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Abstract 

Present research work is based on Ethnobotanical and nutraceutical investigation 

of wild edible fruits and vegetables of Lesser Himalayas, Pakistan. Ethnobotanical 

information was obtained through informed consent semi-structured interviews, 

questionnaires, market survey and focus group conversation from five major survey sites: 

Haripur, Abbottabad, Mansehra districts, Margalla Hills Islamabad and Murree. The plant 

samples were analysed for nutritional components (carbohydrates, fats, proteins, fibers, 

ash and energy vale), selected metals (Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Pb, Sr 

and Zn), phytochemical constituents (phenolics, flavonoids, flavonols and ascorbic acid) 

and antioxidant activity (DPPH scavenging activity, hydroxyl radical scavenging activity, 

hydrogen peroxide scavenging activity, Ferrous ion chelating activity, ferric ion reducing 

antioxidant power, Phosomolybdenum complex assay) by using standard analytical 

methods. A total of 80 wild edible plant species including 35 fruits (21 genera and 17 

families) and 45 vegetables (38 genera and 24 families) were investigated in this study. 

About (57%) species of wild fruits were trees, followed by shrubs (34%), climbers (6%) 

and herbs (3%), whereas in the case of the vegetables herbs were dominating (89%), 

followed by trees (9%) and shrubs (2%). Inhabitant of the area used 50 medications based 

on wild edible fruits and 51 recipes based on wild edible vegetables to cure various 

ailments. Among wild fruit species 97% species are used as fodder; 86% as fuel; 74% in 

making tools handles and furniture; 86% in sheltering; 77% in fencing and as hedge plant 

and 80% for miscellaneous purpose. In case of vegetables 95% species are used as fodder; 

9% as fuel; 4% in making tools handles/furniture and 7% each in sheltering; fencing and 

for miscellaneous purpose. Moraceae and Papilionoideae were most quoted botanical 

families of wild fruits and vegetables. Morus nigra showed highest mean culture 

importance values (mCI) within top ten fruit plants, followed by Morus alba, Olea 

ferruginea, Berberis lycium, Pyrus pashia, Ficus carica, Ficus palmata, Ziziphus 

mauritiana, Diospyros lotus and Ziziphus nummularia, whereas in the case of wild edible 

vegetables Ficus carica was most cited species, followed by Ficus palmata, Bauhinia 

variegata, Solanum nigrum, Amaranthus viridis, Medicago polymorpha, Chenopodium 

album, Cichorium intybus, Amaranthus hybridus and Vicia faba.  

Among the fruits, Juglans regia, Opuntia dillenii, Ziziphus nummularia, Berberis 

lycium, Pistacia integerrima, & Phoenix dactylifera and in wild vegetables Cichorium 
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intybus, Launaea procumbens, Tulipa stellata  Dyropteris ramosa, Sonchus oleraceous & 

Lathyrus aphaca showed highest nutritional potential. Elemental analysis (mg/kg, dry 

weight) indicated that K exhibited highest average levels, followed by Ca, Mg, Na, Fe and 

Mn while lowest levels were observed for Li, Cd and Cr in the fruit and vegetable 

samples, which were also found rich in phytochemical contents and had good antioxidant 

activities. Significantly higher phenolics, flavonoids, flavonols, ascorbic acid contents and 

antioxidant activities were observed in Phoenix dactylifera, Juglans regia, Rosa moshata, 

Pistacia integerrima, Morus nigra and Pyrus pashia among the fruits, whereas among the 

vegetables, Origanum vulgare, Amaranthus viridis, Ficus palmata, Silene conoidea, 

Melilotus indicus and Bauhinia variegata showed highest potential. 

Mostly random and broad distribution of the nutrient, selected metals and 

phytochemical contents was found in the fruits and vegetables. Correlation study showed 

random variation of the nutrient, metals and phytochemicals in the plant samples. 

Antioxidant activities revealed significant correlation with most of the phytochemical 

contents. Correlations among the metal levels, phytochemical constituents and antioxidant 

activity in the fruits and vegetables were also investigated. Various groups of the fruits and 

vegetables were identified by cluster analysis (CA) based on their chemical composition. 

Principal component analysis (PCA) revealed significant anthropogenic contamination of 

the selected metals in the fruits and vegetables mostly contributed by transportation 

activities, industrial emissions and domestic waste. Most of the wild edible plant species in 

the study areas have no protection, but acquisition of economic benefits such as genetic 

improvement of existing crops from their wild ancestors and nutritional requirement from 

these wild edibles might promote local people’s interest in the conservation and 

maintenance of these important and threatened species. Further exploration is still required 

to investigate useful and toxic compounds, pharmacological study; skill training in home 

gardening, biotechnological techniques to improve yields and income generation through 

large scale promotion of these wild edible fruits and vegetables.  



Chapter 1                   Introduction 

Ethnobotanical and nutraceutical investigation of wild edible fruits and vegetables of Lesser Himalayas 
1 

INTRODUCTION 

 

1.1 Ethnobotany: Concepts and Significance 

Plants are being used by man for the betterment of his life from the very first day 

of his emergence on the earth. Ethnobotany deals with traditional uses of plants by the 

ancient and indigenous people. People, plants, interactions and sustainable uses are the 

four basis of ethnobotany (Pei, 1994). Ethnobotanists explore how plants are used as food, 

shelter, medicine, clothing, hunting and in spiritual ceremonies. Ethnobotany is a vast 

science drawing upon the studies of botany, anthropology, phytochemistry, sociology, 

medicine and agriculture. The study of the cultural uses of plant species is very significant 

to contemporary medicine, farming and even the manufacturing industrial sectors of a 

society (Pei, 1995). 

Ethnobotany contributes a momentous role in the upgrading of humanity; even the 

most primitive civilizations relied upon agriculture and the domestication of certain plants 

for forage, medicines, fiber, culinary and dying purposes. Modern world uses less than 100 

species for food. There are potentially thousands of plants which have yet to be seen in the 

local markets, and many of these species are more nutritious and palatable than the ones 

that are purchased; every other year a new species shows up, a “new exotic fruit”. 

Development of modern medicine and herbalism, food industry, paper, chemical and 

rubber industries are mainly based on ethnobotanical knowledge. Conventional 

ethnobotanical knowledge helps ecologists, pharmacognosists, pharmacologists, 

taxonomists and wildlife managers to improve the socioeconomic aspect of an area. It 

characterizes traditional knowledge to establish priorities with the local communities and 

to ensure that local values are translated into the rational use of resources and into 

effective conservation of biological diversity and cultural knowledge (Ibrar et al., 2007; 

Anon, 2011). 

 

1.2 Ethnobotanical Potential of Wild Food Resources  

Major populace in many developing countries does not have enough food to meet 

daily requirements and is deficient in one or more micronutrients. The rural communities 

depend on natural resources including wild edible plants to meet their food needs in 

periods of food disaster. The diversity in wild species offers variety in family diet and 

contributes to domestic food security (FAO, 2004). More than one billion people in the 
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world use wild food in their diet (Burlingame, 2000). Term ‘wild-food’ is used to describe 

all plant resources outside of agricultural areas in forests, savannah and other bush lands 

(Bell, 1995). Indigenous information of wild edible plant is significant for sustaining 

utilization of these species (Jasmine et al., 2007). There are over 20,000 species of wild 

edible plants in the world; so far of proximately 20 species provide 90 % of our food. 

However, there are hundreds of less well known edible plants which are both delicious and 

nutritious (Ladio and Lozada, 2004).  

There has been renewed or increasing interest in consuming wild food plants both 

in times of surplus and food shortage (Zinyama et al., 1990). The utilization of wild plants 

and animals continues to greatly benefit the society to this day, from processes mostly 

involving local experimentation through indigenous and local knowledge (Kristensen and 

Balslev, 2003; Ladio and Lozada, 2004; Scherrer et al., 2005). Evidence indicates that 

above 300 million people throughout the modern world gain part or all of their livelihood 

and food from forests (Pimentel et al., 1997).Out of these, came the direct dependence of 

numerous resource-poor households on indigenous plant resources in rural areas of most 

countries as an integral part of their livelihoods (Arnold and Ruiz Perez, 2001; Shackleton 

and Shackleton, 2004). Such dependence is predominant in areas where there are easily 

accessible communal area resources, in conjunction with limited economic options (Dovie 

et al., 2005). Regardless of agricultural societies, the practice of eating wild plants has not 

completely disappeared, their nutritional role and health benefits being reported in many 

surveys worldwide (Santayana et al., 2007).  

Both food and medicinal plants have interventional uses. This exists mainly in 

indigenous and local traditions. However, certain wild edible plants are used because of 

their assumed health benefits and thus can be called medicinal foods (Etkin, 1994). Food 

and medicinal uses of these plants have been two of the most relevant and reliable reasons 

for popular plant management, even in cultures that are increasingly losing their close 

relationship with nature (Hadjichambis et al., 2008). It is for this reason that ethno-

directed research is very useful in the discovery and development of new drug and food 

resources (Khafagi and Deward, 2000; Heinrich and Gibbons, 2001). Knowledge of such 

foods is a part of traditional knowledge which is mainly transmitted through contribution 

of individuals of households (Misra et al., 2008). It is of outmost importance to obtain data 

about popular uses of wild edible plants (wild edible fruits and vegetables) before this 

knowledge disappears, because in many parts of the world these traditions are at risk of 

disappearing, and hence the crucial need to study such knowledge systems and find 
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innovative ways of infusing them to the future generations (Hadjichambis et al., 2008; 

Pieroni et al., 2005). 

 

1.3 Wild Edibles as Nutraceuticals  

Humans have relied on nature throughout the ages, for their basic needs such as, 

production of food stuffs, shelters, transportation, clothing, fertilizers, flavours, fragrances 

and medicines (Fakim, 2006). Nutraceuticals are the substances that are considered as 

food or part of food which provide health benefits including prevention and treatment of 

diseases. These substances may range from isolated nutrients and dietary supplements to 

genetically engineered foods, herbal products and processed products such as cereals, 

soups and beverages. Dietary fibers, polyunsaturated fatty acids (PUFA), proteins, 

peptides, amino acids, keto acids, minerals, vitamins and antioxidants are amongst 

commonly utilized nutraceuticals (Andlauer and Furst, 2002; Kruger and Mann, 2003).  

Food provides essential nutrients along with other bioactive compounds for health 

promotion and disease prevention. It is evident from previous epidemiologic investigations 

that diet plays a vital role in the prevention of chronic diseases (Temple, 2000). 

Cardiovascular disorders, cancer, and stroke are the top three death causing diseases of 

human in the world. Consumption of fruit and vegetables is associated with reduced risk 

of cardiovascular problems, cancer, diabetes, Alzheimer disease, cataracts, and age-related 

functional decline. This convincing evidence suggests that a change in dietary behavior is 

a practical approach for considerably reducing the frequency of chronic diseases (Willett, 

1995; Espin et al., 2007; Bazzano et al., 2001; Liu, 2003). The relationship between food 

and health becomes increasingly significant as consumers now demand healthy, tasty and 

natural functional foods that have been grown in uncontaminated environment. There is a 

desire for a wide variety of choice and willingness to pay more for such foods in order to 

maintain health and a well-balanced diet (Ercisli, 2007). Wild edible plants have played 

vital role in human life since ancient times. Diverse nature of these plant species provides 

variety in family diet and contributes to household food security. Presently most of the 

human food is based on limited number of crops, and in many parts of the world the use of 

wild plants is still not negligible (Cavender, 2006; Pieroni et al. 2007). Sometimes the 

nutritional values of conventional food resources found higher than several known 

cultivated food yielding species (Orech et al., 2007).  

Fruits are usually suitable as an excellent source of nutrients and supplement for 
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food in a world faced with crisis of food shortage (Nahar et al., 1990). They are important 

source of vitamins, fibers and minerals which provide essential nutrients including 

carbohydrates, oils, proteins, minerals, ascorbic acid and the antioxidant phenols, such as 

chlorogenic acid and its polymers for the human health (Aberoumand and Deokule, 2009). 

The fruits, seeds and leaves of many wild plants already form common ingredients in a 

variety of traditional native dishes for the rural populace in developing countries 

(Humphrey et al., 1993). Fruits, eaten raw or consumed as fresh juice, are excellent ways 

to retain and balance the moisture level in the body. The low level of sodium in fruits 

plays an important role for people who would like to avail of a salt-free diet. Dry fruits 

like apricots, raisins and dates are storehouses of calcium and iron, essential for the 

strengthening of bones and maintaining good blood, respectively (Pederson, 2009).  

Vegetables are the fresh and edible portions of herbs which are very helpful for the 

maintenance of health and deterrence of numerous diseases. They contain valuable food 

ingredients that maintain the homeostatic and alkaline reserve of the human body 

(Robinson, 1990). The nutritional value of traditional leafy vegetables is higher (Orech et 

al., 2007) than several commercially utilized vegetables. They are important in rational 

nutrition, with rich content of moisture, nutrients, energy, sugar, proteins, carbohydrates, 

fats, essential oils, glycosides, pigments which stimulates appetite. In comparison with the 

foods of animal origin, vegetable products have a lower food value and a lower heat, but 

have special importance in human nutrition (Butnariu, 2007). Consumption of fresh 

vegetables enables appropriate assimilation of vitamins in human body. Vegetables are the 

good source of numerous minerals, such as, Ca, Fe, Cu, P, Zn, Cl, Na and others. The 

dominant basic elements in plants and vegetables are Ca, K, Fe, and Na. These provide 

alkalizing effects and neutralizing the acidity produced by other foods, especially those of 

animal origin (Genders, 1994). Consumption of traditional diets has many valuable effects 

such as prevention of some age related degenerative diseases, arteriosclerosis and stroke, 

etc. (Lindeberg et al., 2003).  

There is growing awareness that vegetables’ consumption has greater health 

benefits. Low contents of fats and calories, good source of dietary fibres and extra energy 

in vegetables help to control body weight. They are also low in sodium and this helps to 

reduce the water gain, lower the blood pressure and reduce excessive cholesterol and 

balance the sugar level. Green leafy vegetables also contain iron needed for haemoglobin 

formation and hence recommended for anaemic convalescences (Watson et al., 2010). 

They also contain foliate which is essential for normal growth and development. It is 
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believed that different phytochemicals in vegetables along with their beta carotene, fibre 

and vitamin C have high anti cancer properties (Butnariu, 2008). However, as a result of 

the changes sweeping through global societies, wild plants are in danger of disappearing 

and this may have harmful consequences on the nutritional status of the rural populace 

(Herzog et al., 1994; Kuhnlein, 1989).  

 

1.4 Phytochemicals and their Health Benefits  

Health benefits of wild edible fruits and vegetables are mainly associated with their 

phytochemicals and nutritional resources (Fukumoto and Mazza, 2000). Phytochemicals 

are bioactive non-nutrient compounds found in plants (Atkins, 2000). Wild plants 

manufacture and gather natural physiologically active substances (PAS) with noticeable 

biochemical actions. Some of PAS are of particular interest with respect to health 

benefits. 

Phenolic compounds include hydroxyl benzoic acid and their derivatives (Lovkova 

et al., 2001) are the most important class of phytochemicals which are effective 

antioxidants as free radical scavenging, chelating metals ions and oxygen radical 

absorbance (Halliwell et al., 1995). Their ability to quench free radicals is because of 

both their acidity (ability to donate protons) and their delocalized π-electrons (ability to 

transfer electrons while remaining relatively stable) characteristic of benzene rings 

(Brown, 1995). Flavonoids are largely distributed, therapeutic water soluble polyphenloic 

compounds in fruits and vegetables (Aliyu et al., 2008) having potential health benefits as 

antioxidant, coronary heart disease prevention, antiproliferative and chemopreventive 

agents (Yao et al., 2004). As an antioxidant flavonoids interfere with activities of 

enzymes involved in the generation of reactive oxygen species, quenching free radicals, 

chelating transition metals and rendering them redox inactive in the Fenton reaction 

(Heim et al., 2002). They are also highly effective scavengers of singlet oxygen and 

various free radicals involved in DNA damage and tumor promotion (Marchand, 2002). 

Flavanols are also flavonoids commonly distributed in leaves, fruits, stem and bark. They 

play an important role in plant normal growth and defense against infections and injuries 

(Kahkonen et al., 1999)  

Ascorbic acid is a six-carbon lactone that is synthesized from glucose in the liver 

of most mammalian species, but not by humans, non-human primates and guinea pigs 

(Nishikimi and Yagi, 1996). Ascorbic acid (Vitamin C) is a common hydrophobic 
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compound in fruits and vegetables. It acts as potent antioxidant or pre-oxidant agent 

(Hassimotto et al., 2008). Ascorbic acid plays an important role in iron uptake, to scar 

tissues, bones and teeth, to prevent muscle fatigue, scurvy, skin hemorrhage, anemia, 

bleeding gums, skeletal defects and wound healing (Okwu, 2004). All known 

physiological and biochemical actions of vitamin C are due to its action as an electron 

donor. It also acts as antioxidant in the skin by scavenging and quenching free radical 

generated by ultraviolet (UV) radiation (Roger, 1999) by donating electrons, it prevents 

other compounds from being oxidized (Padayatty et al., 2003). 

Dietary fibres, carbohydrates, fats, proteins, moisture, energy value and ash 

contents of fruits and vegetables are essential for human health (Nisar et al., 2009; 

Hussain et al., 2010). Dietary fibre (DF) plays significant role in decreasing constipation, 

diabetes, cardiovascular diseases, hypertension, breast cancer diverticulosis and obesity 

(Ishida et al., 2000; Rao and Newmark, 1998; Bassi and Marangoni, 1984). However, high 

fibre content may cause intestinal irritation and decrease of nutrient bioavailability (Funtua 

and Trace, 1999). Carbohydrates include polysaccharides, oligosaccharides, 

monosaccharide, sugar acids, esters and tennis. They provide energy to all cells in the 

body, particularly the brain which is only carbohydrate dependent organ in the body. 

Energy required in sustaining respiration, circulation, physical work and to maintain body 

temperature (Effiong et al., 2009). Organic acids like citric acid, tartaric acid, lactic acid, 

malonic acid and malic acid. These acids influence the colour of foods since many plant 

pigments are natural pH indicators. Proteins such as albumins, globulins, glutelins, 

peptides and amino acids are essential nutrients for life. A plant based food which 

provides more than 12 % of its energy from protein is considered as good source of 

protein (Pearson, 1976). Fats are major source of energy and help in tissues development 

and uptake of vitamins (Zello, 2006). High fat content could be a health risk and cause 

obesity (Hassan and Umar, 2006) whereas food with low fat contents is recommended to 

avoid obesity problem (Lintas, 1992).  

Vitamins are organic compounds occurring in natural foods especially in fruits and 

vegetables. They are essential for the maintenance of skin, mucous membranes, bones, 

teeth and hair, vision, absorption of calcium and phosphorus and reproduction. Vitamins 

also concerned in blood clotting, normal performance of nervous system, metabolism of 

macro-molecules and endocrine glands (Chatterjea and Shinde, 1998). Alkaloids are the 

derivatives of pyrrolidine, pyridine, piperidine, quinoline, isoquinoline, indole and purine 

etc. (Lovkova et al., 2001). They are very important constitute of most of the valuable 
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drugs and have marked physiological effect on living organisms (Edeoga and Eriata, 

2001). Glycosides are further divided into cardiac glycosides, anthra glycosides, iridoids 

etc. Cardiac glycosides induce strong specific effects on the myocardium and enhance the 

strength of cardiac contractions. Polysaccharides mostly include pectin, resins and 

mucilage. Essential oils as well as the pure essential oils isolated from these plants are 

important in medical practice (Lovkova et al., 2001). 

 

1.5 Significance of Trace Element Contents in Wild Edible Plants  

In biological and environmental studies, metals are classified into two categories: 

(i) essential metals, such as, Cu, Fe and Zn, (ii) nonessential or toxic metals such as Pb and 

Cd. Some of these are referred to as trace metals, which are found naturally in the 

environment and human exposure derives from a variety of sources, including air, 

drinking water and food (Angelova et al., 2004). The term ‘trace element’ refers to the 

chemical elements which are required in minute quantities. They are different from the 

minerals which are the chemical substances require more than 100 milligrams per day, 

whereas if the cellular body requires less than this, it is labelled as trace element. Trace 

elements comprise less than 0.01% of the total body weight. These elements have greater 

tendency to accumulate in the vital human organs over prolong period of time. Among 

these at least 25 elements are essential to human health out of which 14 are termed as trace 

elements (Hashmi et al., 2007). They are crucial for many physiological functions 

including oxygen transport, nerve conduction, growth stimulation, maintenance and repair 

of tissues and bones. Trace metals play an important role in the synthesis and structural 

stabilization of proteins and nucleic acid. They also play a part in the muscle contraction, 

body fluid electrolytes and sub-cellular system such as mitochondria. In most of the cases 

trace metals act as a cofactor of enzyme systems (Nutrition Science News, 2010; Olarsch, 

2003; Speich et al., 2001; Vural et al., 1999). The chelation of metals and 

chemotherapeutic agents are closely related to each other (Lamari et al., 2008).  

Elements are required at optimum concentration for proper functioning of the human 

biological system. Clinical scientists recognize function of trace elements in humans and the 

effect of their deficiencies and excess on human health. Factors such as diet, absorption 

ability, toxicities and drug-nutrient interactions play a role in maintaining a balance of trace 

elements in the body (Standstead and Klevay, 2000). In wild edible plants trace elements 

play a fundamental role in the structure of the active chemical constituents and are 
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responsible for medicinal as well as toxic proprieties of these plants (Barens, 1997). These 

trace elements act as enzyme cofactors in the production of many proteins, hormones, 

neurotransmitters, and genetic material. Iron is essential for the production of haemoglobin, 

myoglobin and various enzymes, involves in the formation of red blood cells and helps body 

to fight against diseases (Wang et al., 1990; Leung et al., 1999). The essential enzymes that 

require the Fe (II) as cofactor in body are pyruvate oxidase, mitochondrial cytochrome, 

ribonucleotide reductase, tyrosine and proline hydrolase, monoamine oxidase, glucose-6- 

phosphate. Copper plays an important role in energy metabolism. It is an important co-factor 

enzyme of electron transport chain and required for super oxidase and antioxidant that 

protects the body against oxidative damage. It also plays an important role for synthesis and 

maintance of collagen protein. Enzymes in the body that require the Cu (II) ion as cofactor 

are cytochrome-c-oxidase, superoxide dimutase, protein-lysine 6-oxidase (Manore et al., 

2009).  

Zinc is required for structure and function of more than 300 enzymes in human 

body. It is also essential for growth, skin diseases, development of sexual organs, sickle 

cell anaemia, down syndrome, reproduction, restores immediate hypersensitivity, 

lymphocytes function, neutrophil chemotaxis and increase resistance to infection. Zn 

deficiency decreases the resistance against bacterial, viral, fungal and parasitic pathogens, 

impairment in healing, taste, growth and leads to dwarfism. Enzymes that require the Zn 

(II) ion as cofactor for their proper functions are iodate dehydrogenase, carbonic 

anhydrase, malate dehydrogenase, carboxypeptidase, alkaline phosphate, alcohol 

dehydrogenase (Obiajunwa et al., 2002; Calder et al., 2002; Lokhande et al., 2010; 

Wardlaw, 1999). 

The presence of Cr and Mn in plants can be correlated with curing properties against 

diabetes and cardiovascular diseases (Ajasa et al., 2004). Chromium is a constituent of a 

complex known as glucose tolerance factor (GTF), which improves the insulin 

internalization and sensitivity. This in turn lowers the glucose levels and increases amino 

acids and fatty acid uptake after a meal. Cr is also important for growth, synthesis of DNA, 

RNA and proper immune system (Manore et al., 2009). Manganese is an essential nutrient 

involved in formation of bone and in specific reaction related to amino acid, cholesterol and 

carbohydrates metabolism. Mn metallo enzymes include arginase, glutamine synthetase, 

phosphophenol pyruvate decarboxylase and manganese superoxide dimutase (Otten et al., 

2006). Cobalt is an essential component of vitamin B-12. It acts as a co-factor in enzyme-

catalysed reactions and is involved in the production of erythropoietin, a hormone that 
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stimulates the formation of erythrocytes. This last property of cobalt was applied in the past 

as a therapy for anaemia (Boeck et al., 2003). Sr is important for the removal of bladder 

stones and As, for the curing of leprosy (Mohanta et al., 2003). Cu plays an important role 

in iron metabolism and its deficiency causes delicate bone cortices and spontaneous rupture 

of major vessels (Obiajunwa et al., 2002). Usually, Ca is the most abundant macro-element 

in the plants which is essential to stop blood loss and the treating wounds (Obiajunwa et al., 

2002; Okaka and Okaka, 2001).  

 

1.6 Contamination of the Plants 

Environment in developing countries, pollution in irrigation water, rainfall, 

atmospheric dusts, fertilizers, organic metalloids and metal based pesticides, leaded 

petrol, soil, sterilization methods, anthropogenic contamination and storage conditions 

play an important role in contamination of edible and medicinal plants by heavy metals 

and other toxic contaminants (El-Rjoob et al., 2008; WHO, 2007; Chan, 2003; Bin et al., 

2001). No standards exist for raw plant materials that establish an acceptable level of 

metals in such materials (Xozak et al., 2002). Heavy metals can be harmful due to their 

potential to accumulate in different body parts of the human beings. Even in low 

concentrations, they have adverse health effects because these are non-biodegradable and 

persistent in nature (Duruibe et al., 2007). Such metals gather in soil (Yuran and 

Harirson, 1986), and may be taken up and accumulated by the plant in the edible parts 

(Soliman et al., 1997; Tuzen, 2003). Ingestion of heavy metals (Fe, Cd, Cu, Ni, Pb, Zn, 

etc.) adversely influence biological processes and is related with many life threatening 

diseases including decrease in immunological defences, intrauterine growth retardation, 

psychosocial dysfunctions, disabilities associated with malnutrition and a high prevalence 

of upper gastrointestinal cancer (Masironi and Parr, 2010; Mustak et al., 2008; Pasha et 

al., 2008; Vigeh et al., 2006; Hegde et al., 2004; Turkdogan et al., 2003). In this respect, 

it may be evoked that wild plants could be phytotoxic when grown in metal contaminated 

soils and may act as a medium for transferring higher levels of the toxic metals from 

polluted environment to the food chain and pose a threat of metal toxicity and related 

human diseases (Maharia et al., 2010). 

Elevated concentrations of Cu in vegetables and fruits are related to 

gastrointestinal cancer (Turkdogan et al., 2003). Similarly, Ni at high concentration can 

cause cancer, skin rashes, fatigue, headache, heart problems, dizziness and respiratory 
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illness (Khan et al., 2010). Cd may cause bone fracture, cancer, kidney dysfunction and 

hypertension as well as gastrointestinal cancer (Satarug et al., 2000). High concentrations 

of Pb has persistent adverse health effects including respiratory and dermatogenic 

problems caused by ingestion and dermal contacts of contaminated soil or dusts (Wang et 

al., 2005). High Cd exposure leads cancer of the bladder, kidney, lung and prostate 

(Lalor, 2008). High levels of Mn accumulation can cause a neurodegenerative disorder 

called ‘mangnnism’ (Josephs et al., 2005) where as low level Mn exposure could 

accelerates the development of a neurotoxic condition (Martin, 2006). An excess of Fe 

absorption results diarrhoea, vomiting and damage of the intestine, induction of free 

radicals that causes DNA double strand to break and oncogene activation (Whysner and 

Wang, 2001). Studies have shown that short-term exposure to Cr and Co may affect 

human osteoclast and osteoblast survival and function (Andrews et al., 2011).  

Now, it has been a well known fact that chronic accumulation of various elements 

occurs due to overdose or prolonged utilization of edible plants thus causing various health 

problems (Sharma et al., 2009; WHO, 1992). The monitoring and extraction of heavy metals 

in water, crops, and other food stuffs is of great significance in caring the public from the 

hazards of lethal pollutants (Ward and Savage, 1994; Soylak and Elci, 2000). Metals are 

widely dispersed throughout nature and occur freely in water and soil. As they are likely to 

be present in many foods, the total population exposure to toxic elements should be reduced 

by minimizing contamination of the edible plants (WHO 2007; Mazzanti et al., 2008). The 

examination of trace metals in wild plants is necessary not only because it provides 

information in the clarification of mechanisms of action involving metals in 

phytotherapeutics, but also because it eliminates or at least decrease the use of the plants 

contaminated with the toxic metals (Kinghorn and Seo, 1998). In this context, elemental 

compositions of the edible plants are very significant and need to be screened for their 

quality control (Jabeen et al., 2010).  

 

1.7 Antioxidant Potential of Wild Edible Fruits and Vegetables  
 

 

Free radicals have a variety of origins in the human body. They are often produced 

spontaneously and are catalyzed by metal cofactors, or are by-products of cellular 

processes. Environmental pollution and synthetic drugs are considered as major sources of 

free radicals. About 2-5% of the oxygen used in mitochondria escapes the system as 

reactive oxygen species (Sacheck and Blumberg, 2001). Free radical reactions occur in the 
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human body and food systems. Free radicals in the form of reactive oxygen and nitrogen 

species including; superoxide anion, hydroxyl radical, and hydrogen peroxide, are 

generated in specific organelles of the cell under normal physiological conditions 

(Haraguchi, 2001). Excessive production of these ROS, can cause oxidative stress due to 

imbalance of the body antioxidant defense system and free radical formation (Aruoma, 

1996). These reactive oxygen and nitrogen species can react with biomolecules, causing 

cellular injury and death, and may lead to the development of chronic diseases such as 

cancers and that of cardio and cerebro vascular systems. Dietary antioxidants can augment 

cellular defenses and help to prevent oxidative damage to cellular components (Halliwell, 

1989). 

Metals especially Fe and Cu are involved in the generation of oxidants. Iron (II) 

salts rapidly catalyze the production of hydroxyl radical from hydrogen peroxide (Levine 

and Kidd, 1985), whereas copper (I) salts catalyze this reaction even faster than that of 

iron (Halliwell and Gutteridge, 1984). The presence of free copper or iron in the 

bloodstream is, therefore, critically dangerous. Reactive oxygen can damage the DNA, 

lipids and protein, which will either kill the cell or turns cancerous, or damage the cell 

membrane or inactivate enzymes. This fact has given rise to the free radical theory of 

aging (Atkins, 2000; Campo et al., 1998). When the fatty acid chains in lipids are 

damaged by free radicals, they become cross-linked and spoilt. Through a series of steps, 

lipids become lipid radicals and lipid peroxides, which then regenerate further radicals 

through chain reaction (Kong and Davison, 1980).  

Although the use of wild and traditional edible species has been influenced by the 

economic attraction of food and non-economic crops, they are important in family food 

security, since people culturally accept and use them in different ways (Tukan et al., 

1998), but very few ethnopharmacological and phytopharmacological studies have deal 

with the potential health benefits of such diets. Epidemiological studies have consistently 

shown that there is a clear significant positive connection between the intake of fruits and 

vegetables and a reduced rate of heart disease, mortality, common cancers and other 

degenerative diseases as well as aging, and this is attributed to the fact that these foods 

may provide an optimal mix of phytochemicals such as natural antioxidants, fibres and 

other biotic compounds (Kaur and Kapoor, 2001). Some antioxidants present in plants are 

capable of stimulating free radical damage to carbohydrates and DNA in vitro, and may 

therefore exact pro-oxidant actions in biological systems (Aruoma, 1996).  

Fruits and vegetables have been related with the prevention of degenerative 
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diseases, such as cancer and cardiovascular diseases (Liu, 2003). The presence of wide 

range of phytochemicals such as phenolics, thiols, carotenoids, anthocyanins and 

tocopherol have been recommended to exert chemo-preventive (Dragsted et al., 1993) and 

cardio-protective (Vita, 2005) effects, as well as protecting the human body against 

oxidative damage by free radicals (Halliwell, 1997). The search for antioxidants from 

natural sources has received much attention and efforts have been put into identification of 

compounds that can act as suitable antioxidants to replace synthetic ones. In addition, 

these naturally-occurring antioxidants can be formulated to give nutraceuticals that can 

help to prevent oxidative damage from occurring in the body. 

 

1.8 Socio-Economic Importance of Wild Edibles  

The world has witnessed growing scientific and commercial interests in wild plants 

and plant based products, mainly due to their vast economic potential and widespread 

cultural acceptability, however, only less than 5% species have been analyzed as potential 

medicine, while the rest (95%) of the plants are still there to be analyzed (Shinwari et al., 

2009). The diversity in wild plant species offers variety in family diet and contributes to 

household food security. Today, most human plant food is based on rather limited number 

of crops, but it is clear that in many parts of the world the use of wild plants is not 

negligible (Cavender, 2006; Pieroni et al., 2007). 

Sometimes the nutritional value of traditional wild plants is higher than several 

known common vegetables and fruits (Orech et al., 2007). Throughout the world, and 

more especially in developing countries, wild plants make an important contribution to the 

life of local communities. They play a significant part in a wide range of agricultural 

systems as a source of wild foods and fuel wood, and they have an important socio-

economic role through their use in medicines, dyes, poisons, shelter, fibers and religious 

and cultural ceremonies (Heywood and Skaula, 1999). It has been estimated that 46% of 

world’s poor live in South Asia (Bhattarai, 1998) of which 75 million dwell Himalayas 

(Dutta and Pant, 2003) and the biomass extraction is most extensive pressure on forests 

where rural people significantly depend for their household and livelihood needs and 

income generation through the sale of wild harvested materials (Pattanayak et al., 2003). 

Food production must be actively combined with evaluation, selection, 

domestication and greater consumption of under-utilized or wild edible plants that are of 

local or regional importance to effectively increase nutritional security. By improving the 
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linkage between production and utilization, the biodiversity of traditional crops can be safe 

guarded. The knowledge of a traditional food plant is important to promote the cereal 

staples in a more sustainable way. This is so because this know-how will enable better 

food security/nutrition at household level (Ohiokpehai, 2003).  

 

1.9 Background and Justification of the Project  

Food and nutritional security are key issues for human wellbeing. Researchers, 

governments and organizations working with food and nutrition are concerned with the 

nutritional status of the general population especially children, pregnant women and 

lactating mothers in the developing countries (Andersen et al., 2003; Sena et al., 1998). 

The diversity in wild plant species offers variety in family diet and contributes to 

household food security. Today, most human plant food is based on a rather limited 

number of crops, but it is clear that in many parts of the world the use of wild plants is not 

negligible (Cavender, 2006; Pieroni et al., 2007). Of the Earth's half million plant species, 

only about 3,000 species have been used as agricultural crops and only 150 species have 

been cultivated on a large scale. However, development of genetically modified crops may 

play an important role in achieving improved yield that is essential for human survival, 

developing new crops by domesticating currently wild edible species offers considerable 

potential (Heywood and Skoula, 1999).  

Wild edible fruits and vegetables are known to be excellent source of nutrients 

such as minerals, vitamins and carbohydrates in form of soluble sugars, cellulose and 

starch for the poor segment of the population, especially where malnutrition is widespread. 

They are very vital portion of an adequate diet and they serve as food supplement, and an 

appetizer (Orech et al., 2007). Indeed, there is increasing consensus that wild foods could 

significantly contribute to alleviating hunger and malnutrition. In view of this, neglected 

crops, non-commercial foods, and wild foods are receiving renewed attention, with the 

recognition that they could become useful parents in breeding programs, convenient 

sources of income, and vehicles for improved nutrition and increased food supply 

(Burlingame, 2000; Olorode, 2004). 

Pakistan is one of the few places on earth with such a unique biodiversity, 

comprising different climatic zones with a wide range of plant species having medicinal 

and nutritional values. There are several hot spot areas of wild edible fruits and vegetables 

particularly in the Northern Pakistan ranging from Salt range, Kalla Chitta Hills, Tilla 



Chapter 1                   Introduction 

Ethnobotanical and nutraceutical investigation of wild edible fruits and vegetables of Lesser Himalayas 
14 

Gogian and Murree of Potohar region; Margalla Hills (foot hills of Himalayas) at 

Islamabad; Moist temperate areas of Ayoubia and Galiat; Siran valley, Kaghan-Naran 

valley, Palus valley of Kohistan and Babusar pass leading to Chalas and Gilgit in Hazara; 

Neelam valley and its allied areas in Kashmir; Skardu, Ghanche, Naltar valley, Ferry 

Meadows, Hunza valley, Yasin and Gupus valley, Astor valley, Khungrab pass leading to 

Tibet and China, Khaplu and Shigar valley leading to K-2 area (second highest peak in the 

world), Deosai areas (one of the highest plateau of the world) in the Karakorum ranges of 

Gilgit-Bultistan are potential places of wild edible fruits and vegetables. In Swat Kalam 

valley, Mahodhand, Malam Jaba, Chail velley and Madian valley; Bamburit valley of 

Chitral, Kalakot and Madan valleys of Dir are famous for wild edible fruits and 

vegetables. One cannot forget the potential of biodiversity of Baluchistan especially the 

Junipers forests at Ziarat (one of the largest Juniper forests of the world). Baluchistan is 

also famous for apple, cherries and grapes along with a vast number of wild edible fruits 

and vegetables species.  

