. The calibration curves for the 
element of interest (given as supporting data in Annexure-I) were obtained by measuring 
standard solutions of the elements (Merck) in the working range as mentioned in the Table 1.3 
(given in Annexure-II). The standard solutions were prepared by serial dilution of stock solution 
of 1000mg/L of the respective element. 

2.3.1.2 Sample Preparation 

An accurately weighed -2.0g of dried powdered plant samples were digested carefully with 
5:1 mixture of nitric acid (25%v/v) and perchloric acid, followed by controlled heating until the 
evolution of gases ceased. A .15 ml of deionized water (Milli-Q, resistivity of 18.2 MSZ cm 1) was 
added to this mixture and filtered through a 0.45 gm Millipore membrane into a 25 mL 
volumetric flask. The membrane containing small quantity of residue was washed with deionized 
water to make up the volume. 

2.3.2 Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 

It is highly sensitive technique for element detection, where inductively coupled plasma is 
used to produce ions and mass spectrometry is used for detection of ions. The produce during the 
process are separated by magnetically. It is capable of the determining a wide range of metals 
and non-metals at concentration at ng g' (ppb). The plasma technology is used for achieving 
high temperature which is used for ionization of the samples, so singly charged ions are formed 
(most cases).this technique is more precised and sensitive as compared to AAS.. 
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2.3.2.1 Instrumentation 

We have used ICP-MS (Perkin Elmer Sciex make) with argon plasma as the excitation 
source (Institute Instrumentation Centre, Indian Institute of Technology, Roorkee). The 
instrument is equipped with ELAN®  DRC-e facility which uses a technology to chemically 
remove interferences from the ion beam before they enter the mass analyzer quadrupole. This 
method offers very good detection limit of the order of ng g"1  or ppb due to low background 
levels as the matrix effect is lowered significantly at high plasma temperature as compared to 
atomic absorption method. The detection limit is further improved by using non-optical method, 
namely, mass spectrometer. 

The calibration curves for the elements of interest (given as supporting data in Annexure-I) 
were obtained by measuring standard solutions of the elements (as used as making AAS 
standard, Merck Specialities Private LTD Mumbai, India) in the recommended working range. 
The standard solution was prepared by serial dilution of 1000ppm stock solution of the 
respective element. The ICP-MS operating condition (Table 1.4) was optimized using built-in 
software. 

The accuracy and precision of the ICP-MS method validated by triplicate analysis of NIST 
apple leaves reference materials (Table 3.1). A blank, prepared with the reagents used for sample 
preparation for ICP-MS measurement, was analyzed with each batch and all data was reported in 
metal concentrations (µg g' dry weight). 

2.3.2.2 Sample preparation 

Accurately weighed I g of each powdered plant sample was acid digested according to the 
method given by Wang et al. [125]. Powdered samples were digested with l OmL of concentrated 
HNO3  at 95°C for an hour. Then add 5ml H2SO4  at 140°C followed by 5mL concentrated HNO3  
at-180°C. Further add 1 mL of H202  and heat until brown fumes ceased to appear and turned into 
a colorless solution and was in semi-dry. condition. Then the digest was cooled down. A IOmL of 
distilled water and 0.5mL of HNO3  was added at 200°C until white fumes appear and filtered 
through o.45 gm Millipore membrane in 50mLvolumetric flask, and then made up to the mark 
with deionized water for analysis to total contents of Cu, Cd, Fe, Mn, Zn, Ni, Pb, and Cr by ICP-
MS. 

2.3.3 Flame photometer 

Flame photometry (more accurately called flame atomic emission spectrometry) is a branch of 
atomic spectroscopy in which the species examined in the spectrometer are in the form of atoms. 
The atoms under investigation are excited by light. Absorption techniques measure the 
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absorbance of light due to the electrons going to a higher energy level. Emission techniques 
measure the intensity of light that is emitted as electrons return to the lower energy levels. Flame 
photometry is suitable for qualitative and quantitative determination of several cations, especially 
for metals that are easily excited to higher energy levels at a relatively low flame temperature 
(mainly Na, K, Rb, Cs, Ca, Ba, and Cu). 

This technique uses a flame that evaporates the solvent and also sublimates and atomizes the 
metal and then excites a valence electron to an upper energy state. Light is emitted at 
characteristic wavelengths for each metal as the electron returns to the ground state that makes 
qualitative determination possible. Flame photometers use optical filters to monitor for the 
selected emission wavelength produced by the analyze species. Comparison of emission 
intensities of unknowns to either that of standard solutions (plotting calibration curve), or to 
those of an internal standard (standard addition method), allows quantitative analysis of the 
analyze metal in the sample solution. 

2.3.3.1 Instrumentation 

The flame photometers are relatively simply instruments. We have used ELICO (CL 378) 
flame photometer in Department of Chemistry, Indian Institute of Technology, Roorkee (fig.2.2 ) 
. In flame photometer there is no need for source of light, since it is the measured constituent of 
the sample that is emitting the light. The energy that is needed for the excitation is provided by 
the temperature of the flame (2000-3000 °C), produced by the burning of acetylene or natural gas 
(or propane-butane gas) in the presence of air or oxygen. By the heat of the flame and the effect 
of the reducing gas (fuel), molecules and ions of the sample species are decomposed and reduced 
to give atoms. Atoms in the vapour state give line spectra. The most sensitive parts of the 
instrument are the aspirator and the burner. The gases play an important role in the aspiration and 
while making the aerosol. The air sucks up the sample and passes it into the aspirator, where the 
bigger drops condense and could be eliminated. The monochromator selects the suitable 
(characteristic) wavelength of the emitted light. The usual optical filters could be used. The 
emitted light reaches the detector. This is a photomultiplier producing an electric signal 
proportional to the intensity of emitted light. 

2.3.3.2 Sample preparation 

Sample preparation for flame photometry is similar as sample preparation done for AAS 
(2.3.1.2). 
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2.3.3.4 Bioaccumulation in vegetable samples 

To determine the heavy metals levels and bioaccumulation factors in vegetable plants grown in 
two different environmental conditions namely, mining impact site where soil is metalliferous 
and control site where soil is not contaminated with heavy metals. The concentration of heavy 
metals in vegetable plant sample is in the range of.ig g"'(ppm) and can be measured by ICP-MS 
and AAS. 

The sample preparation was similar to AAS (2.3.1.2). 

2.4 Antioxidant Activities of Vegetable Plants 

In order to assay the antioxidant activities of the vegetable plant sample, it is essential to first 
extract the relevant compounds in a suitable solvent. We use methanol as a solvent to study the 
antioxidant activities for their respective extracts. 

2.4.1 Preparation of plant extracts (Methanol extract) 

5 g of powdered vegetable plant of individual sample were extracted successively with 200mL 
methanol in a soxhlet apparatus for 8h as shown in fig. 2.1 (Annexure- I). The extracts were 
filtered and evaporated till dryness under reduced pressure and control temperature (40°C) in a 
rotary evaporator and then lyophilized to obtain freeze dried crude extract, which were stored at -
20°C till further use. For assaying purpose, the dried extract was dissolved in MeOH. 

2.4.2 Analysis of antioxidant activities in vegetable plants 

2.4.2.1 Estimation of total phenolic contents (TPCs) 

The TPCs in the crude extract of the vegetable plant samples from mining and control sites 
determined from calibration 'curves, which are obtained using known quantities of standard 
antioxidants. The TPC is determined according to the Folin-Ciocalteau method [126] using 
Gallic acid as the standard. In this method 100L of F-C reagent is mixed with an aliquot of 
320µL of plant extract followed by 1.58mL distilled water. After 8 min incubation add 300µL of 
20%(w/v) Na2CO3 and then the mixture is allowed to stand for 2 h at 25°C in dark, the 
absorbance of the solution is measured at kma,=  760nm and compare with. Gallic acid calibration 
curve (y= 1.23673x+0.02171; R2  =0.9989; y is the absorbance at 760nm and `x' is the 
concentration of standard antioxidant) shown in fig. 3.1 and 3.2 (Annexure-I). The total phenolic 
content is determined as Gallic acid equivalents (GAB in mg/weight of the extract in g), and the 
values are presented as average of triplicate analyses. 
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2.4.2.2 Estimation of total flavonoid contents (TFCs) 

The TFCs in the crude extracts of the vegetable plant samples from mining and control sites 
are determined by treating 0.25mL of the extract with 1.25mL distilled water and 75µL of 
5%(w/v) NaNO2 solution and maintained for 6 min [261.]. Similar process is used for assaying 
(+)- catechin as standard. Then 0.15mL of 10% A1C13_.6H20 solution was added and after 5 min, 
0.5 mL of IM NaOH was added. The mixture was diluted to 2.5mL with double distilled water 
and its absorbance was measured immediately at a,,,, = 510 nm, which was compared with the 
standard curve of (+)- catechin (y= 1.20801x+ 0.0307; R2  =0.99807; y is the measured 
absorbance and `x' is the concentration of the solution) shown in fig. 3.4. The TFC was 
determined as catechin equivalents (CEs in mg/weight of the plant extract in g), and the values 
are represented as average of triplicate analyses. 