The major challenges to the people of Pakistan at present are unemployment, 

costly food, energy and poverty.  The food problem may be solved by the availability of a 

large number of wild edible food resources (wild fruits and vegetables) which can be used 

as an important source of nutrition to supplement traditional staple diets. A large 

population of the country is still using a wide variety of plants in their daily lives for food, 

shelter, fuel, medicines and other necessities of life. Among these plant species wild edible 

fruits and vegetables play a crucial role in assessing their nutritional significance. Also 

most of these traditional wild food resources have a potential for income generation but 

fail to compete with exotic fruits and vegetables at present due to lack of awareness.  

Knowledge of indigenous wild edible food resources needs urgent scientific 

investigation and documentation before it is irretrievably lost to future generations. In 

Pakistan prior to this project no attention has been given on the assessment of nutritional, 

phytochemical and antioxidant potential of wild edible fruits and vegetables species and 

their role in food security. Present project will provide key information for development of 

policies and careful utilization of these natural resources. The ethnobotanical, nutritional, 

phytochemical and antioxidant profiling of wild edible fruits and vegetables on the basis 

of up to date techniques will be the central areas of this project. The present work will 

provide new food resources and a botanical data base for future research by Taxonomists, 

plant breeders, Food chemists, Nutrition biologists, Nutraceutical, Beverages and 

confectionary industries. It will be helpful for better food selection and consequent 
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improvement in nutritional status of the diet of local population in Pakistan. 

 

1.10 Hypothesis  

The ever-growing human population needs cheap, sustainable and nutrient rich food 

resources. Wild edible fruits and vegetables species are often ignored although they are 

rich in nutritive and medicinal value which can be helpful in coping with the problem of 

health and to balance the equation between population and food needs. The main aim of 

this project will be to explore the ethnobotanical, nutraceutical aspects of wild edible fruits 

and vegetables of Pakistan for future applied research in product development for 

industries particularly and poverty alleviation in generally. 

 

1.11 Major Objectives of the Present Study 

The present study is based on the following broad objectives: 

 To provide a botanical data-base of traditional wild edible fruits and vegetables 

 To evaluate the ethnobotanical significance related to wild edible fruits and 

vegetables 

 To examine the nutritional, phytochemical and antioxidant potential of selected 

wild edible fruits and vegetables 

 To quantify the concentrations of selected essential and toxic metals in the wild 

edible fruits and vegetables 

 To investigate the correlation between nutritional value, phytochemical 

constituents, antioxidant activity and selected metal levels in the wild edible fruits 

and vegetables 

 To study the multivariate apportionment among the fruits and vegetables 

 To explore food resources for growing human population, nutraceutical, beverages 

and confectionary industries 

 To conserve and domesticate wild edible fruits and vegetables for posterity 
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MATERIALS & METHODS 

 

2.1 Study Site Description 

The present research work comprises ethnobotanical and nutraceutical 

investigation of wild edible fruits and vegetables of Lesser Himalayas Pakistan. The study 

was conducted from January 2010 to May 2012 in different sites of Lesser Himalayas. 

Data were collected from 175 localities (Plates A & B) of five major sampling sites 

including Abbottabad, Haripur, Mansehra, Margalla Hills National Park Islamabad, 

Murree Hills and its allied areas in Punjab (Figure 1). The details of the sampling sites are 

given below. 

 

2.1.1 The Lesser Himalayas  

The Himalaya is the name of a massive mountain range system in Asia that 

separates the Indian subcontinent from the Tibetan Plateau. It includes the Karakoram, the 

Hindu Kush and other lesser ranges. The Himalayan mountain system is the home of 

world's highest peaks, Mount Everest and K2 (Anon, 2011). The Lesser Himalayas is a 

prominent range 2,000 to 3,000 meters (6,600 to 9,800 ft) elevation. The Lesser 

Himalayas in Pakistan include entire Hazara division (covering the districts of 

Abbottabad, Batagram, Haripur and Mansehra), Islamabad-Rawalpindi districts excluding 

the plains of Tehsil Gujar Khan and Azad Jammu & Kashmir. These mountains are also 

the home to Pakistan's important hill stations like Abbottabad, Ayoubia Balakot, Bara 

Gali, Ghora Gali, Kaghan, Murree, Nathia Gali, Shogran and Thandiani (Hussain and 

Ilahi, 1991). 

 

2.1.2 Location  

Physiographically Pakistan is divided into four reigns including, the great 

highlands; Baluchistan plateau; Desert areas and Indus plain (Anon, 2011). The Lesser 

Himalayas roughly, lies between 33º-33' to 74º-05' east longitudes. Rawalpindi and 

Islamabad districts lie between 33º-30' and 33º-50' north latitude and 72º-45' and 73º-75' 

east longitude, whereas Hazara division is located between 33º-44' and 35º-35' north 

latitude and between 72º-33' and 74º-05' east longitude. The total area of Lesser Himalayas 

in Pakistan including the entire Hazara division, Rawalpindi and Islamabad districts is 

approximately 23295 km2 (Hussain and Ilahi, 1991), and the total population is 
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approximately 10 million (Anon, 1998).  

The special features of the Lesser Himalayas are the mountain ranges which run 

usually north-east to south-west. On the east the main chain is long ridge that flanks the 

right bank of river Kunhar and the Jhelum and eventually terminates in the Murree and 

Khanpur. The peaks may attain height of over 4546 meters and varies near the central part 

known as Dunga gali range. Here the variation in altitude may be from 2121 meters to 

3030 meters. At Khanpur and Siribang the highest peak is about 1712 meters. From this 

back bone many ribs arise in the form of spurs in all directions. The western spurs are 

longer enclosing a network of Lora, Nara and Khanpur valleys. Another chain flanks on 

the extreme northern sides on the left bank of Kunhar which forms a part of the boundary 

between Hazara and Azad Jammu and Kashmir. It contains highest peak Malika Parbat 

which towers about 5152 meters and Musa-ka-Mussalla peak reaching 4054 meters 

(Hussain and Ilahi, 1991). 

 

 

Figure 1. Location map of the study area 

 

2.1.3 Geo-Climate  

Geologically Lesser Himalayas has been divided into two major zones i.e. the 
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Hazara zone that includes Salkhala series, Hazara slates, Tanawal formation, Tannaki 

conglomerates, Abbottabad formation, Galdanian formation, Hazara formation, Mansehra 

granites and Kalachitta zone which comprises Mianwali formation, Chak-Jabbi limestone, 

Samana Sukh formation, Kawagrah marl, Lockhart limestone, Patala formation and 

Marghala hills limestone. The main rock types of Lesser Himalayas are phyllites, schists, 

paragneisses, sandstone, quartizitic limestone, quartizitic sandstone, crystalline limestone, 

marble, minor conglomerate, acidic and basic igneous rocks, slates, calcareous and 

siliceous partings, magmatities, amphibolites, chlorite, kyanite, sillimanite, staurolite, 

granet and biolite grades, arenaceous, quartz, argillite limestone, dolomite, haematitic 

claystone, shaly siltstone, feldspars, black tourmaline, marl and oolitic limestone 

(Tahirkheli 1982). Soil of the Lesser Himalayas falls in to five major categories i.e. 

alluvial soil, lateritic soil, piedmont or foothills soil, montane soil and skeletal soil 

(Champion et al., 1965).  

The important rivers of Lesser Himalayas are Dor, Haro, Jehlum, Kurang, Kunhar, 

Siran, Soan and the mighty Indus strikes it on the west for 48 km and Jhelum River on the 

east for about 40 km. Kathas, Nallhas, Kassies, Lehi, Kanshi, Lings, Sarin, Ghamlan and 

Tamrah are the main tributaries of these rivers. Lakes are confined to upper mountainous 

region in Kaghan valley. The three world famous lakes are Lulusar, Dudupat Sar and 

Saiful Malook Sar. Lulusar is a crescent shape lake about 2.5 km long and 274 meters 

wide; Dudupat Sar is a circular lake about half a kilometer in distance at 3636 meters 

height; Saiful Malooke lake is located 10 km east of Naran. It is about half km long and 

457 meters broad at an altitude of 3248 meters (Hussain and Ilahi, 1991). 

Due to variation in the topography, altitudes aspects and vegetation cover, the 

climate of the Lesser Himalayas shows tremendous variation. It falls into two major 

categories include, Subtropical continental lowland including the plain and foot-hills zone 

and Subtropical continental highland including outer and middle Himalayas, Siwalik hills 

Murree hills and entire Hazara hills. The average rainfall varies from 70-90 mm in 

southern parts whereas 100-130 mm in northern parts. Monsoon period comprises three 

months during July, August and September which has monthly average of 100-200 mm. 

October-December appear to be the dry periods, which are followed by the secondary dry 

spell in May-June. A large part of the winter precipitation from the western disturbance is 

received in the form of snow. The northern parts receive little rain but heavy snowfall in 

the winter (Hussain and Ilahi, 1991; Khan et al., 2010).  

As a general rule the temperature decreases at a normal lapse rate of 0.5ºC/100 
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meters during an altitude rise. In the western Himalayas there is a decline of 3ºC per every 

303 meters and 4ºC in the eastern Himalayas up to 21212 meters. The mean annual 

temperature of Tarbela, Khanpur, Tanawal, Kahuta, Oghi, Balakot, Kakul, Rawalpindi and 

Islamabad is around 21ºC with summer temperature rising over 41ºC. June and July are 

hot months while December and January are the coldest (Hussain and Ilahi, 1991; Anon,, 

1998; Khan et al., 2010).  

 

2.1.4 Biodiversity  

The vegetation of Lesser Himalayas falls within the subtropical, temperate, 

subalpine and alpine zones. However the Acacia modesta forests and Tropical dry 

deciduous forests lying in the foothills of the area are also included (Hussain and Ilahi, 

1991). The range management divided the area into six vegetation zones, namely; 

Subtropical sub-humid zone; Subtropical humid zone; Temperate humid zone; Sub alpine 

zone and Glaciers or snow fields (Khan, 1971). Knowledge related to the fauna of the 

eastern Himalayas region is poor. Most of the available information describes the larger 

vertebrates that are easily observed and inventoried. Overall, more than 175 species of 

mammals and in excess of 500 species of birds are known from this region of Himalaya 

(Anon, 2011). 

 

 

2.2 Ethnobotanical Study  

2.2.1  Field Equipments  

Before staring the research work general information about the area was collected. 

All the necessary equipment like altitude meter, compass, note book, maps, pencils, 

markers, plant presser, scale, blotting papers, tags, polythene begs, knife, cutter, dagger, 

rope, digital camera, questionnaires, measuring tape, leather gloves, water bottle, food and 

iron bar were carried to the sites. 

 

2.2.2  Ethnobotanical Data Collection 

Prior to undertaking laboratory analysis of wild edible fruits and vegetables 

samples, ethnobotanical information was obtained through informed consent semi-

structured interviews, questionnaires, market survey and focus group conversation with 

key respondents having sound traditional knowledge of useful wild edible plants (Pardo-
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de-Santayana et al., 2007; Martin, 1995; Cotton, 1996). Unceremonious dialogue and 

village walks with key informants (190) including farmers, herdsmen, shepherds, 

housewives, school boys and children were held to enhance understanding and gathered 

information about different species of wild food plants available around the villages. Adult 

female members from the household, responsible for food preparation, were considered as 

the respondents with additional information from children and adults which, assist in 

collection and processing of wild leafy vegetables and fruits (Misra et al., 2008). The age 

of the respondents ranged from 10 to 70 years. Their answers were noted verbatim 

(Mengistu and Hager, 2008).  

Data were also collected on informants’ attributes, such as, age, gender, 

educational status and number of children. This was done to relate their social status with 

their species competence. Reflections on species preferences of people were assessed both 

through individual interviews of informants and in groups, of which the latter exercised 

pair-wise ranking (Maundu, 1995). Complete information about the local name of a plant, 

part/parts used, flowering/fruiting periods, season/quantity of collection, cooking recipe 

(for culinary vegetables), medicinal uses (method of preparation, mode of application, 

diseases cured), other ethnobotanical uses as (fodder, fuel, ornamental purpose, fencing, 

construction etc) were carefully recorded (Annexure 1). In most of the cases data collected 

were also cross checked at different villages from local inhabitants either by showing the 

fresh specimen, telling them local names or showing field photographs to the informants 

to verify the authenticity of the claims. 

 

2.2.3  Plants Sampling and Photography 

A total of eighty wild edible plant species including 35 wild edible fruits and 45 

wild edible vegetables were selected for this study based on their performance in the 

preference ranking of the wild food plants in the study area (Tables 1 & 2). Edible parts of 

the identified wild fruits (fleshy and ripe) and vegetables species (mature) were collected 

during the survey in different seasons and temporarily stored in properly labelled 

polythene bags to prevent loss of moisture and prior to being brought to the laboratory 

(Plates C & D). About 10 to 20 samples of each plant species were collected during this 

study. The photography of the wild edible plants in the field was done by using a Sony 

Digital camera (W-50). Appropriate field photographs of the vegetative parts, fruits and 

flowers were also captured.  
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Table 1. Check list of wild edible fruits included in the present study 

S. No Botanical name Family Local name English name
1 Pistacia integerrima J.L. Stewart 

ex Brandis. 
Anacaediaceae Kangar Spogel seed 

2 Berberis lycium Royle. Berberdiaceae Sumbul Berberry 

3 Opuntia dillenii Haw. Cactaceae Nakh band Prickly pear 

4 Viburnum foetens Decne. Caprifoliaceae Guch Himalayan Silver Fir 

5 Diospyros lotus L. Eebnaceae Kala malook Date plum 

6 Juglans regia L. Juglandaceae Khor Walnut 

7 Ficus carica L. Moraceae Tra kani phagwar Fig 

8 Ficus glomerata Roxb. Moraceae Bar Cluster fig 

9 Ficus palmata Forssk Moraceae Phagwar Wild fig 

10 Morus alba L Moraceae Chitta toot White mulberry 

11 Morus laevigata Wall. ex Brandis Moraceae Safed shahtoot Mulberry 

12 Morus nigra L. Moraceae Kala toot Black mulberry 

13 Myrsine africana L. Myrsinaceae Khukan African boxwood 

14 Olea ferruginea Royle. Oleaceae Kahou Iron tree/wild olive 

15 Phoenix dactylifera L. Palmae Chotti Khagoor Date palm 

16 Phoenix sylvestris Roxb. Palmae Bari Khagoor wild date-palm 

17 Punica granatum L. Punicaceae Durni Pomegranate 

18 Ziziphus mauritiana Lam. Rhamnaceae Moti Ber Indian Plum 

19 Ziziphus nummularia (Burm. f.) 
Prodor. 

Rhamnaceae Chotti Ber wild jujube 

20 Ziziphus oxyphylla Edgew. Rhamnaceae Phitni Jujube tree 

21 Ziziphus sativa L. Rhamnaceae Barri Jujube tree 

22 Ziziphus spina-christi Willd. Rhamnaceae Jand Ber Jerusalem-thorn 

23 Duchesnea indica (Andr.) Rosaceae Budi meva Indian strawberry 

24 Prunus armeniaca L. Rosaceae Kori hari Armenian plum 

25 Prunus domestica L. Rosaceae Aloucha Round plum 

26 Pyrus pashia L. Rosaceae Kali Batangi bari Black pear tree 

27 Rosa brunonii Lindle. Rosaceae Tarni Himalayan musk rose 

28 Rosa moschata auct. Rosaceae Gangli gulab Musk rose 

29 Rubus ellipticus Smith in Rees. Rosaceae Akha Asian wild raspberry 

30 Rubus ulmifolius Schott in Oken. Rosaceae Kali bari pluchi Sow-teat blackberry 

31 Zanthoxylum armatum D.C. 
Prodor. 

Rutaceae Timber Toothache Tree 

32 Grewia optiva Drum. ex. Burret. Tiliaceae Dhaman Monkey soap 

33 Celtis australis L. Ulmaceae Batker European hackberry 

34 Vitis jacquemontii Parker. Vitaceae Gidhar dakh Tree of Heaven 

35 Vitis parvifolia Roxb. Vitaceae Kali bari dakh Summer grape 

 
 
 

 



Chapter 2               Materials and methods  

Ethnobotanical and Nutraceutical investigation of wild edible fruits and vegetables of Lesser Himalayas 
22 

 

Table 2. Check list of wild edible vegetables included in the present study 

S. No Botanical name Family Local name English Name 
1 Amaranthus hybridus L. Amaranthacea Ghinar Slim amaranth 
2 Amaranthus spinosus L. Amaranthacea Ghinar Spiny amaranth 
3 Amaranthus viridis L. Amaranthacea Ghinari Slender amaranth 
4 Digeria muricata (L.) Mart. Amaranthaceae Sag Wild rhubrab 
5 Dryopteris ramosa (Hope) C. Chr. Aspidiaceae Gunji Oak Fern 
6 Bidens bipinnata L. Asteraceae Siryala Spanish needles 
7 Cichorium intybus L. Asteraceae Kashni Chicory 
8 Launaea procumbens (Roxb). Asteraceae Makhna Bold-Leaf Launaeae 
9 Sonchus asper L. Asteraceae Dodhal Sow thistle 
10 Sonchus oleraceous L. Asteraceae Dodhal Sow thistle 
11 Taraxacum officinale L. Asteraceae Sheshe haund Cankerwort, Milk witch
12 Bombax malabaracum DC., Bombacaceae Dug sumbal Silk Cotton Tree 
13 Capsella bursa-pastoris (L.) Medic., Brassicaceae Sag Shepherd's purse 
14 Nasturtium officinale R.Br., Brassicaceae Tara mera Water cress 
15 Bauhinia variegata L. Caesalpiniodeae Safed jamini kalyar Orchid tree 
16 Silene conoidea L. Caryophyllaceae Doda Weed silene 
17 Stellaria media (L.) Cyr. Caryophyllaceae Makhni Chickweed 
18 Chenopodium album L. Chenopodiaceae Bathu Pigweed 
19 Commelina benghalensis L. Commelinaceae Naria Day flower/Dew flower
20 Evolvulus alsinoides L. Convolvulaceae Kalowa Dwarf morning glory 
21 Dioscorea deltoidea Wall. ex, Kunth. Dioscoreaceae Jungli kachaloo Yam 
22 Lamium amplexicaule L. Lamiaceae Phumbra Henbit dead nettle 
23 Origanum vulgare subsp. Hirtum L. Lamiaceae Poodni Wild marjoram 
24 Tulip stellata  var. clusiana Hk. f., Liliaceae Kakr moona Benghal day flower 
25 Malva parviflora L. Malvaceae Sonchal Least mallow 
26 Ficus carica L. Moracea Tra kani Phagwar Fig 
27 Ficus palmata Forssak. Moracea Phagwar Fig 
28 Oxalis corniculata L. Oxalidaceae Gandora White wood sorrel
29 Lathyrus aphaca L. Papilionoideae Paratha Yellow pea 
30 Medicago polymorpha L. Papilionoideae Sinjii California bur clover 
31 Melilotus alba Desr. Papilionoideae Safed sinji Bokhara Clover 
32 Melilotus indicus (L.) All. Papilionoideae Sinjii Yellow Melilot 
33 Vicia faba L. Papilionoideae Sarphound Broad Bean/Bell Bean 
34 Vicia sativa L. Papilionoideae Auli pali Narrow leaved Vetch
35 Plantago lanceolata L. Plantaginaceaea Bhatti Ribwort plantain 
36 Bistorta amplexicaulis (D. Don) Green Polygonaceae Sag Fleece flower 
37 Polygonum aviculare L. Polygonaceae Trubra Prostrate knotweed
38 Rumex dentatus L. Polygonacea Hulla Toothed dock 
39 Rumex hastatus D. Don, Prodor. Polygonacea Khatimal Heart wing Sorrel 
40 Portulaca quadrifida L. Portulaceaea Chotta kulfa Ten o'clock plant
41 Galium aparine L. Rubiaceae Linda False cleavers 
42 Veronica arvensis L. Scrophulariaceae Ghoudri Corn speedwell 
43 Solanum nigrum auct. Solanaceae Kachmach Glossy nightshade
44 Pimpinella diversifolia (Wall.) DC. 

Prodor. 
Umbellifereae Tarpakhi Sweet cumin 

45 Torilis leptophylla (L.) Reichb.f. Umbelliferae Chrikanger Bristle fruit hedge 
parsley 
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2.2.4 Plants Preservation 

The plant specimens were properly pressed, dried and mounted on standard size of 

herbarium sheets (28 × 11.5 cm). Name of genus and species with authority and family, 

locality, name of collector and identifier were recorded on label. The voucher specimens 

were deposited in the Herbarium of Pakistan, Department of Plant Sciences, Quaid-i-

Azam University, Islamabad. 

 

2.2.5  Taxonomic Identification 

Taxonomic identification of the collected plant samples was carried out with the 

help of flora of Pakistan (Ali and Qaiser, 1995-2005) and at the Herbarium of Pakistan 

Quaid-i-Azam University, Islamabad. Identified voucher specimens were deposited in 

Quaid-i-Azam University Herbarium, Islamabad for future references.  

 

2.2.6 Morphological Description 

For morphological description including both vegetative and reproductive features, 

4 to 5 specimens per species were studied under the binocular microscope (Kyowa SZF, 

0.75X – 3.4X). The morphological characters include both vegetative and reproductive 

parts were reconfirmed by using different Floras (Ali and Qaiser, 1995-2005).  

 

2.2.7  Cultural Importance Index (CI) 

In order to find out cultural significance of each species in every locality cultural 

importance index (CI) was calculated as the summation of the use report (UR) in every use 

category mentioned for a species in the locality divided by number of participants (N) in 

that locality. Similarly mean cultural importance index (mCI) of each species was 

calculated (Pardo-de-satayana et al., 2007). The cultural importance of each family (CIf) 

was calculated by adding CI of the species from each family (Galeano, 2000).  
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2.3  Nutritional Investigation 

2.3.1 Chemicals and Glassware  

Following chemicals were used in the present study and all these were of analytical 

grade; sulphuric acid (H2SO4), nitric acid (HNO3), perchloric acid (HClO4), hydrochloric 
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acid (HCl), sodium hydroxide (NaOH), Potassium sulphate (K2SO4), sodium sulphate 

(Na2SO4), copper sulphate (CuSO4), Selenium dioxide (SeO2), boric acid, sodium 

carbonate (Na2CO3), acetone, petroleum ether, methyl red/bromocresol green indicators, 

standard solutions of different metals (Merck, Germany), de ionized water, Folin-ciocalteu 

reagent (C10H5NaO5S), sodium nitrite (NaNO2), aluminium chloride (AlCl3), phosphate 

buffer (pH 7.2 and 7.4), sodium acetate (CH3COONa), rutin (C27H30O16), meta-phosphoric 

acid (HPO3), dichloroindophenol (C12H6Cl2NNaO2), ascorbic acid (C6H8O6), 2,2-diphenyl-

1-picrylhydrazyl (DPPH) (C18H12N5O6), hydrogen peroxide (H2O2), gallic acid (C7H6O5), 

1,10-phenanthroline (C12H8N2), ferrozine (C20H13N4NaO6S2.H2O), ferrous sulphate 

(FeSO4), ferrous chloride (FeCl2), Ethylenedi-aminetetraacetic acid (EDTA) 

(C10H16N2O8), potassium ferricyanide (K3 [Fe(CN)6]), ferric chloride (FeCl3), 

trichloroacetic acid (TCA) (C2HCl3O2) and ammonium molybdate ((NH4)6Mo7O24.4H2O). 

Glassware and accessories included conical flasks (100–250 mL), volumetric 

flasks (10-50 mL), falken tubes (15-50 mL), funnels, graduated cylinder, beakers, pipits, 

Whatman filter paper No. 42, filter bags (ANKOM technology, USA), Petri dishes, 

crucibles, china dishes, spatula, tong, gloves, nose mask, paper envelops, shopping bags, 

plastic bottles, and baskets. Glassware used for the experimental work was thoroughly 

cleaned to remove organic and inorganic impurities. They were first washed with tap 

water, then with 5% (w/v) detergent solution, afterwards soaked in 5% (v/v) nitric acid 

overnight and finally rinsed with plentiful distilled water. A final rinse with acetone was 

given to remove organic impurities whenever required. The glassware was then dried in an 

electric oven maintained at 70°C for about six hours prior to use. 

 

2.3.2  Sample Processing 

Approximately, 2-10 kg fresh plant material of wild edible fruits and vegetables 

was selected from several plants of each variety collected from different localities. Peeled 

off fruits, fresh leaves and stem of the vegetables were washed with tap water followed by 

distilled water and dried at room temperature to remove residual moisture (Plates E-G), 

then placed in paper envelope and dried at 55°C to 65oC for 24 hours in electric oven 

(MEMMERT N-12880 KI, Germany) (Abuye et al., 2003; Wahab et al., 2008). The dried 

samples were ground into a fine powder using a pestle and mortar and sieved through 20-

mesh sieve (Plate H). The powder samples were placed in cleaned, labelled plastic bottles 

and stored at room temperature in desiccators (Meena et al., 2010; Street et al., 2008) until 

nutritional, phytochemical and antioxidant analysis. 
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2.4  Proximate Analysis 

The plant samples were analyzed in triplicate for their moisture, dry matter, crude 

protein, crude fats, crude fibers, carbohydrates, energy value and ash contents using 

standard methods as outlined by Association of Official Analytical Chemists (AOAC, 

1990, 1995 and 2000) and Association of American Oil Chemists (AOCS, 2005).  

 

2.4.1  Moisture and Dry Matter Content  

Approximately 25-50 grams of fresh wild edible fruits and vegetables material in 

triplicate were weighed (W1) on an electric balance (METTLER PK-300 Switzerland) and 

placed in an electric oven (Plate I) for 12-18 hours at 105°C (AOAC, 1995). Dried 

samples were cooled in desiccators and weighed (W2). The percentage loss in weight was 

expressed as percentage moisture contents.  

 

2.4.2  Ash Content  

Ash content was determined by the following (AOAC, 1995) methods. Clean and 

dried crucibles were first heated on hot burner for one minute, cooled in desiccators and 

weighed (W1). 2-4 grams of dried powder of fruits and vegetables in duplicate were 

weighed (W2) in these crucibles and was placed in a muffle furnace (GALLENKAMP, 

Germany) at 550 ± 5oC for 8-10 hours until ash was obtained (Plate J). Crucibles were 

removed to desiccators and weighed after proper cooling (W3). The ash content was then 

calculated by measuring the weight loss percentage. 

 

2.4.3  Estimation of Crude Protein 

The crude protein contents of wild edible fruits and vegetables were estimated by 

following method (AOAC, 2000) using auto Macro Kjeldhal apparatus (BUCHI K-370, 

K-437, Germany).  

a. Digestion: 1.000 gram (W1) of dried powder was mixed with 3.000 grams of 

digesting mixture (96.5 g Na2SO4 + 2.5 g CuSO4 +1 g Se) and taken in a 100 mL Kjeldahl 

digestion flask. 30 mL of conc. H2SO4 was added into it and digested in Kjeldahl digestion 

at 400oC for 80 minutes until the mixture was clear.  

b. Distillation and titration: The digest was filtered into a 100 mL volumetric flask 

and the solution was diluted up to the mark with distilled water. Ammonia in the digest 

was steam-distilled from 10 mL of the digest to which 20 mL of 45% NaOH solution had 



Chapter 2               Materials and methods  

Ethnobotanical and Nutraceutical investigation of wild edible fruits and vegetables of Lesser Himalayas 
26 

been added. The ammonia liberated was collected in 50 mL of 20% boric acid solution 

containing a mixed indicator (0.01 g of methyl red and 0.03 g of bromocresol green in 100 

mL of alcohol). Ammonia was estimated by titrating with standard 0.01 M HCl solution. 

Blank determination was carried out. Crude protein was estimated by multiplying the 

value obtained for percentage nitrogen content by a factor of 6.25 (Plate K). 

 

2.4.4  Crude Fats Estimation  

Crude fats extraction was carried out following the official procedure Am 5-04 

(AOCS, 2005) employing crude fats extractor (ANKOM XT 15, USA) containing 

petroleum ether as solvent (Plate L). Labelled filter bags were weighed one by one on the 

electric balance and tarred. 1-2 g of powder sample was added into the each bag and 

recorded the weight (W1). Filter bags were closed with heat sealer within 4 mm of the top 

to encapsulate the samples. Sealed bags were dried in oven at 80°C for three hours. After 

drying samples were cooled in desiccant pouch and weighed (W2). Sample bags were then 

placed into bag holder or carousel of fats extractor at 100°C for 60 minutes. After 

complete extraction, the samples were placed in an oven for 15-30 minutes, then cooled in 

desiccant pouch and weighed (W3). Crude fat contents (%CF) were calculated as; 
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where  W1  =  Original weight of the sample 

W2  =  Weight of pre-dried sample with the filter bag 

W3 =  Weight of dried sample and filter bag after extraction 

 

2.4.5  Crude Fiber Estimation  

Crude fibers contents of wild edible fruits and vegetables were estimated by acid-

base digestion (Aberoumand, 2009; AOAC, 1990) with 1.25% H2SO4 (7.2 mL of 94% 

H2SO4 /L distilled water) and 1.25% NaOH (12.5 g/L distilled water) solutions. 

Approximately 1-2 grams (W1) dried powder sample was put into a 600 mL beaker and 

200 mL of boiling 1.25% H2SO4 was added (Plate M). The contents were boiled for 30 

min, cooled, filtered through a filter paper and the residue was washed three times with 50 

mL aliquots of boiling water. The washed residue was brought back to the original beaker 

and further digested by boiling in 200 mL of 1.25% NaOH for 30 min. The digest was 

filtered to obtain the residue. This was washed three times with 50 mL aliquots of boiling 

water and finally with 25 mL ethanol. The washed residue was dried in an oven at 130°C 
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to constant weight and cooled in desiccators. The residue was scraped into a pre-weighed 

(W2) crucible, ashed at 550°C for 2 hours, cooled in desiccators and reweighed (W3). 

Crude fiber contents (%CFb) were expressed as percentage loss in weight on ignition. 

100
)(

%
1

32 



W

WW
CFb  

where  W1 = Weight of sample  

W2 = Weight of dried residue  

W3 = Weight of ash  

 

2.4.6  Estimation of Available Carbohydrates  

The carbohydrate contents were obtained by indirect method/difference method 

(Bamigboye et al., 2010; AOAC, 1990). (Subtracting the values obtained for moisture, 

crude protein, crude fats, crude fibre and ash from 100). 

Carbohydrates  =  100 – (%Moisture + %CP + %CF + %CFb + %Ash) 

 

2.4.7  Nutritive value/Energy value  

Energy value in kilocalorie per gram (kcal/g) was estimated by multiplying the 

percentage content of crude proteins, crude fats and carbohydrates by the recommended 

factors of 4, 9 and 4, respectively and then taken the sum of the values. The value was then 

converted to kilojoules by multiplying by 4.2 (Effiong and Udo, 2010, AOAC, 1990). 

Energy value (kcal/g) = (CP × 4) + (CF × 9) + (Carb. × 4)  

 

2.5  Quantification of Selected Metals 

2.5.1  Digestion of the Samples 

In the present investigation, following procedure was adopted for the digestion of 

the fruit and vegetable samples. For each fruit and vegetable three samples (1.000 g each) 

were accurately weighed in clean and dried conical flasks. The powder was digested with 

nitric acid (HNO3), sulphuric acid (H2SO4) and perchloric acid (HClO4) (20:4:2) solution 

for 35 to 40 minutes on hot plate in fume hood until the reddish brown fumes disappeared 

(Zafar et al., 2010; Jan et al., 2011) and a clear solution was obtained (Plates N-O). The 

samples were left to cool and contents were filtered. A blank digest was also carried out in 

the same way with every batch of 8 samples. Each sample solution was made up to final 

volume (50 mL) with distilled water and stored in a refrigerator before the analysis. 
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2.5.2  Metal Analysis 

An atomic absorption spectrophotometer (Shimadzu AA-670, Japan) was used for 

the quantification of selected metals (Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Pb, Sr 

and Zn) in the fruits and vegetables samples employing the calibration line method under 

optimum analytical conditions as shown in Table 3. Samples were appropriately diluted 

whenever required. The reagents and standard solutions used were of AAS grade with 

very high purity (>99.99%). Standard stock solutions (1000 mg/L) of the metals were used 

to prepare the working standards throughout this work. The accuracy of the method was 

evaluated using certified reference materials (NIST-SRM 1515 & 2709) as given in 

Annexure 2. Inter-laboratory comparison of the data was also exercised at an independent 

laboratory and normally, a maximum of ± 2% deviation was observed in the results of the 

two laboratories. 

 

Table 3. Optimum analytical conditions for the metal analysis using air-acetylene flame on 

atomic absorption spectrophotometer 

 

Wavelength 

(nm) 

HC lamp 

current (mA) 

Slit width 

(nm) 

Fuel-gas flow rate 

(L/min) 

Detection limit 

(µg/L) 

Ca 422.7 6.0 0.5 2.0 4 

Cd 228.8 4.0 0.3 1.8 4 

Co 240.7 6.0 0.2 2.2 5 

Cr 357.9 5.0 0.5 2.6 6 

Cu 324.8 3.0 0.5 1.8 4 

Fe 248.3 8.0 0.2 2.0 6 

K 766.5 5.0 0.5 1.9 4 

Li 670.7 4.0 0.5 1.6 3 

Mg 285.2 4.0 0.5 1.6 1 

Mn 279.5 5.0 0.4 1.9 3 

Na 589.0 6.0 0.5 1.6 1 

Pb 217.0 7.0 0.3 1.8 10 

Sr 460.7 4.0 0.5 1.6 5 

Zn 213.9 4.0 0.5 2.0 2 
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2.6  Phytochemical Analysis  

2.6.1 Extraction of the Samples 

The fruit and vegetable samples were rinsed under tap and deionised water, then 

cut into small pieces and dried at 70°C for 48 h in an electric oven. The dried samples 

were ground into fine powder, placed in clean bags and stored at room temperature in 

desiccators until further analysis. A two-step extraction process (Ji et al., 2011) was 

adopted to assess the hydrophilic and hydrophobic contributions in this study.  

First the samples were extracted with water (hydrophilic part) and then with 

acetone (hydrophobic part). 1.000 g of dried powered sample was mixed with 10 mL of 

distilled water and this homogenate was centrifuged at 6000 rpm for 15 minutes and 

supernatant was collected in a clean test tube. This extraction procedure was repeated 3 

times and supernatants were pooled in a flask. The solid residue was further extracted 

thrice in acetone (1:10 w/v) and supernatants were also pooled. 

 

2.6.2 Determination of Total Phenolic Contents 

The total phenolic contents of wild edible fruits and vegetables in water and 

acetone extracts were determined according to the method reported by the Lin et al., 

(2011). Aliquots of 1.0 mL of water or acetone extracts were mixed with 5 mL of 10 fold 

diluted Folin-ciocalteu reagent and 4 mL of 7.5% sodium carbonate. The mixture was 

allowed to stand for 90 minutes at room temperature before the absorbance was measured 

at 760 nm spectrophotometrically (IRMECO UV-Vis U2020, Germany). Gallic acid was 

used as standard and the final results were expressed as gallic acid equivalents (GAE).  

 

2.6.3 Determination of Total Flavonoid Contents 

The flavonoid contents in water and acetone extracts were measured using a 

modified colorimetric method described by Lin et al., (2011). A volume of 5 mL of water 

or acetone extract was transferred to the test tube, mixed with the 0.3 mL of 5% sodium 

nitrite for 5 minutes. Then 0.3 mL of 10% aluminium chloride was added. After 6 min, 

reaction was stopped by addition of 2 mL sodium hydroxide. The mixture was further 

diluted with distilled water up to 10 mL. The absorbance of the mixture was immediately 

measured at 510 nm. Rutin was used as standard and the flavonoid contents were 

calculated and expressed as rutin equivalents (Rt). 
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2.6.4 Determination of Total Flavonols 

Total flavonol contents in the water and acetone extracts were measured using the 

method reported by Kumaran and Karunakaran (2006). About 2.0 mL of sample was taken 

and 2.0 mL of 2% AlCl3 and 3 mL sodium acetate (50 g/L) solutions were added. The 

absorption was measured at 440 nm after 2.5 h at 20°C. Total flavonols contents were 

calculated as Rutin (mg/g) which was used as standard.  

 

2.6.5 Determination of Ascorbic Acid  

Ascorbic acid was determined according to the method of Klein and Perry (1982). 

Water and acetone extracts were re-extracted with meta-phosphoric acid (1%, 10 mL) for 

45 min at room temperature and filtered through Whatman No 4 filter paper. The filtrate 

(1.0 mL) was mixed with 9 mL of 2,6-dichloroindophenol (0.8 g/1000 mL) and the 

absorbance was measured within 30 minutes at 515 nm. Ascorbic acid contents were 

calculated on the basis of calibration curve of L-ascorbic acid (0.006-0.1 mg/mL; y = 

3.006x + 0.007; R2 = 0.999), and results were expressed as ascorbic acid equivalents.  

 

 

2.7  Antioxidant Activities 

Antioxidant activities were also measured in the water and acetone extracts of the fruit and 

vegetable samples as described in the previous section. The protocols of antioxidant activities 

included in the present study are described below.  

 

2.7.1 DPPH Scavenging Activity 

DPPH scavenging activity of the wild edible fruits and vegetables was determined 

according to Yu et al., (2002) and Aoshima et al., (2004) with slight modification. This 

method is based on the ability of an antioxidant to scavenge the DPPH cation radical. 

Briefly 2.0 mL of the sample extract or standards was added to the 5 mL of DPPH solution 

(0.1 mM in methanol) and vortexes vigorously; then incubated in dark for 30 minutes at 

room temperature and the decolourization of DPPH was measured against blank at 517 

nm. Results were expressed as Gallic acid equivalents and % inhibition was calculated by 

following relationship: 
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2.7.2 Hydroxyl Radical Scavenging Activity 

The hydroxyl radical scavenging activity of water and acetone extracts were 

calculated as described by Yu et al., (2004) with slight modification. This assay is based 

on Fenton reaction. Briefly 2.0 mL of 0.2 M phosphate buffer (pH 7.2), 0.04 mL ferrous 

sulphate (0.02 M), 2 mL of extract and 1 mL of 1, 10-phenanthroline (0.04 M) were 

delivered in to the test tube. The Fenton reaction was initiated by addition of 0.1 mL of 7 

mM H2O2. Absorbance was measured at 560 nm after 5 minutes incubation at room 

temperature. The relative hydroxyl radical scavenging activity (%) was calculated as: 

100
)(

)(
(%). 
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2.7.3 Hydrogen Peroxide Scavenging Activity 

Hydrogen peroxide scavenging activity of the water and acetone extracts was 

determined by Aiyegoro and Okoh, (2010) method with slight modification. The extract (4 

mL) was mixed with 2.4 mL of 4 mM H2O2 solution prepared in phosphate buffer (0.1 M, 

pH 7.4) and incubated for 10 minutes at room temperature. The absorbance was measured 

at 230 nm against blank, containing the extract without H2O2. Scavenging activity (%) was 

calculated by: 

100
)(

)(
(%). 
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2.7.4 Fe2+ Chelating Activity 

The extracts were assessed for their ability to compete with ferrozine for iron (II) 

in solution. The chelating ability of ferrous ion of various fractions was estimated by 

method of Dinis et al., (1994). 2.0 mL of water or acetone extract was added to the 2.0 mL 

of ferrous sulphate (0.125 mM). The reaction was initiated by addition of 2 mL of 0.3125 

mM ferrozine. The mixture was shaken vigorously and left standing at room temperature 

for ten minutes. Absorbance of the solution was measured at 562 nm against blank 

prepared in same manner using ferrous chloride and water. EDTA (0.625-5.0 mg) served 

as positive control and sample without extract or EDTA served as negative control. The 

percentage inhibition of ferrozine-Fe (II) complex was calculated using formula: 

100
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2.7.5 Ferric ion Reducing Antioxidant Power (FRAP Assay) 

The ferric ion reducing power of the extracts was calculated by the method of 

Hazra et al., (2008) with slight modification. Briefly 2.0 mL of sample was mixed with the 

2.0 mL of phosphate buffer (0.2 M, pH 6.6) and 2 mL of 0.1% potassium ferricyanide, 

followed by incubation at 50°C in water bath for 20 minutes. Afterward the reaction was 

stopped with addition of 2 mL of trichloroacetic acid (10%). The upper portion of solution 

(2 mL) was mixed with 2 mL of distilled water and 2 mL of 0.01% ferric chloride and left 

for 20 minutes at room temperature and absorbance was measured at 700 nm against 

blank. A higher of absorbance of reaction mixture indicated greater reducing power. Rutin, 

Gallic acid or ascorbic acid can be used as positive control. 

 

2.7.6 Phosomolybdenium Complex (PM) Assay  

The total antioxidant capacity of the fruits and vegetables extracts was measured 

by Phosomolybdenum complex assay as described by Prieto et al. (2006). Briefly 2.0 mL 

of sample solution in water or acetone extract was added to the 6.6 mL of reagent solution 

(0.6 mol/L sulphuric acid, 28 mol/L sodium phosphate and 4 mol/L ammonium 

molybdate), capped and incubate at 95°C for 90 minutes. After cooling to room 

temperature, the absorbance was measured at 695 nm against blank containing 1 mL of 

reagent solution and same volume of water instead of extract solution and then subjected 

to the same experimental condition. The results from three independent experiments, each 

run in triplicate, are expressed as the mean of relative antioxidant activity (RAA) 

compared to ascorbic acid (Vitamin-C). 

 

2.8 Statistical Analysis 

Descriptive statistical analysis included minimum, maximum, mean, median, 

standard deviation (SD), standard error (SE), skewness and kurtosis. First two parameters 

showed the spread of concentrations, while the central tendency was evaluated by 

computing the mean and median values. SD and SE exhibited the dispersion and 

randomness in the measurements. Last two coefficients were used for the investigation of 

the frequency distribution of metal and nutritional contents (Dragovic and Mihailovi, 

2009). Correlation analysis was also carried out in order to determine the extent of the 

relationship between the measured variables (Gong et al., 2010). Along with the basic 

statistical parameters and correlation analysis, multivariate methods comprising of 



Chapter 2               Materials and methods  

Ethnobotanical and Nutraceutical investigation of wild edible fruits and vegetables of Lesser Himalayas 
33 

principal component analysis (PCA) and cluster analysis (CA) were also performed on the 

data-set using the STATISTICA software (StatSoft, 1999). There is a wide range of 

multivariate statistical methods that take account of, or specifically focus on, the various 

relationships between variables. Multivariate statistical methods have many applications in 

diverse studies. They may be particularly useful when there is a large volume of 

experimental results and sometimes they provide insight into the multidimensional 

patterns in the data that would be overlooked with univariate or bivariate analyses. The 

goal of such a statistical interpretation of the data is to try to make some assumptions on 

observed variations in the data and biogeochemical processes controlling the changes in 

nutrient concentrations, thus raising the knowledge on the environmental behaviour of 

different elements and nutrients (Shtangeeva et al., 2009). 

 

2.8.1  Cluster Analysis (CA) 

Clustering is the statistical operation of grouping objects (individuals or variables) 

into a limited number of groups known as clusters or segments, which have two 

properties. On the one hand, they are not defined in advance by the analyst, but are 

discovered during the operation. On the other hand, the clusters are combination of objects 

having similar characteristics, which are separated from objects having different 

characteristics, thus resulting in internal homogeneity and external heterogeneity. The 

cluster to which each object belongs is not known in advance. Even the number of clusters 

is not fixed in advance. This is because there is no dependent variable. Hence, clustering is 

descriptive not predictive (Toffery, 2011).  

The cluster analysis is typically used for non supervised classification of 

observations. It searches for patterns in a data set by grouping the observations into 

cluster. In the other words it is helpful in finding the natural grouping of data, which 

makes some sense for the research. There are two common approaches to classify the 

observations, hierarchical clustering and partitioning. Hierarchical clustering starts with 

the number of clusters equal to the number of observations and ends with one cluster. In 

partitioning this process is reversed. One can choose from a large collection of methods of 

hierarchical clustering. One of the most popular is Ward’s method. This very efficient, 

hierarchical method uses analysis of variance approach to evaluate the distance between 

clusters and attempts to minimize the sum of the squares of any two clusters that can be 

formed at each step. An important step in any clustering is to select a distance measures 

which determine how the similarity of two observations is calculated (Chwiej, 2010). 
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Typical output is a dendrogram where the objects are arranged in a hierarchy reflecting 

their similarity. Objects with similar patterns of concentrations are fused to a cluster on a 

low level in the dendrogram. Among the different methods of the hierarchical clustering, 

Ward’s method normally leads to well-structured dendrogram (Gottelt et al., 1997). 

 

2.8.2  Principal Component Analysis (PCA) 

Principal component analysis (PCA) is a method for projecting the cloud of 

individual on to subspaces with fewer dimensions, while maintaining the distance between 

individuals as much as possible. The most widely used form of PCA with rotation is 

varimax PCA. This is based on the principle of maximizing, for each factor, not the sum of 

squares of the correlation coefficients, with the result that each factor is strongly correlated 

with some variable and weakly correlated with the others. Thus, some variables have a 

high contribution to each axis, while the others have a very low contribution and the axis 

is easy to interpret (Toffery, 2011). PCA attempts to decompose the initial data table into 

the products of two matrices T (matrices scores) and P (matrix of loads). The main aim of 

decomposition is to reduce the number of columns in T and P to k, so that it is much less 

than the number of initial measurements i.e. k<<n. If this can be done, it means that the 

different columns (i-e measurements) are strongly correlated and that the data structure is 

best described not by n measurements, but by a much smaller number equal to k. Thus 

with information about the independent variables, the data can be greatly reduced. 

However, the chemical nature of those variables is not disclosed by PCA (Koel and 

Kaliurand, 2010). 

The PC scores contain information on the entire chemical measurements combined 

into a single number, with the loadings indicating the relative contribution each element 

makes to that score. The software program ‘STATISTICA’ normalizes the loadings to the 

eigen value. An analysis of principal components often reveals relationships among 

original variables that were not previously suspected and thereby allows a new insight to 

the data. Again in replacing the original correlated variables by a fewer number of 

independent variables, some information has to be necessarily sacrificed. PCA analysis is 

optimum in the sense that the amount of lost information is kept at minimum among all 

the similar processes (Mukhopadhyay, 2009). This method is widely used for the 

apportionment and source identification in environmental studies.  



Plate A.  Collection site (Haripur) Plate B.  Study site (Murree - Hazara) 

Plate C.  Wild vegetables Shogran Plate D  Wild fruits from Ayoubia  

 

 

 

 

 

 

 

 

 

 

Plate E  Shade drying of samples  

 

 

 

 

 

 

 

 

 

 

Plate F.  Shade dried sample 



 

 

 

 

 

 

 

 

 

Plate G.  Preserved samples of fruits  

 

 

 

 

 

 

 

 

 

Plate H.  Powdered sample for analysis 

Plate I.  Moisture and DM analysis Plate J.  Ash determination 

 

 

 

 

 

 

 

 

 

 

 

 

Plate K.  Crude protein analysis   

 

 

 

 

 

 

 

 

 

 

 

 

Plate L.  Crude fats extraction   



Plate M.  Crude fiber extraction   Plate N  Acid digestion in fume hood 

Plate O.  Acid digested samples 

 

 

 

 

 

 

 

 

 

Plate P.  Desiccator for constant weight 
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RESULTS & DISCUSSION 

3.1 Layout of Data  

Present research work was carried out to investigate the ethnobotanical and 

nutraceutical aspects of 35 wild edible fruits and 45 wild edible vegetables used by the 

tribal community of Lesser Himalayas, Pakistan. Initial part of this chapter is related to the 

individual plant species, first the fruits followed by the vegetables. A general layout 

includes each plant specie with its field snap, botanical name, English/local name, family, 

description, flowering/fruiting period, status/habitat, part used, distribution, ethnobotanical 

uses, medicinal uses and nutraceutical aspects. Medicinal uses include mode of drug 

preparation, way of application and diseases cured while the nutraceutical aspects 

comprises proximate analysis of fats, proteins, fibers, carbohydrates, ash, moisture 

content, dry matter and energy value; elemental analysis including essential and toxic 

metals; phytochemical screening and antioxidant potential are also shown in the form of 

various figures and tables. Latter part of this chapter includes ethnobotanical aspects of the 

fruits and vegetables i.e. taxonomic diversity, plant parts used and mode of consumption, 

medicinal uses, ethnobotanical uses, species’ cultural importance and threats to wild edible 

plants supported with graphs. It is followed by proximate composition/nutritional analysis 

and the metal levels in the fruits and vegetables. The analytical data pertaining to the 

distribution of the nutrients and selected metals in the fruits and vegetables are shown in 

various figures and tables. Inter-relationships of selected metals are then envisaged in 

terms of the correlation coefficients. Multivariate cluster analysis is employed for relative 

apportionment and grouping of the fruits and vegetables based on their chemical 

composition. Anthropogenic contamination and enrichment of metals is fruits and 

vegetables are assessed by multivariate principal component analysis. The fruits and 

vegetables are also compared for their phytochemical constituents (total phenolic, 

flavonoids, flavonols and ascorbic acid) and antioxidant activities (DPPH scavenging 

activity, OH- radical scavenging activity, H2O2 scavenging activity, Fe2+ chelating activity, 

ferric reducing antioxidant power and phosphomolybdenium assay). Plausible association 

among the nutritional/metal contents and phytochemical constituents/antioxidant activity 

is also envisaged. Salient findings emerging from the present study are then presented at 

the end. The above outlined layout of the entire data forms the basis of an orderly 

sequence of discussion which now follows. 

3.2 Wild Edible Fruits 
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3.2.1 Pistacia integerrima J.L. Stewart ex Brandis 

Spogel seed  

Kangar  

 

 

 

 

 

 

 

 

 

 

Plate 1. Pistacia integerrima J.L 

Family Name: Anacaediaceae 

Description: Dioecious tree up to 17 m tall. Stem erect, branched, woody, rough dark 

gray bark. Leaves paripinnate to imparipinnate, glabrous to glucocus, lanceolate, sessile, 

opposite, entire, acute-caudate apex. Flowers unisexual, bracteate, reddish; Bracts 

lanceolate, pubescent; Male panicle drooping, while female erect. Fruit fleshy, drupe, red-

violet, axillary, glabrous. [Plate 1]. 

Flowering/Fruiting: March-April/May-August 

Status and habitat: Common on waste places along cultivated fields and roadsides.  

Part used: Whole plant 

Distribution: 

World: Eastern Afghanistan, North West and Western Himalaya to Kumaon.  

Pakistan: Murree, Hazara, Swat, Rawalpindi, Kashmir, Margalla Hills. 

Ethnobotanical uses: Ripened fresh fruits are eaten raw. Leaves are used as fodder, wood 

is used as fuel, construction, in making tool handles, furniture. 

Medicinal uses: Powder of roasted leaf galls is mixed in honey and taken orally to cure 

asthma and cough, while powder of dried fruits is mixed in flour and sugar and taken 

orally to cure gleets. 

 

Nutraceutical Aspects  
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Proximate analysis: Proximate composition of Pistacia integerrima fruits showed 

maximum values of crude fibers (33.65%) and carbohydrates (33.61%), followed by crude 

fats (21.59%), crude proteins (9.291%) and ash content (2.860%) on dry weight basis. The 

calculated energy value was 361.9 Kcal/100 g whereas the moisture content in fresh fruits 

was found to be 47.42% while dry matter contents were estimated at 52.58% (Figure 2). 

Elemental analysis: Elemental analysis indicated that among the essential metals 

maximum concentration was found for K (5539 mg/kg), followed by Ca (705.8 mg/kg), 

Mg (592.0 mg/kg), Na (59.19 mg/kg), Fe (40.61 mg/kg) and Zn (19.13 mg/kg) on dry 

weight basis. Relatively lower levels were noted for Co, Sr, Mn, Cu, Cd, Pb, Cr and Li 

(Figure 2). Generally, essential metals were found to be accumulated to a higher extent 

than the toxic metals.  

Phytochemical analysis: On fresh weight basis, acetone extract showed higher 

phenolic contents (113.6 mg GAE/100 g) than water extract (70.82 mg GAE/100 g). 

Flavonoids contents were also higher in the acetone extract (66.78 mg Rt/100 g, FW) 

compared to the water extract (19.12 mg Rt/100 g, FW). Total flavonols were found to be 

more or less comparable in water and acetone extracts (69.5 mg Rt/100 g, FW). 

Moderately higher ascorbic acid contents were found in the water extract (1.920 mg 

AA/100 g, FW) than acetone extract (1.750  mg AA/100 g, FW) (Figure 2). 

Antioxidant activity: Fruits of P. integerrima exhibited significant antioxidant 

potential. Acetone extract revealed relatively higher values (91.90 %) for DPPH 

scavenging activity than the corresponding water extract (72.90 %). In the case of 

hydrogen peroxide (H2O2) radical scavenging activity, water extract showed higher value 

(67.41 %) compared to the acetone extract (55.50 %). Hydroxyl ion (OH-) scavenging 

activity was found to be significantly higher in the water extract (48.80 %) while acetone 

extract showed rather lower value (12.8 %). Water extract exhibited slightly high ferrous 

ions (Fe+2) chelating activity (43.30 %) than acetone extract (39.30 %), however, acetone 

extract showed higher antioxidant potential in terms of ferric ions reducing antioxidant 

power (FRAP) (107.3 µM GAE/100 g, FW) and Phosphomolybdenum complex assay 

(99.30 µM AAE/100 g, FW). Nevertheless, water extract also showed significant value for 

Phosphomolybdenum complex assay (95.20 µM AAE/100 g, FW) whereas, relatively 

lower values were noted for FRAP in the water extract (76.80 µM GAE/100 g, FW) 

(Figure 2).  
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Figure 2. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of P. integerrima  
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Plate 2. Berberis lycium Royle. 

Family Name: Berberdiaceae 

Description: Semideciduous, erect or suberect, 2 – 4 m tall shrub. Stem pale to greyish, 

terete to subsulcate, glabrescent. Leaves dark green, glucocus, lanceolate, oblong to 

obovate, sub sessile, entire-spinulose, acute. Stipules spinosus. Flowers pale yellow; 

pedicels 6-18 mm long, rarely longer, slender, thin, glabrous; bracts 2-3 mm long. Petals 

slightly shorter than the inner sepals, abovate, emarginate, lanceolate basal glands. Fruit 

fleshy, berry, grassy green-dark blue, axillary, oval [Plate 2]. 

Flowering/Fruiting: April-June/June-August 

Status and habitat: Common on waste places.  

Part used: Whole plant 

Distribution: World: Afghanistan, India, China and Nepal.  

Pakistan: Murree, Hazara, Balakot, Dir, Chitral, Swat, Kashmir, Margalla Hills 

Islamabad.  

Ethnobotanical uses: Ripened fresh fruits are eaten raw. Leaves are used as fodder, wood 

is used as fuel; thorny branches are used as hedge. 

Medicinal uses: Fresh leaves decoction is taken orally against jaundice, whereas bark 

extract is taken orally early in the morning to cure mouth gums, eye infections, toothache, 

earache, skin infections and as blood purifier. Bark powder is applied topically to cure 

rheumatism, boon fracture, injury and to heal wounds. 

Nutraceutical Aspects 
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Proximate analysis: Proximate analysis of Berberis lycium fruits is shown in 

Figure 3, which indicated maximum concentration of carbohydrates (60.55%), followed 

by crude fibers (23.30%), crude fats (7.850%), crude proteins (6.000%) and ash content 

(2.290%) on dry matter basis. Energy value was estimated at 336.8 Kcal/100 g, and the 

moisture contents in fresh fruits were 60.63% while dry matter contents were 39.37%. 

Elemental analysis: Elemental analysis revealed that among the essential metals 

K showed highest concentration (4852 mg/kg), followed by Ca (568.0 mg/kg), Mg (545.8 

mg/kg), Fe (56.70 mg/kg), Na (35.43 mg/kg) and Zn (18.83 mg/kg). However, elevated 

concentration of Pb (43.91 mg/kg) was also found, followed by Mn (17.92 mg/kg), 

whereas, relatively lower levels were observed for Sr, Cu, Co, Cd and Cr. Lowest 

concentration was noted for Li (0.102 mg/kg) in B. lycium (Figure 3). Although 

significantly elevated levels of essential metals were found in the wild fruits, but higher 

concentrations of toxic metals (such as Pb, Cd, etc.) might exert harmful health effects to 

the consumers. 

Phytochemical analysis: Among the phytochemicals measured in the fruits of B. 

lycium, acetone extract showed higher values for phenolic contents (103.0 mg GAE/100 g, 

FW), flavonoids (171.5 mg Rt/100 g, FW) and flavonols (107.85 mg Rt/100 g, FW) while 

the measured levels in the water extract were 89.80 mg GAE/100 g, FW, 141.2 mg Rt/100 

g, FW, and 29.29 mg Rt/100 g, FW. The ascorbic acid contents were found to be relatively 

higher in the water extract (3.020 mg AA/100 g, FW) compared to the acetone extract 

(1.660 mg AA/100 g, FW) (Figure 3).  

Antioxidant activity: Wild fruits of B. lycium showed relatively higher DPPH 

scavenging activity in the acetone extract (85.30%) than the water extract (65.00%). 

Nonetheless, hydroxyl radical scavenging activity was observed to be higher in the water 

extract (49.20%) compared to the acetone extract (11.30%). In the case of H2O2 radical 

scavenging activity, acetone extract showed higher value (72.90%) than the water extract 

(62.00%). Fe2+ chelating activity was more or less comparable in the in water extract 

(23.00%) and the acetone extract (20.70%). Significantly higher FRAP values were 

observed in the acetone extract (94.2 µM GAE/100 g, FW) than the water extract (68.00 

µM GAE/100 g, FW) of the fruits. In the case of total antioxidant activity measured in 

terms of PM assay, higher potential (332.1 µM AAE/100 g, FW) was observed in the 

acetone extract compared to the water extract (158.3 µM AAE/100 g, FW) (Figure 3).  
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Figure 3. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of B. lycium 
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Plate 3.  Opuntia dillenii Haw. 

Family Name: Cactaceae 

Description: A succulent shrub up to 1-2 m tall. Stem green, flattened, leaf like, 

phylloclades. Leaves modified into spines, fine bristles-areoles; areoles 35 per internode, 

prickly, largest one stout, sharp. Flowers, yellow, complete, yellow-yellowish. Fruits, 

fleshy, berry-like, pyriform, depressed at the apex, purple, Seeds, flat to comma-shaped. 

[Plate 3]. 

Flowering/Fruiting: May-June/June-October 

Status and habitat: Common on waste dried, sunny places.  

Part used: Fruit 

Distribution: 

World: America, Afghanistan, India, China, Europe, Africa, Australia.  

Pakistan: Hazara, Balakot, Swat, Margalla Hills, Attock, Taxila, Peshawar.  

Ethnobotanical uses: Fresh fruits are peeled off and eaten raw. Thorny stem is used as 

hedge. 

Medicinal uses: Fresh ripened fruits are peeled off and eaten raw to cure diabetes, gastric 

ulcer, inflammation and to reduce cholesterol level.  

Nutraceutical Aspects 
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Proximate analysis: Proximate analysis of the fruits of O. dillenii manifested 

highest contributions of carbohydrates (34.76%), followed by crude fats (26.29%), crude 

fibers (21.53%), crude proteins (9.190%) and ash contents were 8.230% on dry weight 

basis. Energy value was recorded at 412.3 Kcal/100 g and the moisture contents in the 

fresh fruits were 83.75% (Figure 4). 

Elemental analysis: Measured levels of the selected metals in the fruits of O. 

dillenii are shown in Figure 4, which manifested highest concentration of K (4865 mg/kg), 

followed by Ca (2152 mg/kg), Mg (1821 mg/kg), Na (483.9 mg/kg) and Fe (40.15 mg/kg). 

Among rest of the metals, notable contributions were found for Pb (46.39 mg/kg), Mn 

(24.01 mg/kg) and Zn (10.94 mg/kg), while relatively lower levels were observed for Sr, 

Cu, Co, Cr, Cd and Li. Elevated levels of Pb in the fruit samples may exert adverse health 

effects to the consumers.  

Phytochemical analysis: Among the phytochemicals, the water extract of Opuntia 

dillenii showed higher levels of total phenolics (38.21 mg GAE/100 g, FW) and flavonoids 

(37.94 mg Rt/100 g, FW) than the acetone extract which exhibited the levels at 9.690 mg 

GAE/100 g, FW, and 11.52 mg Rt/100 g, FW, respectively. Total flavonols were found to 

be higher in the acetone extract (27.89 mg Rt/100 g, FW) compared to the water extract 

(13.41 mg Rt/100 g, FW), whereas, the ascorbic acid contents were found to almost 

equivalent in the acetone extract (1.190 mg AA/100 g, FW) and the water extract (1.090 

mg AA/100 g, FW) of the fruits (Figure 4). 

Antioxidant activity: Results of antioxidant activity are mentioned in Figure 4 

which indicated that acetone extract showed higher DPPH scavenging activity (80.00%) 

than water extract (61.10%). Same was the case with OH- scavenging activity which was 

67.60% in the acetone extract and 62.80% in the water extract. However, H2O2 radical 

scavenging activity exhibited inverse behaviour; it was comparatively higher in the water 

extract (72.40 %) than the acetone extract (63.10 %). The water extract also showed higher 

Fe2+ chelating activity (41.40 %) compared to the acetone extract (41.10 %). Similarly, 

FRAP values were found to be higher in the water extract (33.80 µM GAE/100 g, FW) 

than the acetone extract (28.80 µM GAE/100 g, FW). Nevertheless, total antioxidant 

activity as shown by PM assay exhibited higher potential in acetone extract of the fruits 

(82.40 µM AAE/100 g, FW) compared to the water extract (75.80 µM AAE/100 g, FW).  
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Figure 4. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of O. dillenii 

3.2.4 Viburnum foetens Decne.  
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Plate 4.  Viburnum foetens Dene. 

Family Name: Caprifoliaceae 

Description: A large deciduous 2-4 m tall shrub. Stem erect, grayish brown bark. 

Branches glabrous or slightly pubescent Leaves simple, elliptic, oblong, acute, sharply 

toothed, more or less hairy on the nerves. Flowers in terminal sessile corymbs, white to 

rose-pink. Fruit drupe, compressed, oval, black when ripe. [Plate 4]. 

Flowering/Fruiting: April-May/June-November 

Status and habitat: Common on waste cold places and along roadsides.  

Part used: Whole plant 

Distribution: 

World: America, India, Nepal, China, Tibet, Bhutan.  

Pakistan: Hazara, Balakot, Swat, Murree, Kashmir.  

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used as fodder; wood 

and branching are used as fuel, in construction, brooms and baskets. 

Medicinal uses: Fresh ripened fruits are eaten raw to cure constipation. 

Nutraceutical Aspects  
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Proximate analysis: Proximate composition of Viburnum foetens fruits is shown 

in Figure 5. Highest contribution was noted for carbohydrates (58.34%), followed by 

crude fibers (17.62%), crude proteins (10.48%), crude fats (9.360%) and ash content 

(4.200 %), on dry weight basis. Energy value was estimated at 359.5 Kcal/100 g, and the 

moisture contents of the fresh fruits were 82.83%. 

Elemental analysis: Metal levels measured in the fruits of V. foetens are given in 

Figure 5, which demonstrated that among essential metals, K showed highest 

concentration (5265 mg/kg), followed by Ca (1851 mg/kg), Mg (504.7 mg/kg), Fe (96.39 

mg/kg) and Na (23.46 mg/kg). Some notable contributions were also found for Pb (16.09 

mg/kg), Zn (9.177 mg/kg) and Mn (8.770 mg/kg), whereas Sr, Cu, Li, Co and Cd 

exhibited relatively lower levels. Lowest concentration was found for Cr (0.090 mg/kg) in 

the fruit samples. 

Phytochemical analysis: Phytochemical profile indicated that acetone extract 

exhibited slightly higher phenolic contents (40.50 mg GAE/100 g, FW) than water extract 

(35.31 mg GAE/100 g, FW). However, flavonoid contents were found to be appreciably 

higher in the water extract (113.2 mg Rt/100 g, FW) than the acetone extract (9.570 mg 

Rt/100 g, FW), while inverse was the case in flavonols; considerably higher contents were 

found in the acetone extract (59.84 mg Rt/100 g, FW) compared to the water extract 

(15.73 mg Rt/100 g, FW). The ascorbic acid contents were found moderately higher in the 

water extract (0.560 mg AA/100 g, FW) than the acetone extract (0.350 mg AA/100 g, 

FW) (Figure 5).  

Antioxidant activity: Antioxidant activity measured in the fruits of V. foetens is 

also mentioned in Figure 5. It was observed that acetone extract showed higher DPPH 

scavenging activity (84.80%) than water extract (56.90%), whereas, OH- scavenging 

activity was exceedingly higher in the water extract (75.90%) than the acetone extract 

(9.800%). The H2O2 radical scavenging activity was almost comparable in water extract 

(41.9 %) and acetone extract (40.70 %). Nevertheless, water extract showed elevated Fe+2 

chelating activity (39.70 %) compared to acetone extract (5.600 %), which showed higher 

FRAP values (30.30 µM GAE/100 g, FW) than the water extract (4.300 µM GAE/100 g, 

FW). Similarly, PM assay revealed higher antioxidant potential in the acetone extract 

(84.20 µM AAE/100 g, FW) than the water extract (54.4 µM AAE/100 g, FW) of the 

fruits.  
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Figure 5. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of V. foetens 

3.2.5 Diospyros lotus L.  
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Plate 5.  Diospyros lotus L. 

Family Name: Eebnaceae 

Description: Tree, up to 2-25 m tall. Stem pubescent or glabrous, woody, with gray bark. 

Leaves green, elliptical to lanceolate, base sometimes rounded, pubescent, undulate to 

serrate margin, acuminate to retuse apex. Stipules brown, lanceolate, hairy. Flowers 

sessile, shortly pedicellate, yellowish. Male flowers 2-3-flowered cymes, female solitary, 

larger than male. Fruit dark green-black, axillary, simple succulent, dry indehiscent, berry 

globose to ovoid, globular. [Plate 5]. 

Flowering/Fruiting: May-June/September-November 

Status and habitat: Common on waste cold places and along roadsides.  

Part used: Whole plant 

Distribution: 

World: Mediterranean region, Iran, Afghanistan, India, China, Japan. 

Pakistan: Hazara, Balakot, Swat, Murree, Chitral, Kashmir, Baluchistan.  

Ethnobotanical uses: Fresh and dried ripened fruits are eaten raw. Leaves are used as 

fodder; wood and branching are used as fuel, in construction, tool handles. 

Medicinal uses: Fresh and dried ripened fruits are eaten raw to cure constipation. 

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional assessment indicated maximum value 

for carbohydrates (84.57%), followed by crude proteins (5.130%), crude fats (4.530%), 

crude fibers (2.960%) and ash content (2.800%), on dry weight basis. Energy value was 

recorded at 399.59 Kcal/100 g, and the moisture contents in fresh fruits were 56.70% 

while the dry matter contents were 43.31% (Figure 6).  

Elemental analysis: Concentrations of the selected metals measured in the fruits 

of Diospyros lotus are shown in Figure 6. Highest concentration was observed for K (5518 

mg/kg), followed by Ca (684.9 mg/kg), Mg (367.5 mg/kg) and Fe (19.79 mg/kg). 

Moderately lower levels were noted for Zn (8.275 mg/kg), Sr (6.680 mg/kg), Na (5.284 

mg/kg) and Mn (5.035 mg/kg), whereas the lowest contribution was observed for Cr 

(0.299 mg/kg).  

Phytochemical analysis: Among the phytochemicals, water extract showed 

significantly higher phenolic contents (42.05 mg GAE/100 g, FW) than acetone extract 

(24.94 mg GAE/100 g, FW), whereas, flavonoid contents were found to be higher in the 

acetone extract (12.31 mg Rt/100 g, FW) compared to the water extract (8.330 mg Rt/100 

g, FW) of the fruit samples. Equivalent flavonol contents were found in both acetone and 

water extracts (20.64 mg Rt/100 g, FW). The ascorbic acid contents were marginally 

higher in the water extract (2.340 mg AA/100 g, FW) than the acetone extract (2.170 mg 

AA/100 g, FW) (Figure 6).  

Antioxidant activity: Antioxidant activity measured in the fruits of D. lotus is 

illustrated in Figure 6, which demonstrated that acetone extract exhibited higher DPPH 

scavenging potential (94.60 %) than water extract (79.60 %). In the case of OH- 

scavenging activity, somewhat higher value was found in the water extract (75.30 %) 

compared to the acetone extract (72.60 %). The H2O2 radical scavenging activity was 

found to be higher in the water extract (83.60 %) than the acetone extract (61.60 %). 

Water extract also showed elevated Fe2+ chelating activity (43.90 %) than the acetone 

extract (31.30 %). In FRAP measurements, the acetone extract exhibited relatively lower 

value (68.80 µM GAE/100 g, FW) than the water extract (75.80 µM GAE/100 g, FW), 

whereas, in total antioxidant activity (PM assay) acetone extract exhibited elevated value 

(184.8 µM AAE/100 g, FW) compared to the water extract (173.6 µM AAE/100 g, FW) of 

the fruit samples. 
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Figure 6. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of D. lotus 

3.2.6 Juglans regia L.  
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Plate 6. Juglans regia L. 

Family Name: Juglandaceae 

Description: Deciduous tree up to 25 m tall. Leaves imparipinnate; leaflets 5-9, softly 

tomentose, opposite to sub-opposite, ovate to elliptic-ovate, acute to acuminate, 

glabrescent to pubescent, petiolated.  Male catkins long, bracteoles ovate to obovate, 

pubescent; tepals ovate. Female flowers 1-3, terminal on short spikes; bracteoles, 

tomentose, glandular, irregular at the margin; tepals linear, alternating with the teeth. Fruit 

drupe, ovoid to subglobose. [Plate 6]. 

Flowering/Fruiting: February-April/July-September 

Status and habitat: Common on waste places.  

Part used: Whole plant 

Distribution: 

World: America, Europe, Caucasus, Syria, Iran, Afghanistan, Tibet, Nepal, China, Burma.  

Pakistan: Hazara, Swat, Murree, Chitral, Kashmir, Baluchistan, Waziristan.  

Ethnobotanical uses: Dried ripened fruits endocarp eaten raw. Leaves are used as fodder, 

coloring teeth and lips; bark (Dandasa) is used for cleaning teeth; wood and branching are 

used as fuel, in making furniture, tool handles. 

Medicinal uses: Ripened fruit endocarp is eaten raw to cure cough, constipation, 

weakness in legs, Fresh leaves and bark are crushed and applied topically to treat mouth 

gums and as toothache.  

 

Nutraceutical Aspects  
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Proximate analysis: Proximate nutritional analysis of Juglans regia showed 

highest value for carbohydrates (42.29%), followed by crude fats (28.61%), crude proteins 

(14.61%), fibers (12.76%) and ash content (1.74%), on dry weight basis. Energy value was 

found at 485.1 Kcal/100 g, and the fresh fruits contained 5.210% moisture while 94.79% 

dry matter contents were observed (Figure 7).  

Elemental analysis: Measurement of the selected metal levels indicated that 

among essential metals, Mg showed highest concentration at 782.2 mg/kg, followed by Na 

(488.0 mg/kg), Fe (345.3 mg/kg), Ca (210.2 mg/kg), Mn (109.2 mg/kg) and K (36.35 

mg/kg). Among rest of the metals, some notable contributions were found for Pb (27.86 

mg/kg), Sr (16.99 mg/kg) and Zn (16.55 mg/kg). Relatively lower levels were noted for 

Co, Cu, Cr and Cd while lowest concentration was found for Li (1.650 mg/kg) (Figure 7). 

Elevated levels of Pb might be associated with adverse health effects to the consumers.  

Phytochemical analysis: Comparative contributions of phytochemical 

constituents in acetone and water extracts are also given in Figure 7. Water extract showed 

considerably higher phenolic contents (94.75 mg GAE/100 g, FW) than acetone extract 

(21.79 mg GAE/100 g, FW). Flavonoid and flavonol contents were found to be higher in 

the acetone extract with the contributions of 21.31 mg Rt/100 g, FW and 30.24 mg Rt/100 

g, FW, respectively, while the measured levels in the water extract were 8.470 mg Rt/100 

g, FW and 0.640 mg Rt/100 g, FW, respectively. Approximately, equivalent contribution 

of ascorbic acid contents were found in the acetone extract (0.680 mg AA/100 g, FW) and 

the water extract (0.600 mg AA/100 g, FW) of the fruit samples.  

Antioxidant activity: The acetone extract showed higher DPPH scavenging 

activity (93.50 %) compared to the water extract (76.70 %), while OH- scavenging activity 

was relatively higher in the water extract (52.40 %) than the acetone extract (14.50 %). In 

the case of H2O2 radical scavenging activity, water extract showed considerably higher 

potential (73.40 %) than the acetone extract (12.30 %). Water extract also exhibited 

markedly elevated Fe2+ chelating activity (38.90 %) than the acetone extract (0.200 %). 