2.4.2.3 Determination of DPPH• radical scavenging activity 

Substances capable of scavenging free-radicals by donating hydrogen or an electron to it, can 
be considered as antioxidants. 2,2'-diphenyl-l-picrylhydrazyl (DPPH•) is one of the few stable 
and commercially available free-radical, which is violet in color (?max  = 517nm). In the presence 
of different doses of vegetable plants containing antioxidants, the intensities of violet color of 
DPPH• free radical are reduce to 2,2'-dephenyl-l-picrylhydrazine, which is yellow in color. The 
mechanism is shown in fig. 2.3. The degree of discoloration of violet color of DPPH• free radical 
indicates the radical scavenging potential, and decrease in the absorbance is directly proportional 
to radical scavenging activity [127]. 

The extracted samples of various concentrations e.g. 100, 200, 300, 400, 500, 600, 700, 800, 
900, 1000 µg/mL were prepared in methanol. 2mL of each extract solution was mixed with 2 mL 
of 0.2mM methanol solution of commercially available stable DPPH• radical. The mixture was 
incubated with vigorous shaking and allowed to stand for 30 min in dark condition. The 
absorbance of DPPH• radical at ?.ma,, =517 nm decreased in the presence of antioxidants in 
vegetable plants. Rutin (RT) was used as reference standards. The activity to scavenge DPPH- 
radical was calculated using the relationship given by [128]. 

Radical scavenging activity % = [kAs_  X 100 

21 



Chapter: 2 	 Materials and Methods 

Where, I (%) is the percentage inhibition, A°  is the absorbance of the control reaction containing 
all reagents except' the plant extract, and A, is the absorbance of the plant extract. The 
corresponding IC50 values of DPPH• radical scavenging ability were determined. 

2.4.2.4 Determination of chelating effects on ferrous ions 

The Fe+2nchelating ability of the vegetable plant extracts was measured by the ferrous ion-
ferrozine complex method [129]. 2mL of various concentrations (100-1000 gg/mL) of the 
extracts in methanol was added to a solution of 2mM FeC12 (0.05mL). The reaction was imitated 
by the addition (0.2 mL) of ferrozine. Then, the mixture was vigorously shaken and left at room 
temperature for 10 min. spectrophotometric absorbance in sample solution A1  was measured at 
kmax = 562 nm. Absorbance of control (A°) was determined by replacing the sample with 
methanol. EDTA solution (1- 1000 .tg/mL) was used as a reference standard. The inhibition 
percentage of ferrozine-Fe{2  complex formations was calculated by using the given formula: 

Metal chelating activity (%) = A — A X 100 
Ao  

2.4.2.5 Determination of Inhibition of Lipid peroxidation 

The oxidative stress conditions, e.g., due to over production of peroxide free radicals, lipids 
could undergo oxidation leading to several oxidative degenerative disease. Supplementing 
antioxidants from external sources, viz, vegetable plants, would facilitate inhibition of lipid 
peroxidation process. This was estimated quantitatively by measuring the intensity of complex 
formed between reactive oxygen species (ROS) and thiobarbituric acid (TBA) to form TBRAS, 
according to the method given by [130]. The assay of lipid peroxidation reaction is schematically 
shown in fig 2.4 (Annexure-I) where, malondialdehyde is a product of oxidation of 
polyunsaturated fatty acid (e.g. oleic acid and linoleic acid). 

The plant extract (10-500 jig/mL) was added to an aqueous solution containing 200µL of 
Tris-buffer (pH 1-7.4), 3001.LL of 1M KCI, 400µL of 1%SDS, 10µL of oleic acid. The oxidation 
was initiated by adding freshly prepared 401iL FeC12 (1.0 µM) and 20 µL of H202 (0.5 .tM) 
solution in umber color vial. After incubation at 37°C for 16h, in dark condition, the reaction was 
stopped by cooling and adding 50 µL of 4% BHT in ethanolic solution and 2mL of 0.67%TBA 
solution, 20%TCA, 1% SDS and 5N HCI. The formation of the TBRAS adduct was achieved by 
heating the above mixture in water bath at 80°C for 60 min. and was cooled in the ice bath. The 
BHT was used as a standard antioxidant. Intensity of TBRAS was measures using a U.V-Visible 
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spectrophotometer at a,,,, = 532nm. The percentage oleic acid peroxidation inhibition L (%) was 
calculated as: 

L(%)=~~AX100 

Ao = absorbance of control (without extract), Al = absorbance of extract, (blank was recorded 
without extract, FeC12 and H202 solution). The inhibition of lipid for plant extract of various 
concentrations was determined from the average of triplicate analysis. The IC50 values of 
inhibition of lipid peroxidation were determined. 

All the antioxidant activities were measured using double beam UV-Visible spectrophotometer 
( Shimadzu), with a wavelength scanning range of 190nm to 780nm. 
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3.1 Result and Discussion of Elemental Analysis 

We have used three methods for elemental quantification in our vegetable samples. 

3.1.1 Elemental Analysis of vegetable plants by AAS 

Analysis of Cu, Fe, and Zn was done by AAS, measurement in triplicate by Air/Acetylene 
method. Here we used NIST Apple Leaves SRM-1515 as control samples. The certified values 
of NIST Apple Leaves SRM-1515 are shown in Table 3.1. 

The comparison of measured elements concentration values (in µg g') of Apple leaves 
reference material (NIST, SRM- 1515) by ICP-MS and AAS are shown in table 3.2. 

Mainly three main metals are measured in five vegetable plants from Mining Impact Site (shown 
in table 3.3_ and 3.5) and two vegetable plants from Control Site (table 3.4 and 3.6). It was seen 
from the respective mean values and standard deviations that these vegetable plants have 
different uptake pattern for heavy metals. 

3.1.2 Elemental Analysis of vegetable plants by ICP-MS 

Analysis of Cu, Fe, Cr, Mn, Zn, Cd, Ni, and Pb was done by ICP-MS (Perkin Elmer Sciex). 
The details of the ICP-MS were already discussed in chapter 2. The calibration curves for the 
elements of interest (given in Annexure —I). The accuracy and precision of the ICP-MS method 
were validated by analyzing NIST Apple Leaves '(SRM-1515) reference material. The quality 
control was done by analyzing the reference material after every ten samples and all the data was 
reported in metal concentrations (µg g' dry weight). The certified values of Apple Leaves NIST, 
SRM-1515 is given in table 5.1. Here we relative method to determine the concentration of 
metals in vegetable samples. The measured elemental values present in vegetable samples from 
mining impact site and control site are given in table 3.3 and 3.4 respectively. 

3.1.3 Alkali Metal Analysis of vegetable plants by Flame Photometry 

Analysis of Na and K was done by Flame Photometry ELICO (CL 378) . As we know that 
alkali elements are the major elements present in any vegetable plants. Here also we get the high 
concentration of above mentioned alkali metals in our mining impact site and control site 
vegetable samples are given in table 3.7 and 3.8 respectively. 
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3.1.4 Bioaccumulation of metals in vegetable plants 

To determine the BAFs in vegetable sample we need to know the elemental composition of 
soil of mining impact site and control site, which are shown in table 3.9 [131]. The 
bioaccumulation factor (BAFs) depends on the concentration of metal in plants leaves and in the 
soil. 

The BAFs of Cr, Mn, Fe, Cu, Zn, Ni, Cd, and Pb in the plants samples from mining impact 
site and control site were calculated as 

(BAFs) Mi = 	[Mi]nlants leaves 

[Nilson 
Where Mi  is the ith  metal and [M;] is the concentration in µg g 1  (dry mass) of the ith  metal. The 
BAFs of above mentioned metals in vegetable samples from mining impact site and control site 
was shown in table 3.10. 

3.2 RESULT AND DISCUSSION 

The concentration levels of major and minor elements in soil samples from Mining Impact Site 
and Control Site sampling sites are given in Table 3.9 [131]. It was noted that the Cu 
concentrations in Mining Impact Site soil were abnormally high (763 mg kg'), which is nearly 
30 folds higher that the Cu levels in the soil samples collected from Control Site (26.4 mg kg'). 
The source of Cu contamination in the local soil could be attributed to nearby Cu mining 
activities. Such high Cu levels in soil are considered to be. phytotoxic. In addition, the 
concentrations of Cr, Fe, Zn and Pb were found elevated in Mining Impact Site soil as compared 
to soil from Control Site. Furthermore, the Mining Impact soils were found to be rich in Mg, Al 
and Ca. The differences in the concentrations of Mn and Cd in the soil samples from both 
Mining Impact and Control were not statistically significant. the concentration levels of As, 
Pb,Ni, and Zn, could be considered within the range of normal levels for both Mining Impact 
Site as well as Control Site soil [132,133]. 

3.2.1 Heavy Metal in vegetable plants from Mining Impact Site and Control Site 

Eight important heavy metals were measured in four vegetable plants collected from Mining 
Impact Site and two vegetable plants collected from Control Site. It was seen from the respective 
mean values and standard deviations(shown in table 3.3 and 3.4) that Fe level in all the 
vegetable plants collected from Mining Impact Site is ranged between (77.5-269.6 .tg g4), which 
about 3 folds higher than the corresponding vegetable plants from Control site (74.9-104.8 µg g 
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'). The accumulation of Cu levels in all vegetable plants from Mining Impact Site range between 
25.3-5.3 µg g' (data taken by AAS; table3.5). This elevated level were about 2.5 fold higher 
than the corresponding vegetable plants from Control site 6.1-10.5 µg g'1(table 3.6). 

In addition, the Cr (0.2-0.4 gg g 1 ) and Ni (0.6-1.2 µg g) levels were also found to be nearly 
higher in Mining Impact Site vegetable plants as compared those from Control Site. However, 
Cd (0.02-15 µg g"') and Pb (0.05-0.18 µg g') were found to be nearly 4 fold higher in Mining 
Impact Site samples those to Control Site. The concentration of essential elements namely Na 
(9389-1327.5 gg g'), K ( 2317-1510 gg g) (Table 3.5 and 3.6 res.), Mn (40-68 µg g 1), and Zn 
(21-32.1 µg g"1) in the vegetable plants from Mining Impact Site were similar to those from 
Control Site and were well within daily dietary intake range. 

The alkali metal concentrations in vegetable plant samples from both MIS and CS are shown in 
Table 3.7 and 3.8, conclude that these metal are in the range of daily-dietary intake value. 

3.2.2 Bioaccumulation Factors (BAFs) 

The calculated BAFs of the heavy metals in vegetable plants from Mining Impact Site and 
Control Site are given in Table (by ICP-MS) 3.10. Among the heavy metals which were higher 
in concentration, namely, Cr, Cu and Cd in the vegetable plants from Mining Impact Site, the 
BAFs for Cr were lower in MIS samples, in particular for S. oleracea(CS) and T. foenum-
graecum (CS) where BAFs for Cr were 2-folds and 4-folds lower compared to the respective CS 
samples and B. oleracea (MIS) have nearly same value as S. oleracea(MIS), similarly B juncea 
(MIS) show BAF value nearly to T. foenum-graecum (MIS) . While, the BAFs of Cuin the MIS 
samples were —32 folds lower in S. oleracea and —22 folds lower in T. foenum-graecum as 
compared to the respective samples from CS, in addition B. oleracea (MIS) and B juncea (MIS) 
have very less value. In both the cases, lower BAF for MIS samples indicated lower degree of 
accumulation of these heavy metals from soil in the plants though these heavy metals were 
higher in concentration in the Khetri soil. It implies a significant fraction of Cr and Cu in the 
Khetri. soil is most likely to be present as immobilized species, unsuitable for plant uptake. 

The BAFs of Cd in all the vegetable plants from MIS were higher than the CS samples but it is 
significantly high in T. foenum-graecum (CS). High BAFs of Cd in MIS was in accordance with 
the accepted values of Cd bioaccumulation [134] and may be attributed to the acidic nature of its 
soil (pH-6.3) and with decreasing pH, the solubility of cadmium increases. As a result the 
mobility of Cd ions increases, thereby facilitating bioaccumulation. Toxic levels of cadmium are 
known to induce oxidative stress in neuronal cells and cause neurodegenerative diseases [135]. 
Chronic intake of such high Cd in the form vegetable plants could potentially lead to Cd toxicity 
which might affect nervous system and cause neurological disorders. It was further noted that 
lower BAFs for other heavy metals were mostly found among the vegetable plants from MIS. 
Particularly, S. oleracea (MIS), and T. foenum-graecum (MIS) showed lower BAFs for Ni, Zn, 
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Pb, and Mn. The BAF value for Fe is higher in CS vegetable samples as compared to 
corresponding vegetable samples ofMIS[136]. 

3.3 Antioxidant assay of vegetable plants 

3.3.1 Total phenolic content 

The antioxidants content in the MeOH extract of the powdered vegetable sample from mining 
site and impact site were determined as TPC (total phenolic content) given in table 3.11 and the-
standard gallic acid graph was shown in fig 3.1(Annexure-I). The results are given as mean and 
standard deviation, as calculated from triplicate analysis. The TPC of Cu mining impact site 
samples and control site, expressed as gallic acid equivalents (GAB), ranged from 12.82+1.84 to 
22.63±0.22 mg/g dry extract for mining impact site; and 19.14±0.50 mg/g to 18.05±1.28 of dry 
extract for control samples. 

3.3.2 Total flavonoid content 

The antioxidant content in the MeOH extract of the powdered vegetable sample from mining 
site and impact site were determined as TFC(total flavonoid content) given in table 3.11 and the 
standard catechin graph was shown in fig 3.2 (Annexure-I).The results are given as mean and 
standard deviation, as calculated from triplicate analysis. The TFC, measured as (+)- catechin 
equivqlent (CE), ranged from 20.18+1.43 to 9.75±2.16 mg/g of dry extract for mining impact 
site; and 16.7910.021 to 15.46+0.197 mg/g of dry extract for control samples. 

3.3.3 DPPHfree radical (DPPH•) scavenging activity 

The antioxidant activities of the MIS samples and CS, samples were evident from the 
increasing order of DPPH• scavenging activities as the concentrations of MeOH extracts of the 
samples were increased shown in fig. 3.3 and 3.4 (Annexure-I). 

The corresponding IC50 values were determined, shown in tab.3.12 (Annexure-II), and inversely 
correlate with the TPC (R2=0.998) and TFC (R2= 0.99) for MIS and CS samples respectively. 
This indicate that phenolic compounds are more powerful scavengers of free radicals. The 
minimum ICso value was observed in B. oleracea (NIS) 470 µg/mL and maximum IC50  value 
was observed for S. oleracea (CS) and T. foenum-graecum (NIS) nearly to 1000 µg/mL. T. 
foenum-graecum (CS), B.juncea (NIS), and S. oleracea (NIS) show average IC5o value range 
from 470 .tg/mL to 660 .tg/mL. 
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3.3.4 Metal ion chelating ability 

The ferrous ion chelating ability by the MeOH extract of vegetable plants from both MIS and 
CS increased with the concentration of the plants extract shown in fig. 3.5 and 3.6 (Annexure-I). 

The corresponding IC50 values were calculated, shown in tab.3.12 (Annexure-II). As DPPI4 
assay, the minimum IC50 value is 670 gg/mL and maximum IC5o value is >1000 µg/mL for MIS 
samples. In the control sample the minimum IC50  value is 830 µg/mL and maximum is >1000 
µg/mL. Although the IC50 values were lower for the MIS sample corresponding to their CS 
samples. 

3.3.5 Inhibition of Lipid peroxidation (Anti lipid peroxidation) 

The antioxidant activities of the vegetable plant sample from Cu MIS and CS were do not 
show any gradual increase of % inhibition of Lipid peroxidation. All the experimental work we 
done on inhibition of lipid peroxidation are showing very irrelevant data shown in fig. 3.7 
(Annexure-I) for spinach. 

The irrelevance nature of data may be due to Oleic acid which we used in our experimental 
procedure in place of Linoleic acid. All the reported literature describes the inhibition of Linoleic 
acid. 

28 



Chapter 4 	 Conclusion 

Conclusion 

Vegetable plants grown in impact metalliferous soil constitute normal levels of essential metals 
required for several biological function in human body. 

Potentially toxic elements like Cr, Cu, Cd, and Pb were present. These metals are considered as 
cumulative poisons. These metals cause environmental hazards and very toxic. 

The concentrations of Cr, Cd, and Cu (not very much) were higher in MIS samples. The 
concentrations of Cd in MIS samples were at threshold level of daily dietary intake range. 

The Na and K contents were found enriched in S. oleracea and T. foenum-graecum from MIS 
samples than corresponding samples from CS. 

The bioaccumulation studies showed the transport of heavy metals from one system (soil) to 
another system (vegetable plants) which threatens to cause toxicity as these heavy metals in 
vegetable plants are liable to enter into human food chain system. 

The BAFs shows high accumulation of Cu metal in CS vegetable plant sample than the MIS 
vegetable samples, this is because the Cu at MIS is in non-exchangeable from (chemically 
bonded) while in CS Cu is in free from so that it accumulate more than in the corresponding MIS 
vegetable plant samples. 

The concentrations of Fe, Mn, Zn, metal are in the range of the daily dietary intake. 

The antioxidant activity was measured by several assay, B. oleracea from the MIS shows highest 
phenolic content which are mainly responsible for radical scavenging as it have highest value of 
TPC. 

TFC value is maximum in S. oleracea (MIS), shows high level of flavonoid content in it. 

The maximum DPPH radical scavenging activity was shown by B. oleracea (MIS) because of 
high phenolic content. Similarly it also show high metal chelating activity due to highest value of 
TPC. 

29 



References 

1. Liu, R. H. Health benefits of fruit and vegetables are from additive and synergistic 
combinations of phytochemicals. American Journal of Clinical Nutrition. 2003, 78, pp 
517S-520S. 