The total antioxidant activity estimated by FRAP and PM assay revealed higher 

contributions in the acetone extracts (56.00 µM GAE/100 g, FW and 74.10 µM AAE/100 

g, FW, respectively) compared with the water extracts (25.90 µM GAE/100 g, FW and 

22.60 µM AAE/100 g, FW, respectively) in the fruit samples (Figure 7). 
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Figure 7. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of J. regia 

3.2.7 Ficus carica L. 
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Plate 7. Ficus carica L. 

Family Name: Moraceae 

Description: A small deciduous tree, 5-9 m tall with spreading branches. Bark smooth, 

grey or dull white, young twigs glabrous or softly hairy. Leaves with glabrous grooved 

petiole; lamina broadly ovate to nearly orbicular, divided obscurely palmatifid to mostly 

palmatipartite, dentate margin. Hypanthodia axillary solitary or paired, borne on 

peduncles, subsessile to sessile, Figs usually pyriform-obovoid, glabrous or shortly hispid, 

yellowish to brownish violet. [Plate 7]. 

Flowering/Fruiting: April-August 

Status and habitat: Common on waste places along cultivated lands.  

Part used: Whole plant 

Distribution:  World: Europe, India, Afghanistan; Russia, Iran, Middle East, N. 

Africa and Europe; introduced in cultivation elsewhere.  

Pakistan: Hazara, Kashmir, Rawalpindi, Swat, Murree, Margalla Hills, Punjab. 

Ethnobotanical uses: Dried and fresh ripened figs are eaten raw. Unripe figs are cooked 

in water as vegetable. Leaves are used as fodder; wood and branches are used as fuel, in 

making tool handles, shelters.  

Medicinal uses: Powder of dried Ficus carica figs and dried seeds of Amaranthus viridis 

is taken orally with water or milk to cure eye vision problem. Milky latex is applied 

topically to cure skin infections. 

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional contents of Ficus carica are shown in 

Figure 8, which indicated maximum contributions for carbohydrates (57.15%), followed 

by crude fibers (15.70%), crude fats (13.43%), proteins (9.230%) and ash contents 

(4.500%), on dry weight basis. Energy value was calculated at 386.34 Kcal/100 g and 

fresh fruits contained 77.00% moisture and 23.00% dry matter contents. 

Elemental analysis: Metal levels measured in the fruits of F. carcia indicated 

highest concentration of K (6406 mg/kg), followed by Ca (2177 mg/kg), Mg (1409 

mg/kg), Fe (98.10 mg/kg), Na (31.22 mg/kg) and Zn (16.48 mg/kg), while lowest 

concentration was found for Li and Cr. Overall, selected metals revealed following trend 

in their concentrations: K > Ca > Mg > Fe > Na > Zn > Mn > Sr > Pb > Cu > Co > Cd > 

Li > Cr (Figure 8). 

Phytochemical analysis: Phytochemical contents measured in the fruits of F. 

carica are depicted in Figure 8, which indicated that water extract contained higher 

phenolic contents (56.07 mg GAE/100 g, FW) than acetone extract (23.58 mg GAE/100 g, 

FW). Flavonoids contents were found to be almost comparable in the water extract (52.13 

mg Rt/100 g, FW) and acetone extract (51.65 mg Rt/100 g, FW). However, significantly 

higher flavonol contents were observed in acetone extract (95.04 mg Rt/100 g, FW) 

compared to the water extract (20.39 mg Rt/100 g, FW). The ascorbic acid contents were 

found relatively higher in the water extract (1.950 mg AA/100 g, FW) than the acetone 

extract (0.930 mg AA/100 g, FW).  

Antioxidant activity: The antioxidant activity related to the fruits of F. carica 

revealed that acetone extract exhibited higher DPPH scavenging activity (93.40%) than 

water extract (12.70%). Nevertheless, OH- scavenging activity was found to be higher in 

the water extract (58.80 %) compared to the acetone extract (20.10%). Water extract also 

exhibited marginally higher potential (66.70%) for H2O2 radical scavenging activity than 

the acetone extract (53.50%). Almost comparable values for Fe2+ chelating activity were 

observed in the water extract (22.20%) and acetone extract (21.70%) of the fruit samples. 

Among total antioxidant activity, the acetone extract showed higher potential (56.20 µM 

GAE/100 g, FW) in FRAP compared to the water extract (42.60 µM GAE/100 g, FW). 

Likewise, water extract manifested significantly elevated PM assay values (142.6 µM 

AAE/100 g, FW) than the acetone extract (86.70 µM AAE/100 g, FW) in the fruit samples 

of F. carcia (Figure 8). 
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Figure 8. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of F. carica 

3.2.8 Ficus glomerata Roxb. 
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Plate 8. Ficus glomerata Roxb. 

Family Name: Moraceae 

Description: A small to large, 10-20 m tall, evergreen or occasionally deciduous tree. 

Trunk with spreading branches, whitish to pinkish-brawn smooth bark. Leaves grooved 

minutely hairy, brownish-scurfy petiole, ovate-lanceolate, elliptic-lanceolate, margin 

entire, acuminate at apex, glabrous on both sides. Stipules triangular-ovate, acute-

acuminate, brown, Hypanthodia, born in large clusters on trunk and leafless branches.  

Figs depressed subglobose or pyriform, reddish. [Plate 8]. 

Flowering/Fruiting: March-May/September-November  

Status and habitat: Rare on waste places.  

Part used: Whole plant 

Distribution: World: India, Sri Lanaka, China, Burma, Thailand, Malaysia, Indonesia, 

Australia. Pakistan: Hazara, Kashmir, Swat, Murree, Margalla Hills. 

Ethnobotanical uses: Dried and fresh ripened figs are eaten raw. Leaves are used as 

fodder; wood and branches are used as fuel, making tool handles, shelters; also used as 

shade tree.  

Medicinal uses: Powder of ripened dried figs is taken orally along with milk or water to 

cure intestinal worms, piles and menstrual disorders; while fresh fruits are eaten raw 

against constipation.  

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional analysis showed that carbohydrates 

contents exhibited the highest contribution (59.99%), followed by crude fibers (19.31%), 

crude proteins (6.940%) and crude fats (5.750%), while the ash contents were 8.100%, on 

dry weight basis (Figure 9). Energy value was found to be 319.45 Kcal/100 g and the 

moisture contents in the fresh fruits were 85.02% while the dry matter contents were 

14.98%. 

Elemental analysis: Metal levels in the fruits of Ficus glomerata are given in 

Figure 9 which showed the highest concentration for K (7634 mg/kg), followed by Mg 

(1236 mg/kg), Ca (1150 mg/kg), Na (178.4 mg/kg) and Fe (69.61 mg/kg). Some 

considerable contribution were noted for Pb (35.51 mg/kg), Zn (20.61 mg/kg) and Mn 

(19.91 mg/kg) whereas relatively lower levels were recorded for Co, Sr, Cu, Cd and Li. 

Lowest concentration was noted for Cr (1.304 mg/kg). 

Phytochemical analysis: Phytochemical investigation demonstrated that water 

extract contained marginally higher phenolic contents (33.30 mg GAE/100 g, FW) 

compared to the acetone extract (25.55 mg GAE/100 g, FW, FW). Same was the case for 

flavonoid contents; measured levels in the water extract were 49.87 mg Rt/100 g, FW 

while in the acetone extract the contents were 42.45 mg Rt/100 g, FW. Nevertheless, 

acetone extract showed higher concentration of total flavonols (45.96 mg Rt/100 g, FW) 

compared to the water extract (8.660 mg Rt/100 g, FW). Conversely, ascorbic acid 

contents were found to be significantly higher in the water extract (1.120 mg AA/100 g, 

FW) than the acetone extract (0.420 mg AA/100 g, FW) (Figure 9).  

Antioxidant activity: Antioxidant activity assessed in the fruits of F. glomerata is 

mentioned in Figure 9 which revealed almost comparable DPPH scavenging activity in 

water extract (83.00%) and acetone extract (82.70%). However, OH- scavenging activity 

was found to be moderately higher in the water extract (67.50%) than the acetone extract 

(55.00%). Water extract also showed higher H2O2 radical scavenging activity (76.90%) 

than the acetone extract (59.50%). Nonetheless, Fe2+ chelating activity was found to be 

almost equivalent in the acetone extract (39.80%) and water extract (39.60%). FRAP and 

PM assay revealed considerably higher contributions in the acetone extracts (40.90 µM 

GAE/100 g, FW, and 108.5 µM AAE/100 g, FW, respectively) while the measured values 

in the water extracts were 34.00 µM GAE/100 g, FW and 91.00 µM AAE/100 g, FW, 

respectively. 
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Figure 9. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of F. glomerata 

3.2.9 Ficus palmata Forssak  
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Plate 9. Ficus palmata Forssak  

Family Name: Moraceae  

Description: A small tree, up to 10 m tall. Bark smooth, brownish-grey, young twigs 

densely hairy. Leaves softly tomentose petiole; broadly ovate to suborbicular or orbicular, 

mostly undivided, dentate to serrate, acute apex. Hypanthodia solitary or sometimes 

paired, axillary, subglobose to pear-shaped, Male flowers: numerous in the upper half, 

pedicellate. Female flowers: basal, numerous.  Figs constricted or gradually narrowed at 

base, yellow or purple, hairy. [Plate 9].  

Flowering/Fruiting: May - November 

Status and habitat: Common on waste places along cultivated lands.  

Part used: Whole plant 

Distribution:  World: Nepal, India, Afghanistan, Iran, Arabian Peninsula, 

Somalia, Sudan, Ethiopia and Egypt. Pakistan: Hazara, Kashmir, Rawalpindi, Swat, 

Gilgit, Skardu, Murree, Margalla Hills, Punjab.  

Ethnobotanical uses: Dried and fresh ripened figs are eaten raw. Young leaves and 

unripe figs are cooked as vegetables. Leaves are used as fodder, wood is used as fuel, in 

tool handles, thatching, sheltering. Plant is cultivated as shade tree.  

Medicinal uses: Fresh leaves are boiled in the milk of goat and taken orally to cure bowel 

complaints whereas milky latex is applied topically on warts, small tumours, pimples and 

to remove prickles. Fruits are eaten raw to cure constipation.  

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional analysis of Ficus palmata fruits is 

shown in Figure 10 which demonstrated the highest contributions of carbohydrate contents 

(55.74%), followed by crude fibers (21.80%), crude fats (10.27%), crude proteins 

(7.840%) and ash content (4.350%), on dry weight basis. Energy value was found at 

346.75 Kcal/100 g and the moisture contents in the fresh fruits were 79.72% while the dry 

matter contents were 20.28%. 

Elemental analysis: Concentrations of selected metals measured in the fruits of F. 

palmata revealed the highest concentration for K at 6313 mg/kg, followed by Ca (1830 

mg/kg), Mg (895.8 mg/kg) and Fe (79.24 mg/kg). Among rest of the metals, the measured 

levels ranged from a minimum of 0.649 mg/kg for Li to a maximum of 35.88 mg/kg for 

Pb. More or less comparable levels were noted for Mn (10.33 mg/kg) and Zn (10.08 

mg/kg) (Figure 10). 

Phytochemical analysis: Total phenolic contents were found to be significantly 

higher in water extract (59.83 mg GAE/100 g, FW) than the acetone extract (19.18 mg 

GAE/100 g, FW), whereas, approximately comparable flavonoid contents were onserved 

in the water extract (45.18mg Rt/100 g, FW) and the acetone extract (41.77 mg Rt/100 g, 

FW) of the fruit samples. Total flavonol contents were considerably higher in the acetone 

extract (101.7 mg Rt/100 g, FW) compared to the water extract (24.86 mg Rt/100 g, FW). 

However, water extract showed elevated levels of ascorbic acid (2.210 mg AA/100 g, FW) 

than the acetone extract (0.570 mg AA/100 g, FW) (Figure 10). 

Antioxidant activity: Comparative evaluation of antioxidant activity revealed that 

acetone extract of the fruits of F. palmata exhibited higher DPPH scavenging activity 

(92.50%) than the water extract (52.70%), whereas, OH- scavenging activity was found to 

be higher in the water extract (57.40%) than the acetone extract (18.60%). Water extract 

also showed higher value for H2O2 radical scavenging activity (70.50%) than the acetone 

extract (54.70%). Similarly, Fe2+ chelating activity in the water extract (15.10%) was 

almost twice of that found in the acetone extract (7.300%). Nevertheless, antioxidant 

potential in terms of FRAP was slightly higher in the acetone extract (48.30 µM GAE/100 

g, FW) than the water extract (40.70 µM GAE/100 g, FW), while PM assay exhibited 

considerably higher levels in water extract (137.5 µM AAE/100 g, FW) compared with the 

acetone extract (86.70 µM AAE/100 g, FW) (Figure 10). 
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Figure 10. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of F. palmata 

3.2.10 Morus alba L.  
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Ficus palmata 

0.1

1

10

100

1000

WE AE WE AE WE AE WE AE 

Phenolics (mg
GAE/100 g, FW)

Flavonoids (mg Rt/100
g, FW)

Flavonols (mg Rt/100
g, FW)

Ascorbic Acid (mg
AA/100 g, FW)

M
ea

su
re

d 
va

lu
es

Ficus palmata

0.1

1

10

100

1000

WE AE WE AE WE AE WE AE WE AE WE AE

DPPH (%) OH- (%) H2O2 (%) Fe2+ (%) FRAP (µM
GAE/100 g,

FW)

PMA (µM
AAE/100 g,

FW)

M
ea

su
re

d 
va

lu
es

 



Chapter 3             Results and Discussion 

Ethnobotanical and nutraceutical investigation of wild edible fruits & vegetables of Lesser Himalayas 
63 

Chitta toot  

 

 

 

 

 

 

 

 

 

 

 

Plate 10. Morus alba L.  

Family Name: Moraceae  

Description: A monoecious, deciduous, 5-10 m tall tree. Leaves green, ovate, alternate, 

hairy, scabrous; petiolate, lamina narrow to broad, shallowly cordate base, upper surface 

glabrous, serrate, obtuse, acute or shortly acuminate apex, stipule; brownish, lanceolate, 

hairy. Male catkins long, free sepals broadly ovate, obtuse, glabrous to hairy. Female 

catkins ovoid, sepals suborbicular, glabrous or ciliate on margins. Fruit dark green- pale 

yellow or creamy, axillary, fleshy, berry, oval to globular. [Plate 10].  

Flowering/Fruiting: February-March/April-June 

Status and habitat: Common on waste places along cultivated lands.  

Part used: Whole plant 

Distribution:  

World: China, Japan, Malaya, Burma, India, North Africa, Europe.  

Pakistan: Hazara, Kashmir, Rawalpindi, Swat, Murree, Margalla Hills, Punjab.  

Ethnobotanical uses: Dried and fresh ripened fruits are eaten raw. Leaves are used as 

fodder; wood is used as fuel, in tool handles, furniture, thatching, sheltering; branches are 

used in making baskets; also cultivated as shade tree.  

Medicinal uses: Fresh fruits and leaves are boiled in water and decoction is taken orally to 

cure throat ache.  

Nutraceutical Aspects 
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Proximate analysis: In Morus alba fruits highest contribution was found for the 

carbohydrate contents (68.34%), followed by crude fats (13.80%), crude proteins 

(9.020%), crude fibers (4.440%) and ash content (4.400%), on dry weight basis. Energy 

value was estimated at 433.61 Kcal/100 g and the moisture contents in the fresh fruits 

were 72.10% while the dry matter contents were estimated at 27.90% (Figure 11). 

Elemental analysis: Concentrations of the selected metals measured in the fruit 

samples are shown in Figure 11 which revealed the highest levels of K at 6660 mg/kg, 

followed by Mg (1210 mg/kg), Ca (856.0 mg/kg), Fe (345.0 mg/kg), Na (65.75 mg/kg), 

Zn (32.60 mg/kg) and Mn (23.50 mg/kg). Relatively lower levels were observed for Sr, 

Cu, Co, Pb, Cd and Li, however, the lowest contribution was noted for Cr (1.000 mg/kg). 

Toxic metals generally showed lower concentration in the fruit samples while higher 

contributions were mostly found for the essential metals.  

Phytochemical analysis: Phytochemical levels in the fruits of M. alba are shown 

in Figure 11 which exhibited elevated levels of total phenolics in water extract (57.39 mg 

GAE/100 g, FW) compared to the acetone extract (13.57 mg GAE/100 g, FW). Water 

extract also showed relatively higher flavonoid contents (27.50 mg Rt/100 g, FW) than the 

acetone extract (20.39 mg Rt/100 g, FW). Nonetheless, total flavonol contents were found 

to be higher in the acetone extract (48.00 mg Rt/100 g, FW) compared to the water extract 

(23.76 mg Rt/100 g, FW). On the contrary, water extract showed higher ascorbic acid 

levels (2.070 mg AA/100 g, FW) than the acetone extract (0.630 mg AA/100 g, FW).  

Antioxidant activity: Antioxidant potential measured in the fruit samples of M. 

alba is depicted in Figure 11. Almost comparable DPPH scavenging activity was noted in 

the water extract (62.50%) and acetone extract (62.20%). However, OH- scavenging 

activity was observed to be noticeably higher in the water extract (69.00%) compared to 

the acetone extract (43.40 %). Similarly, H2O2 radical scavenging activity was found to be 

slightly higher in the water extract (80.30%) than the acetone extract (75.20%). On the 

other hand, Fe2+ chelating activity was somewhat higher in the acetone extract (19.80 %) 

compared to the water extract (12.70%). Among the total antioxidant activity assessment 

as shown by FRAP and PM assay, water extract showed significantly elevated values 

(55.90 µM GAE/100 g, FW and 158.1 µM AAE/100 g, FW, respectively) compared to the 

acetone extract (43.70 µM GAE/100 g, FW and 116.6 µM AAE/100 g, FW, in that order).  
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Figure 11. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of M. alba 

3.2.11 Morus laevigata Wall. ex Brandis  

Mulberry  
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Plate 11. Morus laevigata Wall. ex Brandis  

Family Name: Moraceae  

Description: A small tree, up to 10 m tall with a dense crown. Leaves petiolated, 

glaucocus, ovate to rotundate, cordate base, sparsely pubescent to glabrous, serrate or 

shortly acuminate, obtuse to acute apex. Stipules brownish, lanceolate and hairy. Male 

catkins long, sepals 4, ciliate on margins; female catkins cylindrical, glabrous, sepals 4 

imbricate, thin, outer 2 concave-rotundate., inner ones plane. Fruit dark green-yellowish 

white axillary, sorosis, flattened. [Plate 11].  

Flowering/Fruiting: March-April/May-June 

Status and habitat: Rare on waste places, also cultivated along crop fields.  

Part used: Whole plant 

Distribution: 

World: India, Nepal, West and South China.  

Pakistan: Hazara, Kashmir, Rawalpindi, Swat, Peshawar, Margalla Hills.  

Ethnobotanical uses: Dried and fresh ripened fruits are eaten raw. Leaves are used as 

fodder; wood is used as fuel, in tool handles, furniture, thatching, sheltering; branches are 

used in making baskets; also cultivated as shade tree.  

Medicinal uses: Juice of fresh fruits is taken orally to cool the blood and body 

Inflammation.  

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional contents in the fruits of Morus 

laevigata are shown in Figure 12. Highest contribution was noted for the carbohydrates 

(72.58%), followed by crude proteins (9.980%), crude fats (9.870%) and crude fibers 

(2.510%), while the ash contents were (5.060%). Energy value was calculated at 419.0 

Kcal/100 g and the fresh fruits contained 62.24% moisture and 37.76% dry matter 

contents.  

Elemental analysis: Quantification of the selected elements in the fruit samples 

revealed highest concentration of K (7210 mg/kg), followed by Mg (770.6 mg/kg), Ca 

(468.1 mg/kg), Fe (249.6 mg/kg), Na (76.30 mg/kg), Mn (22.15 mg/kg), Zn (17.10 mg/kg) 

and Co 13.50 mg/kg, while the lowest concentration was observed for Pb (0.100 mg/kg). 

Rest of the metals (Sr, Cu, Li, Cr and Cd) showed the levels ranging from 2.050 mg/kg to 

6.900 mg/kg (Figure 12). Mostly the essential metals were found to be enriched in the fruit 

samples while only meagre contribution was noted for toxic metals.  

Phytochemical analysis: Phytochemical analysis of the fruits of M. laevigata 

indicated that water extract showed significantly higher levels of total phenolic contents 

(80.86 mg GAE/100 g, FW) compared to the acetone extract (13.04 mg GAE/100 g, FW). 

Similarly, water extract exhibited elevated flavonoid contents (51.38 mg Rt/100 g, FW) 

than the acetone extract (14.79 mg Rt/100 g, FW). However, total flavonol contents were 

moderately higher in the acetone extract (57.01 mg Rt/100 g, FW) than the water extract 

(52.05 mg Rt/100 g, FW). Water extract also showed higher ascorbic acid contents (3.610 

mg AA/100 g, FW) than the acetone extract (1.330 mg AA/100 g, FW) (Figure 12).  

Antioxidant activity: Considerably higher DPPH scavenging activity was found 

in the acetone extract (72.40%) than the water extract (39.10%), whereas approximately 

comparable OH- scavenging activity was observed in the water extract (65.50%) and the 

acetone extract (62.60 %). Same was the case with H2O2 radical scavenging activity; 

insignificant disparities were noted in the water extract (63.60 %) than the acetone extract 

(61.90 %). Nevertheless, acetone extract showed higher potential (32.70%) in Fe2+ 

chelating activity than the water extract (10.90%). In the case of FRAP and PM assay, 

water extract revealed higher contributions (69.90 µM GAE/100 g, FW and 144.7 µM 

AAE/100 g, FW, respectively) than the corresponding levels in the acetone extract (16.10 

µM GAE/100 g, FW and 116.5 µM AAE/100 g, FW, in that order) (Figure 12). 
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Figure 12. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of M. laevigata 

3.2.12 Morus nigra L.  

Black mulberry  
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Plate 12. Morus nigra L. 

Family Name: Moraceae  

Description: A medium size tree, upto 10 m tall with spreading wide crown. Leaves 

glucose, scabrous above, petiolate, deeply cordate base, hairy, crenate-dentate, acuminate- 

caudate apex. Stipules pale brown, lanceolate, hairy. Male catkin densely hairy peduncle, 

sepals free, broadly ovate, deeply concave; female catkins oval, hairy peduncles, sepals 

broadly elliptic, hairy. Fruit dark green-black axillary, simple succulent, fleshy, berry, 

globular.  [Plate 12].  

Flowering/Fruiting: February-March/April-June 

Status and habitat: Common on waste places, also cultivated along crop fields, 

roadsides.  

Part used: Whole plant 

Distribution:  World: Asia, Europe, North Africa, America.  

Pakistan: Hazara, Kashmir, Rawalpindi, Swat, Gilgit, Peshawar, Margalla Hills.  

Ethnobotanical uses: Dried and fresh ripened fruits are eaten raw. Leaves are used as 

fodder; wood is used as fuel, in tool handles, furniture, thatching, sheltering; branches are 

used in making baskets; also cultivated as shade tree.  

Medicinal uses: Fresh fruits and leaves are boiled in water and decoction is taken orally to 

cure throat ache. 

Nutraceutical Aspects  
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Proximate analysis: Proximate nutritional assessment on dry weight basis 

indicated maximum contribution for carbohydrate contents (61.10%), followed by crude 

fats (13.83%), crude proteins (12.50%), crude fibers (8.020%) and ash contents (4.540%). 

Energy value was recorded at 418.9 Kcal/100 g and the fresh fruits showed the moisture 

contents up to 83.96% whereas 16.05% of the total mass was the dry matter (Figure 13). 

Elemental analysis: Concentrations of selected metals in the fruits of Morus nigra 

are given in Figure 13 which demonstrated that among the metals K showed the highest 

level (6371 mg/kg), followed by Mg (595.5 mg/kg), Ca (403.4 mg/kg), Na (86.78 mg/kg), 

Fe (79.47 mg/kg), Sr (22.34 mg/kg) and Zn (14.44 mg/kg). Comparatively lower levels 

were observed for Mn, Co, Pb, Cu, Mn, Cd and Cr, while the lowest levels were noted for 

Li at 0.999 mg/kg. 

Phytochemical analysis: Comparative evaluation of the phytochemical 

constituents in the fruit samples is shown in Figure 13. Water extract showed elevated 

levels of total phenolics (85.63 mg GAE/100 g, FW) compared to the acetone extract 

(14.21 mg GAE/100 g, FW). Flavonoids contents were also found to be considerably 

higher in the water extract (95.80 mg Rt/100 g, FW) than the acetone extract (21.46 mg 

Rt/100 g, FW). Nevertheless, acetone extract showed relatively higher flavonol contents 

(99.79 mg Rt/100 g, FW) compared to the water extract (51.38 mg Rt/100 g, FW). In the 

case of ascorbic acid, higher contents were recorded in the water extract (4.120 mg 

AA/100 g, FW) than the acetone extract (0.880 mg AA/100 g, FW). 

Antioxidant activity: The results of antioxidant potential are also depicted in 

Figure 13. Acetone extract exhibited relatively higher potential (93.80%) for DPPH 

scavenging activity compared to the water extract (33.80%). Similarly, OH- scavenging 

activity was also observed to be higher in the acetone extract (38.80%) than the water 

extract (16.10%). Nonetheless, water extract showed elevated H2O2 radical scavenging 

activity (45.30%) than the acetone extract (23.00%). In the fruits of M. nigra Fe+2 

chelating activity was observed only in the acetone extract (13.90%) whereas in the water 

extract it was below detection limit. Acetone extract also exhibited higher FRAP values 

(60.30 µM GAE/100 g, FW) than the water extract (34.80 µM GAE/100 g, FW), however, 

inverse behaviour was noted in PM assay; water extract showed higher potential (173.0 

µM AAE/100 g, FW) than the acetone extract (73.20 µM AAE/100 g, FW).  
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Figure 13. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of M. nigra 

3.2.13 Myrsine africana L. 

African boxwood  
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Plate 13. Myrsine africana L. 

Family Name: Myrsinaceae 

Description: Small, evergreen, up to 1 m tall shrub. Leaves glabrous to glucocus, 

elliptical, lanceolate to obovate, sub sessile, serrate, acute to caudate apex. Flower almost 

sessile, axillary clusters, purplish. Fruit dark green-purplish, axillary, succulent, fleshy, 

drupe globuse, rounded. [Plate 13].  

Flowering/Fruiting: February-March/April-June 

Status and habitat: Common on waste cold places.  

Part used: Whole plant. 

Distribution:  

World: Widely distributed in Asia and Africa.  

Pakistan: Hazara, Kashmir, Margalla Hills, Chitral, Bunir, Murree.  

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used as fodder; wood 

is used as fuel, hedges, sheltering; young branches are used in making baskets, ropes and 

brooms.  

Medicinal uses: Powder of dried fruits is taken orally with curd or buttermilk to kill 

intestinal worms. Decoction of young leaves is taken orally against scanty urination, 

kidney stones 

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional contents in the fruits of Myrsine 

africana are given in Figure 14 which demonstrated that carbohydrates contents exhibited 

overwhelming contribution (64.84%), followed by crude fibers (17.74%), crude fats 

(9.340%), crude proteins (5.110%) and ash contents were 2.980%. Energy value in the 

fruits was estimated at 363.8 Kcal/100 g and the moisture contents in the fresh fruits were 

61.61% while dry matter contents were 38.39%. 

Elemental analysis: In case of metals quantification in the fruits of M. africana 

maximum concentration was noted for K (5010 mg/kg), followed by Ca (1386 mg/kg), Mg 

(387.9 mg/kg), Fe (61.62 mg/kg), Na (23.40 mg/kg), Zn (14.03 mg/kg) and Mn (12.27 

mg/kg). Among rest of the metals, Sr exhibited relatively higher levels (11.17 mg/kg) 

while the lowest concentration was noted for Cr (0.601 mg/kg). However, moderately 

lower levels were observed for Cu, Pb, Cd and Li in the fruit samples (Figure 14). 

Phytochemical analysis: Assessment of phytochemical constituents in the fruit 

samples is depicted in Figure 14 which indicated that total phenolic contents were 

moderately higher in water extract (83.44 mg GAE/100 g, FW) than the acetone extract 

(69.60 mg GAE/100 g, FW). On the other hand, flavonoid contents were considerably 

higher in the acetone extract (84.40 mg Rt/100 g, FW) compared to the water extract 

(37.42 mg Rt/100 g, FW). Total flavonol contents were found to be comparable in the 

acetone extract (35.46 mg Rt/100 g, FW) and water extract (32.29 mg Rt/100 g, FW). 

However, relatively higher ascorbic acid contents were found in the water extract (1.830 

mg AA/100 g, FW) compared to the acetone extract (0.890 mg AA/100 g, FW).  

Antioxidant activity: The acetone extract of the fruits of M. africana showed 

higher DPPH scavenging activity (78.90%) compare to the water extract (38.20%). 

However, in case of OH- radical scavenging activity, water extract exhibited higher 

potential (70.40%) than the acetone extract (20.40%). Water extract also showed 

considerably higher H2O2 radical scavenging activity (67.30%) than the acetone extract 

(32.60%). Nevertheless, Fe2+ chelating activity was not significantly different in the 

acetone extract (31.60%) and the water extract (28.90%). The acetone extract manifested 

elevated value in FRAP assay (132.2 µM GAE/100 g, FW) compared to the water extract 

(58.30 µM GAE/100 g, FW). Similarly, in case of PM assay, acetone extract showed 

higher potential (374.6 µM AAE/100 g, FW) compared to the water extract (212.8 µM 

AAE/100 g, FW) (Figure 14). 
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Figure 14. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of M. africana 

3.2.14 Olea ferruginea Royle.  
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Plate 14. Olea ferruginea Royle. 

Family Name: Oleaceae 

Description: Tree up to 10 m tall. Stem erect, branched, woody, hard, dark gray bark. 

Leaves are simple, opposite, entire, petiolate, lanceolate, glaucous, recurved margin, upper 

fleshy dark green and lower yellowish green surface. Flowers terminal or lateral cymes 

whitish. Fruit drupe, ovoid, green-black. [Plate 14].  

Flowering/Fruiting: April-May/August-September 

Status and habitat: Common on waste places.  

Part used: Whole plant. 

Distribution: 

World: Afghanistan, South Africa, middle East, China, Australia, Nepal, India.  

Pakistan: Hazara, Kashmir, Margalla Hills, Dir, Chitral, Bunir, Murree, Salt range.  

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used as fodder; wood 

is used as fuel, sheltering, construction, tool handles, furniture; young branches are used in 

making, ropes and brooms.  

Medicinal uses: Young leaves are crushed and chewed to cure mouth gums, tooth ache.  

 

Nutraceutical Aspects 
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Proximate analysis: The proximate analysis of the fruits of Olea ferruginea 

revealed almost comparable contributions for carbohydrates (37.20%) and crude fibers 

(37.11%) while relatively lower contributions was noted for crude fats (17.77%), followed 

by crude proteins (5.200%) and ash contents (2.740%), on dry weight basis. Energy value 

was estimated at 329.4 Kcal/100 g and the moisture contents in fresh fruits were lower 

(31.68%) than the dry matter contents (68.32 %) (Figure 15).  

Elemental analysis: Among the measured metal levels in the fruits of O. 

ferruginea (Figure 15), Ca exhibited the highest concentration (802.2 mg/kg), followed by 

Mg (599.4 mg/kg), K (400.7 mg/kg), Fe (123.9 mg/kg), Na (47.78 mg/kg), Mn (48.24 

mg/kg) and Sr (44.91 mg/kg). Relatively lower contributions were shown by Zn, Pb, Cu, 

Co, Cr and Li while the lowest level was noted for Cd (1.296 mg/kg). Overall, the relative 

contribution of the metals in this case was diverse compared to the previous cases.  

Phytochemical analysis: The comparative evaluation of phytochemical 

constituents revealed that water extract showed higher levels of total phenolics (85.33 mg 

GAE/100 g, FW) than the acetone extract (45.74 mg GAE/100 g, FW). Similarly in the 

case of flavonoid contents, water extract exhibited somewhat higher levels (102.6 mg 

Rt/100 g, FW) compared to the acetone extract (79.32 mg Rt/100 g, FW). However, water 

and acetone extracts manifested equivalent contributions for flavonol contents (85.03 mg 

Rt/100 g, FW). Ascorbic acid contents were found to be marginally higher in the water 

extract (3.420 mg AA/100 g, FW) compared to the acetone extract (2.680 mg AA/100 g, 

FW) (Figure 15). 

Antioxidant activity: DPPH scavenging activity in the water and acetone extracts 

of the fruits of O. ferruginea were found to be almost comparable (71.50% in water extract 

and 70.00% in acetone extract). The acetone extract showed slightly higher value 

(40.00%) for OH- radical scavenging activity than the water extract (37.50%) but the 

difference was insignificant. However, H2O2 radical scavenging activity was found to be 

considerably higher in the water extract (57.00%) than the acetone extract (19.90%). 

Likewise, water extract showed higher Fe2+ chelating activity (48.00%) than the acetone 

extract (5.300%). FRAP value in the acetone extract (107.0 µM GAE/100 g, FW) was 

noted to be somewhat higher than the water extract (93.90 µM GAE/100 g, FW). 

Nonetheless, water extract exhibited markedly higher value (148.8 µM AAE/100 g, FW) 

for PM assay than the acetone extract (103.4 µM AAE/100 g, FW) (Figure 15). 
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Figure 15. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of O. ferruginea 

3.2.15 Phoenix dactylifera L.  
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Plate 15. Phoenix dactylifera L.  

Family Name: Palmae 

Description: Solitary tree up to 10-20 m tall. Crown large, open, leaves glabrous, leaflet 

in many planes, strongly keeled; apex hard, spiny. Lower leaflets transformed into spines. 

Inflorescence covered by a hard, boat-like bract. Female inflorescence on main stalk flat, 

glabrous, spikelets numerous. Flowers rounded, green, distant. Male inflorescence smaller 

than female, on main stalk, flat, glabrous. Flowers sessile, white. Fruit cylindric, fleshy, 

yellowish-brown to reddish brown. [Plate 15].  

Flowering/Fruiting: March-April/August-September 

Status and habitat: Rare on waste places, home gardens, along road sides.  

Part used: Whole plant. 

Distribution: 

World: Asia, Syria, Palestine, Iraq, Arabia, Iran, Europe, Italy, Spain, USA. Australia.  

Pakistan: Haripur, Margalla Hills, Punjab, Sind, Baluchistan. 

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used in shelters, 

hedges; in making, ropes decorative articles and brooms. Wood is used as fire wood, 

construction. 

Medicinal uses: Dried fruits are boiled in milk and given to children during measles as 

tonic, while leaf paste is applied topically in cattle to cure mouth infection.  

Nutraceutical Aspects 
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Proximate analysis: The nutritional contents showed highest contribution of the 

carbohydrates (64.02%) in the fruits of Phoenix dactylifera, followed by crude fibers 

(18.91%), crude proteins (5.130%) and crude fats (1.490%), on dry weight basis while the 

ash contents were 10.46%. Energy value was found at 289.9 Kcal/100 g and the fresh 

fruits contained 52.80% moisture contents and 47.21% dry matter contents (Figure 16).  

Elemental analysis: Elemental levels given in Figure 16 demonstrated the highest 

concentration for Ca (2555 mg/kg), followed by Na (437.6 mg/kg), Mg (370.7 mg/kg), K 

(324.6 mg/kg), Fe (201.9 mg/kg), Sr (66.34 mg/kg) and Zn (16.78 mg/kg) while the lowest 

measured levels were noted for Mn (0.693 mg/kg), although Pb contents were below 

detection limit. Rest of the metals (Cu, Co, Cr, Cd and Li) revealed their concentrations 

over the range of 1.188 mg/kg to 9.257mg/kg.  

Phytochemical analysis: Phytochemical contents in the fruit samples indicated 

that acetone extract showed noticeably higher phenolic contents (183.7 mg GAE/100 g, 

FW) than the water extract (85.56 mg GAE/100 g, FW). Flavonoid contents were also 

found to be higher in the acetone extract (309.8 mg Rt/100 g, FW) than the water extract 

(95.57 mg Rt/100 g, FW). Similarly, total flavonol contents were significantly higher in 

the acetone extract (92.65 mg Rt/100 g, FW) compared to the water extract (5.900 mg 

Rt/100 g, FW). However, ascorbic acid contents were somewhat elevated in the water 

extract (2.100 mg AA/100 g, FW) than the acetone extract (1.250 mg AA/100 g, FW) 

(Figure 16). 

Antioxidant activity: Antioxidant activity measured in the fruits of P. dactylifera 

indicated that acetone extract showed higher potential (86.80%) in DPPH scavenging 

activity compared to the water extract (65.50%). Slightly higher OH- radical scavenging 

activity was observed in water extract (61.10%) than the acetone extract (52.00%). 

Nevertheless, water extract exhibited markedly elevated H2O2 radical scavenging activity 

(73.80%) than the acetone extract (3.900%). Likewise, Fe2+ chelating activity was found to 

be higher in the water extract (53.20%) than the acetone extract (32.50%). On the other 

hand, acetone extract showed higher value (146.3 µM GAE/100 g, FW) in FRAP assay 

than the water extract (83.00 µM GAE/100 g, FW). Similarly, in PM assay, acetone 

extract once again exhibited significantly elevated levels (497.9 µM AAE/100 g, FW) 

compared to the water extract (185.2 µM AAE/100 g, FW) (Figure 16). 
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Figure 16. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of P. dactylifera 

3.2.16 Phoenix sylvestris Roxb.  
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Plate 16. Phoenix sylvestris Roxb. 