2. Nicoli, M. C.; Anese, M.; Parpinel, M. Influence of processing on the antioxidant 
properties of fruit and vegetables. Trends in Food Science & Technology. 1999, 10, pp 
94-100. 

3. Kaurl, C.; Kapoor, H. C. Antioxidants in fruits and vegetables — the millennium's health. 
International Journal of Food Science & Technology. 2001, 36, pp 703-725. 

4. Voutilainen, S. T. N.; Mursu, J.; Rissanen, T. H. Carotenoids and cardiovascular health. 
American Journal of Clinical Nutrition. 2006, 83, pp 1265-1271. 

5. Bramley, P. M. Is lycopene beneficial to human health? Phytochemistry. 2000, 54, pp 
233-236. 

6. Samuelsen, A. B. The traditional uses, chemical constituents and biological activities of 
Plantago major. J. Ethnopharmacol. 2007, 71, pp. 1-21. 

7. RochFort, S.; Parker, A. J.; Dunshea, F. R. Plant bioactives for ruminant health and 
productivity. Phtyochemistry. 2008, 69, pp 299-322. 

8. Ansar, T.; Ikran, N.; Haq, M.; Fayyaz, I.; Fayyaz, Q.; Ghafoor, I.;.Khalid, N. Essential 
Trace Metal (Zn, Mn, Cu, and Fe) Levels in plants of medicinal importance. Journal of 
Biological Science. 2004, 4, pp 95-99. 

9. Weber, G.; Konieczynski, P.; Speciation of Mg, Mn, and Zn in extracts of medicinal 
plants. Anal Bioanal. Chem. 2003, 137, pp 1067-1073. 

10. Lewis, B.; Bavani, S. Pharmaceutical formulations of gallium salts. PCT Int. Appl., 2006. 
11. Burger, H.; Loos, W. J.; Eechoute, K.; Verweij, J.; Mathijssen, R. H. J.; Wiemer, E.A.G. 

Drug transporters of platirium-based anticancer agents and their clinical. Significance. 
Drug Resistance Updates. 2011, 14, pp 22-34. 

12. Saraswati, R.; Watters, R. L. Jr. Determination of arsenic and selenium in spinach and 
tomato leaves reference materials using flow injection and atomic absorption 
spectrometry. Talanta. 1994, 41, , pp 1785-1790. 

13. Chunilalla, V.; Kindnessb, A.; Jonnalagaddaa, S. B. Heavy Metal Uptake by Spinach 
Leaves Grown on Contaminated Soils with Lead, Mercury, Cadmium, and Nickel. Journal 
of Environmental Science and Health. 2004, 39. 

14. Stefanov, K. L.; Pandev, S. D.; Seizova, K. A.; Seizova, L.; Tyankova, A.; Popov, S. S. 
Effect of -lead on the lipid metabolism in spinach leaves and thylakoid membranes. 
BIOLOGL4 PLANTARUM. 1995, 37, pp 251-256. 

15. Franke, A. A.; Custer, L.J.; Arakaki, C.; Murphy, S.P. Vitamin C and flavonoid levels in 
fruits and vegetables consumed in Hawaii. J. Food Comp. Anal. 2004, 17,pp 1-35. 

16. kumar, A.; Sharma, , I.K.; sharma, A.; Varshney, S.;  Verma, P.S.. HEAVY METALS 
CONTAMINATION OF VEGETABLE FOODSTUFFS IN JAIPUR (INDIA). 
EJEAFChe. ISSN: 1579-4377. 



References 

17. Haloi, A.; Thabah, C. R., Limbu, D.K.; Dkhar P. S.; Chakraborty, R. Assessment of 
Certain Essential Elements in Some Common Edibles from Dadara and Agyathuri 
Villages of Kamrup District of Assam. JHum Ecol. 2010, 31, pp 79-85. 

18. Choudhury, R.P.; Reddy, A.V.R.; Garg, A.N. Availability of essential elements in nutrient 
supplements used as antidiabetic herbal formulations. Biol Trace Elem. Res. 2007, 120, pp 
148-162. 

19. Swami, K.; Judd, C. D.; Orsini, J.; Yang K. X.; Husain, L. Microwave assisted digestion 
of atmospheric aerosol samples followed by inductively coupled plasma mass 
spectrometry determination of trace elements. FRESENIUS' JOURNAL OF ANALYTICAL 
CHEMISTRY. 2001, 369, pp 63-70. 

20. Otero, N.; Vitoria, L.; Soler, A.; Canals, A. Fertiliser characterisation: Major, trace and 
rare earth elements. Applied Geochemistry. 2005, 20, pp 1473-1488. 

21. Cho, M. J.; Howard, L. R.; Prior, R. L.; Morelock, T. Flavonoid content and antioxidant 
capacity of spinach genotypes determined by high-performance liquid 
chromatography/mass spectrometry. JSci FoodAgric. 2008, 88, pp 1099-1106. 

22. Ames, B.N.; Shigenaga, M.K.; Hagen, T.M. Oxidants, antioxidants, and the degenerative 
diseases of aging. Proc Natl Acad Sci USA. 1993, 90, pp 7915-7922. 

23. Bergman, M.; Varshaysky, L.; Gottilieb, H.E.; Grossman, S. The antioxidant activity of 
aqueous spinach extract: chemical. JSci FoodAgric. 2008, 88, pp 1099-1106. 

24. Howard, L.R.; Pandjaitan, N.; Morelock, T.; Gil, M.I. Antioxidant capacity and phenolic 
content of spinach as affected by genetics and growing season. JAgric Food Chem. 2002, 
50, pp 5891-5896. 

25. Gil, M.I.; Ferreres, F.; Tomas-Barberan, F.A. Effect of postharvest storage and processing 
on the antioxidant constituents (flavonoids and vitamin C) of fresh-cut spinach. J Agric 
Food Chem. 1999, 47, pp 2213-2217. 

26. Kidmose, U.; Knuthsen, P.; Edelenbos, M.; Justesen, U.; Hegelund, E. Carotenoids and 
flavonoids in organically grown spinach (Spinacia oleracea L) genotypes after deep frozen 
storage. J Sci Food Agric. 2001, 81, pp 918-923. 

27. Panjaitan, N.; Howard, L.R.; Morelock, T.; Gil, M.I. Antioxidant capacity and phenolic 
content of spinach as affected by genetics and maturation. JAgric Food Chem. 2005, 53, 
pp 8618-8623. 

28. Bergquist, S.A,M.; Gertsson, U.E.; Knuthsen, P.; Olsson, M.E. Flavonoids in baby 
spinach (Spinacia oleracea L.): changes during plant growth and storage. J Agric Food 
Chem. 2005, 53, pp 9459-9464. 

29. Ninfali, P.; Bacchiocca, M. Polyphenols and antioxidant capacity of vegetables under 
fresh and frozen conditions. JAgric Food Chem. 2003, 51, pp 2222-2226. 

30. Aritomi, M.; Kawasaki, T. Three highly oxygenated flavone glucuronides in leaves of 
Spinacia oleracea. Phytochemistry. 1984, 23, pp 2043-2047. 

31. Aritomi, M.; Komori, T.; Kawasaki, T. Flavonol glycoside in leaves of Spinacia oleracea. 
Phytochemistry. 1986, 25, pp 231-234. 



References 

32. Ferreres, F.; Castaner, M.; Tomas-Barberan, F.A. Acylated flavonol glycosides from 
spinach leaves (Spinacia oleracea). Phytochemistry. 1997, 45, pp 1701-1705. 

33. Edenharder, R.; Gernot, K.; Platt, K.L.; Unger, K.K. Isolation and characterization of 
structurally novel antimutagenic flavonoids from spinach (Spinacia oleracea). J Agric 
Food Chem. 2001, 49, pp 2767-2773. 

34. Middleton, E. J.; Kandaswami, C.; Theoharides, T.C. The effects of plant flavonoids on 
mammalian cells: implications for inflammation, heart disease and cancer. Pharmacol 
Rev. 2000, 52, pp 673-751. 

35. Rice-Evans, C.A.; Miller, N.J.; Paganga, G. Structure—antioxidant activity relationships of 
flavonoids and phenolic acids. Free Radic Biol Med. 1996, 20, pp 933-956. 

36. Wu, X.; Beecher, G.R.; Holden, J.M.; Haytowitz, D.B.; Gebhardt, S.E.; Prior, R.L. 
Lipophilic and hydrophilic antioxidant capacities of common foods in the United States. J 
Agric Food Chem. 2004, 52, pp 4026-403. 

37. Edenharder, R.; Krieg, H.; Kottgen, V.; ' Platt, K.L. Inhibition "of clastogenicity of 
benzo[a]pyrene and of its trans-7,8- dihydrodiol in mice in vivo by fruits, vegetables, and 
flavonoids. Mutat Res. 2003, 537, pp 169-181. 

38. Ren, H.; Endo, H.; Hayashi, T. Antioxidative and antimutagenic activities and polyphenol 
content of pesticide-free and organically cultivated green vegetables using water-soluble 
chitosan as a soil modifier and leaf surface spray. J Sci Food Agric. 2001, 81, pp 1426-
1432. 