Family Name: Palmae 

Description: A moderate sized tree up to 10-15 m tall, without root suckers. Stem covered 

with remains of petiole bases. Leaves grayish green, glabrous, pinnately divided. Leaflets 

alternate, opposite, apex sharply pointed; lower leaf-lets modified into hard spines, petiole 

short, glabrous, spiny. Inflorescence covered by a hard, boat-like bract. Female 

inflorescence on main stalk flat, glabrous, spikelets numerous. Flowers rounded, green, 

distant. Male inflorescence smaller than female on main stalk flat, glabrous. Flowers 

sessile, white, Fruit drupe, orange yellow-red, rounded at the ends. Seeds woody, 

longitudinally grooved on one side. [Plate 16].  

Flowering/Fruiting: March-April/August-October 

Status and habitat: Common on waste places, along streams.   

Part used: Whole plant. 

Distribution:  

World: India, China, Nepal, Sri Lanka, West Himalayas.  

Pakistan: Haripur, Margalla Hills, Punjab, Sind, Baluchistan.  

Ethnobotanical uses: Fresh and dried ripened fruits are eaten raw. Leaves are used in 

shelters, hedges; in making, ropes decorative articles and brooms; wood is used as fire 

wood, construction.  

Medicinal uses: Ripened fruits are eaten raw to cure constipation, abdominal pain and 

vomiting. 

Nutritional Aspects 
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Proximate analysis: Analysis of the nutritional components of the fruits showed 

that highest contribution was noted for the carbohydrates (70.87%), followed by crude 

proteins (11.28%), crude fibers (9.180%), crude fats (4.120%) and ash content (4.540%), 

on dry weight basis. Energy value was found at 365.7 Kcal/100 g and the fresh fruits 

exhibited 74.25% moisture contents and 25.75% dry matter contents (Figure 17).  

Elemental analysis: Metal levels measured in the fruits of Phoenix sylvestris are 

shown in Figure 17. Highest concentration was shown by K (6654 mg/kg), followed by 

Mg (600.0 mg/kg), Ca (177.3 mg/kg), Fe (65.62 mg/kg) and Na (35.51 mg/kg). 

Moderately higher levels were noted for Pb (24.84 mg/kg) while the lowest concentration 

was shown by Li (0.272 mg/kg). Relatively lower level was noted for Zn (4.995 mg/kg); 

almost equivalent to that of Mn (4.723 mg/kg). Rest of the metals (Sr, Cu, Co, Cr and Cd) 

were found in the range of 2.044 mg/kg to 22.34 mg/kg. 

Phytochemical analysis: Among the phytochemical constituents in the fruits of P. 

sylvestris, acetone extract exhibited higher concentration of total phenolics (59.25 mg 

GAE/100 g, FW) than the water extract (28.72 mg GAE/100 g, FW). Flavonoids contents 

were found to be comparable in the acetone extract (34.79 mg Rt/100 g, FW) and water 

extract (34.69 mg Rt/100 g, FW). Total flavonols contents were also found to be 

equivalent in both acetone and water extracts (15.81 mg Rt/100 g, FW). However, 

ascorbic acid contents were relatively higher in the water extract (1.530 mg AA/100 g, 

FW) compared to the acetone extract (1.080 mg AA/100 g, FW) (Figure 17). 

Antioxidant activity: Measurement of antioxidant activity in the fruits of P. 

sylvestris indicated that acetone extract showed slightly higher (92.50%) DPPH 

scavenging activity than the water extract (86.90%). In the case of OH- radical scavenging 

activity, higher contribution was observed in water extract (72.20%) than the acetone 

extract (51.40%). Water extract also exhibited higher potential (72.40%) in H2O2 radical 

scavenging activity than the acetone extract (15.00 %). Similarly, Fe2+ chelating activity 

was somewhat higher in the water extract (33.40%) compared to the acetone extract 

(25.30%). However, acetone extract showed higher value (71.50 µM GAE/100 g, FW) in 

FRAP assay than the water extract (39.50 µM GAE/100 g, FW). Likewise, in the case of 

PM assay, acetone extract again exhibited significantly elevated levels (223.1 µM 

AAE/100 g, FW) than the water extract (92.10 µM AAE/100 g, FW) in the fruit samples 

(Figure 17). 
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Figure 17. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of P. sylvestris 

3.2.17 Punica granatum L.  
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Plate 17. Punica granatum L. 

Family Name: Punicaceae 

Description: A small tree or large shrub, l.5-5 m tall. Branches opposite, branchlets 

ending in spines. Leaves glabrous, oblong-lanceolate to obovate or elliptic, subpetiolate, 

entire, apex actue to obtuse. Flowers red or white, conspicuous. Fruit globose, thick rind, 

pale red-brownish, partitioned by thin leathery yellowish septa. Seeds red or pink, fleshy, 

juicy. [Plate 17].  

Flowering/Fruiting: April-July/August-October 

Status and habitat: Common on waste places.   

Part used: Whole plant. 

Distribution: 

World: Mediterranean Europe, Africa, and Asia.  

Pakistan: Hazara, Margalla Hills, Salt range, Punjab, Chitral, Murree, Baluchistan. 

Ethnobotanical uses: Fresh and dried ripened seeds are eaten raw. Leaves are used as 

fodder; branches in shelters, hedges, fencing; wood is used as fire wood, construction, tool 

handles.  

Medicinal uses: Powder of dried rind is taken orally to cure diabetes, diarrhea, piles, and 

dysentery, whereas dried seeds are grinded and powder is taken orally to treat stomach 

disorder, internal body inflammation, jaundice and gas trouble. 

Nutraceutical Aspects 
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Proximate analysis: Nutritional profiling of the edible fruits of Punica granatum 

is depicted in Figure 18 which indicated that carbohydrates contents exhibited highest 

value (50.46%), followed by crude fibers (21.82 %), crude fats (17.06 %), crude proteins 

(7.400 %) and ash content (3.250 %), on dry weight basis. Energy value was calculated at 

385.0 Kcal/100 g and the fresh fruits contained 75.60% moisture contents and 24.40% dry 

matter contents.  

Elemental analysis: Comparative evaluation of the selected metals in the fruit 

samples showed relatively higher concentration of Mg (752.5 mg/kg), and K (468.8 

mg/kg), followed by, Ca (165.8 mg/kg), Fe (102.0 mg/kg), Na (86.60 mg/kg), Sr (42.80 

mg/kg) and Mn (38.25 mg/kg) while the lowest level was noted for Cd (2.400 mg/kg). 

Concentration of rest of the metals (Zn, Cu, Li, Co, Cr and Pb) ranged from 5.800 mg/kg 

to 22.20 mg/kg (Figure 18). 

Phytochemical analysis: Study of phytochemical contents in the fruits of P. 

granatum indicated that acetone extract showed higher phenolic contents (72.37 mg 

GAE/100 g, FW) than water extract (47.52 mg GAE/100 g, FW). Flavonoids contents 

were also significantly higher in the acetone extract (58.61 mg Rt/100 g, FW) compared to 

the water extract (21.45 mg Rt/100 g, FW). Similarly, total flavonols contents were found 

to be markedly elevated in the acetone extract (94.55 mg Rt/100 g, FW) than the water 

extract (12.49 mg Rt/100 g, FW). Nevertheless, ascorbic acid level was marginally higher 

in the water extract (1.600 mg AA/100 g, FW) compared to the acetone extract (1.340 mg 

AA/100 g, FW) (Figure 18). 

Antioxidant activity: Antioxidant potential of the fruits of P. granatum is given in 

Figure 18 which revealed that DPPH activity was slightly higher in acetone extract 

(91.50%) than the water extract (87.10%) but the difference was not significant. Similarly 

approximately comparable OH- radical scavenging activity was noted in acetone extract 

(49.80%) and water extract (48.00%). Same was the case for H2O2 radical scavenging 

activity; 77.50% in water extract and 73.00% in acetone extract. Similarly, Fe2+ chelating 

activity was also comparable in acetone extract (38.00%) and water extract (37.50%). 

Nonetheless, acetone extract show higher concentration (102.5 µM GAE/100 g, FW) in 

FRAP assay compared to the water extract (33.60 µM GAE/100 g, FW). PM assay also 

exhibited higher contribution in the acetone extract (89.50 µM AAE/100 g, FW) than the 

water extract (18.30 µM AAE/100 g, FW). 
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Figure 18. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of P. granatum 

3.2.18 Ziziphus mauritiana Lam  
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Plate 18. Ziziphus mauritiana Lam  

Family Name: Rhamnaceae 

Description: A large up to 9-15 m shrub. Branches spreading, drooping, young branches 

softly tomentose, stipular spine. Leaves ovate, oblong, elliptic-ovate, or sub-orbicular, 

oblique at base, obtuse, rounded or acuminate at apex, entire or serrate, glabrous and dark 

green above, grayish pale, densely tomentose beneath, petiolated. Inflorescence axillary 

cymes. Flowers greenish yellow. Fruit globose to ovoid, irregularly furrowed. [Plate 18].  

Flowering/Fruiting: April-May/June-August 

Status and habitat: Common on waste places 

Part used: Whole plant 

Distribution:  

World: India, Afghanistan, Ceylon, China, Australia, Trop. Africa.  

Pakistan: Hazara, Kashmir, Margalla Hills, Salt range, Punjab.  

Ethnobotanical uses: Fresh and dried ripened fruits are eaten raw. Leaves are used as 

fodder; branches used in shelters, hedges, fencing; wood is used as fire wood, 

construction, tool handles.  

Medicinal uses: Ripened fruits are grinded and powder is taken with water against 

constipation, whereas leaf extract is applied topically on hairs as antidandruff.  

 

Nutraceutical Aspects 
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Proximate analysis: The proximate analysis exhibited overwhelming contribution 

of the carbohydrates (73.67%), followed by crude proteins (7.780%), crude fibers 

(7.190%) and crude fats (5.580%), while the ash contents were 5.780%, on dry weight 

basis. Energy value was calculated at 375.9 Kcal/100 g and the fresh fruits showed 

76.37% moisture contents and 23.63% dry matter contents (Figure 19).  

Elemental analysis: Analysis of selected metals in the fruits of Ziziphus 

mauritiana indicated highest concentration of K (5989 mg/kg), followed by Ca (1450 

mg/kg), Mg (456.0 mg/kg), Pb (46.62 mg/kg), Na (34.68 mg/kg) and Fe (29.80 mg/kg). 

Relatively lower levels were observed for Mn, Zn, Sr Cu, Co, Cr and Cd while the lowest 

concentration was found for Li (0.050 mg/kg) in the fruit samples (Figure 19). 

Phytochemical analysis: Phytochemical contents are also mentioned in Figure 19 

which demonstrated that water extract exhibited higher level of total phenolics (46.42 mg 

GAE/100 g, FW) than acetone extract (28.75 mg GAE/100 g, FW). Flavonoids contents 

were also relatively higher in the acetone extract (23.60 mg Rt/100 g, FW) compared to 

the water extract (15.99 mg Rt/100 g, FW). Total flavonols contents were found to be 

significantly elevated in the acetone extract (54.40 mg Rt/100 g, FW) compared to the 

water extract (5.780 mg Rt/100 g, FW). However, ascorbic acid level was comparatively 

higher in the water extract (1.440 mg AA/100 g, FW) than the acetone extract (0.600 mg 

AA/100 g, FW). 

Antioxidant activity: Antioxidant activity measured in the fruits of Z. mauritiana 

demonstrated that in the case of DPPH scavenging activity acetone extract showed 

marginally higher value (95.20%) compared to water extract (87.80%), while opposite 

behaviour was observed for OH- radical scavenging activity; water extract exhibited 

slightly higher value (64.40%) than the acetone extract (56.30%). However, water extract 

showed considerably higher potential in H2O2 radical scavenging activity (77.50%) than 

the acetone extract (47.50%). Similarly, higher Fe2+ chelating activity was observed in the 

water extract (35.20%) compared to the acetone extract (19.30%). Nevertheless, acetone 

extract showed somewhat higher value for FRAP (71.30 µM GAE/100 g, FW) compared 

to the water extract (62.30 µM GAE/100 g, FW). In case of PM assay, acetone extract 

again showed elevated levels (140.6 µM AAE/100 g, FW) than the water extract (124.2 

µM AAE/100 g, FW) (Figure 19). 
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Figure 19. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of Z. mauritiana 
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Plate 19. Ziziphus nummularia (Burm. f.)  

Family Name: Rhamnaceae 

Description: A bushy shrub. Branches divaricating, tomentose, young branches grey, 

spines in unequal pairs, bigger straight, smaller recurved, whitish tomentose when young. 

Leaves ovate-orbicular to elliptic, dark green, densely pubescent above, tomentose 

beneath, entire or serrate, apex obtuse or mucronate, base round to sub cordate. Flowers 

yellowish green. Fruit drupe globose, reddish brown-black. [Plate 19].  

Flowering/Fruiting: April-June/July-September 

Status and habitat: Common on waste places, along cultivated lands. 

Part used: Whole plant. 

Distribution:   World: Palestine, Iraq, Iran, Afghanistan, India, China.  

Pakistan: Hazara, Peshawar, Malakand, Margalla Hills, Kashmir, Salt range, Punjab, 

Sind. 

Ethnobotanical uses: Fresh and dried ripened fruits are eaten raw. Leaves are used as 

fodder; branches used in shelters, hedges, fencing; wood is used as fire wood.  

Medicinal uses: Ripened fruits are grinded and powder is taken orally with water to cure 

constipation, whereas leaf extract is applied topically on hairs as antidandruff. 

Nutraceutical Aspects 
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Proximate analysis: The proximate analysis of the fruits of Ziziphus nummularia 

indicated that carbohydrates contents exhibited highest value (53.80%), followed by crude 

fats (30.58%), crude fibers (7.750%), crude proteins (4.730%) and ash content (3.070%), 

on dry weight basis. Energy value was calculated at 509.61 Kcal/100 g, and the moisture 

contents in the fresh fruits were found to be 72.33% while the dry matter contents were 

estimated at 27.67% (Figure 20).  

Elemental analysis: Quantification of selected metal levels in the fruits indicated 

highest concentration of K (6410 mg/kg), followed by Ca (1321 mg/kg), Mg (390.0 

mg/kg), Na (32.40 mg/kg), Fe (25.75 mg/kg) and Sr (25.75 mg/kg) whereas, minimum 

level was noted for Li (0.032 mg/kg). Some notable contributions were shown by Mn 

(13.21 mg/kg), Pb (12.31 mg/kg) and Zn (8.213 mg/kg) while relatively lower levels were 

observed for Cu, Co, Cd and Cr (Figure 20). 

Phytochemical analysis: Water extract of the fruits of Z. nummularia showed 

higher concentration of total phenolics contents (79.49 mg GAE/100 g, FW) than acetone 

extract (28.28 mg GAE/100 g, FW). Flavonoid contents were marginally higher in the 

acetone extract (19.74 mg Rt/100 g, FW) compared to the water extract (16.84 mg Rt/100 

g, FW). Similarly, total flavonol contents were significantly elevated in the acetone extract 

(55.11 mg Rt/100 g, FW) compared to the water extract (6.220 mg Rt/100 g, FW), 

Ascorbic acid contents were found to be higher in the water extract (2.210 mg AA/100 g, 

FW) than the acetone extract (1.370 mg AA/100 g, FW) (Figure 20). 

Antioxidant activity: In the case of DPPH scavenging activity acetone extract 

showed slightly higher potential (94.40%) than the water extract (86.70%). However, OH- 

radical scavenging activity was somewhat higher in the water extract (79.70%) than 

acetone extract (70.10%). Water extract showed significantly higher values for H2O2 

radical scavenging activity (81.60%) compared to the acetone extract (53.60%). 

Nevertheless, Fe2+ chelating activity was noted to be almost comparable in the water 

(36.80%) and acetone extracts (33.30%). Significantly elevated FRAP values in the water 

extract (74.30 µM GAE/100 g, FW) was recorded in comparison to the acetone extract 

(60.40 µM GAE/100 g, FW), however, acetone extract showed elevated level (161.5 µM 

AAE/100 g, FW) for PM assay than the water extract (137.5 µM AAE/100 g, FW) (Figure 

20). Most of the antioxidant activities exhibited higher potential which may be beneficial 

for the health of the consumers.  
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Figure 20. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of Z. nummularia 

3.2.20 Ziziphus oxyphylla Edgew.  
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Plate 20. Ziziphus oxyphylla Edgew. 

Family Name: Rhamnaceae 

Description: A small glabrous, tree or shrub. Stipules spine like, unequal, smaller slightly 

recurved, larger one straight. Leaves ovate to lanceolate, base oblique or cordate, glabrous, 

serrate, petiolate. Infloresence cymes axillary, many flowered. Flowers glabrous, pedicel 

wiry. Fruit fleshy ovoid, orange-black when ripe. [Plate 20].  

Flowering/Fruiting: June-August/September-November 

Status and habitat: Common on waste places.  

Part used: Whole plant. 

Distribution: 

World: Afghanistan, India, Temperate Himalayas.  

Pakistan: Hazara, Peshawar, Margalla Hills, Kashmir, Swat, Buner, Salt range, Punjab. 

Ethnobotanical uses: Fresh and dried ripened fruits are eaten raw. Leaves are used as 

fodder; branches used in shelters, hedges, fencing; wood is used as fire wood. 

Medicinal uses: Decoction of roots is taken orally to remove intestinal worms.  

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional analysis revealed that carbohydrate 

contents showed highest contribution (72.51%), followed by crude fats (9.980%), crude 

proteins (7.130%), crude fibers (7.080%) and ash content (3.290%), on dry weight basis. 

Energy value was calculated at 408.4 Kcal/100 g and the fresh fruits contained 34.89% 

moisture contents and 65.11% dry matter contents as shown in Figure 21.  

Elemental analysis: Among the selected metals, Ca showed the highest 

concentration (3207 mg/kg) in the fruits of Ziziphus oxyphylla, followed by Mg (616.7 

mg/kg), K (480.8 mg/kg), Fe (90.05 mg/kg), Na (76.92 mg/kg), Sr (48.08 mg/kg) and Mn 

(42.16 mg/kg). Relatively lower level was noted for Zn (6.827 mg/kg) and Cr exhibited 

the lowest contribution (1.875 mg/kg). Moderately lower levels were noted for rest of the 

metals (Cu, Li, Co, Cd and Pb) (Figure 21). 

Phytochemical analysis: Results of the phytochemical analysis are portrayed in 

Figure 21 which showed that acetone extract exhibited higher phenolic contents (36.52 mg 

GAE/100 g, FW) compared to the water extract (18.94 mg GAE/100 g, FW). 

Nevertheless, flavonoid contents were observed to be about two times higher in the water 

extract (61.20 mg Rt/100 g, FW) than the acetone extract (30.30 mg Rt/100 g, FW). 

Elevated flavonol contents were found in the acetone extract (74.83 mg Rt/100 g, FW) 

compared to the water extract (50.27 mg Rt/100 g, FW), whilst ascorbic acid contents 

were noted to be relatively higher in the water extract (2.130 mg AA/100 g, FW) than the 

acetone extract (1.180 mg AA/100 g, FW). 

Antioxidant activity: As depicted in Figure 21, DPPH scavenging activity was 

observed to be higher in the acetone extract (82.00%) than the water extract (51.10%). 

More or less equivalent values for OH- radical scavenging activity were observed in the 

acetone extract (65.40%) and water extract (64.10%). Nonetheless, H2O2 radical 

scavenging activity was found to be significantly higher in the water extract (78.70%) than 

the acetone extract (45.20%). Similarly, Fe2+ chelating activity was also noted to be higher 

in the water extract (26.80%) than the acetone extract (7.500%). Almost comparable 

values for FRAP assay were observed in the water extract (60.90 µM GAE/100 g, FW) 

and acetone extract (59.60 µM GAE/100 g, FW). However, in case of PM assay, acetone 

extract showed significantly higher value (304.2 µM AAE/100 g, FW) compared to the 

water extract (167.9 µM AAE/100 g, FW). 
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Figure 21. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of Z. oxyphylla 

3.2.21 Ziziphus sativa Gaertn  
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Plate 21. Ziziphus sativa Gaertn 

Family Name: Rhamnaceae 

Description: A medium sized tree, spreading spiny branches, silver gray bark. Prickles 

stout, straight long, older tree unarmed. Leaves glabrous, obliquely oblong, lanceolate, 

crenate to serrate, obtuse-subacute, petiole short. Inflorescence of axillary clusters. 

Flowers, yellowish white, peduncles very short. Fruit globose or oblong  succulent, 

shining, green-red. [Plate 21].  

Flowering/Fruiting: June-July/August-September 

Status and habitat: Rare on waste places, along cultivated lands.  

Part used: Whole plant. 

Distribution: 

World: Europe, Mediterranean region, Afghanistan, Iran, India, Mongolia, Japan, China, 

Tibet, Asia.  

Pakistan: Hazara, Margalla Hills, Swat, Kashmir. 

Ethnobotanical uses: Fresh and dried ripened fruits are eaten raw. Leaves are used as 

fodder; branches used in shelters, hedges, fencing; wood is used as fire wood, making tool 

handles.  

Medicinal uses: Fresh leaves are boiled in water and used to wash hairs as antidandruff.  

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional assessment indicated that carbohydrates 

content showed maximum value (72.03%), followed by crude fibers (9.140%), crude fats 

(7.800%), crude proteins (7.620%) and ash content (3.400%), on dry weight basis. Energy 

value was found at 388.8 Kcal/100 g and the fresh fruits consisted of 75.51% moisture 

contents and 24.49% dry matter contents (Figure 22).  

Elemental analysis: Among the selected metals, Ca metal exhibited the highest 

concentration (753.7 mg/kg) in the fruits of Ziziphus sativa, followed by Mg (692.4 

mg/kg), K (345.0 mg/kg), Na (175.0 mg/kg), Fe (137.9 mg/kg), Mn (58.81 mg/kg), Zn 

(10.95 mg/kg) and Sr (10.86 mg/kg). Lowest concentration was measured for Cd (0.857 

mg/kg), whereas Pb level was found below detection limit. Moderately lower levels were 

noted for rest of the metals (Figure 22). 

Phytochemical analysis: Phytochemical analysis demonstrated that water extract 

showed noticeably higher concentration of total phenolics (89.19 mg GAE/100 g, FW) 

than the acetone extract (37.97 mg GAE/100 g, FW). Water extract also showed relatively 

higher value (47.80 mg Rt/100 g, FW) of flavonoids compared to the acetone extract 

(35.76 mg Rt/100 g, FW). Similarly, total flavonol contents were found significantly 

higher in the water extract (32.02 mg Rt/100 g, FW) compared to the acetone extract 

(15.49 mg Rt/100 g, FW). Ascorbic acid contents were also found to be considerably 

higher in the water extract (2.031 mg AA/100 g, FW) than the acetone extract (0.750 mg 

AA/100 g, FW) (Figure 22). 

Antioxidant activity: Antioxidant activity estimated in the fruits of Z. sativa is 

shown in Figure 22 which manifested relatively higher DPPH scavenging activity in the 

acetone extract (82.00%) than the water extract (69.00%). Acetone extract of the fruit 

samples also showed elevated OH- radical scavenging activity (73.60%) and H2O2 radical 

scavenging activity (71.50%) than the water extract for which the estimated contributions 

were 33.10% and 54.90%, respectively. Fe2+ chelating potential was found to be 

equivalent in water and acetone extracts (24.80%). Marginally higher FRAP value was 

observed in the water extract (73.90 µM GAE/100 g, FW) than the acetone extract (67.20 

µM GAE/100 g, FW). However, acetone extract showed significantly higher values (218.7 

µM AAE/100 g, FW) in PM assay compared to the water extract (158.2 µM AAE/100 g, 

FW) of the fruit samples.  
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Figure 22. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of Z. sativa 

3.2.22 Ziziphus spina-christi  (L.) Willd. 
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Plate 22. Ziziphus spina-christi (L.) Willd. 

Family Name: Rhamnaceae 

Description: A medium size tree. Branches spreading, greyish white, glabrou. Stipular 

spines in pairs, one erect, other re-curved, sometimes spines absent. Leaves ovate-elliptic 

or suborbiculer, glabrous beneath, rounded to subcordate at base, obtuse or shortly 

acuminate, margin entire or crenate. Inflorescence axillary, pedicel woolly, Flowers 

greenish yellow. Fruit globose, shining, green- yellowish red. [Plate 22].  

Flowering/Fruiting: April-May/June-August 

Status and habitat: Rare on waste places.  

Part used: Whole plant. 

Distribution: 

World: Africa, Arabia, Egypt, Syria, Palestine, Lebanon, Iraq, Iran, Afghanistan, India.  

Pakistan: Hazara, Margalla Hills, Kashmir, Karachi, Quetta, Punjab. 

Ethnobotanical uses: Fresh and dried ripened fruits are eaten raw. Leaves are used as 

fodder; branches used in shelters, hedges, fencing; wood is used as fire wood.  

Medicinal uses: Fresh leaves are boiled in water and used to wash hairs as antidandruff.  

 

Nutraceutical Aspects 
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Proximate analysis: On dry weight basis, carbohydrates contents exhibited 

overwhelming contribution (73.37%) in the fruits of Ziziphus spina-christi, followed by 

crude fats (8.540%), crude fibers (8.220%), crude proteins (6.530%) and ash content 

(3.340%). Energy value was calculated at 396.4 Kcal/100 g and the moisture contents of 

the fresh fruits were found to be 74.88% and the dry matter contents were 25.12% (Figure 

23).  

Elemental analysis: Results of the elemental quantification in the fruit samples are 

given in Figure 23 which revealed the highest concentration for K (7039 mg/kg), followed 

by Ca (758.9 mg/kg), Mg (336.2 mg/kg), Fe (58.80 mg/kg), Na (21.31 mg/kg) and Mn 

(12.72 mg/kg). Considerably higher concentration was noted for Pb (42.37 mg/kg), which 

may be concern from toxicity point of view. Lowest contribution was noted for Li (0.305 

mg/kg), while relatively higher levels were observed for Sr, Cu, Zn, Co, Cr and Cd 

ranging from 3.561 mg/kg to 10.33 mg/kg.  

Phytochemical analysis: Phytochemical analysis indicated that water extract 

showed relatively higher total phenolics contents (53.98 mg GAE/100 g, FW) than acetone 

extract (41.28 mg GAE/100 g, FW). However, flavonoid contents were found to be higher 

in the acetone extract (19.06 mg Rt/100 g, FW) than the water extract (13.29 mg Rt/100 g, 

FW). Total flavonol contents were observed to be markedly elevated in the acetone extract 

(47.18 mg Rt/100 g, FW) compared to the water extract (7.950 mg Rt/100 g, FW). 

Ascorbic acid contents were comparatively higher in the water extract (1.810 mg AA/100 

g, FW) than the acetone extract (1.230mg AA/100 g, FW) (Figure 23). 

Antioxidant activity: Antioxidant potential of Z. spina-christi fruits mentioned in 

Figure 23 indicated that acetone extract showed higher value (94.30%) in DPPH 

scavenging activity than the water extract (66.80%), nevertheless, water extract exhibited 

almost equivalent potential (64.70%) in OH- radical scavenging activity compared to the 

acetone extract (64.20%). Similarly, H2O2 radical scavenging activity also revealed 

insignificant differences in the water extract (84.20%) and acetone extract (77.10%). Fe2+ 

chelating activity was moderately higher in the acetone extract (44.70%) than the water 

extract (31.20%). FRAP values estimated in the water extract were relatively higher (77.60 

µM GAE/100 g, FW) than the acetone extract (68.00 µM GAE/100 g, FW), whereas 

acetone extract showed significantly higher value (166.6 µM AAE/100 g, FW) in PM 

assay compared to the water extract (121.2 µM AAE/100 g, FW).  
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Figure 23. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of Z. spina-christi 
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Plate 23. Duchesnea indica (Andrews) Focke 

Family Name: Rosaceae 

Description: A perennial spreading herb with reddish runners. Leaves trifoliolate, hairy. 

Leaflets obovate to rhombic-oblong, lateral smaller than terminal, coarsely serrate. 

Petioles and pedicels spreading hairy. Stipules lanceolate. Flowers yellow. Fruit red 

multiple, drupe, fleshy. [Plate 23].  

Flowering/Fruiting: March-June/July-September 

Status and habitat: Common on waste places.  

Part used: Aerial parts, fruits 

Distribution:  

World: Afghanistan, Bhutan, China, India, Indonesia, Japan, Korea, Nepal, Africa, 

Europe, North America.  

Pakistan: Hazara, Margalla Hills, Kashmir, Dir, Chitral, Swat, Murree.  

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Aerial parts are grazed by cattle. 

Medicinal uses: Young leaves are boiled in water and decoction is taken orally to cure 

cough and throat ache.  

Nutraceutical Aspects 
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Proximate analysis: On dry weight basis, relatively higher contributions were 

noted for carbohydrate contents (41.02%) and crude fibers (38.91%), followed by crude 

proteins (12.89%) and crude fats (2.380%) while the ash contents were 4.800%. Energy 

value was calculated at 237.0 Kcal/100 g and the estimated moisture contents in the fresh 

fruits were 82.42% and dry matter contents were 17.58% (Figure 24).  

Elemental analysis: In the case of elemental contents K level was found 

maximum (5756 mg/kg) in the fruits of Duchesnea indica, followed by Mg (1588 mg/kg), 

Ca (1084 mg/kg), Fe (292.1 mg/kg), Na (77.35 mg/kg), Mn (48.20 mg/kg) and Zn (30.80 

mg/kg). Some significant contributions were also noted for Pb (36.85 mg/kg) while the 

lowest concentration was found for Li (0.750 mg/kg). Rest of the metals (Sr, Cu, Co, Cr 

and Cd) ranged from 3.750 mg/kg to 16.25 mg/kg (Figure 24). 

Phytochemical analysis: Phytochemical investigation revealed that water extract 

exhibited higher concentration (65.54 mg GAE/100 g, FW) of total phenolics contents 

compared to acetone extract (31.69 mg GAE/100 g, FW). Similarly in the case of 

flavonoids moderately higher value was noted in water extract (37.95 mg Rt/100 g, FW) 

than the acetone extract (23.31 mg Rt/100 g, FW). Total flavonol contents were found to 

be equivalent in the acetone and water extracts (7.520 mg Rt/100 g, FW), whereas 

ascorbic acid contents were recorded somewhat higher in the water extract (1.230 mg 

AA/100 g, FW) than the acetone extract (1.000 mg AA/100 g, FW) (Figure 24). 

Antioxidant activity: Antioxidant potential measured in the fruits of D. indica is 

given in Figure 24 which indicated that the acetone extract showed considerably higher 

contribution for DPPH and OH- radical scavenging activity (94.10% and 57.30%, 

respectively) compared to the water extract, for which the values were found to be 66.20% 

and 20.60%, respectively. In the case of H2O2 radical scavenging activity water extract 

exhibited significantly higher potential (40.70%) than the acetone extract (29.50%). 

Similarly, water extract showed higher value (59.10 %) for Fe2+ chelating activity than the 

acetone extract (33.70%). FRAP values measured in this study showed higher potential in 

the acetone extract (56.60 µM GAE/100 g, FW) compared to the water extract (44.30 µM 

GAE/100 g, FW) of the fruit samples. Nonetheless, water extract revealed considerably 

higher values (78.60 µM AAE/100 g, FW) in PM assay than the acetone extract (64.00 

µM AAE/100 g, FW).  
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Figure 24. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of D. indica 
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Plate 24. Prunus armeniaca L. 

Family Name: Rosaceae 

Description: A medium sized or tall tree up to 15 m high. Stem woody, branched with 

dark bark. Leaves simple, entire, chordate, acute apex. Flowers reddish-white, numerous, 

appear before or with leaves. Fruit drupe, yellowish red, fleshy, glabrous. Seed stone 

smooth, bitter, margins thickened, grooved. [Plate 24].  

Flowering/Fruiting: February-April/June-July 

Status and habitat: Common on waste places, also cultivated in home gardens and along 

cultivated lands.  

Part used: Whole plant. 

Distribution: 

World: North West Himalayas, India, Tibet, temperate regions of the world.  

Pakistan: Hazara, Margalla Hills, Kashmir, Dir, Chitral, Swat, Murree, Gilgit, Hunza. 

Ethnobotanical uses: Fresh and dried ripened fruits are eaten raw. Leaves are used as 

fodder; wood is used in shelters and as fuel.  

Medicinal uses: Fresh ripened fruits are eaten raw to cure constipation.  

 

Nutraceutical Aspects 
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Proximate analysis: The proximate nutritional analysis of the fruits of Prunus 

armeniaca is shown in Figure 25. Carbohydrate contents were found to be maximum 

(74.87%), followed by crude fats (7.180%). crude proteins (5.240%) and crude fibers 

(4.940%), on dry weight basis while the ash contents were 7.780%. Energy value was 

recorded at 384.9 Kcal/100 g, and the fresh fruits contained 84.65% moisture contents and 

15.36% dry matter contents. 

Elemental analysis: Measurement of the selected metal levels in the fruit samples 

revealed the major contributions of K (868.5 mg/kg) and Mg (783.3mg/kg), followed by 

Fe (192.9 mg/kg), Ca (190.9 mg/kg), Na (157.7 mg/kg) and Mn (59.90 mg/kg), while the 

lest contribution was noted for Li (1.881 mg/kg). Among rest of the metals, Pb and Sr 

exhibited significant contributions which were quantified at 48.51 mg/kg and 21.98 

mg/kg, respectively. Moderately lower levels were noted for Zn, Co, Cu, Cr and Cd in the 

fruit samples (Figure 25). 

Phytochemical analysis: Total phenolic contents in the fruits of P. armeniaca 

were noted to be relatively higher in the water extract (37.10 mg GAE/100 g, FW) 

compared to the acetone extract (13.28 mg GAE/100 g, FW). Flavonoid contents were 

also observed to be higher in water extract (15.89 mg Rt/100 g, FW) than the acetone 

extract (11.34 mg Rt/100 g, FW). Almost comparable levels of total flavonols were found 

in the water and acetone extracts (9.760 mg Rt/100 g, FW), while ascorbic acid contents 

were moderately higher in the water extract (1.980 mg AA/100 g, FW) than the acetone 

extract (1.000 mg AA/100 g, FW) (Figure 25). 

Antioxidant activity: Antioxidant study of P. armeniaca fruits indicated that 

DPPH scavenging activity was noted to be higher in the acetone extract (86.80%) than the 

water extract (42.40%). Acetone extract also exhibited superior response (62.30%) in OH- 

radical scavenging activity compared to the water extract (29.10%). Likewise, H2O2 

radical scavenging activity was also higher (49.80%) in the acetone extract than the water 

extract (32.80%). Acetone extract also exhibited higher potential (38.00 %) for Fe2+ 

chelating activity than the water extract (30.60%). Measured value for FRAP in water 

extract (45.20 µM GAE/100 g, FW) was significantly higher than the acetone extract 

(28.70 µM GAE/100 g, FW), however, acetone extract showed considerably higher 

contribution (104.1 µM AAE/100 g, FW) in PM assay compared to the water extract 

(38.80 µM AAE/100 g, FW) (Figure 25). 

 

 

Prunus armeniaca 

10

100

1000

M
ea

su
re

d
 v

al
u

es
 

Prunus armeniaca 

1

10

100

1000

M
et

al
 le

ve
l (

m
g/

k
g)



Chapter 3             Results and Discussion 

Ethnobotanical and nutraceutical investigation of wild edible fruits & vegetables of Lesser Himalayas 
107 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of P. armeniaca 

3.2.25 Prunus domestica L.  
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Plate 25. Prunus domestica L. 

Family Name: Rosaceae 

Description: A medium sized tree up to 10 m tall. Stem woody, branched with dark bark. 

Leaves simple, alternate, serrate, obovate, upper surface pubescent, beneath glabrous, 

pedicle short, hairy, acute apex. Flowers white, ovate, dentate.  Fruit drupe, green-reddish 

black, oval, fleshy. [Plate 25].  

Flowering/Fruiting: February-March/June-August 

Status and habitat: Common on waste places, also cultivated in home gardens and along 

cultivated lands.  

Part used: Whole plant. 

Distribution: 

World: North West Himalayas, India, Tibet, temperate regions of the world.  

Pakistan: Hazara, Margalla Hills, Kashmir, Dir, Chitral, Swat, Murree, Gilgit, Hunza.  

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used as fodder; wood 

is used in shelters and as fuel.  

Medicinal uses: Fresh ripened fruits are eaten raw to cure constipation, stomach 

inflammation.  

 

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional analysis of the fruits of Prunus 

domestica indicated maximum value for carbohydrates (82.38%), followed by crude fats 

(6.130%), crude proteins (4.260%) and crude fibers (3.330 %), on dry weight basis 

whereas the ash contents were 3.910%. Energy value was recorded at 401.7 Kcal/100 g 

and the fresh fruits contained 86.35% moisture contents and 13.65% dry matter contents 

(Figure 26).  

Elemental analysis: Comparative levels of the selected metals measured in the 

fruit samples of Prunus domestica are shown in Figure 26. Dominant levels were recorded 

for K (709.5 mg/kg) and Mg (698.6 mg/kg), followed by Ca (116.7 mg/kg), Na (105.5 

mg/kg), Fe (103.9 mg/kg) and Mn (39.90 mg/kg). Some significant contributions were 

also noted for Pb (36.70 mg/kg) and Sr (36.60 mg/kg) while the lest contribution was 

observed for Cd (2.848 mg/kg). Moderately lower levels were noted for Zn, Cu, Co, Li 

and Cr in the fruit samples. 

Phytochemical analysis: In the fruits of Prunus domestica total phenolic contents 

were found to be higher in water extract (28.36 mg GAE/100 g, FW) than acetone extract 

(8.460 mg GAE/100 g, FW). Water extract also showed higher value (28.54 mg Rt/100 g, 

FW) of flavonoid contents compared to the acetone extract (6.550 mg Rt/100 g, FW). 

However, total flavonol contents were comparatively higher in the acetone extract (24.40 

mg Rt/100 g, FW) than the water extract (7.170 mg Rt/100 g, FW), whereas ascorbic acid 

contents were found to be higher in the water extract (1.390 mg AA/100 g, FW) than the 

acetone extract (0.550 mg AA/100 g, FW) (Figure 26). 

Antioxidant activity: Antioxidant activity measured in the fruits of P. domestica 

is shown in Figure 26 which indicated that acetone extracts exhibited relatively higher 

potential in all assays than the water extracts. DPPH scavenging activity in the acetone 

extract was notably higher (90.60%) than the water extract (75.90%). Similarly in OH- 

radical scavenging activity acetone extract showed elevated value (79.10%) than water 

extract (69.10%). H2O2 radical scavenging activity was almost comparable in the acetone 

extract (57.10 %) and water extract (55.90 %). In Fe2+ chelating activity acetone extract 

exhibited (33.40%) very high value than water extract (13.80%). FRAP assay showed 

higher values in acetone extract (17.50 µM GAE/100 g, FW) than the water extract (12.50 

µM GAE/100 g, FW). The acetone extract also showed higher potential (72.50 µM 

AAE/100 g, FW) than water extract (45.40 µM AAE/100 g, FW) in PM assay.  
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Figure 26. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of P. domestica 

3.2.26 Pyrus pashia  Buch. Ham. ex. D. Don 
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Plate 26. Pyrus pashia Buch. Ham. ex. D. Don 

Family Name: Rosaceae 

Description: A medium sized tree up to 10-12 m tall. Stem woody, spiny branches with 

dark bark. Leaves simple, alternate, serrate, ovate, base rounded, upper surface pubescent, 

beneath glabrous, pedicle short, hairy, acute apex. Stipules spiny. Flowers white, obovate 

corolla. Fruits pome dark brown with pale dots, sub-globose. [Plate 26]. 

Flowering/Fruiting: February-March/August-November 

Status and habitat: Common on waste places. 

Part used: Whole plant. 

Distribution:  

World: China, India, Iran, Afghanistan, Bhutan, Myanmar, Nepal, Sikkim, Thailand, 

Vietnam.  

Pakistan: Hazara, Margalla Hills, Kashmir, Dir, Chitral, Swat, Kaghan, Murree, Gilgit, 

Hunza. 

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used as fodder; wood 

is used in shelters, making tool handles, furniture, as fuel; branches used as hedge; young 

leaves are used to stain hands.  

Medicinal uses: Fresh ripened fruits are eaten raw to cure constipation. 

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional analysis of Pyrus pashia indicated that 

carbohydrate contents were the highest (70.28%), followed by crude fibers (15.41%), 

crude fats (8.210%), crude proteins (3.910%) and ash content (2.180%), on dry weight 

basis. Energy value was estimated at 370.6 Kcal/100 g and the fresh fruits had 53.68% 

moisture contents and 46.32% dry matter contents (Figure 27).  

Elemental analysis: In the case of elemental analysis, maximum level was 

recorded for Mg (648.8 mg/kg), followed by Ca (425.8 mg/kg), K (441.4 mg/kg), Fe 

(157.5 mg/kg), Na (126.1 mg/kg) and Mn (47.21 mg/kg) while the least concentration was 

found for Cd (1.827 mg/kg). Estimated level of Pb was noted at 13.37 mg/kg, whereas, the 

measured levels of Cr, Cu, Sr, Zn, Co and Li exhibited the range of 3.750 mg/kg to 6.971 

mg/kg (Figure 27). Elevated levels of the toxic metals in the fruit samples might be 

associated with the adverse health effects.  

Phytochemical analysis: In the fruits of P. pashia total phenolic contents were 

found to be higher in water extract (69.73 mg GAE/100 g, FW) than the acetone extract 

(31.73 mg GAE/100 g, FW), while acetone extract exhibited higher value (27.97 mg 

Rt/100 g, FW) of flavonoid contents than the water extract (21.11 mg Rt/100 g, FW). 

Total flavonol contents were found in same concentration (26.64 mg Rt/100 g, FW) both 

in acetone and water extracts. Ascorbic acid contents showed slightly higher value in 

water extract (3.770 mg AA/100 g, FW) than the acetone extract (3.560 mg AA/100 g, 

FW) (Figure 27). 

Antioxidant activity: DPPH scavenging activity was observed to be comparable 

in the acetone extract (85.80%) and water extract (81.40%). However, marginally higher 

OH- radical scavenging activity was noted in the acetone extract (76.70%) compared to the 

water extract (69.10%). Nonetheless, H2O2 radical scavenging activity was conspicuously 

higher in the water extract of P. pashia fruits (78.60%) than the acetone extract (47.80%). 

Water extract also showed batter results (36.30%) in Fe2+ chelating activity than the water 

extract (29.80%). In the case FRAP assay, higher concentration was observed in water 

extract (108.0 µM GAE/100 g, FW) compared to the acetone extract (68.20 µM GAE/100 

g, FW). PM assay revealed significantly elevated contribution in the acetone extract (272.1 

µM AAE/100 g, FW) than the water extract (131.1 µM AAE/100 g, FW) of the fruit 

samples (Figure 27). 
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Figure 27. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of P. pashia  

3.2.27 Rosa brunonii Lindl.  
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Plate 27. Rosa brunonii Lindl.  

Family Name: Rosaceae 

Description: A climbing, spiny, up to 10 m long shrub. Young stems glabrous or 

pubescent, with subsessile glands. Prickles small, brown, curved. Leaflets variable in size 

and shape, narrowly ovate to elliptic, acute at apex, dull green, glabrous or pubescent 

above, hairy beneath, serrate. Stipules narrow. Flowers white, in corymbs or panicles. 

Fruit ovoid or subglobose, covered with stalked glands, red. [Plate 27]. 

Flowering/Fruiting: June-July/August-October 

Status and habitat: Common on waste places. 

Part used: Whole plant. 

Distribution: 

World: Afghanistan, India, Nepal, Sikkim, Bhutan, China.  

Pakistan: Hazara, Margalla Hills, Kashmir, Chitral, Swat, Murree, Quetta, Ziarat.  

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used as fodder; 

branches are used for fencing, hedging, as fire wood.   

Medicinal uses: Decoction of fresh flowers is taken orally to cure constipation. 

Nutraceutical Aspects 
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Proximate analysis: Fruits of Rosa brunonii showed maximum value of 

carbohydrate contents (64.24%), followed by crude fibers (19.62%), crude fats (5.110%) 

and crude proteins (4.330%), on dry weight basis while the ash contents were found to be 

6.700%. Energy value was estimated at 320.2 Kcal/100 g and the moisture contents of the 

fresh fruits were noted to be 57.36% and the dry matter contents were 42.64%) as shown 

in Figure 28.  

Elemental analysis: The elemental analysis showed the highest concentration for 

Ca (6217 mg/kg), followed by Mg (825.3 mg/kg), K (496.0 mg/kg), Mn (51.33 mg/kg), Sr 

(36.00 mg/kg), Na (25.62 mg/kg), Pb (21.90 mg/kg) and Fe (12.33 mg/kg) while the 

lowest concentration was noted for Cd (1.619 mg/kg) as shown in Figure 28. Rest of the 

metals (Zn, Cu, Li, Co and Cr) showed the concentration ranging from 2.857 mg/kg to 

9.641 mg/kg (Figure 28). 

Phytochemical analysis: Phytochemical contents of R. brunonii fruits are given in 

Figure 28. Almost comparable total phenolic contents were found in the water extract 

(82.10 mg GAE/100 g, FW) and in the acetone extract (81.81 mg GAE/100 g, FW). Water 

extract showed higher levels of total flavonoids (73.05 mg Rt/100 g, FW) compared to the 

acetone extract (53.64 mg Rt/100 g, FW). However, total flavonol contents were found in 

higher concentration in the case of acetone extract (184.8 mg Rt/100 g, FW) compared to 

the water extract (11.61 mg Rt/100 g, FW). Ascorbic acid assessment showed higher 

contribution in the water extract (2.400 mg AA/100 g, FW) than the acetone extract (1.440 

mg AA/100 g, FW).  

Antioxidant activity: In most of the assays, water extracts of R. brunonii fruits 

showed higher antioxidant potential than the acetone extracts (Figure 28). DPPH 

scavenging activity was almost equivalent in the water extract (92.50%) and acetone 

extract (91.90%). OH- radical scavenging assay value for water extract (65.90%) was 

significantly higher compared to the acetone extract (35.30%). Water extract exhibited 

higher potential in H2O2 radical scavenging activity (72.70%) than the acetone extract 

(51.50%). Similarly, Fe2+ chelating activity was recorded batter in water extract (45.80%) 

than the acetone extract (34.90%). In the case FRAP assay higher value was observed in 

acetone extract (119.7 µM GAE/100 g, FW) than the water extract (78.70 µM GAE/100 g, 

FW). Acetone extract also showed higher value (317.0 µM AAE/100 g, FW) in PM assay 

than the water extract (121.2 µM AAE/100 g, FW). 
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Figure 28. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of R. brunonii 

3.2.28 Rosa moschata Mill.  
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Plate 28. Rosa moschata Mill.  

Family Name: Rosaceae 

Description: A climbing, spiny, up to 10-15 m long shrub. Prickles small, broad base, 

brownish, curved. Leaflets variable in size and shape, narrowly ovate to elliptic, acute at 

apex, dull green, glabrous or pubescent above, hairy beneath, serrate. Stipules narrow. 

Flowers white, in corymbs or panicles. Fruit ovoid or subglobose, dark red. [Plate 28]. 

Flowering/Fruiting: June-July/August-October 

Status and habitat: Common on waste places 

Part used: Whole plant 

Distribution: 

World: Afghanistan, India, Nepal, Sikkim, Bhutan. China, Western Himalayas 

Pakistan: Hazara, Margalla Hills, Kashmir, Chitral, Swat, Murree 

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used as fodder; 

branches are used for fencing, hedging, as fire wood.  

Medicinal uses: Decoction of fresh flowers is taken orally to cure constipation. 

Nutraceutical Aspects  
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Proximate analysis: Proximate nutritional investigation of the fruits of Rosa 

moschata showed maximum value for carbohydrate contents (58.34%), followed by crude 

fibers (21.98%), crude fats (7.980%), crude proteins (7.490%) and ash content (4.210%) 

on dry weight basis. Energy value was estimated at 335.1 Kcal/100 g and the fresh fruits 

contained 55.88% moisture contents and 44.12% dry matter contents (Figure 29).  

Elemental analysis: Concentration of selected metals in the fruit samples is 

depicted in Figure 29. Among the selected metals, K level was found maximum (4574 

mg/kg), followed by Ca (1117 mg/kg), Mg (626.6 mg/kg), Fe (41.57 mg/kg), Pb (34.92 

mg/kg), Sr (18.18 mg/kg), Na (10.50 mg/kg), Mn (7.769 mg/kg) and Zn (6.818 mg/kg). 

The lowest contribution was manifested by Li (0.537 mg/k), whereas Cu, Li, Co, Cr and 

Cd exhibited slightly higher levels.  

Phytochemical analysis: The fruits of Rosa moschata showed approximately 

comparable concentration of total phenolics in water extract (82.92 mg GAE/100 g, FW) 

and acetone extract (80.45 mg GAE/100 g, FW). However, water extract exhibited 

significantly higher levels of flavonoids (297.9 mg Rt/100 g, FW) than the acetone extract 

(67.76 mg Rt/100 g, FW). In the case of total flavonol contents, higher concentration was 

observed in the acetone extract (199.6 mg Rt/100 g, FW) compared to the water extract 

(16.00 mg Rt/100 g, FW). Ascorbic acid contents were found to be slightly higher in the 

water extract (1.710 mg AA/100 g, FW) than the acetone extract (1.100 mg AA/100 g, 

FW) (Figure 29). 

Antioxidant activity: Comparative evaluation of the antioxidant activity, as 

shown in Figure 29, revealed equivalent DPPH scavenging activity in the water and 

acetone extracts (91.90%). However, OH- radical scavenging activity was observed to be 

higher in the water extract (67.60%) than the acetone extract (42.40%). Similarly, water 

extract showed higher contribution in H2O2 radical scavenging assay (76.40%) than the 

acetone extract (51.80%). In the fruits of R. moschata, elevated Fe2+ chelating activity was 

found in water extract (36.60%) compared to the acetone extract (23.10%). In FRAP assay 

higher concentration was observed in the acetone extract (133.7 µM GAE/100 g, FW) than 

the water extract (63.60 µM GAE/100 g, FW). Acetone extract again showed significantly 

higher value (261.3 µM AAE/100 g, FW) in PM assay than the water extract (145.1 µM 

AAE/100 g, FW) (Figure 29). 
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Figure 29. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of R. moschata 

3.2.29 Rubus ellipticus Smith.  
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Plate 29. Rubus ellipticus Smith. 

Family Name: Rosaceae 

Description: A small prickly shrub up to 2-3 m tall. Stem and branches erect, weak, 

tomentose, bristly, woody, spiny, reddish hairs, ascending with reddish brown bark. 

Leaves compound, 3-5 leaflets, ovate, dark green above, whitish green beneath, hairy, 

serrate, spiny at the base, petiolate. Flowers whitish-creamy. Fruit yellow, berries in 

clusters. [Plate 29]. 

Flowering/Fruiting: February-March/May-July 

Status and habitat: Common on waste places. 

Part used: Whole plant. 

Distribution: 

World: China, India, Siri Lanka, Philippines.  

Pakistan: Hazara, Kalam, Margalla Hills, Kashmir, Chitral, Swat, Murree.  

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used as fodder; stem 

and branches are used for fencing, hedging, as fire wood.  

Medicinal uses: Juice of fresh fruits is taken orally to cure diabetes. 

Nutraceutical Aspects  
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Proximate analysis: Proximate nutritional investigation (Figure 30) showed 

dominant contributions of crude fibers (38.88%) and carbohydrate contents (38.21%), 

followed by crude fats (10.49%), crude proteins (9.180%) and ash content (3.240%), on 

dry weight basis. Energy value was estimated at 283.9 Kcal/100 g and almost comparbalr 

contribution were noted for the moisture contents dry matter contents (51.21% and 48.80, 

respectively).  

Elemental analysis: Elemental profile of the fruits of Rubus ellipticus revealed 

that Ca showed maximum concentration (1062 mg/kg) among the metals, followed by Mg 

(835.2 mg/kg), K (423.3 mg/kg), Fe (234.1 mg/kg), Mn (75.28 mg/kg), Sr (37.78 mg/kg), 

Na (32.25 mg/kg), Zn (20.79 mg/kg) and Pb (19.72 mg/kg) as depicted in Figure 30. 

Relatively lower levels were observed for level was Cu, Li, Co, Cr and Cd in the fruit 

samples.  

Phytochemical analysis: Among phytochemical contents higher concentration of 

total phenolic contents was observed in water extract (52.50 mg GAE/100 g, FW) than the 

acetone extract (49.72 mg GAE/100 g, FW). In the case of total flavonoids contents, 

acetone extract exhibited significant value (37.82 mg Rt/100 g, FW) compared to the 

water extract (24.94 mg Rt/100 g, FW). Fruits of R. ellipticus showed higher concentration 

of total flavonols in acetone extract (90.56 mg Rt/100 g, FW) than the water extract (11.56 

mg Rt/100 g, FW). The ascorbic acid contents were found to be higher in the water extract 

(1.110 mg AA/100 g, FW) compared to the acetone extract (0.660 mg AA/100 g, FW) 

(Figure 30). 

Antioxidant activity: The antioxidant assessment (Figure 30) indicated that 

acetone extract showed higher potential (93.40%) in DPPH scavenging activity compared 

to the water extract (62.30%), whereas OH- radical activity was significantly higher in the 

water extract (45.00%) than the acetone extract (20.90%). Similarly, water extract showed 

higher value (67.80%) for H2O2 radical assay than the acetone extract (32.50%). In Fe2+ 

chelating activity, elevated response was observed in the water extract (38.80%) compared 

to the acetone extract (2.400%). In FRAP assay, acetone extract exhibited batter result 

(81.50 µM GAE/100 g, FW) than the water extract (49.10 µM GAE/100 g, FW). 

However, water extract showed higher value (117.9 µM AAE/100 g, FW) in PM assay 

than the acetone extract (103.8 µM AAE/100 g, FW). 
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Figure 30. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of R. ellipticus 

3.2.30 Rubus ulmifolius Schott in Oken.  
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Plate 30. Rubus ulmifolius Schott in Oken. 

Family Name: Rosaceae 

Description: A small prickly shrub up to 2-4 m long. Stem and branches erect, weak, 

tomentose, woody, spiny, ascending. Leaves compound, leaflets, 5, lateral four short, 

anterior one large, dark green above, whitish, tomentose beneath,  glabrous, serrate, 

sessile, or small petiolate. Flowers whitish. Fruit berries, red-black. [Plate 30]. 

Flowering/Fruiting: March-April/May-July 

Status and habitat: Common on waste and cold places. 

Part used: Whole plant. 

Distribution: 

World:  Spain, Africa, Europe, Russia, America, Australia, New Zealand.  

Pakistan: Hazara, Kashmir, Swat, Murree, Gilyat. 

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used as fodder; stem 

and branches are used for fencing, hedging, as fire wood. 

Medicinal uses: Fresh fruits are eaten raw against inflammation and indigestion. Young 

leaves are boiled in water and decoction is taken orally to treat cough and diarrhea. 

Nutraceutical Aspects  
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Proximate analysis: Nutritional composition of the fruits of Rubus ulmifolius 

(Figure 31) indicated that on dry weight basis carbohydrates contents were found 

maximum (64.82%), followed by crude fibers (16.09%), crude proteins (9.790%), crude 

fats (5.290%) and ash content (4.000%). Energy value was calculated at 346.0 Kcal/100 g 

and the fresh fruits contained dominant contribution of moisture contents (78.74%) than 

the dry matter contents (21.26 %). 

Elemental analysis: Analysis of the selected metals in the fruit samples revealed 

maximum concentration for K (5796 mg/kg), followed by Ca (1501 mg/kg), Mg (1327 

mg/kg), Fe (153.4 mg/kg), Na (32.25 mg/kg), Mn (31.28 mg/kg).and Zn (17.45 mg/kg). 

The least concentration was observed for Sr (0.254 mg/kg) while the measured levels of 

for Li, Co, Cr, Cd and Pb spread over the range of 1.322 mg/kg to 7.935 mg/kg, as shown 

in Figure 31.  

Phytochemical analysis: The phytochemical analysis of the fruits of R. ulmifolius 

(Figure 31) showed that total phenolic contents were found to be higher in acetone extract 

(78.92 mg GAE/100 g, FW) than the water extract (70.89 mg GAE/100 g, FW). Total 

flavonoid contents were recorded in high concentration in water extract (46.64 mg Rt/100 

g, FW) compared to the acetone extract (27.69 mg Rt/100 g, FW). Relatively high 

concentration of total flavonols was observed in the acetone extract (59.20 mg Rt/100 g, 

FW) than the water extract (20.23 mg Rt/100 g, FW). The ascorbic acid contents were 

found to be higher in the water extract (0.920 mg AA/100 g, FW) compared to the acetone 

extract (0.440 mg AA/100 g, FW).  

Antioxidant activity: DPPH scavenging activity exhibited higher contribution in 

acetone extract (89.90%) compared to the water extract (67.30%). Nevertheless, OH- 

radical scavenging activity was significantly higher in the water extract (69.30%) than the 

acetone extract (37.30%). H2O2 radical scavenging assay showed almost comparable 

values in the water extract (48.50%) and acetone extract (45.90%). Fe2+ chelating activity 

was marginally higher in the water extract (33.70%) compared to the acetone extract 

(27.20%). Acetone extract exhibited better response in FRAP assay (64.90 µM GAE/100 

g, FW) than the water extract (35.50 µM GAE/100 g, FW). Similarly acetone  extract also 

showed slightly higher value (71.90 µM AAE/100 g, FW) in PM assay than the water 

extract (66.80 µM AAE/100 g, FW) (Figure 31). 
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Figure 31. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of R. ulmifolius 

3.2.31 Zanthoxylum armatum D.C. Prodor.  
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Plate 31. Zanthoxylum armatum D.C. Prodor. 

Family Name: Rutaceae 

Description: A small sized tree or spiny shrub. Leaves palmately compound, trifoliate, 

glabrous to glaucous, entire to crenate, opposite, elliptic to ovate-lanceolate, sessile, 

winged petiole and raches; acute to caudate apex, spiny beneath. Flowers, axillary, 

yellowish red. Fruit dark green-reddish, axillary, simple succulent, flashy, drupe, oval, 

doted. [Plate 31]. 

Flowering/Fruiting: March-April/June-September 

Status and habitat: Common on waste places. 

Part used: Whole plant. 

Distribution: 

World:  Bhutan, India, Japan, Korea, and China, Philippines.  

Pakistan: Hazara, Kashmir, Swat, Murree, Dir.  

Ethnobotanical uses: Fresh dried ripened fruits are used as condiment in food.  Leaves 

are used as fodder, young leaves are used in cooked food as carminative; stem and 

branches are used for fencing, hedging, as fire wood. Young twigs are used as toothbrush.    

Medicinal uses: Powder of dried fruits is taken orally with water to cure cholera, stomach 

disorder, gas trouble and indigestion, where as young branches and twigs are used as tooth 

brush and effective against mouth gums and tooth ache.  

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional analysis of the fruits of Zanthoxylum 

armatum indicated that crude fibers showed higher contribution (39.18%) than 

carbohydrates (29.84%), followed by crude proteins (12.38%), crude fats (11.56%) and 

ash content (7.040%) on dry weight basis. Energy value was calculated at 272.8 Kcal/100 

g and the moisture contents in the fresh fruits were 73.18% while the dry matter contents 

were 26.82% (Figure 32).  

Elemental analysis: Metals level quantification in the fruits of Zanthoxylum 

armatum (Figure 32) demonstrated the maximum concentration of K (7421 mg/kg), 

followed by Ca (2462 mg/kg), Mg (1241 mg/kg), Fe (89.66 mg/kg), Na (80.58 mg/kg), Zn 

(36.88 mg/kg), Sr (17.10 mg/kg) and Mn (26.19 mg/kg), whereas minimum level was 

recorded for Li (1.362 mg/kg). Moderately lower levels were observed for Cu, Co, Cr, Cd 

and Pb in the fruit samples. 

Phytochemical analysis: The phytochemical contents measured in the fruit 

samples are given in Figure 32 which showed that total phenolic contents were clearly 

higher in water extract (80.01 mg GAE/100 g, FW) than acetone extract (9.690 mg 

GAE/100 g, FW). However, flavonoid contents were relatively higher (83.32 mg Rt/100 g, 

FW) in the acetone extract than the water extract (62.14 mg Rt/100 g, FW). Flavonol 

contents were also found to be higher in the acetone extract (168.3 mg Rt/100 g, FW) 

compared to the water extract (13.25 mg Rt/100 g, FW). The ascorbic acid contents were 

slightly higher in the water extract (1.550 mg AA/100 g, FW) than the acetone extract 

(1.360 mg AA/100 g, FW).  

Antioxidant analysis: As shown in Figure 32, DPPH scavenging activity showed 

elevated value in the acetone extract (88.80%) than the water extract (67.40%). On the 

other hand, OH- radical scavenging activity was relatively higher in the water extract 

(71.60%) than the acetone extract (45.50%). Similarly, water extract exhibited higher 

value of H2O2 radical scavenging assay (60.90%) than the acetone extract (21.60%). 

Significantly elevated Fe2+ chelating activity was observed in the water extract (50.40%) 

compared to the acetone extract (4.600%). In FRAP assay, acetone extract showed higher 

potential (123.3 µM GAE/100 g, FW) than the water extract (58.70 µM GAE/100 g, FW). 

Likewise, acetone extract showed considerably higher value (306.0 µM AAE/100 g, FW) 

in PM assay than the water extract (138.8 µM AAE/100 g, FW). 
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Figure 32. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of Z. armatum 

3.2.32 Grewia optiva Drum. ex. Burret.  
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Plate 32. Grewia optiva Drum. ex. Burret. 

Family Name: Tiliaceae 

Description: A small tree, up to 10-15 m in height, ashy-white bark. Leaves scabrous 

petiole, lamina stellate-tomentose, rough, ovate to broadly ovate, oblique or obtuse at the 

base; margin glandular-crenate; apex acute to acuminate; stipules densely hairy. 

Inflorescence cyme 2-8-flowered, very rarely axillary. Flowers yellow with white sepals. 

Fruit drupe 2-4-lobed, globose, fleshy, purple-black. [Plate 32]. 

Flowering/Fruiting: April-August/September-December 

Status and habitat: Common on waste places along with cultivated lands. 

Part used: Whole plant. 

Distribution: 

World:  Himalayan region of India, China, Nepal.  

Pakistan: Hazara, Kashmir, Swat, Murree, Peshawar, Punjab.   

Ethnobotanical uses: Fresh dried ripened fruits are eaten raw. Leaves are used as fodder; 

wood is used as fuel; bark of young branches is used in making ropes. 

Medicinal uses: Leaves are given to cattle to increase milk production. Decoction of fresh 

leaves is applied topically on painful joints.  

Nutraceutical Aspects 
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Proximate analysis: Wild fruits of Grewia optiva showed higher contribution of 

carbohydrates (47.60%) among the macronutrients, followed by crude fibers (19.54%), 

crude proteins (15.85%), crude fats (11.09%) and ash content (5.930%), on dry weight 

basis. Energy value was calculated at 253.5 Kcal/100 g and the fresh fruits revealed 

33.46% moisture contents and 66.54% dry matter contents (Figure 33).  

Elemental analysis: Concentrations of selected metals in the fruit samples are 

shown in Figure 33, which demonstrated maximum concentration for Mg (890.5 mg/kg), 

followed by K (835.5 mg/kg), Ca (215.3 mg/kg), Na (123.7 mg/kg), Fe (55.60 mg/kg), Mn 

(35.64 mg/kg).and Zn (35.27 mg/kg). Among rest of the metals, relatively higher level 

was recorded for Cu (5.987 mg/kg) and minimum level for Li (1.157 mg/kg). 

Concentrations of Sr, Co, Cr, Cd and Pb were found in the range of 1.324 mg/kg to 3.201 

mg/kg.  

Phytochemical analysis: The phytochemical contents measured in the fruits of G. 

optiva are given in Figure 33, which showed that total phenolic contents were relatively 

higher in water extract (90.74 mg GAE/100 g, FW) than the acetone extract (34.36 mg 

GAE/100 g, FW). Similarly, higher levels of flavonoids were recorded in water extract 

(290.9 mg Rt/100 g, FW) compared to the acetone extract (38.73 mg Rt/100 g, FW). 

Water and acetone extracts showed matching contributions of flavonol contents (35.55 mg 

Rt/100 g, FW). The ascorbic acid contents were found to be higher in the water extract 

(3.650 mg AA/100 g, FW) than the acetone extract (1.280 mg AA/100 g, FW).  

Antioxidant activity: Comparative contributions of the antioxidant activities in 

the fruit samples are portrayed in Figure 33. Acetone extract showed higher DPPH 

scavenging activity (76.20%) than water extract (34.40%). OH- radical scavenging activity 

was also recorded higher in the acetone extract (63.80%) than the water extract (13.10%). 

In the case of H2O2 radical scavenging assay, significantly higher value was observed in 

the acetone extract (23.40%) compared to the water extract (9.100%). Nonetheless, Fe2+ 

chelating activity was marginally higher in the water extract (14.10%) than the acetone 

extract (12.00%). Similarly, FRAP assay showed higher contribution in water extract 

(62.20 µM GAE/100 g, FW) than the acetone extract (50.20 µM GAE/100 g, FW). Water 

extract also showed higher levels (183.7 µM AAE/100 g, FW) in PM assay compared to 

the acetone extract (166.6 µM AAE/100 g, FW). 

 

 

 

Grewia optiva 

10

100

1000

M
ea

su
re

d
 v

al
u

es
 

Grewia optiva 

1

10

100

1000

M
et

al
 le

ve
l (

m
g/

k
g)



Chapter 3             Results and Discussion 

Ethnobotanical and nutraceutical investigation of wild edible fruits & vegetables of Lesser Himalayas 
131 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 33. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of G. optiva 

3.2.33 Celtis australis L. 
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Plate 33. Celtis australis L. 

Family Name: Ulmaceae 

Description: A deciduous tree about 15 m tall. Branches slenderical, pendulous. Leaves 

rhomboid-ovate, acuminate, base unequal, rounded, serrate, glabrous when mature. 

Flowers small, pale green. Fruit drupe subglobose, yellow-reddish brown. [Plate 33]. 

Flowering/Fruiting: March-May/July-September 

Status and habitat: Common on waste places along with cultivated lands. 

Part used: Whole plant. 

Distribution: 

World:   Iraq, Iran, Afghanistan, Central Asia, Nepal.  

Pakistan: Hazara, Kashmir, Punjab, Gilgit, Chitral.   

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used as fodder; wood 

is used as fuel, in making too handles, shelter.    

Medicinal uses: Fresh leaves are boiled in water and decoction is taken orally to cure 

stomach disorder and cough.  

 

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional composition of the fruits of Celtis 

australis (Figure 34) revealed that carbohydrates contents showed highest value (66.98%), 

followed by crude proteins (10.21%), crude fats (9.000%) and crude fibers (6.700%), on 

dry weight basis while the ash contents were 7.100%. Energy value was recorded at 389.7 

Kcal/100 g and the fresh fruits contained 53.29% moisture contents and 46.71% dry matter 

contents.  

Elemental analysis: Investigation of selected metal in the fruit samples indicated 

that among the metals Ca showed maximum level (1593 mg/kg), followed by Mg (892.8 

mg/kg), Na (209.5 mg/kg), K (150.4 mg/kg), Fe (58.95 mg/kg) and Sr (25.17 mg/kg). 

Lowest contribution was observed for Li at 2.250 mg/kg, while moderately higher 

concentration was noted for Cu, Co, Cr, Zn and Mn. Nevertheless, concentrations of Cd 

and Pb in the fruit samples were below the detection limit of instrument (Figure 34). 

Phytochemical analysis: The phytochemical contents measured in the fruit 

samples are given in Figure 34 which demonstrated that total phenolic contents were 

relatively higher in water extract (90.04 mg GAE/100 g, FW) than the acetone extract 

(12.83 mg GAE/100 g, FW). Similarly, slightly higher flavonoid contents were recorded 

in the water extract (83.32 mg Rt/100 g, FW) compared to the acetone extract (65.93 mg 

Rt/100 g, FW). Comparable flavonols contents were observed in both water and acetone 

extracts (47.72 mg Rt/100 g, FW). Ascorbic acid contents were found to be higher (2.410 

mg AA/100 g, FW) in the water extract compared to the acetone extract (1.750 mg 

AA/100 g, FW). 

Antioxidant activity: Water extract of C. australis fruits showed higher potential 

in DPPH scavenging assay (88.60%) than acetone extract (54.10%). However, OH- 

scavenging activity was recorded more or less comparable in the acetone extract (44.30%) 

and water extract (39.80%). Similarly, H2O2 radical scavenging in the acetone extract 

(56.60%) and the water extract (54.70%) exhibited insignificant differences. Nevertheless, 

Fe2+ chelating activity was significantly higher (39.80%) in the water extract compared to 

the acetone extract (9.400%). In FRAP assay, water extract showed higher concentration 

(90.90 µM GAE/100 g, FW) than the acetone extract (34.20 µM GAE/100 g, FW). PM 

assay manifested elevated levels in the water extract (243.2 µM AAE/100 g, FW) 

compared to the acetone extract (60.50 µM AAE/100 g, FW) (Figure 34). 
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Figure 34. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of C. australis 

3.2.34 Vitis jacquemontii Parker. 
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Plate 34. Vitis jacquemontii Parker. 

Family Name: Vitaceae 

Description: A strong ligneous vine. Young branches, petiole, inflorescence and leaves 

under surface woolly tomentose; older branches, stem glabrous with bifurcate tendril. 

Leaves, broadly ovate-cordate, rarely orbicular or truncate; lamina undivided, 3-lobed or 

3-teethed; margin dentate-serrate acute or shortly accuminate; mature leaves clothed with 

dense short woolly tomentum beneath. Flower greenish, glabrous pedicle. Fruit berry 

black, 1-3 obovoid seeds. [Plate 34]. 

Flowering/Fruiting: December-February/May-July 

Status and habitat: Common as climber on Punica and Pyrus spp. 

Part used: Fruits and leaves. 

Distribution: 

World:  Lower Himalayas, India, China, Kashmir.  

Pakistan: Hazara, Swat, Kashmir. 

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used as fodder.  

Medicinal uses: Fresh fruits are eaten raw and found effective against constipation.  

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional assessment of the fruit samples (Figure 

35) revealed that carbohydrate contents showed highest contribution (55.35%), followed 

by crude fibers (23.32%), crude fats (10.22%), crude proteins (6.510%) and ash content 

(4.610%), on dry weight basis. Energy value was recorded at 339.3 Kcal/100 g and the 

moisture contents in the fresh fruits were very high (89.43%) compared to the dry matter 

contents (10.57%).  

Elemental analysis: Elemental analysis of the fruits of Vitis jacquemontii is 

depicted in Figure 35. Among the studied metals, K showed highest concentration (6436 

mg/kg), followed by Ca (1766 mg/kg), Mg (721.0 mg/kg), Fe (39.28 mg/kg), Pb (35.95 

mg/kg), Sr (10.92 mg/kg), Zn (9.452 mg/kg) and Mn (8.521 mg/kg) while the lowest 

concentration was found for Na (0.833 mg/kg). Relatively lower contributions were noted 

for rest of the metals (Li, Cu, Co, Cr and Cd). 

Phytochemical analysis: Phytochemical analysis of the fruit samples (Figure 35) 

indicated that total phenolic contents were higher in acetone extract (55.69 mg GAE/100 

g, FW) than water extract (26.59 mg GAE/100 g, FW). However, higher flavonoid 

contents were calculated in the water extract (30.29 mg Rt/100 g, FW) compared to the 

acetone extract (9.780 mg Rt/100 g, FW). Flavonol contents were found to be significantly 

higher in acetone extract of the samples (68.24 mg Rt/100 g, FW) than the water extract 

(9.540 mg Rt/100 g, FW). Conversely, water extract showed higher value of ascorbic acid 

contents (2.410 mg AA/100 g, FW) compared to the acetone extract (0.510 mg AA/100 g, 

FW). 

Antioxidant activity: DPPH scavenging activity showed nearly equivalent 

potential in the acetone extract (90.10%) and water extract (89.30%). However, OH- 

activity was recorded higher in the water extract (65.20%) compared to the water extract 

(27.20%). Water extract of the fruit samples showed higher potential (77.80%) for H2O2 

radical scavenging whereas in acetone extract it was below the detection limit. Similarly, 

Fe2+ chelating activity was considerably higher in the water extract (37.10%) than the 

acetone extract (2.700%). Acetone extract showed batter results (46.00 µM GAE/100 g, 

FW) in FRAP assay than the water extract (25.50 µM GAE/100 g, FW). In PM assay 

acetone extract showed comparatively higher levels (132.4 µM AAE/100 g, FW) than the 

water extract (34.50 µM AAE/100 g, FW) (Figure 35). 
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Figure 35. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of V. jacquemontii 

3.2.35 Vitis parvifolia Roxb.  
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Plate 35. Vitis parvifolia Roxb. 

Family Name: Vitaceae 

Description: A trailing smooth stem and branched climber. Older branches t woody with 

dark brown bark. Tendril simple, glabrous, bifurcate. Leaves simple, cordate, ovate, 

deeply 3-5 lobed, crenate-serrate, long acuminate, glabrous on both sides; petiole glabrous 

or tomentose, stipules oval, caducous. Inflorescence a thyrs, greenish flowers.  Fruit berry 

black, globose 2-4 obovoid black seeds. [Plate 35]. 