39. Bergman, M.; Perelman, A.; Dubinsky, Z.; Grossman, S. Scavenging of reactive oxygen 
species by a novel glucurinated flavonoid antioxidant isolated and purified from spinach. 
Phytochemistry. 2003, 62, pp 753-762. 

40. Nyska, A.; Suttle, A.; Bakshi, S.; Lomnitski, L.; Grossman, S.; Bergman, M. Slowing 
tumorigenic progression in TRAMP mice and prostatic carcinoma cell lines using natural 
antioxidant from spinach, NAO: a comparative study of three antioxidants. Toxicol 
Pathol. 2003, 31, pp 39-51. 

41. Lomnitski, L.; Foley, J.; Ben-Shaul, V.; Grossman, S.; Maronpot, R.R.; Moomaw, C.R. 
Effects of apocynin and natural antioxidant from spinach on inducible nitric oxide 
synthase and cyclooygenase-2 induction in lipopolysaccharide-induced hepatic injury in 
rat. Pharmacol Toxicol. 2000, 87, pp 18-25. 

42. Lomnitski, L.; Padilla-Banks, E.; Jefferson, W.N.; Nyska, A.;Grossman, S.; Newbold, R. 
R. A natural antioxidant mixture from spinach does not have estrogenic or antiestrogenic 
activity in immature CD-1 mice. JNutr. 2003, 133, pp 3584-3587. 

43. Lomintski, L; Bergman, M.; Nyska, A.; Ben-Shaul, V.; Grossman, S. Composition, 
efficacy, and safety of spinach extracts. Nutr Cancer. 2003, 46, pp 222-231. 

44. Ferreres, F.; Sousa, C.; Vrchovska, V.; Valentao, P.; Pereira, J. A.; Seabra, R. M.; 
Andrade, P. B. Chemical composition and antioxidant activity of tronchuda cabbage 
internal leaves. EUROPEAN FOOD RESEARCHAND TECHNOLOGY. 2005, 222, pp 88-
98. 



References 

45. Ferreres, F.; Valentao, P.; Llorach, R.; Pinheiro, C.; Cardoso, L.; Pereira,J.A. Phenolic 
compounds in external leaves of tronchuda cabbage (Brassica oleracea L. var. costata DC) 
JAgric Food Chem . 2005, 53, pp. 2901-2907. 

46. Beecher,C.W.W. Cancer preventive properties of varieties of Brassica oleracea: a review 
American Journal of Clinical Nutrition. 1994, 59, pp 1166-1170. 

47. Galati, G.; O'Brien, P.J. Potential toxicity of flavonoids and other dietary phenolics: 
significance for their chemopreventive and anticancer properties. Free Radical Biology 
and Medicine. 2004, 37, pp. 287-330. 

48. Hollman, P.C.; Hertog M.G.L.; Katan, M.B.; Role of dietary flavonoids in protection 
against cancer and coronary heart disease. Biochemical Society Transactions. 1996, 24, pp 
785-789. 

49. Kurilich, A.C.; Jeffery, E.H.; Juvik, J.A.; Wallig, M.A.; Klein, B.P. Antioxidant capacity 
of different broccoli (Brassica oleracea) genotypes using the oxygen radical absorbance 
capacity (ORAL) assay. JAgric Food Chem . 2002, 50, pp. 5053-5057. 

50. Llorach, L.; Espin, J.C.; Tomas-Barberan, F.A.; Ferreres, F. Valorization of cauliflower 
(Brassica oleracea L. var. botrytis) by-products as a source of antioxidant phenolics. J 
Agric Food Chem. 2003, 51, pp 2181-2187. 

51. Ninfali, P.; Bacchiocca, M.. Polyphenols and antioxidant capacity of vegetables under 
fresh and frozen conditions. JAgric Food Chem. 2003, 51, pp 2222-2226. 

52. Park, J.; Pezzuto, J.M.; Botanicals in cancer chemoprevention Cancer and Metastasis 
Reviews. 2002, 21, pp. 231-255. 

53. Racchi, M.; Daglia, M.; Lanni, C.; Papetti, A.; Govoni, S.; Gazzani, G. Antiradical 
activity of water soluble components in common diet vegetables. . J Agric Food Chem. 
2002 50, pp 1272-1277. 

54. Stoewsand, G.S. Bioactive organosulfur phytochemicals in Brassica oleracea vegetables. 
Food and Chemical Toxicology. 1995, 33, pp 1537-1543. 

55. Hertog, M.G.L.; Hollman, P.C.; Van de Putte, B. Content of potentially anticarcinogenic 
flavonoids of tea infusions, wines and fruit juices. JAgric Food Chem. 1993, 41, pp. 
1242-1246. 

56. Ayaz, F.A.; Glew, R.H.; Millson, M.; Huang, H.S.; Chuang, L.T.; Sanz C. Nutrient 
contents of kale (Brassica oleracea L. var. acephala DC.) Food Chemistry. 2006, 96, pp. 
572-579. 

57. Baumert, A.; Milkowski, C.; Schmidt, J.; Nimtz, M.; Wray, V.; Strack, D. Formation of a 
complex pattern of sinapate esters in Brassica napus seeds, catalyzed by enzymes of a 
serine carboxypeptidase-like acyltransferase family? Phytochemistry. 2005, 66, pp1334-
1345. 

58. Bouchereau, A.; Hamelin, J.; Lamour, I.; Renard, M.; Larher, F. Distribution of 
sinapine and related compounds in seeds of Brassica and allied genera. Phytochemistry. 
1991,30, pp 1873-1881. 

iv 



References 

59. Ferreres, F.; Sousa, C.; Vrchovska, V.; Valentao, P.; Pereira, J.A.; Seabra R.M. Chemical 
composition and antioxidantactivity of tronchuda cabbage internal leaves. European Food 
Research & Technology. 2006, 222, pp. 88-98. 

60. Gitz, D.C.; Liu, L.; McClure, J.W. Phenolic metabolism, growth, and UV-B tolerance in 
phenylalanine ammonia-lyase-inhibited red cabbage seedlings. Phytochemistry. 1998, 49, 
pp 377-386. 

61. Randhir, R.; Shetty K. Light-mediated fava bean (Vicia faba) response to phytochemical 
and protein elicitors and consequences on nutraceutical enhancement and seed vigour 
Process. Biochemistry. 2003, 38, pp. 945-952. 

62. Randhir R.; Shetty K. Developmental stimulation of total phenolics and related 
antioxidantactivity in light- and dark-germinated corn by natural elicitors Process 
Biochem. 2005, 40, pp 1721-1732. 

63. Rangkadilok, N.; Nicolas, M.E.; Bennet, R.N.; Premier, R.R.; Eagling, D.R.; Taylor 
P.W.J..Determination of sinigrin and glucoraphanin in Brassica species using a simple 
extraction method combined with ion-pair HPLC analysis. Scientia Horticulturae. 2002, 
96, pp. 27-41. 

64. Matsumoto, T.; Shimizu, N.; Asano, S.; Itch, T. Co-occurrence of c-24 epimeric 24-
methyl-A5,22-sterols in the seeds of some Brassica and Raphanus species of Cruciferae. 
Phytochemistry. 1983,22, pp. 1830-1832 

65. Randhir, R.; Lin,Y .T. M.S.; Shetty, K. Phenolics, their antioxidant and antimicrobial 
activity in dark germinated fenugreek sprouts in response to peptide and phytochemical 
elicitors. Asia Pac J Clin Nutr.2004, 13, pp 295-307. 

66. Zaman, M.M.; Rouf, M.A.; Haque, S.; Khan, L.R.; Chowdhury, N.A.; Razzaque, S.A.; 
Yoshiike, N.; Tanaka, H. Does rheumatic fever occur usually between the ages of 5 and 15 
years? IntJCardiol. 1998, 66, pp 17-21. 	 , 

67. Billaud, C.; Adrian, J. Fenugreek: Composition, nutritional value and physiological 
properties. Sciences-des-ailments. 2001, 21, pp 3-26. 

68. Jellin, J.M.; Batz, F.; Hitchens, K. Pharmacist's Letter/ Prescribers Letter Natural 
Medicines Comprehensive Database, Stockton. 	California: Therapeutic Research 
Faculty. 1999. 

69. Sharma, R.D. Effect of fenugreek seeds and leaves on blood glucose and serum insulin 
responses in human subjects. Nutrition Research. 1986, 6, pp 1353-1364. 

70. Bordia, A.;, Verma S.K.; Srivastava, K.C. Effect of ginger (Zingiber officinale rose) and 
fenugreek (Trigonella foenum-graecum) on blood lipids, blood sugar and . platelet 
aggregation with coronary artery disease. Prostaglandins Leukot Essent Fatty Acids. 1997, 
56, pp 379-384. 

71. Madar, Z.; Fenugreek (Trigonella foenum-graceum) as a means of reducing postprandial 
glucose levels in diabetic rats. Nutr Rep Int. 1984; 29, pp -1267-1273 

72. Prasana, M. Hypolipidemic effect of Fenugreek: A clinical study. Indian J Pharm. 2000, 
32, pp 34-36. 

V 



References 

73. Sowmya, P.; Rajyalakshmi, P. Hypocholesterolemic effect of germinated fenugreek seeds 
in human subjects. Plant Foods for Human Nutr. 1999, 53, pp 359-365. 

74. Pandian, RS.,; Anuradha, C.V.; Viswanathan, P. Gastroprotective effect of fenugreek seeds 
(Trigonella foenum graecum) on experimental gastric ulcer in rats. JEthnopharmacology. 
2002, 81, pp 393-397. 

75. Huang, M.T.; Ho, C.T.; Lee, C.Y. Phenolic Compounds in Food and Their Effects on 
Health II: Antioxidants and Cancer Prevention, American Chemical Society. Washington: 
American Chemical Society. 1992, pp 2-7. 

76.. Hertog, M.G.L.; Fesrens, E.J.M.; Hollman, F.C.H.; Katan, M.B.; Kromhout, D. Dietary 
antioxidant flavonoids and risk of coronary hearth disease. The Zutphen Elderly Study. 
Lancet. 1993, 342, pp 1007-1011. 

77. Diaz; M.N.; Frei, B.; Vita, J.A.; Keaney, J.F. Antioxidants and atherosclerotic heart 
disease. New Engl JMed. 1997, 337, pp 408-416. 

78. Ito, N.; Hirose, M. Antioxidants-carcinogenic and chemo- preventive properties. Adv 
Cancer Res.1989, 53, pp 247-302. 

79. Ness, A.R.; Powles, J.W. Fruit and vegetables and cardiovascular disease: Int JEpidemiol. 
1997, 26, pp 1-13. 

80. Cowan, M.M. Plant products as antimicrobial agents. Clinical Microbiology Reviews. 
1999, 12, pp 564-582. 

81. Shetty, K. Biotechnology to harness the benefits of dietary phenolics; focus on Lamiaceae. 
Asia Pac J Clin Nutr.1997, 21, pp 79-102. 

82. Nouairi, I.; Ammar, W. B.; Youssef, N. B.; Miled, D. D. B.; Ghorbal, M. H.; Zarrouk, M. 
Antioxidant defense system in leaves of Indian mustard(Brassica juncea) and rape 
(Brassica napus) under cadmium stress. Acta Physiol Plant. 2009, 31, pp 237-247. 

83. Banuelos, G.S.; Meek, D.W. Accumulation of selenium in plants grown on selenium-
treated soil. JEnviron Qual. 19, pp 772-777. 

84. Kupper, H.; Lomb,i E.; Zhao, F.J.; McGrath, S.P. Cellular compartmentaion of cadmium 
and zinc in relation toother elements in the hyperaccumulator Arabidopsis halleri. Planta 
2000, 212, pp 75-84. 

85. Salt, D.E.; Smith, R.; Raskin, I. Phytoremediation. Annu Rev Plant Physiol Plant Mol 
Biol. 1998, 49, pp 643-668. 

86. Kumar, N. P. B. A.; Dushenkov, V.; Motto, H.; Raskin, I. Environ. Sci. Technol. 1995, 29, 
p 1232. 

87. Stephen, D.; Ebbs.; Kochian, L. V. Toxicity of Zinc and Copper to Brassica Species: 
Implications for Phytoremediation. Journal of Environmental Quality. 1996, 26, pp. 776-
781. 

88. Dickinson, N.M.; Turner, A.P.; Lepp, N.W. how do trees and other long-lived plants 
survive in polluted environments. functional ecology. 1991, 5, pp 5-11. 

89. Honoura, S. L.; Bellb, J. N. B.; Ashendenc, T. W.; Neil, C. J. Responses of herbaceous 
plants to urban air pollution: Effects on growth, phenology and leaf surface characteristics. 
A. Powera, Environmental Pollution. 2009, 157, pp 1279-1286. 

vi 



References 

90. Bahl, A.; Kahl, G. Air pollutant stress changes the steady-state transcript levels of 3 
photosynthesis genes. Environmental Pollution. 1995, 88 , pp. 57-65. 

91. Colvile, R.N.; Hutchinson, E.J.; Mindell, J.S.; Warren, R.F. The transport sector as a 
source of air pollution. Atmospheric Environment. 2001, 35, pp. 1537-1565 

92. Grantz, D.A.; Garner, J.H.B.; Johnson, D.W. Ecological effects of particulate matter. 
Environment International. 2003,29, pp. 213-239. 

93. Wellburn, A.R. Why are atmospheric oxides of nitrogen usually phytotoxic and not 
alternative fertilisers? New Phytologist. 1990,115, pp 395-429. 

94. Psaras, G. K.; Christodoulakis, N. S. Air pollution affects on the ultrastructure of Phlomis 
fruticosa mesophyll cells. Bulletin of Environmental Contamination and Toxicology. 1987, 
38, pp :610-617. 

95. Velikova, V.; Yardanov, I.; Edreva, A. Oxidative stress and some antioxidant systems in 
acid rain-treated bean plants. Plant Science. 2000, 151, pp 59-66. 

96. Verma, R. B.; Mahmooduzzafar, T. 0.; Siddiqi.; Iqbal, M. Foliar Response of Ipomea 
pes-tigridis L. to Coal Smoke Pollution. Turkish Journal ofBotany. 2006, 30, pp 413-417. 

97. Kanwar, J .S.; Sandha, M.S. WASTE WATER POl IUTIoN INJURY TO VEGETABLE 
CROPS .Agric. Rev. 2000, 21, pp 133-136. 

98. Azad, A.S. e t al. J Eco. 1992, 19, pp 158-163. 
99. Brar, M.S.; Arora, C.L. Indian J. Agrlc. $ci. 1997, 67, pp 141-14,3. 
100. Hulzebos, E.M. et al. Environ. Toxicol. Chem. 1993,12, pp 1079-1094. 
101. Misra, S.G. et al. Curro Agrlc. 1994, 18, pp 49-5 3. 
102. Misra S.G. et al. Environ. Ecol. 1995, 13, pp 297-299. 
103. Musgrove, S.D. J. Ass Pub. Analysis. 1989, 27, pp 13-33. 
104. Srivastava, S. et al. Bull. Environ. Contamination Toxicology. 1998, 60, pp 750-758. 
105. Steratt, S.B. et al. J. Amer. Soc. Hort. Scf. 1983, 108, pp 36-41. 
106. Ciecko, Z.; Kalembasa, S.; Wyszkowski, M.; Rolka, E. Effect of Soil Contamination by 

Cadmium on Potassium Uptake by Plants. Polish Journal of Environmental Studies. 2004, 
13, pp 333-337. 

.107. DAS, P.; SAMANTARAY, S.; ROUT, R. Studies on cadmium toxicity in plants. 
Environ. Pollut. 1998, 98, pp 29. 

108. Asami, T. In: Heavy metal pollution in soils of Japan. JapanScientific Societies Press, 
1981, 2, pp 257-274. 

109. Florijin, P.J.; Van Beusichem, M.L. Uptake and distribution of Cd in Maize inbreed line. 
Plant Soil. 1993, 150, pp 25-193. 

110. Sanders, J.R.;, Mc Grath, S.P.;Adams, T. Zn, Cu, and Ni concentration in soil extracts 
and crops grown on four soils treated with metal loaded sewage sludges. Environ. Pollut. 
1987,44, pp 193-210. 

111. Singh, S.; Kumar, M.. Heavy metal load of soil, water and vegetables in peni-urban Delhi. 
Environ. Monit. Assess. 2006, 120, pp 79-90. 

vii 



References 

112. Singha, J.; Upadhyaya, S. K.; Pathaka, R. K.; Gupta, V. Accumulation of heavy metals in 
soil and paddy crop (Oryza sativa), irrigated with water of Ramgarh Lake, Gorakhpur, UP. 
India Toxicological & Environmental Chemistry. 2011, 93. 

113. Ismail, B. S.; Farihah, K.; Khairiah. J. Bioaccumulation of Heavy Metals in Vegetables 
from Selected Agricultural Areas. BULLETIN OF ENVIRONMENTAL 
CONTAMINATIONAND TOXICOLOGY. 2005, 74, pp 320-327. 

114. Maiga, A.; Diallo, D.; Bye, R.; Paulsen, B. S. Determination of Some Toxic and Essential 
Metal Ions in Medicinal and Edible Plants from Mali. J. Agric. Food Chem. 2005, 53, pp 
2316-2321. 

115.Prasad, A.S.,Essential and Toxic Trace Elements in Human Health and Diseases:Update, 
Wiley-Liss, New York.1993, pp 39. 

116. http://www.heartfoundation.org.au 
117. http://en.wikipedia.org 
118. http://www.shapefit.com 
119. Dai, J.; Mumper, R. J. Plant Phenolics: extraction, Analysis and Their Antioxidant and 

Anticancer Properties. Molecules 2010,15, pp 7313-7352. 
120. Archivio, D.M; Filesi, C.; Di Benedetto, R.; Gargiulo, R.; Giovannini, C.; Masella, R.; 

Polyphenols,dietary sources and bioavailability. Ann. Ist. Super. Sanita 2007, 43, pp 348-
361. 