Flowering/Fruiting: December-February/May-July 

Status and habitat: Common on waste places found climbing on Punica and Pyrus spp. 

Part used: Fruits and leaves. 

Distribution: 

World: Lower Himalayas, India, China, Kashmir.  

Pakistan: Hazara, Swat, Kashmir. 

Ethnobotanical uses: Fresh ripened fruits are eaten raw. Leaves are used as fodder. 

Medicinal uses: Fresh fruits are eaten raw and found effective against constipation, 

whereas extract of fresh leaves is taken orally in kidney pain. 

Nutraceutical Aspects 
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Proximate analysis: Proximate nutritional assessment showed maximum value of 

carbohydrates (65.10%) in the fruits of Vitis parvifolia, followed by crude fibers (12.05%), 

crude fats (10.66%), crude proteins (7.630%) and ash content (4.570 %), on dry weight 

basis. Energy value was recorded to be 386.8 Kcal/100 g, and the fresh fruits had very 

high moisture contents (90.69%) and relatively low dry matter contents (9.310%) as 

shown in Figure 36.  

Elemental analysis: Metal levels measured in the fruits of Vitis parvifolia are 

shown in Figure 36 which demonstrated the highest level of K (5983 mg/kg), followed by 

Ca (1262 mg/kg), Mg (636.3 mg/kg) and Fe (70.16 mg/kg). Some significant contributions 

were noted for Mn (9.884 mg/kg), Sr (7.316 mg/kg), Pb (6.831 mg/kg) and Zn (6.056 

mg/kg). Moderately lower levels were found for Na, Li Cu, Co and Cd while the lowest 

concentration was noted for Cr (0.484 mg/kg). Interestingly, Na level was found to be 

considerably lower (3.537 mg/kg) than other essential metals.  

Phytochemical analysis: Total phenolic contents were found to be higher in the 

acetone extract (29.44 mg GAE/100 g, FW) than the water extract (19.28 mg GAE/100 g, 

FW). Higher concentration of flavonoids was observed in the acetone extract (30.80 mg 

Rt/100 g, FW) than the water extract (19.62 mg Rt/100 g, FW). Total flavonols were 

found to be significantly higher in the acetone extract (23.67 mg Rt/100 g, FW) than the 

water extract (3.690 mg Rt/100 g, FW). However, water extract showed higher levels of 

ascorbic acid (0.680 mg AA/100 g, FW) compared to the acetone extract (0.260 mg 

AA/100 g, FW) (Figure 36). 

Antioxidant activity: Antioxidant activity estimated in the fruits of V. parvifolia is 

shown in Figure 36 which indicated that DPPH scavenging activity was higher in the 

acetone extract (91.40%) compared to the water extract (82.60%). In the case of OH- 

scavenging activity, water extract showed significantly higher values (70.80%) than the 

acetone extract (11.20%). Water extract also exhibited slightly better response (29.20%) in 

H2O2 radical scavenging activity than the acetone extract (22.70%). Fe2+ chelating activity 

was found to be markedly higher in the water extract (33.40%) than the acetone extract 

(1.800%). On the other hand, in FRAP assay, acetone extract showed very high levels 

(37.30 µM GAE/100 g FW) than the water extract (4.900 µM GAE/100 g, FW). Similarly, 

in PM assay, the acetone extract showed relatively higher levels (98.10 µM AAE/100 g, 

FW) compared to the water extract (56.10 µM AAE/100 g, FW).  
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Figure 36. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of V. parvifolia 
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3.3 Wild Edible Vegetables 

3.3.1 Amaranthus hybridus L. 

Slim amaranth/Pigweed 

Ghinar 

 

 

 

 

 

 

 

 

 

 

 

Plate 36. Amaranthus hybridus L.  

Family Name: Amaranthacea  

Description: An annual herbaceous plant of 1-6 feet height. Stem branched, angular, 

glabrous having short or long multicellular hairs. Leaves alternate, long petiole, dull green, 

rough, hairy, lamina broadly lanceolate to ovate with wavy margins, gradually narrowed 

with sub-acute tip. Flowers small, yellowish green, terminal spikes formed of cymose 

clusters. Seeds black, shining [Plate 36]. 

Flowering: May-August. 

Status and habitat: Common on moist and waste places along cultivated fields.  

Part used: Leaves and seed 

Distribution: World: Tropical and sub-tropical regions.  

Pakistan: Murree, Hazara, Kaghan, Swat, Rawalpindi, Kashmir, Sind, Punjab and 

Baluchistan. 

Ethnobotanical uses: Fresh leaves are cooked in water and used as culinary vegetable 

(sag). Aerial parts are also used as fodder for cattle.  

Medicinal uses: Dried seeds of Amaranthus hybridus and dried fruits of Ficus carica, are 

grinded together with sugar. This powder is taken orally to cure eye vision problem.  
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Nutraceutical Aspects 

Proximate analysis: Proximate composition of Amaranthus hybridus showed 

maximum value of carbohydrates (46.79%) on dry weight basis followed by crude 

proteins (25.14%), ash content (17.66%), crude fibers (9.250%) and crude fats (1.160%). 

The calculated energy value was 298.1 Kcal/100 g, whereas the moisture content in fresh 

leaves was 81.20% while dry matter contents were 18.80% (Figure 37). 

Elemental analysis: Elemental analysis indicated that among the essential metal 

Ca showed highest concentration (50148 mg/kg), followed by Ka (4763 mg/kg), Fe (1087 

mg/kg), Mg (887.9 mg/kg), Na (509.9 mg/kg), Mn (52.30 mg/kg) and Zn (30.34 mg/kg) 

on dry weight basis (Figure 37). However higher concentration of Sr (239.7 mg/kg) was 

also observed; relatively lower levels were noted for Cd, Cu, Li, Co, Cr and Pb.  

Phytochemical analysis: On fresh weight basis water extracts of A. hybridus 

showed more concentration of phenolic contents (41.72 mg GAE/100 g, FW) than acetone 

extract (7.739 mg GAE/100 g, FW). Flavonoids contents were also estimated higher in 

water extract (39.60 mg Rt/100 g, FW) compare to acetone extract (37.17 mg Rt/100 g, 

FW). Total flavonols contents were found higher in acetone extract (95.93 mg Rt/100 g, 

FW) as compare to water extract (34.70 mg Rt/100 g, FW). Moderately higher ascorbic 

acid contents were found in acetone extract (1.732 mg AA/100 g, FW) than water extract 

(1.637 mg AA/100 g, FW) (Figure 37). 

Antioxidant activity: Results of antioxidant activity revealed that leaves extracts 

of A. hybridus exhibited significant antioxidant potential (Figure 37). Acetone extract 

revealed relatively higher DPPH scavenging activity (53.98%) than the corresponding 

water extract (39.52%). OH- radical scavenging activity was observed comparatively 

higher in water extract (40.67%) compare to corresponding acetone extract (13.28%). In 

the case of hydrogen peroxide (H2O2) radical scavenging activity, water extract again 

showed slightly higher concentration (63.02%) than acetone extract (62.46%). Ferrous ion 

(Fe2+) chelating activity was also recorded higher in water extract (44.56%) compare to 

acetone extract (36.11%). Similarly water extract showed higher antioxidant potential in 

term of Ferric ion reducing antioxidant power (FRAP) (26.30 µM GAE/100 g, FW) 

compare to acetone extract (15.62 µM GAE/100 g, FW), however, in the case of 

Phosphomolybdenum complex assay (PM) acetone extract showed higher concentration 

(120.9 µM AAE/100 g, FW) than corresponding water extract (98.65 µM AAE/100 g, 

FW) on fresh weight basis.  
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Figure 37. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of A. hybridus 
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3.3.2 Amaranthus spinosus L. 

Spinay amaranth 

Ghinar 

 

 

 

 

 

 

 

 

 

 

 

    Plate 37. Amaranthus spinosus L. 

Family Name: Amaranthacea  

Description:  Annual, erect or slightly decumbent, much-branched and bushy 

herb. Stem stout, branched, reddish, angular and glabrous with long, hairs. Leaves 

glabrous, long petiolated, lamina ovate to rhomboid-ovate, elliptic, or lanceolate, leaf-axial 

bearing a pair of fine slenderical and compressed long spines. Flowers green, in the lower 

part of the plant in axillary clusters. Seeds compressed, black and shining [Plate 37]. 

Flowering: May - August. 

Status and habitat: Common along road sides, and waste places. 

Part used: Leaves  

Distribution:  

World: Originated from America, consider as cosmopolitan weed in the warmer and 

temperate regions of the world. 

Pakistan: Murree, Haripur, Abbottabad, Balakot, Manshera, Kahouta, Margalla Hills, 

Islamabad, Muzafarabad, Sind, Punjab and Baluchistan. 

Ethnobotanical uses:  Fresh leaves are cooked in water and used as vegetable (sag). 

Aerial parts are also used as fodder for cattle.  

Medicinal uses: Dried seeds of Amaranthus spinosus and dried fruits of Ficus carica, are 

grinded together with sugar. This powder is taken orally to cure eye vision problem.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Amaranthus spinosus is 

shown in Figure 38, which indicated maximum concentration of carbohydrates (43.34%) 

on dry weight basis followed by crude proteins (24.79%), ash content (17.97 %), crude 

fibers (11.72%) and crude fats (2.180%). Energy value was estimated at 292.1 Kcal/100 g, 

and the moisture contents in fresh leaves were 80.34% while dry matter contents were 

19.67%.  

Elemental analysis: Metal level quantification revealed that among essential metal 

Ca showed highest level (18576 mg/kg), followed by Ka (4773 mg/kg), Na (2397 mg/kg), 

Mg (893.7 mg/kg), Fe (756.1 mg/kg), Mn (73.10 mg/kg) and Zn (34.77 mg/kg). However 

elevated concentration of Sr (277.9 mg/kg) was also noted, followed by Pb (78.36 mg/kg), 

relatively lower levels were observed Cu, Li, Co, Cr and Cd (Figure 38). Higher 

concentrations of toxic metals (such as Cr, Pb, etc.) may be harmful for consumers. 

Phytochemical analysis: Among the phytochemicals measured in the leaves of A. 

spinosus are shown in Figure 38, indicated that water extracts showed higher concentration 

of total phenolics (23.45 mg GAE/100 g, FW) compare to acetone extract (8.578 mg 

GAE/100 g, FW). Acetone extracts showed higher concentrations of Flavonols (43.16 mg 

Rt/100 g, FW) and flavonoids contents (29.77 mg Rt/100 g, FW) while measured levels of 

flavonoids and flavonols contents in water extracts were 25.97 mg Rt/100 g, FW and 

17.47 mg Rt/100 g, FW. Ascorbic acid contents were calculated relatively higher in water 

extract (1.848 mg AA/100 g, FW) than acetone extract (1.563 mg AA/100 g, FW).  

Antioxidant activity: Antioxidant activity of A. spinosus indicated that water 

extracts showed better results as compare to acetone extracts in all assays expect PM assay 

(Figure 38). Water extract showed more value for DPPH scavenging activity (65.55%) in 

than acetone extract (55.23%). Significantly higher concentration was observed for OH- 

radical scavenging activity in water extract (51.59%) compare to acetone extract 

(31.49%). Similarly water extract showed higher potential (82.26 %) during H2O2 radical 

scavenging activity compare to acetone extract (61.74%). Fe2+ chelating activity was also 

noted higher in water extract (73.51%) compare to acetone extract (53.81%). Water extract 

exhibited better response during FRAP assay (29.16 µM GAE/100 g, FW) than acetone 

extract (11.95 µM GAE/100 g, FW), whereas as in the case of total antioxidant activity 

(PM assay) acetone extract showed significantly higher value (101.4 µM AAE/100 g, FW) 

than water extract (75.30 µM AAE/100 g, FW).  



Chapter 3             Results and Discussion 

Ethnobotanical and nutraceutical investigation of wild edible fruits & vegetables of Lesser Himalayas 
146 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 38. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of A. spinosus 
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3.3.3 Amaranthus viridis L.  

Slender Amaranth 

Ghinari 

 

 

 

 

 

 

 

 

 

 

 

 

    Plate 38. Amaranthus viridis L.  

Family Name: Amaranthacea  

Description: Annual, erect or more rarely ascending herb. Stem reddish brown, rough, 

cylindrical, glabrous, sparingly branched. Leaves green, multifoliate, glabrous-glutinous; 

lamina deltoid- ovate to rhomboid oblong, long petiolated; leaf insertion cauline to ramal; 

base broad and narrow to the apex; entire margin. Flowers green, slender, axillary or 

terminal, bracteates, often peniculate spikes [Plate 38]. 

Flowering: May-August. 

Status and habitat: Common and widely distributed on damp, wet and open places. 

Part used: Leaves and seed 

Distribution:  

World: Throughout the tropical and sub-tropical regions.  

Pakistan: Murree, Hazara, Kaghan, Swat, Rawalpindi, Islamabad, Kashmir, Sind, Punjab 

and Baluchistan. 

Ethnobotanical uses:  Fresh leaves are cooked in water and used as vegetable (sag). 

Aerial parts are also used as fodder for cattle.  

Medicinal uses: Dried seeds of Amaranthus viridis and dried fruits of Ficus carica are 

grinded together with sugar. This powder is taken orally to cure eye vision problem.  
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Nutraceutical Aspects 

Proximate analysis: Proximate analysis of leaves of Amaranthus viridis 

manifested higher contributions of carbohydrate (45.24%), followed by crude proteins 

(26.22%), ash content (18.49 %), crude fibers (7.270%) and crude fats (2.640%) on dry 

weight basis. Energy value was recorded at 310.1 Kcal/100 g, and the moisture contents in 

the fresh leaves were 76.77% while dry matter contents were 23.24% (Figure 39). 

Elemental analysis: Elemental analysis of A. viridis showed that among essential 

metals K showed highest concentration (8377 mg/kg), followed by Ca (3378 mg/kg), Mg 

(3087 mg/kg), Na (654.6 mg/kg), Fe (515.2 mg/kg) and Zn (57.24 mg/kg. Among rest of 

metals notable contributions was found for Mn (53.70 mg/kg) and Co (27.91 mg/kg), 

while relatively lower levels were observed for Sr, Cu, Li, Cr, Cd and Pb metals (Figure 

39). 

Phytochemical analysis: Water extracts showed significant higher value (139.9 

mg GAE/100 g, FW) of total phenolic contents as compare to acetone extracts (13.17 mg 

GAE/100 g, FW). Acetone extracts showed higher concentrations of flavonols (138.1 mg 

Rt/100 g, FW) and flavonoids contents (71.24 mg Rt/100 g, FW) while measured levels in 

water extracts for flavonoids contents were 63.41 mg Rt/100 g, FW and 33.41 mg Rt/100 

g, FW for flavonols (Figure 39). Ascorbic acid contents were estimated almost equal in 

water (1.865 mg AA/100 g, FW) and acetone extracts (1.655 mg AA/100 g, FW) in the 

leaves of A. viridis.  

Antioxidant activity: Results of antioxidant activity in A. viridis are mentioned in 

Figure 39, which indicated that in majority of the cases water extracts showed better 

values than acetone extracts. DPPH scavenging activity was observed relatively higher in 

water extract (45.93%) than acetone extract (21.22%). OH- radical scavenging activity was 

recorded only in water extract (30.80%), whereas, in acetone extract it was below 

detection limit. Similarly water extract exhibited higher potential in H2O2 radical 

scavenging activity (60.98%) compare to acetone extract (52.07%). In the case of Fe2+ 

chelating activity higher concentration was noted for water extract (55.95%) than acetone 

extract (7.034 %). Acetone extracts showed significantly higher values during FRAP assay 

(25.77 µM GAE/100 g, FW) and Phosphomolybdenum complex assay (143.9 µM 

AAE/100 g, FW) as compare to water extracts which showed (0.496 µM GAE/100 g, FW) 

value during FRAP assay and (85.43 µM AAE/100 g, FW) during Phosphomolybdenum 

complex assay.  
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Figure 39. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of A. viridis 
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3.3.4 Digera muricata (L.) Mart. 

Wild rhubrab 

Tundulla  

 

 

 

 

 

 

 

 

 

 

 

      Plate 39. Digera muricata (L.) Mart. 

Family Name: Amaranthacea  

Description: Annual, simple with ascending branches herb. Stem glabrous with pale 

ridges. Branches hairy, pale ridges. Leaf blade linear to ovate, glabrous; petiole slender in 

the lower leaves, shortening in the upper leaves. Flowers glabrous, white tinged with pink 

to red, usually becoming greenish white in fruit, axillary racemes. Fruit subglobose, 

slightly compressed, keeled along each side [Plate 39]. 

Flowering: July - September 

Status and habitat: Common as a weed of Maize fields and waste places.  

Part used: Leaves  

Distribution:  

World: Widespread in southern Asia from tropical Arabia and the Yemen to Afghanistan, 

India, Ceylon, Malaysia, Indonesia, tropical Africa and Madagascar.  

Pakistan: Murree, Haripur, Abbottabad, Balakot, Manshera, Kahouta, Margalla Hills, 

Islamabad, Rawalpindi, Muzafarabad, Sind, Punjab. 

Ethnobotanical uses: Fresh leaves are cooked in water and used as culinary vegetable 

(sag). Aerial parts are also used as fodder for cattle.  

Medicinal uses: Fresh leaves are cooked in water and paste is taken orally to cure 

constipation. 
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Nutraceutical Aspects 

Proximate analysis: Proximate analysis of Digera muricata shown in Figure 40. 

Highest contribution was noted for carbohydrates (45.24%), followed by crude proteins 

(22.48%), ash content (20.12%), crude fibers (10.92%) and crude fats (1.240%) on dry 

weight basis. Energy value was calculated at 282.0 Kcal/100 g, and moisture contents in 

fresh samples were 79.48% while dry matter contents were 20.52%. 

Elemental analysis: Metal level measured in the leaves of D. muricata are given 

in Figure 40, which demonstrated that Ca showed highest level (31926 mg/kg) among 

essential metals, followed by K (4761 mg/kg), Mg (894.5 mg/kg), Fe (789.8 mg/kg), Na 

(640.3 mg/kg) and Zn (53.15 mg/kg). Some notable contributions were also recorded for 

Sr (182.9 mg/kg) and Mn (71.53 mg/kg), whereas Cu, Co, Li, Cr and Pb. exhibited 

relatively lower concentrations. Lowest concentration was found for Cd (2.997 mg/kg).  

Phytochemical analysis: On fresh weight basis phytochemical investigation 

revealed that young leaves of D. muricata showed higher total phenolics and flavonoids 

contents in water extracts 28.12 mg GAE/100 g, FW and 43.82 mg Rt/100 g, FW 

respectively (Figure 40) as compare to acetone extracts which contained (4.265 mg 

GAE/100 g, FW) phenolics and (19.37 mg Rt/100 g, FW) flavonoids contents. Flavonols 

contents were found relatively higher (31.80 mg Rt/100 g, FW) in acetone extract than 

water extract (24.82 mg Rt/100 g, FW). Comparatively higher ascorbic acid contents were 

found noted in water extract (1.256 mg AA/100 g, FW) than acetone extract (0.983 mg 

AA/100 g, FW).  

Antioxidant activity: Antioxidant potential of D. muricata is shown in Figure 40. 

DPPH scavenging activity was found higher in water extract (64.09%) compare to 

corresponding acetone extract (46.96%). In the case of OH- radical scavenging activity 

acetone extract showed comparatively batter response (32.99%) than water extract 

(25.80%). Similarly acetone extract again exhibited higher potential (63.05%) during H2O2 

radical scavenging activity than water extract (57.06 %). Fe2+ chelating activity was also 

recorded higher in acetone extract (51.00%) compare to corresponding water extract 

(46.49%). FRAP values were found to be higher in the acetone extract (6.452 µM 

GAE/100 g, FW) than water extract (3.098 µM GAE/100 g, FW). Nevertheless, total 

antioxidant activity as shown by PM assay exhibited higher potential in acetone extracts 

(63.00 µM AAE/100 g, FW) compare to water extract (41.50 µM AAE/100 g, FW) on 

fresh weight basis.  
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Figure 40. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of D. muricata 
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3.3.5 Dryopteris ramosa (Hope) C. Chr. 

Oak Fern  

Gunji  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 40. Dryopteris ramosa (Hope) C. Chr. 

Family Name: Aspidiaceae  

Description: A terrestrial herb with, adventitious roots, creeping rhizome with brownish 

hairs. Leaves green, macrophyllous, compound, pinnate or bipinnate, originate from upper 

surface of the rhizome. Young leaves circinate, covered with brownish hairs. Sporangia 

brown, on lower leaf surface [Plate 40]. 

Spore period: December-March 

Status and habitat: Commonly found on shady, cold and moist places. 

Part used: Circinate leaves   

Distribution: World: Widespread in Europe and Africa except arctic zone and South 

America. Pakistan: Murree, Gillyat, Abbottabad, Naran, Shogran.  

Ethnobotanical uses:  Young leaves are cooked in water and used as culinary vegetable 

Medicinal uses: Young leaves cooked as vegetables are taken orally to cure gastric ulcer, 

constipation. 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional assessment on dry weight basis 

indicated maximum value for carbohydrates (34.21%), followed by crude fibers (26.68%), 

crude proteins (22.69%), ash content (10.78%) and crude fats (5.640 %). Energy value 

was recorded at 278.3 Kcal/100 g, and moisture contents in fresh samples were 80.75% 

while dry matter contents were 19.25% (Figure 41). 

Elemental analysis: Elemental analysis of Dryopteris ramosa is mentioned in 

Figure 41, which revealed that among essential metals K level was found highest (4342 

mg/kg), followed by Ca (2388 mg/kg), Na (519.0 mg/kg), Fe (457.2 mg/kg), Mg (373.1 

mg/kg) and Zn (47.05 mg/kg). Among other metals notable levels were observed for Sr 

(94.00 mg/kg), Mn (25.00 mg/kg) and Li (18.60 mg/kg). Relatively lower concentrations 

were recorded for Cu, Co, and Cr, whereas lowest contribution was shown by Cd (5.300 

mg/kg).  

Phytochemical analysis: Phytochemical contents assessment mentioned in (Figure 

41), showed that water extracts of D. ramosa exhibited higher values 44.45 mg GAE/100 

g, FW for total phenolics and flavonoids contents 84.20 mg Rt/100 g, whereas, in acetone 

extracts 23.32 mg GAE/100 g, FW total phenolics and 23.89 mg Rt/100 g, FW flavonoids 

contents were recorded. Flavonols contents were estimated higher (25.30 mg Rt/100 g, 

FW) in acetone extract compare to water extract (11.41 mg Rt/100 g, FW). Ascorbic acid 

concentration was also observed higher in acetone extract (1.038 mg AA/100 g, FW) than 

water extract (0.985 mg AA/100 g, FW).  

Antioxidant activity: Antioxidant activity measured in the leaves of D. ramose is 

mentioned in Figure 41 indicated that mostly water extracts showed better response 

compare to acetone extracts. It was noted that DPPH scavenging activity was significantly 

higher in water extract (64.75%) than acetone extract (46.96%). Water extract showed 

relatively higher concentration (46.13%) during OH- radical scavenging activity compare 

to acetone extract (26.57%). In the case of H2O2 radical scavenging activity water extract 

exhibited relatively higher concentration (58.84%) compare to acetone extract (49.24%). 

Fe2+ chelating activity was estimated more in the case of water extract (72.70%) than 

acetone extract (55.69%). During FRAP and PM assays acetone extracts showed better 

response (17.16 µM GAE/100 g, FW) and (117.9 µM AAE/100 g, FW) respectively than 

water extracts (13.16 µM GAE/100 g, FW) during FRAP and (60.96 µM AAE/100 g, FW) 

in the case of Phosphomolybdenum complex assay.  
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Figure 41. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of D. ramosa 
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3.3.6 Bidens bipinnata L.  

Spanish needles  

Siryala  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 41. Bidens bipinnata L.  

Family Name: Asteraceae   

Description: Annual herb. Stem erect, slender, stiff, 4-angled with glabrous, green 

spreading branches. Leaves opposite, dentate or serrate, foliate, pinnately 3–5-foliolate, 

terminal leaflet larger than lateral leaflets, without stipules, dark green. Flowers 5-

numerous, bisexual, yellow [Plate 41]. 

Flowering period: October - April 

Status and habitat: Commonly found in grasses, filed borders.  

Part used: Young leaves  

Distribution:  

World: A cosmopolitan weed found in Asia, Africa, Europe and America.  

Pakistan: Murree, Hazara, Punjab, Salt range, Baluchistan, Gilgit, Kashmir.  

Ethnobotanical uses: Young leaves are cooked in water and used as culinary vegetable 

Medicinal uses: Fresh leaves are crushed and mixed in water. This extract is applied 

topically to cure leprosy and skin cuts.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Bidens bipinnata given in 

Figure 42, indicated that carbohydrates contents exhibited maximum value (52.40%), 

followed by crude proteins (19.97%), ash content (13.70%), crude fibers (12.33%) and 

crude fats (1.610%). Energy value was estimated at 303.9 Kcal/100 g, and fresh leaves 

contained 82.78% moisture contents while 17.22% dry matter contents.  

Elemental analysis: Elemental analysis indicated that among essential metals 

maximum concentration was found for Ca (41518 mg/kg), followed by K (4372 mg/kg), 

Mg (886.0 mg/kg), Fe (225.0 mg/kg), Na (153.7 mg/kg), and Zn (22.11 mg/kg). Notable 

values were recorded Sr (110.5 mg/kg) and Mn (51.07 mg/kg). Relatively lower levels are 

noted for Cu, Co, Cd, Cr and Pb (Figure 42). Li metal showed lowest level (0.511 mg/kg).  

Phytochemicals: Phytochemical investigation of B. bipinnata revealed that water 

extracts showed higher concentrations (34.24 mg GAE/100 g, FW) and (64.23 mg Rt/100 

g, FW) for total phenolics and flavonoids contents respectively (Figure 42) compare to 

acetone extracts which showed 19.53 mg GAE/100 g, FW phenolics and 62.96 mg Rt/100 

g, FW flavonoids contents. Significantly higher flavonols contents (88.10 mg Rt/100 g, 

FW) were observed in acetone extract as compare to water extract (23.06 mg Rt/100 g, 

FW), whereas ascorbic acid value was recorded higher in water extract (1.289 mg AA/100 

g, FW) than acetone extract (1.122 mg AA/100 g, FW).  

Antioxidant activity: Antioxidant activity measured in the leaves of B. bipinnata 

is illustrated in Figure 42, which demonstrated that water extract exhibited higher DPPH 

antioxidant activity (51.27%) than acetone extracts (39.94%). In the case of OH- radical 

scavenging activity only acetone showed some response (3.881%), whereas, it was below 

detection limit in the case of water extract. Acetone extract showed slightly higher 

potential during H2O2 radical scavenging activity (59.96%) compare to water extract 

(58.26%). In the case of ferrous ion (Fe2+) chelating activity it was noted that water extract 

showed elevated value (45.14%) compare to acetone extract (18.17%). In the case of ferric 

ion reducing antioxidant power (FRAP) it was noted that acetone extract exhibited 

relatively higher concentration (34.19 µM GAE/100 g, FW) than water extract (29.82 µM 

GAE/100 g, FW), whereas, in the case of total antioxidant activity (PM assay) 

significantly higher concentrations were recorded for both acetone extract (121.5 µM 

AAE/100 g, FW) and water extract (115.3 µM AAE/100 g, FW) on fresh weight basis. 
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Figure 42. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of B. bipinnata 
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3.3.7 Cichorium intybus L. 

Chicory  
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Plate 42. Cichorium intybus L. 

Family Name: Asteraceae  

Description: A perennial sub-erect or spreading herb up to 2 ft tall. Stem erect, branched, 

herbaceous, green. Leaves simple, green, toothed, lanceolate, deeply divided, crowded at 

the base, spirally arranged on stem. Flowers bright blue, blue purple or pinkish, terminal 

or axillary. Pappus absent or scaly. Fruit brownish to black. [Plate 42]. 

Flowering period: June – September 

Status and habitat: Common weed on waste places, cultivated lands and grassy fields.  

Part used: Young leaves  

Distribution:  

World: Europe, West Asia, Afghanistan, Iran, India and Nepal. 

Pakistan: Balouchistan, Waziristan, Kurram, Peshawar, Swat, Hazara, Astor, Gilgit, 

Baltistan, Murree, Rawalpindi, Islamabad and Kashmir. 

Ethnobotanical uses: Young leaves are cooked in diluted milk (Lusii) and used as 

culinary vegetable. 

Medicinal uses: Fresh leaves are boiled in water and this decoction is taken orally to cure 

fever, gas trouble, and body swelling 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional contents of Cichorium intybus are 

shown in Figure 43, which indicated maximum contribution for proteins (54.90%), 

followed by ash content (20.42%), crude fibers (13.28%), carbohydrates (7.680%) and 

crude fats (3.73%) on dry weight basis. Energy value was estimated at 283.8 Kcal/100 g, 

and fresh leaves contained 86.52% moisture and 13.48% dry matter contents. 

Elemental analysis: Measured levels of the selected metals are shown in Figure 

43, demonstrated that among essential metal Ka exhibited highest concentration (6978 

mg/kg), followed by Ca (3665 mg/kg), Fe (742.3 mg/kg), Mg (669.1 mg/kg), Na (202.1 

mg/kg), Zn (32.04 mg/kg). Among rest of metals notable contribution was shown by Co 

(35.66 mg/kg) and Mn (23.46 mg/kg), while relatively lower levels were observed for Sr, 

Cu, Li Cr and Pb. Lowest concentration was recorded for Cd (4.018 mg/kg). Elevated 

levels of Co and Mn in the leaves of C. intybus may exert adverse health effects to the 

consumers.  

Phytochemical analysis: Phytochemical assessment in the leaves of C. intybus 

indicated higher concentration of total phenolic contents in water extracts (36.63 mg 

GAE/100 g, FW) than acetone extract (8.060 mg GAE/100 g, FW). Flavonoids contents 

were also recorded higher in water extract (48.69 mg Rt/100 g, FW) as compare to acetone 

extract (29.55 mg Rt/100 g, FW), whereas, in the case of total flavonols contents acetone 

extract showed significant value (22.35 mg Rt/100 g, FW) compare to water extract (15.24 

mg Rt/100 g, FW). Ascorbic acid contents were found higher in water extract (1.080 mg 

AA/100 g, FW) than acetone extract (0.925 mg AA/100 g, FW) (Figure 43).  

Antioxidant activity: Results for DPPH activity in the water extract of C. intybus 

were found below detection limit; however, acetone extract exhibited better response 

(52.26%). In the case of OH- radical scavenging activity acetone extract was found more 

active (4.030%) compare to that of water extract (0.455%). Similarly slightly higher 

potential was observed in the acetone extract (60.68%) during H2O2 radical scavenging 

activity than water extract (58.49%). In the case of Fe2+ chelating activity acetone extract 

again exhibited significantly higher value (40.09%) than water extract (3.240%), whereas, 

during FRAP assay it was noted that water extract showed higher value (19.53 µM 

GAE/100 g, FW) than acetone extract (13.88 µM GAE/100 g, FW). In term of total 

antioxidant activity (PM assay) same behaviour was observed both in acetone and water 

extracts (72.14 µM AAE/100 g, FW) on fresh weight basis (Figure 43). 
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Figure 43. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of C. intybus 
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3.3.8 Launaea procumbens (Roxb). 

Bold-Leaf Launaeae  
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Plate 43. Launaea procumbens (Roxb).   

Family Name: Asteraceae   

Description: Perennial herb branched from base. Stem branched, smooth, glabrous, 

leafless or with few leaves. Rosette leaves stipulate, dentate, pinnatly lobed, tapering in to 

narrow base, margin white cartilaginous, denticulate. Flowers yellowish white [Plate 43]. 

Flowering period: November – December  

Status and habitat: Common on waste, moist and cold places.   

Part used: Young leaves  

Distribution: World: Afghanistan, China, India, Kashmir, Kazakhstan, Myanmar, Nepal, 

Tajikistan, Turkmenistan, Uzbekistan; SW Asia.  

Pakistan: Balochistan, Waziristan, Kurram, Peshawar, Swat, Hazara, Astor, Gilgit, 

Baltistan, Murree, Rawalpindi, Islamabad and Kashmir. 

Ethnobotanical uses: Young leaves are cooked in diluted milk (Lusii) and used as 

culinary vegetable. 

Medicinal uses: Fresh leaves are grinded along with sugar and extract is taken orally to 

cure painful micturation. 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis showed that carbohydrates 

contents showed maximum value (47.41%), followed by crude fibers (15.59%), crude 

proteins (15.22%), ash content (14.92%) and crude fats (6.860%) on dry weight basis 

(Figure 44). Energy value was found to be 312.2 Kcal/100 g, and the moisture contents in 

fresh leaves were 83.06% while dry matter contents were 16.94%.  

Elemental analysis: Concentrations of the selected metals measured in the leaves 

of Launaea procumbens are shown in Figure 44, which indicated that Ca metal showed 

highest level (29883 mg/kg) among essential elements, followed by Ka (5213 mg/kg), Mg 

(850.3 mg/kg), Na (586.4 mg/kg), Fe (114.7 mg/kg) and Zn (37.38 mg/kg). Notable 

concentration was observed for Sr (99.01 mg/kg) and Mn (21.73 mg/kg). Pb and Cd levels 

were below detection limit, whereas Cu, Li and Cr were found in the range of 2.970 mg/kg 

to 13.91 mg/kg. 

Phytochemical analysis: Phytochemical profile of L. procumbens demonstrated 

that water extracts exhibited higher phenolics (23.22 mg GAE/100 g, FW) and flavonoids 

contents (61.93 mg Rt/100 g, FW) respectively as compare to acetone extracts which 

contained 14.25 mg GAE/100 g, FW to phenolics and 41.45 mg Rt/100 g, FW total 

flavonoids contents on fresh weight basis. Flavonols contents were estimated 

comparatively higher in acetone extract (75.01 mg Rt/100 g, FW) than water extract 

(12.35 mg Rt/100 g, FW). Similarly ascorbic acid contents were also found higher in 

acetone extract (0.898 mg AA/100 g, FW) than water extract (0.886 mg AA/100 g, FW) 

(Figure 44). 

Antioxidant activity: During antioxidant activity it was noted that water extracts 

showed better response during all assays as compare to acetone extracts (Figure 44). In the 

case of DPPH scavenging activity water extract exhibited more value (54.34%) than 

acetone extracts (24.65%). During OH- radical scavenging activity water extract showed 

higher value (19.88%) compare to acetone extract (2.985%). Similarly water extract was 

observed more active (66.19%) during H2O2 radical scavenging activity than acetone 

extract (62.46%). Fe+2 chelating activity was also found significantly higher in water 

extract (57.84%) than acetone extract (0.120%). Water extract showed higher value in 

FRAP assay (28.40 µM GAE/100 g, FW) than acetone extract (17.65 µM GAE/100 g, 

FW), whereas as in the case of PM assay water extract exhibited better response (74.83 

µM AAE/100 g, FW) than acetone extract (58.96 µM AAE/100 g, FW) value. 
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Figure 44. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of L. procumbens 
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3.3.9 Sonchus asper L.  

Sow thistle  

Dodhal  

 

 

 

 

 

 

 

 

 

 

 

Plate 44. Sonchus asper L. 

Family Name: Asteraceae 

Description: Annual herb with erect, glabrous, soft, herbaceous, hollow, unbranched stem 

emits a milky sap when broken. Leaves variable, obovate; basal leaves rosette; upper 

alternate, cauline, blades of mid cauline oblong-lanceolate, elliptical, glabrous, dark green, 

spiny, dentate, cute apex. Pappus caduceus, white. Flowers terminal, head consists of 30-

100 ligulate, yellow ray florets [Plate 44].  

Flowering period: May - October  

Status and habitat: Common on waste places.   

Part used: Young leaves  

Distribution:  

World: Afghanistan, Bhutan, China, India, Japan, Kashmir, Kazakhstan, Korea, 

Kyrgyzstan, Nepal, Russia, Tajikistan, Thailand, Vietnam, Africa, Australia, New Guinea, 

North and South America, and New Zealand. Pakistan: Balouchistan, Sind, Hazara, 

Waziristan, Kurram, Peshawar, Swat, Gilgit, Murree, Rawalpindi, Islamabad and Kashmir. 

Ethnobotanical uses: Young leaves are cooked in diluted milk (Lusii) and used as 

culinary vegetable. 

Medicinal uses: Leaves are boiled in water and decoction is taken orally against fever, 

constipation. 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Sonchus asper is shown in 

Figure 45, which demonstrated maximum value of carbohydrates (51.26%), followed by 

crude fibers (15.85%), crude proteins (15.19%), ash content (13.41%) and crude fats 

(4.290%) on dry weight basis. Energy value was found at 304.4 Kcal/100 g, and moisture 

contents in fresh leaves were 86.70% while dry matter contents were 13.30%.  