121. Petersena, L.; Minkkinenb, P.; Esbensena, K H. Representative sampling for reliable data 
analysis: Theory of Sampling. Chemometrics and Intelligent Laboratory Systems. 2005, 
77, pp 261-277. 

122.Lafargue, M.E.; Biogeaud, S.; Rutledge, D.N.; Feinberg, M. H. Proficiency testing 
schemes: solutions for homogeneity control. ACCREDITATION AND QUALITY 
ASSURANCE: JOURNAL FOR QUALITY, COMPARABILITY AND RELIABILITY IN 
CHEMICAL MEASUREMENT. 2004, 9, pp 333-339. 

123. Skoog, D.A.;Holler, F.J.; Crouch,S.R: Principles of Instrumental Analyais. 6th Edition, 
Thomoson Brooks/Cole(India Edition)2007, pp 230. 

124.Akman, S.; Demirata-Ozturk, B.; Tokman, N. Atomic Absorption Spectroscopy. Food 
Toxicants Analysis, 2007, pp 637-665. 

125. Singleton, V.L.; Rossi Jr. J.A. Colorimetry of Total phenolics with phosphomolybdic-
phosphotungstic acid reagents. Am. J. Enol. Viticul., 1965, 16, pp 144-158. 

126. Sakanaka, S.; Tachibana, Y. Preparation and antioxidant propertiesof extracts of Japanese 
persimmon leaf tea (kakinohacha). Food Chem., 2005, 89, pp 569-575. 

127. Singh, R.P.; Murthy, K. N. C.; Jayaprakasha, G. K. Studies on the antioxidant activity of 
pomegranate (Punica granatum) peel and seed extracts using in vitro models. J. Agric. 
Food Chem., 2002, 50, pp 81-86. 

128.Hatano, T.; Kagawa, H.; Yasuhara, T.; Okuda, T. 2 new flavonoids and other constituents 
in licorice root —their relative astringency and radical scavenging effects, Chem. 
Pharmacol. Bull., 1988, 36, pp 2090-2097. 

viii 



References 

129. Decker, E. A.; Welch, B. Role of ferritin as a lipid oxidation catalyst in muscle food. J. 
Agric. Food Chem., 1990, 38, pp 674-677. 

130.Ohkawa, H.; Ohishi, N.; Yagi, K. Assay for lipid peroxides in animal tissues by 
thiobarbituric acid reaction. Anal. Biochem., 1979, 5, pp 351-358 

131. Maharia, R. S.; Dutta, R. K.; Acharya, R.;. Reddy, A. V. R. Heavy metal 
bioaccumulation in selected medicinal plants collected from Khetri copper mines and 
comparison with those collected from fertile soil in Haridwar, India. Journal of 
Environmental Science and Health 2010, 45, pp 174-181. 

132. EEA. Environment in the European Union at the turn of the century: `Environmental 
assessment No.2. Prepared in collaboration with a large number of individuals in 
European Environment . Agency (EEA), European Environment Information and 
Observation Network (EIONET) and other institutions; ISBN: 92- 9167- 202-0, Catalogue 
No: GH-1 8-98-784-EN; European Environment. Agency: Copenhagen, 1999, pp 446. 

133.Coskun, M.; Steinnes, E.; Frontasyeva, M.V.; Sjobakk, T.E.; Demkina, S. Heavy Metal 
Pollution of Surface Soil in the Thrace Region, Turkey. Environ Monit Assess. 2006, 119, 
pp 545-556. 

134.Pendias, K. A.; Trace elements in soil and plants, Third edition; CRC Press LLC, 
London, 2001. 

135.Lopez, E.; Figueroa, S.; Oset-Garque, M.J.; Gonzales, M.P. Apoptosis and necrosis: two. 
distinct events induced by cadmium in cortical neurons, ' in culture. Br. J. Pharmacol. 
2003, 138, pp 901-911 

136.Ellen, G.; Egmond, E.; Van Loon, J.W.; Sahertian, E.T.; Tolsma, K. Dietary intakes of 
some essential and non-essential trace elements, nitrate, nitrite andN-nitrosoamines by 
Dutch adults estimated via a 24 hour duplicate portion study. FoodAddit Contam: 1990, 7, 
pp 207-221. 

137.Aritomi, M.; Kawasaki, T. Three highly oxygenated flavone glucuronides in leaves of 
Spinacia oleracea. Phytochemistry. 1984, 23, pp 2043-2047 

138.Aritomi, M.; Komori, T.; Kawasaki, T. Flavonol glycoside in leaves of Spinacia oleracea. 
Phytochemistry 1986, 25, pp 231-234 

139. Edenharder, R.;Gernot, K.; Platt, K.L.; Unger, K.K. Isolation and characterization of 
structurally novel antimutagenic flavonoids from spinach (Spinacia oleracea). J Agric 
Food Chem. 2001, 49, pp 2767-2773 

ix 



Annexure -I 
Figures 

R2 

Compound 1: R1 = CH3; R2 = H; R3 = Glucuronic acid (Aritomi and Kawasaki [137]; Aritomi 
et al [138]) OR R1 = Glucuronic acid; R2 = H; R3= CH3 (Edenharder et al[139]) 

R2 

O 

R3 

Compound 1: R1 = (3-D-glucopyranosyl (I 6)-[(3-D-apiofuranosyl (1-2)]-(3-D-glucopyranoside; 
R2&R3=H 
Compound 2: R1 = (3-D-glucopyranosyl (I 6)-[i-D-glucopyranoside; R2 & R3= H 
Compound 3: R1 = (3-D-glucopyranosyl (1 6)-[~i-D-apiofuranosyl (1-2)]-(3-D-glucopyranoside; 
R2=CH3;R3=H 

Fig. 1.1 Structures of the four major flavonoids in spinach 
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Fig.!. 2. Structures of flavonoids and phenolic acids 
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Fig. 3.1 Calibration curve for estimation of Total Phenolic Content 
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Fig 3.3 DPPH radical scavenging %, representing the trends of DPPH radical scavenging 
activities by methanolic vegetable plant extract from MIS. Each value is presented as the mean 
±S.D. of three replicate determinations. Spinach: S. oleracea; Cabbage: B. oleracea; Fenugreek: 

T. foenum-graecum; Mustard: B.juncea 
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Annexure -II 

TABLES 

Table 1.1. List of essential elements, their metabolic functions and deficiency 
symptoms. [95]Prasad. 

Elements Function 	 Deficiency Symptoms 
Fe 	Oxygen and electron transport, Anaemia, Stomatitis, Dysphagia, brittle 

constitutes haemoglobin 	 nails 
Cu 	Constituent of oxidative enzymes, Anaemia, change of ossification, elevated 

interaction with iron, cross linking of serum cholesterol, diarrhoea, nervous 
elastin 	 system damage 

Zn 	Constituents of enzymes involved in Growth depression, poor healing of 
energy metabolism and transcription 	wounds, sexual immaturity, skin lesions, 

menstrual problems, change of taste, acuity 

Co 
Mn 

Cr 

Ni 

Sc 

V 

Ca 

Mg 

K 

As 

Constituent of vitamin B12  
Constituent of superoxide dismutase, 
mucopolysaccharide metabolism 
Potentiation of insulin 

Interaction with iron absorption, 
activates enzymes 
Constituent of glutathione peroxidase, 
interaction with heavy metals 

Gene regulation and in various 
enzymatic systems 

Essential for formation of healthy bones 
and teeth, regulates blood clotting 
muscle function, nerve transmission 

Help in absorption of other minerals, 
simulates bone growth and promotes the 
body use of vitamin B, C, and E 
Essential for growth, simulates nerve 
impluses, promotes healthy skin, boosts 
kidney function, combines with Na to 
regulate heart beats 
DNA repair mechanism 

Loss of appetite, vitamin B12 deficiency 
Disturbance in bones and cartilage 
formation, deafness, dizziness 
Relative insulin resistance, impaired 
glucose tolerance, elevated serum lipids, 
fatigue and lack of energy, indigestion 
Anaemia, inconsistent growth 

Endemic cardiomyopathy (keshan disease), 
premature aging, eye and nerve disorders, 
infertility 
Several physiological malfunctioning 
including thyroid, glucose and lipid 
metabolism 
Muscle cramps, brittle bone disease, dental 
problems 	 , 

Lack of energy, muscle spams, weakness 
asthma, cardiovascular disorders 

Irregular heart beats, dry skin, nervous 
disorders 

Growth depression 



Table 1.2: Chemical species and their metal toxicity 

Metals 	Toxic species Effects on human system 
Cr 	Cr 6 	 Carcinogenicity, teratogenicity, chromosomal aberrations, liver and 

kidney damage 
Ni 	Ni+z 	 Brain, liver, kidney effects, carcinogenic, reproductive effects 
Cu 	Cu+z 	 Liver disease, brain damage, bone disease 
Zn 	Zn+z 	 Growth retardation, anaemia, reproductive effects 
Cd 	Cd+z 	 Kidney dysfunction, osteoporosis, hypertension, reproductive 

effects 
Hg 	Methyl-Hg 	Neurological, reproductive effects, kidney (as Hg+2) 

Pb 	Pb+z 	 Neurological haematological, immune, kidney effects 

Table 1.3 Experimental parameters for AAS determination 

Element Wavelength Concn.range Slit width (nm) Sensitivity 
(nm) /mL) (n /mL 

Cd 228.8 0.2-1.8 0.9 9 
Ni 232.0 1.8-8.0 0.4 40 
Pb 217 2.5-20 0.9 60 

Table 1.4 ICP-MS, Perkin Elmer Sciex (Elan DRC-e) instrumental paratmeters and operating 
conditions 

Instrument parameter . Condition 
RF power 1100W 
Carrier gas(inner) 1.00 L/min 
Auxiliary gas(intermediate) 1.2 L/min 
Plasma gas flow(out) 15 L/min 
Nebulizer gas flow 0.9 L/min 
Peristaltic pump(sample uptake) in 0.9 L/min 
Analytical masses 66 	i i 	zos "Cu, Mn, 56Fe, "Ni,0  	Zn, 	Cd, 	Pb 
Vacuum pressure 2.5x 10"6  torr 
Data acquisition Peak hopping, dwell time 50 ms, 

Readings per replicate=l, replicates=3 



Table 3.1 Certified concentration values (in jig/g) of Apple Leaves reference material (NIST, 
SRM-1515) 

Elements 	Certified values 
Fe 83+5 
Cu 5.64±0.24 
Cr (0.30)a  
Cd 0.013±0.002 
Ni 0.91±0.12 
Mn 54±3 
Zn 12.5±0.3 
Pb 0.470±0.02 
a  Non-certified concentration 

Table 3.2 Elements value determined in Apple Leaves NSIT (SRM-1515) by ICP-MS and AAS 

Elements ICP-MS AAS 
Fe 141.35±37.8 5.45510.3 
Cu 3.25 ± 0.8 94.86 ± 0.04 
Cr 8.07±2.0 NA 
Cd 0.079 ± 0.04 NA 
Ni 4.6± 1.0 NA 
Mn 29.17 ± 7.2 NA 
Zn 57.35±25.6 24.763±0.11 
Pb 12.78±15.0 NA 

NA = not analysed 

Table 3.3 Elemental concentration (µg/g) in dried powdered vegetable samples by ICP-MS 

From copper mining site (n=3) 

Elements S. oleracea B. oleracea T. foenum- 
graecum 

B juncea 

Fe 264.69±25.5 77.5±7.3 254.6 ± 3.13 163.8±41.2 
Cu 17.53±2.0 6.84±0.6 18.3±1.4 12.2±2.2 
Cr 0.41 ± 0.01 0.37±0.01 0.24±0.17 0.23±0.2 
Cd 0.85±1.03 0.04± 0.01 0.027±0.01 15.0±21.2 
Ni 1.3±0.13 1.4±0.00 0.74±0.5 0.63±0.43 
Mn 48.49±3.6 42.6±8.5 41.3±5.1 40.6±5.0 
Zn 27.604±0.4 21.0±3.0 26.06±1.1 24.22±1.4 
Pb 0.062±0.012 0.18±0.19 0.051±0.02 0.05810.04 



Table 3.4 Elemental concentration (µg/g) in dried powdered vegetable samples by ICP-MS• 

From control site (haridwar) (n=3) 

Elements S. oleracea T. foenum-graecum 
Fe 75.0± 13.3 104.44±2.9 
Cu 19.0±7.9 11.3±1.02 
Cr 0.17±0.1 0.30.02 
Cd 0.022±0.01 0.1±0.11 
Ni 0.59±0.27 0.9±0.18 
Mn 68.7±9.7 41.7± 1.0 
Zn 32.21.5 25.310.71 
Pb 0.023 ± 0.01 0.044 ± 0.02 

Table 3.5 Elemental concentration (µg/g) in dried powdered vegetable samples by AAS 

From copper mining site (n=3) 

Elements S. oleracea B. oleracea T. foenum- B. uncea 
graecum 

Fe 237.81 f 0.62 58.47 ± 0.13 290.3 th 0.09 224.2 th 0.27 
Cu 16.1± 1.2 5.33±0.2 25.4±0.07 15.31 ± 0.34 
Zn 55.75 f 0.2 32.06 ± 0.44 59.8 ± 0.00 66.9 ± 0.18 

Table 3.6 Elemental concentration (µg/g) in dried powdered vegetable samples by AAS 

From control site (haridwar) (n=3) 

Elements 	 S. oleracea 	 T foenum-graecum 
Fe 	 113.2±0.42 	 139±0.18 
Cu 	 10.510.008 	 6.210.018 
Zn 	 89.4 ±0.62 	 48.4±0.4 

iv 



Table 3.7 Alkali elemental concentration (µg/g) in dried powdered vegetable samples by Flame 
photometry method 

From copper mining site (n=3) 

Elements 	 S. oleracea 	B. oleracea 	T. foenum- 	B juncea 

Na 	 3390±35.7 	1755±18..4 	1551.25±13.8 	9388.12±87.3 
K 	 2317.5±21.5 	1945±20.8 	1661.25±20.6 	1725±20.4 

Table 3.8 Alkali elemental concentration (p.g/g) in dried powdered vegetable samples by Flame 
photometry method 

From control site (n=3) 

Elements 	 S. oleracea 	 T. foenum-graecum 
Na 	 1327.51± 15.6 	 2295±25.4 
K 	 2061.25±22.3 	 1510±13.2 

Table 3.9 Total heavy metal concentration (in mg Kg- ) of dried soil sample from Mining impact 
site (MIS) and Control site (CS) (n=3)[131] 

Elements Mining impact site Control site 
Fe (%) 3.40 ± 0.83 2.32 t 0.94 
Cu 763 ± 19.3 26.4±2.9 
Cr 102.8 ±2.9 33.4± 1.4 
Cd 3.6±0.4 3.5±0.2 
Ni 16.2±1.5 11.6±1.1 
Mn 268.8 ± 5.7 276.5 ± 7.9 
Zn 111.2±9.3 74.4±4.3 
Pb 20.6±1.9 12.5±1.3 

N 
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Fable 3.10 Bioaccumulation factors (BAFs)of heavy metals in vegetables plants collected from 
MIS (mining impact site) and CS (control site) (by ICP-MS) 

Element 	S. 	S. 

oleracea oleracea 
(MIS) 	(CS) 

Fe 0.78 0.32 
Cu 0.02 0.72 
Cr 0.004 0.005 
Cd 0.24 0.006 
Ni 0.08 0.05 
Mn 0.18 0.25 
/n 0.25 0.43 
Pb 0.002 0.002 

T. 
foenum- 
graecum 

(MIS) 

7. 
foenum- 
graecum 

(CS) 

B. 
oleracea 

(MIS) 

B. 
oleracea 

(CS) 

B juncea 
(MIS) 

B juncea 
(CS) 

0.75 0.45 0.23 NA 0.48 NA 
0.023 0.43 0.008 NA 0.02 NA 
0.002 0.01 0.004 NA 0.002 NA 
0.01 0.03 0.01 NA 4.2 NA 
0.05 0.07 0.09 NA 0.04 NA 
0.15 0.15 0.16 NA 0.15 NA 
0.23 0.34 0.19 NA 0.22 NA 

0.002 0.003 0.01 NA 0.002 NA 
MISS Mning Impact Site 	CS= Control Site 

'Table 3.1! Total Phenolic and Total Flavonoid Contents values in MeOH extract of different of 
vegetable plants from MIS and CS. 

Plant Species 

S. oleracea 
B. oleracea 
I' focnum-graecum 
B.iuncea 

Total phenolic content (mg 
GAEs/g extract) 

MIS 	 CS 

	

18.29±3.7 	18.05±1.3 

	

22.63±0.02 	NA 

	

15.77±2.2 	19.14±0.5 

	

12.82±1.8 	NA 

Total f avonoid content (mg 
CEs/g extract) 

MIS 	 CS 
20.18±1.4 	16.79+0.02 
9.75±2.2 	NA 
14.48±0.91 	15.46±0.2 
13.84±0.68 	NA 

"Table 3.12 IC50  (µg/mL) values of DPPH• free radical scavenging activity, metal chelating 
activity and inhibition of lipid peroxidation in MeOH extract of different vegetable plants from 
MIS and CS. 

Plants species 

S. oleracea 
B. oleracea 
T foenum-graecum 
/3.1 uncea 

IC50(pg/mL) DPPH 
scavenging activity 

MIS 	CS 
637.4 	>1000 
470 	NA 
1000 	650 
660 	NA  

IC50(µg/mL) metal 
chelating activity 

	

MIS 	CS 
767.48 	830 

	

670 	NA 

	

>1000 	>1000 

	

>1000 	NA 

IC50(pg/mL) lipid 
peroxidation 

MIS 	CS 
NA 	NA 
NA 	NA 
NA 	NA 
NA 	NA 

U 
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