Elemental analysis: Measurement of the selected metal levels indicated that 

among essential metals, Ca showed highest level (38970 mg/kg), followed by Ka (5590 

mg/kg), Na (1897 mg/kg), Mg (589.3 mg/kg), Fe (329.7 mg/kg), Mn (76.99 mg/kg) and 

Zn (32.98 mg/kg). Among rest of the elements Sr showed maximum level (150.2 mg/kg) 

and Cd level was found minimum (0.185 mg/kg), whereas Cu, Li, Co, Cr and Cd 

concentrations were observed in the range of 1.527 mg/kg to 12.35 mg/kg (Figure 45). 

Phytochemical analysis: Phytochemical contents investigation of S. asper 

revealed moderately higher concentration of total phenolics at 7.503 mg GAE/100 g, FW 

in water extract compare to acetone extract 7.322 mg GAE/100 g, FW (Figure 45). 

Flavonoids contents were estimated higher in acetone extract (31.92 mg Rt/100 g, FW) 

than water extract (10.10 mg Rt/100 g, FW). Similarly acetone extract exhibited better 

value (17.01 mg Rt/100 g, FW) of flavonols than water extract (8.497 mg Rt/100 g, FW). 

Ascorbic acid were found relatively higher in water extract (0.742 mg AA/100 g, FW) 

compare to acetone extract (0.697 mg AA/100 g, FW)  

Antioxidant analysis: The antioxidant activity related to S. asper revealed that in 

majority of the cases water extracts were found significantly better than acetone extracts 

Figure 45. DPPH scavenging activity was noted higher in water extract (31.24%) than 

acetone extract (28.55%). In the case of OH- radical scavenging activity water extract 

again exhibited higher concentration (55.39%), whereas, in the case of acetone extract it 

was found below detection limit. Water extract was found more active (66.04%) during 

H2O2 radical scavenging activity than acetone extract (43.85%). Comparatively higher 

Fe2+ chelating activity was observed in water extract (62.16%) than acetone extract 

(8.790%). Ferric ion reducing power was found higher in water extract showed (2.820 µM 

GAE/100 g, FW) and acetone extract gave (0.907 µM GAE/100 g, FW) values. 

Nevertheless, in the case of total antioxidant activity acetone extract showed exhibited 

higher value (59.99 µM AAE/100 g, FW) than water extract (9.320 µM AAE/100 g, FW) 

value. 
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Figure 45. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of S. asper 
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3.3.10 Sonchus oleraceous L.  

Sow thistle/ Milky 

thistle 

Dodhal  

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 45. Sonchus oleraceous L  

Family Name: Asteraceae   

Description: Annual herb up to 1-2 m high. Stem erect, branched, exudes milky latex. 

Basal leaves lanceolate upper lanceolate, lobed, with pointed ends clasping basal lobes. 

Flowers many, small yellow florets in head [Plate 45].  

Flowering period: February - May  

Status and habitat: Common weed on waste places, and crop fields.   

Part used: Young leaves  

Distribution:  

World: Native of Europe, Asia and Africa, cosmopolitan in distribution. 

Pakistan: Balouchistan, Sind, Hazara, Waziristan, Kurram, Peshawar, Swat, Gilgit, 

Murree, Rawalpindi, Islamabad and Kashmir. 

Ethnobotanical uses: Young leaves are cooked in diluted milk (Lusii) and used as 

culinary vegetable. 

Medicinal uses: Fresh leaves are boiled in water and decoction is taken orally to treat 

body weakness and constipation. 
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Nutraceutical Aspects 

Proximate analysis: Proximate analysis of Sonchus oleraceous indicated that 

carbohydrates contents showed maximum value (49.12%), followed by crude proteins 

(18.62%), crude fibers (14.25%), ash content (13.37%) and crude fats (4.640%) on dry 

weight basis (Figure 46). Energy value was estimated at 312.7 Kcal/100 g, and fresh 

leaves contained 87.84% while 12.16% dry matter contents.  

Elemental analysis: Elemental analysis of the leaves of S. oleraceous is shown in 

Figure 46, which indicated that Ca metal exhibited maximum concentration (44206 

mg/kg) among essential metals, followed by Ka (5092 mg/kg), Na (2067 mg/kg), Mg 

(845.8 mg/kg), Fe (548.6 mg/kg) and Zn (40.83 mg/kg). Among rest of the metals notable 

concentration was recorded for Sr (190.6 mg/kg) and Mn (66.36 mg/kg), whereas lower 

levels were noted in the case of Cu, Co, Cr and Pb. Lowest concentration was recorded for 

Li (0.874 mg/kg) while Cd level was below detection limit. 

Phytochemical analysis: Among the phytochemicals water extract showed higher 

total phenolic contents (22.90 mg GAE/100 g, FW) than acetone extract (9.018 mg 

GAE/100 g, FW) on fresh weight basis (Figure 46). Flavonoids contents were recorded 

higher in acetone extract (42.34 mg Rt/100 g, FW) as compare to water extract (9.292 mg 

Rt/100 g, FW). Acetone extract again showed higher concentration (29.85 mg Rt/100 g, 

FW) of flavonols contents compare to water extract (19.62 mg Rt/100 g, FW). Ascorbic 

acid were found relatively higher in water extract (1.157 mg AA/100 g, FW) than acetone 

extract (1.065 mg AA/100 g, FW)  

Antioxidant activity: Antioxidant activity assessed in leaves of S. oleraceous is 

mentioned in Figure 46, demonstrated that mostly water extracts exhibited better 

performance than acetone extracts. It was observed that water extract showed significantly 

higher value 55.27% during DPPH scavenging activity than acetone extract 32.14%. OH- 

radical scavenging activity was observed only in the case of water extract 63.28%, 

whereas, it was below detection limit in acetone extract. H2O2 radical scavenging activity 

was found higher in water extract (74.79%) than acetone extract (61.54%). In the case of 

Fe+2 chelating activity only in water extract showed (56.76%) response while it was below 

detection limit in the case of acetone extract. Water extract show higher value (19.70 µM 

GAE/100 g, FW) during FRAP assay compare to acetone extract (10.15 µM GAE/100 g, 

FW), whereas, total antioxidant activity was found higher in acetone extract (69.74 µM 

AAE/100 g, FW) than water extract (59.82 µM AAE/100 g, FW).  
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Figure 46. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of S. oleraceous 
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3.3.11 Taraxacum officinale L. 

Cankerwort, Milk witch  

Sheshe haund  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 46. Taraxacum officinale L. 

Family Name: Asteraceae   

Description: A small, glabrous, perennial herb with rosette of basal leaves. Stem 

underground, long, simple or branched rhizome, exudes milky latex. Leaves in rosette 

from rhizome, bright green, pinnately lobed, lyrate. Flowers yellow, ligulate, on 

scapigerous heads. Fruit achene, greenish brown, surrounded by pappus [Plate 46].  

Flowering period: February - May 

Status and habitat: Common weed on waste places along cultivated lands.   

Part used: Young leaves  

Distribution: Cosmopolitan in distribution found throughout the world and Pakistan. 

Ethnobotanical uses: Young leaves are cooked in diluted milk (Lusii) and used as 

culinary vegetable. Used as fodder for cattle.  

Medicinal uses: Fresh rhizomes are boiled in water and decoction is taken orally against 

jaundice.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Taraxacum officinale 

indicated that carbohydrates contents showed maximum value (43.42%) on dry weight 

basis, followed by crude proteins (23.07%), crude fibers (14.80%), ash content (14.55%) 

and crude fats (4.150%). Energy value was recorded at 303.6 Kcal/100 g, and moisture 

contents in fresh leaves were 91.13% while dry matter contents were 8.870% (Figure 47). 

Elemental analysis: Elemental analysis of T. officinale leaves revealed that among 

essential metals maximum concentration was recorded for Ca (19052 mg/kg) followed by 

Ka (4369 mg/kg), Na (2148 mg/kg), Fe (1503 mg/kg), Mg (823.5 mg/kg) and Zn (39.46 

mg/kg). Some considerable contributions were noted for Sr (103.2 mg/kg) and Mn (44.46 

mg/kg), whereas relatively lower levels were recorded Cu, Li, Cr, Co and Cd levels Pb 

level was found below detection limit (Figure 47). 

Phytochemical analysis: Comparative contributions of phytochemical 

constituents in acetone and water extracts are also given in Figure 47. Total phenolic 

contents were found higher (6.650 mg GAE/100 g, FW) in water extract than acetone 

extract (3.944 mg GAE/100 g, FW). Acetone extracts showed higher concentrations of 

flavonoids 17.74 mg Rt/100 g, FW and flavonols 15.00 mg Rt/100 g, FW, while water 

extracts showed 10.53 mg Rt/100 g, FW flavonoids and 4.240 mg Rt/100 g, FW. 

Flavonols contents on fresh weight basis. Comparatively higher value of ascorbic acid 

contents were found in water extract (0.604 mg AA/100 g, FW) as compare to acetone 

extract (0.473 mg AA/100 g, FW).  

Antioxidant activity: Antioxidant activity assessment of T. officinale is shown in 

Figure 47 revealed that mostly water extracts exhibited better value than the corresponding 

acetone extracts. DPPH scavenging activity was observed higher in acetone extract 

(35.88%) compare to water extract (32.44%). OH- radical scavenging activity was noted 

higher in water extract (36.72%) than acetone extract (14.93%). Similarly water extract 

showed significantly higher potential (77.51%) during H2O2 radical scavenging activity 

compare to acetone extract (57.66%). Fe2+ chelating activity was also observed higher in 

water extract (34.14%) compare to acetone extract (3.400%). Water extract showed more 

value (6.119 µM GAE/100 g, FW) in FRAP assay than acetone extract (1.911 µM 

GAE/100 g, FW), whereas in term of total antioxidant activity (PM assay) acetone extract 

exhibited higher potential (37.25 µM AAE/100 g, FW) than water extract (20.17 µM 

AAE/100 g, FW).  
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Figure 47. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of T. officinale 
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3.3.12 Bombax malabaracum DC.,  

Silk Cotton Tree  

Dug sumbal  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 47. Bombax malabaracum DC.,  

Family Name: Bombacaceae   

Description: A large tree up to 20 m tall. Stem erect, branched, woody, gray bark armed 

with prickles. Leaves compound, 5-7 leaflets, green, entire, elliptic to lanceolate, long 

stalked. Flowers large, red fleshy, cup shaped, appearing on branches before leaves. Fruit 

woody, capsule, dehiscing by five valves [Plate 47].  

Flowering period: March - October 

Status and habitat: Rare plant grows on waste dry places.   

Part used: Aerial parts  

Distribution: World: India, Bhutan and South China.  

Pakistan: Sub-Himalayan tract, Rawalpindi, Islamabad, Hazara, Muzfarabad.   

Ethnobotanical uses:  Young flowering buds are cooked as vegetables. Wood is used in 

furniture and as fuel, also cultivated as ornamental plant. Branches are used for fencing. 

Medicinal uses: Fresh bark is crushed and applied topically to cure skin eruptions, 

pimples and joint pain.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis shown in Figure 48, which 

indicated that on dry weight basis carbohydrates contents showed maximum value 

(55.65%), followed by crude fibers (17.15%), crude proteins (15.97%), ash content 

(8.710%) and crude fats (2.530%). Energy value was calculated at 309.2 Kcal/100 g, and 

fresh buds contained 84.68% moisture while 15.32% dry matter contents.  

Elemental analysis: Metal level quantification of Bombax malabaracum is 

mentioned in Figure 48, indicated that among essential elements Ca showed highest level 

(12270 mg/kg), followed by K (4368 mg/kg), Mg (783.5mg/kg), Na (8.760 mg/kg), Zn 

(11.62 mg/kg) and Fe (5.429 mg/kg). Among rest of the metals Sr showed highest 

concentration (76.19 mg/kg). Relatively lower concentrations were observed Cu, Li, Cr 

Co, and Cd while Pb level was found below detection limit.  

Phytochemical analysis: Total phenolic contents were estimated higher (51.16 mg 

GAE/100 g, FW) in water extract as compare to acetone extract (37.14 mg GAE/100 g, 

FW). Similarly water extract exhibited higher concentration (62.60 mg Rt/100 g, FW) of 

flavonoids than acetone extract (23.08 mg Rt/100 g, FW). Flavonols contents were 

calculated higher (36.62 mg Rt/100 g, FW) in acetone extract compare to water extract 

(14.04 mg Rt/100 g, FW), whereas, ascorbic acid contents were noted relatively higher in 

acetone extract 1.424 mg AA/100 g, FW than water extract 1.236mg AA/100 g, FW on 

fresh weight basis (Figure 48). 

Antioxidant activity: Antioxidant activity profile of B. malabaracum is 

mentioned in Figure 48 indicated that in the case of DPPH scavenging activity acetone 

extract showed significantly higher value (81.59%) compare to that of water extract 

(50.60%). OH- radical scavenging activity was noted only in acetone extract (32.39%), 

whereas, in water extract it was below detection limit. Nevertheless, water extract showed 

significantly higher potential (60.75%) during H2O2 radical scavenging activity as 

compare to acetone extract (48.65%). In the case of ferrous ion chelating activity it was 

noted that water extract exhibited better value (52.97%) than acetone extract (41.74%). 

Ferric ion reducing antioxidant power was observed higher in water extract (35.88 µM 

GAE/100 g, FW) than acetone extract (17.88 µM GAE/100 g, FW), whereas in term of 

total antioxidant activity (PM assay) acetone extract showed higher concentration (160.7 

µM AAE/100 g, FW) than water extract (55.82 µM AAE/100 g, FW) on fresh weight 

basis. 
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Figure 48. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of B. malabaracum 
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3.3.13 Capsella bursa-pastoris (L.) Medic. 

Shepherd's purse  

Saag  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 48. Capsella bursa-pastoris L. 

Family Name: Brassicaceae 

Description: Annual or biennial herb up to 45 cm tall. Stem erect, glabrous or hairy with 

simple or branched hairs. Basal leaves rosulate, lyrate to entire, shortly stalked; cauline 

leaves smaller, sessile. Racemes many flowered, white [Plate 48].  

Flowering period: March - June 

Status and habitat: Common weed of waste places. 

Part used: Aerial parts  

Distribution:  

World: Cosmopolitan found in cold areas. Pakistan: Throughout the country.  

Ethnobotanical uses: Young leaves are cooked in water as vegetables. Aerial parts are 

used as fodder for cattle. 

Medicinal uses: Fresh leaves are boiled in water and decoction is taken orally to cure 

menstrual disorders.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Capsella bursa-pastoris is 

shown in Figure 49, which revealed that crude proteins showed highest value (40.36%), 

followed by carbohydrates (24.86%), ash content (21.32%), crude fibers (10.30%) and 

crude fats (3.160%) o dry weight basis. Energy value was recorded at 289.3 Kcal/100 g, 

and moisture contents in fresh leaves were 94.25% while dry matter contents were 

5.750%.  

Elemental analysis: Concentrations of selected metals measured in the leaves of 

C. bursa-pastoris revealed the maximum concentration for Ca at 33679 mg/kg, followed 

by K (4890 mg/kg), Na (1083 mg/kg), Fe (855.5 mg/kg), Mg (801.4 mg/kg) and Zn (45.98 

mg/kg). Among rest of the metals Sr, Mn, Cu, Co, Li, Cr, Cd and Pb concentration levels 

were ranged from 2.549 mg/kg to 165.1 mg/kg (Figure 49). 

Phytochemical analysis: Phytochemical assessment of C. bursa-pastoris is given 

in Figure 49, which indicated that water extract showed higher concentration (3.872 mg 

GAE/100 g, FW) of total phenolics compare to acetone extract (0.717 mg GAE/100 g, 

FW). Flavonoids contents were recorded higher in acetone extract (2.345 mg Rt/100 g, 

FW) than water extract (1.416 mg Rt/100 g, FW). Flavonols contents were also estimated 

higher (4.182 mg Rt/100 g, FW) in acetone extract as compare to water extract (2.158 mg 

Rt/100 g, FW). Water extract showed slightly higher value of ascorbic acid contents 

(0.154 mg AA/100 g, FW) than acetone extract (0.144 mg AA/100 g, FW) on fresh weight 

basis.  

Antioxidant activity: Results of antioxidant activity are mentioned in Figure 49 

revealed that water extract showed significantly higher value (67.56%) in DPPH 

scavenging activity than corresponding acetone extract (36.04%). OH- radical scavenging 

activity was found higher in water extract of C. bursa-pastoris (45.37%) than acetone 

extract (33.13%). However in the case of H2O2 radical scavenging activity acetone extract 

exhibited better response (60.36%) than water extract (56.00%). Fe2+ chelating was 

recorded significantly higher in water extract (77.30%) compare to acetone extract 

(48.53%). Acetone extract exhibited more value (0.852 µM GAE/100 g, FW) during 

FRAP assay as compare to water extract (0.075 µM GAE/100 g, FW). Comparatively 

higher value was recorded for acetone extract (8.500 µM AAE/100 g, FW) in term of 

Phosphomolybdenum complex assay than corresponding water extract (2.130 µM 

AAE/100 g, FW) on fresh weight basis. 
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Figure 49. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of C. bursa-pastoris 
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3.3.14 Nasturtium officinale R. Br.,  

Shepherd's purse  

Saag  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 49. Nasturtium officinale R.Br.,  

Family Name: Brassicaceae 

Description: A small perennial, rhizomatous herb up to 2 ft long. Roots adventitious, 

below at nodes, floating, glabrous. Leaves lyrate, pinnate; lower stalked, upper sessile, 5-9 

leaflets; terminal leaflets cordate, lateral entire or toothed. Racemes 10-25 flowered, white. 

Fruit siliqua, with many seeds [Plate 49].  

Flowering period: April - July 

Status and habitat: Commonly found in water and marshy places.  

Part used: Leaves  

Distribution:  

World: Wildly distributed in Europe and Asia.  

Pakistan: Chitral, Hazara, Kashmir, Islamabad, Murree, Margalla Hills. Punjab, 

Peshawar, Balochistan, Sind.  

Ethnobotanical uses: Young leaves are cooked in water as vegetables.  

Medicinal uses: Fresh leaves are cooked in water and taken orally to cure constipation.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis revealed that crude proteins 

exhibited maximum value (37.08%), followed by carbohydrates (28.64%), ash content 

(16.93%), crude fibers (13.05%) and crude fats (4.300%) on dry weight basis (Figure 50). 

Energy value was estimated at 301.5 Kcal/100 g, and fresh leaves contained 92.79% 

moisture and 7.210% dry matter contents. 

Elemental analysis: Concentrations of the selected metals measured in the leaves 

of Nasturtium officinale are shown in Figure 50, which revealed the highest level of K 

7491 mg/kg, followed by Ca (1417 mg/kg), Mg (595.3 mg/kg), Fe (539.6 mg/kg), Na 

(343.9 mg/kg), Zn (48.34 mg/kg) and Mn (25.08 mg/kg). Relatively lower levels was 

observed for Sr, Cu, Co, Li, Cd and Pb, however, lowest concentration was recorded for Sr 

Cr (2.176 mg/kg). Toxic metals generally showed lower concentration in the fruit samples 

while higher contributions were mostly found for the essential metals.  

Phytochemical analysis: Phytochemical profile of N. officinale demonstrated that 

water extract showed higher concentration of total phenolics contents (17.64 mg GAE/100 

g, FW) than acetone extract (4.932 mg GAE/100 g, FW). Total flavonoids contents were 

observed higher in acetone extract (15.49 mg Rt/100 g, FW) compare to water extract 

(10.54 mg Rt/100 g, FW). Comparatively higher flavonols contents were observed again 

in acetone extract (23.93 mg Rt/100 g, FW) than water extract (9.188 mg Rt/100 g, FW) 

on fresh weight basis (Figure 50). Water extract showed slightly higher value (0.522 mg 

AA/100 g, FW) of ascorbic acid than acetone extract (0.432 mg AA/100 g, FW).  

Antioxidant activity:  Antioxidant activity measured in the leaves of N. officinale 

is shown in Figure 50 demonstrated that DPPH scavenging activity was found higher in 

acetone extract (40.25%) compare to water extract (32.04%), whereas, in the case of OH- 

radical scavenging activity water extract was found more active (26.25%) than 

corresponding acetone extract (8.060%). It was observed that acetone extract showed 

better response (58.58%) during H2O2 radical scavenging activity compare to water extract 

(52.98%). In the case of Fe2+ chelating activity water extract exhibited (6.760%) potential 

whereas, it was below detection limit for acetone extract. During FRAP assay acetone 

extract was found more active (4.632 µM GAE/100 g, FW) than water extract (0.404 µM 

GAE/100 g, FW). Total antioxidant activity (PM assay) was found slightly higher in 

acetone extract (37.54 µM AAE/100 g, FW) as compare to water extract (36.47 µM 

AAE/100 g, FW). 
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Figure 50. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of N. officinale 
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3.3.15 Bauhinia variegata L. 

Orchid tree  

Kalyar/Kichnar  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 50. Bauhinia variegata L. 

Family Name: Caesalpiniodeae 

Description: A medium sized tree with dark brown, smooth bark. Leaves petiolate, lamina 

long, as broad as, with a medium cleft, lobe obtuse, base deeply heart shaped. 

Inflorescence raceme. Flowers pinkish to purplish white, terminal, bracteate. Pods long, 

hard, flat, dehiscent 10-15 seeded [Plate 50].  

Flowering period: February - April  

Status and habitat: Commonly found in water and marshy places.  

Part used: Whole plant 

Distribution: World:  India, Nepal, Burma, China; widely cultivated in tropics. 

Pakistan: Hazara, Kashmir, Islamabad, Margalla Hills, Salt range, Peshawar, Karachi. 

Ethnobotanical uses: Flowering buds are cooked with meat, while flowers are cooked in 

diluted milk and used as vegetables. Leaves are used as fodder, wood is used as fuel, in 

construction, making tool handles; plant is also cultivated for ornamental purpose. 

Medicinal uses:  Leaves and flowers are crushed and paste is give to cattle against 

diarrhoea. 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Bauhinia variegata flowers 

is shown in Figure 51, which indicated that carbohydrates showed maximum value 

(57.42%), followed by crude proteins (19.89%), crude fibers (11.61%), ash contents 

(6.290%) and crude fats (4.800%) on dry weight basis. The estimated energy value was at 

301.5 Kcal/100 g, and moisture contents in fresh flowering buds were 84.07% while dry 

matter contents were 15.93%.  

Elemental analysis: Elemental analysis indicated that among the essential 

elements maximum concentration was noted for K (7068 mg/kg), followed by Ca (2237 

mg/kg), Mg (1348 mg/kg), Na (183.3 mg/kg), Fe (141.2 mg/kg), Zn (26.59 mg/kg) and 

Mn (25.26 mg/kg) on dry weight basis. Relatively lower levels were noted for Sr, Cu, Li, 

Cr and Pb. Lowest concentration was noted for Cd (3.227 mg/kg) in flowering buds of B. 

variegata (Figure 51). Higher concentration of Co (29.10 mg/kg) may be harmful for 

consumers.  

Phytochemical analysis: On fresh weight basis, water extract showed more value 

(57.86 mg GAE/100 g, FW) of total phenolic contents as compare to acetone extract 

(42.23 mg GAE/100 g, FW). Similarly flavonoids contents were also found higher in 

water extract (58.43 mg Rt/100 g, FW) than acetone extract (44.68 mg Rt/100 g, FW). 

Total flavonols contents were found to be more in acetone extracts (56.39 mg Rt/100 g, 

FW) than water extract (8.351 mg Rt/100 g, FW). Moderately higher ascorbic acid 

contents were found in acetone extract (1.149 mg AA/100 g, FW) than water extract 

(0.954 mg AA/100 g, FW) (Figure 51).  

Antioxidant activity: Flowering buds of B. variegata exhibited significant 

antioxidant potential (Figure 51). DPPH scavenging activity was found higher in acetone 

extract (85.34%) than water extract (71.43%), whereas water extract revealed more OH- 

radical scavenging activity (30.80%) than acetone extract (12.39%). Water extracts again 

showed higher H2O2 radical scavenging activity (52.30%) and (58.38%) Fe2+ chelating 

activity than acetone extracts 16.70% and 52.02% respectively, however acetone extract 

showed higher antioxidant potential in term of ferric ion reducing antioxidant power 

(FRAP) (41.17 µM GAE/100 g, FW) and phosphomolybdenum complex assay (173.5 µM 

AAE/100 g, FW). Nevertheless water extracts also showed significant values for 

phosphomolybdenum assay (80.20 µM AAE/100 g, FW), whereas relatively lower value 

was noted for FRAP (39.98 µM GAE/100 g, FW).  
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Figure 51. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of B. variegata  
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3.3.16 Silene conoidea L.  

Sand catchfly  

Doda 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 51. Silene conoidea L.  

Family Name: Caryophyllaceae 

Description: Annual herb with erect, branched or simple, densely glandular-pubescent 

stem. Leaves linear, lanceolate, base clasping at the nodes, sessile, glandular-pubescent. 

Bracts similar to leaves, but smaller in size. Inflorescence paniculate, with 3-5 pink to red 

flowers. Seeds brown [Plate 51]. 

Flowering period: March -April   

Status and habitat: Common weed of waste places and crop filed.   

Part used: Aerial parts 

Distribution: World:  France, Italy, Turkey, the Eastern Mediterranean, the Caucasus, 

Iran, Central Asia, the Himalaya, Africa and North America.  

Pakistan: Hazara, Kashmir, Islamabad, Margalla Hills, Salt range, Peshawar, Taxila, 

Balochistan. 

Ethnobotanical uses: Young leaves and unripe fruits are cooked in water as well as in 

diluted milk as vegetable. Aerial parts are also used as fodder for cattle.   

Medicinal uses: Paste of fresh leaves is applied topically to cure skin infections. 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Silene conoidea indicated 

that carbohydrates showed found highest value (41.87%), followed by crude proteins 

(21.69%), ash contents (17.41%), crude fibers (15.90%) and crude fats (3.130%) on dry 

weight basis (Figure 52). Energy value was estimated at 282.4 Kcal/100 g, whereas fresh 

leaves contained 80.67% moisture and 19.34% dry matter contents. 

Elemental analysis: Elemental analysis indicated that among the essential metals 

maximum concentration was found for K (5838 mg/kg), followed by Ca (2515 mg/kg), 

Mg (564.0 mg/kg), Fe (553.5 mg/kg), Na (137.3 mg/kg), Mn (19.01 mg/kg) and Zn (17.17 

mg/kg) on dry weight basis. Among other metals Co level was highest (23.96 mg/kg) and 

Li level was lowest (0.242 mg/kg), whereas Sr, Cu, Cd, Cr and Pb levels were within the 

range of 3.007 mg/kg to 13.43 mg/kg (Figure 52). Generally, essential metals were found 

to be accumulated to a higher extent than the toxic metals.  

Phytochemical analysis: Phytochemical contents measured in the leaves of S. 

conoidea are depicted in Figure 52, which indicated that water extract contained higher 

phenolic contents (68.00 mg GAE/100 g, FW) compare to acetone extract (6.595 mg 

GAE/100 g, FW). Similarly flavonoids contents were also calculated higher in water 

extract (46.90 mg Rt/100 g, FW) than acetone extract (25.92 mg Rt/100 g, FW). In the 

case of flavonols comparatively higher concentration (69.07 mg Rt/100 g, FW) was 

observed in acetone extract than water extract (65.74 mg Rt/100 g, FW). On fresh weight 

basis water extract showed moderately higher value (2.514 mg AA/100 g, FW) of ascorbic 

acid contents than acetone extract (2.050 mg AA/100 g, FW).  

Antioxidant activity: Antioxidant activity of S. conoidea demonstrated that DPPH 

scavenging activity was found comparatively higher in water extract (57.01%) than 

acetone extract (38.22%), whereas, acetone extract exhibited better result (26.25%) during 

OH- radical scavenging activity while in the case of water extract it was below detection 

limit. It was observed that acetone extract showed higher value (69.69%) during H2O2 

radical scavenging activity than water extract (49.89%). In the case of Fe+2 chelating assay 

higher potential (52.43%) was recorded in water extract compare to acetone extract 

(44.55%). Comparatively water extract showed more value (27.38 µM GAE/100 g, FW) in 

FRAP assay than acetone extract (10.97 µM GAE/100 g, FW). Similarly in the case of PM 

assay, water extract again showed higher value (163.0 µM AAE/100 g, FW) than acetone 

extract (114.2 µM AAE/100 g, FW) on fresh weight basis (Figure 52). 
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Figure 52. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of S. conoidea 
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3.3.17 Stellaria media (L.) Cyr.  

Chickweed  

Makhni 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 52. Stellaria media (L.) Cyr.  

Family Name: Caryophyllaceae 

Description: Annual herb, with prostrate to ascending stems. Stems leafy, hairy on one 

side. Leaves elliptic to ovate, sessile or petiolate, acute to subacute glabrous with hairy 

margin, hairy on the nerves. Flowers white in panicles [Plate 52].  

Flowering period: April - August   

Status and habitat: Common weed of cold waste places. 

Part used: Aerial parts 

Distribution: World:  Cosmopolitan in distribution, found throughout the world.  

Pakistan: Hazara, Kashmir, Swat, Islamabad, Margalla Hills, Taxila, Baluchistan, Gilgit. 

Ethnobotanical uses: Young leaves are cooked in water as vegetable. Aerial parts are 

also used as fodder for cattle.   

Medicinal uses: Fresh leaves are crushed and paste is applied topically to treat swelling 

joints, broken bones.  Leaves decoction is taken orally against constipation. 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis revealed that carbohydrates 

contents showed maximum value (36.05 %), followed by ash contents (24.63%), crude 

proteins (21.26%), crude fibers (15.04%) and crude fats (3.020%) on dry weight basis. 

Energy value was calculated at 256.4 Kcal/100 g, and fresh leaves contained 88.30% 

moisture and 11.71% dry matter contents (Figure 53). 

Elemental analysis: Elemental analysis of Stellaria media is shown in Figure 53 

indicated that K metal exhibited highest concentration (8600 mg/kg) among essential 

metals on dry weight basis, followed by Ca (1421 mg/kg), Mg (904.6 mg/kg), Na (898.5 

mg/kg), Fe (791.2 mg/kg), Zn (36.06 mg/kg) and Mn (30.38 mg/kg). Among other metals 

Co level was maximum (19.68 mg/kg) and Pb level was minimum (4.348 mg/kg), whereas 

Sr, Cu, Li Cd and Cr contributions were 4.459 mg/kg to 8.640 mg/kg.  

Phytochemical analysis: Phytochemical investigation revealed that water extract 

showed higher phenolic contents (9.270 mg GAE/100 g, FW) than acetone extract (2.286 

mg GAE/100 g, FW). In the case of flavonoids higher concentration (12.44 mg Rt/100 g, 

FW) was observed in acetone extract than water extract (5.690 mg Rt/100 g, FW). 

Similarly flavonols contents were also estimated higher (17.03 mg Rt/100 g, FW) in 

acetone extract compare to water extract (11.57 mg Rt/100 g, FW). Comparatively water 

extract showed higher concentration (0.750 mg AA/100 g, FW) of ascorbic acid than 

acetone extract (0.576 mg AA/100 g, FW) (Figure 53). 

Antioxidant activity: Antioxidant activity analysed for S. media is illustrated in 

Figure 53. It was observed that water extract exhibited better result (35.25%) in the case of 

DPPH scavenging activity as compare to acetone extract (20.90%). Comparatively higher 

value was recorded for OH- radical scavenging activity in water extract (10.32%) than 

acetone extract (7.612%). Significantly higher H2O2 radical scavenging activity was noted 

in acetone extract (68.77%) as compare to water extract (45.96%). Ferrous ion chelating 

activity was observed slightly better value (46.76%) in water extract as compare to 

acetone extract (45.37%). Ferric ion antioxidant power (FRAP) was measured higher in 

acetone extract (4.482 µM GAE/100 g, FW) compare to water extract (0.393 µM 

GAE/100 g, FW). In the case of total antioxidant activity (PM assay) acetone extract again 

exhibited higher value (36.40 µM AAE/100 g, FW) as compare to water extract (20.72 

µM AAE/100 g, FW) on fresh weight basis.  
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Figure 53. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of S. media  
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3.3.18 Chenopodium album L. 

Pigweed  

Bathu  

 

 

 

 

 

 

 

 

 

 

 

Plate 53. Chenopodium album L. 

Family Name: Chenopodiaceae 

Description: Annual usually erect, variously branched herb. Stem yellowish to green, 

sometimes reddish.  Lower and medium leaves petiolate, variously trullate, ovate to 

lanceolate, clearly longer than broad, base narrowly to broadly cuneate, margins 

irregularly serrate to entire, often somewhat 3-lobed; uppermost leaves lanceolate, usually 

entire. Inflorescence a cymosely branched panicle, mostly terminal. Seeds horizontal, 

black, somewhat ovate [Plate 53]. 

Flowering period: January - September 

Status and habitat: Common weed on waste places.   

Part used: Aerial parts 

Distribution: World: Cosmopolitan, common in subtropical to temperate zones. 

Pakistan: Hazara, Kashmir, Swat, Chitral, Murree, Islamabad, Margalla Hills, Taxila, 

Baluchistan, Gilgit, Karachi. 

Ethnobotanical uses: Young leaves are cooked in diluted milk as vegetable. Aerial parts 

are also used as fodder for cattle.   

Medicinal uses: Fresh leaves are cooked as vegetable and eaten raw to cure constipation 

and intestinal worms. Juice of fresh leaves is taken orally to treat jaundice and urinary 

disorders. 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional assessment of Chenopodium album is 

shown in Figure 54, which indicated that crude proteins showed highest value (54.90%), 

followed by ash contents (20.42%), crude fibers (13.28%), carbohydrates (7.680%) and 

crude fats (3.730%) on dry weight basis. Energy value was recorded at 283.8 Kcal/100 g, 

and moisture contents in fresh leaves were 87.70% while dry matter contents were 

12.30%.  

Elemental analysis: Measured levels of the selected metals revealed that among 

essential elements K exhibited maximum concentration (5635 mg/kg), followed by Ca 

(1540 mg/kg), Mg (905.1 mg/kg), Fe (472.8 mg/kg), Na (132.1 mg/kg), Zn (23.66 mg/kg) 

and Mn (14.37 mg/kg). Among rest of the metals notable contribution was recorded for Pb 

(5.865 mg/kg). Cr level was found lowest (0.538 mg/kg), whereas Sr, Cu, Co Li and Cd 

levels were in the range of 3.030 mg/kg to 5.132 mg/kg of dry weight basis (Figure 54). 

Phytochemical analysis: Phytochemical investigation of C. album is shown in 

Figure 54, which demonstrated that water extract showed higher value of total phenolics 

contents (63.80 mg GAE/100 g, FW) than acetone extract (6.500 mg GAE/100 g, FW). 

Flavonoids contents were found higher in acetone extract (25.63 mg Rt/100 g, FW) 

compare to water extract (13.70 mg Rt/100 g, FW) on fresh weight basis. Similarly 

flavonols contents were also recorded significantly higher in acetone extract (41.92 mg 

Rt/100 g, FW) than water extract (10.80 mg Rt/100 g, FW). Water extract showed slightly 

more concentration of ascorbic acid contents (0.784 mg AA/100 g, FW) than acetone 

extract (0.743 mg AA/100 g, FW).  

Antioxidant analysis: The antioxidant activity related to the leaves of C. album is 

mentioned in Figure 54 revealed that significantly higher value was recorded for water 

extract (59.55%) in DPPH scavenging activity than acetone extract (39.31%). OH- radical 

scavenging activity was observed only for water extract (57.97%) while it was below 

detection limit in the case of acetone extract. H2O2 radical scavenging activity was 

observed slightly higher in acetone extract (62.85%) than water extract (60.23%). Only 

water extract exhibited Fe2+ chelating activity (63.24%), whereas in acetone extract it was 

below detection limit. Nevertheless, acetone extract showed better value (13.40 µM 

GAE/100 g, FW) for FRAP assay compare to water extract (0.065 µM GAE/100 g, FW). 

Comparatively acetone extract showed higher activity (53.78 µM AAE/100 g, FW) than 

water extract (6.327 µM AAE/100 g, FW).  
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Figure 54. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of C. album 
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3.3.19 Commelina benghalensis L. 

Day flower/Dew flower  

Naria  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 54. Commelina benghalensis L. 

Family Name: Commelinaceae 

Description: An erect to prostrate perennial herb, dichotomously branched from base, 

glabrous to pubescent. Leaves ovate to oblong, subsessile to shortly petioled, entire, acute 

to sub-round at apex. Upper cymes 2-3-flowered, lower 1-2-flowered. Aerial flowers blue, 

in short cymes, maturing earlier than the subterranean flowers [Plate 54].  

Flowering period: June-September 

Status and habitat: Common weed in crop fields and waste places. 

Part used: Aerial parts 

Distribution: World: Tropical and subtropical Asia and Africa.  

Pakistan: Hazara, Kashmir, Swat, Murree, Islamabad, Margalla Hills, Taxila, Baluchistan. 

Ethnobotanical uses: Young leaves are cooked in water as vegetable. Aerial parts are 

also used as fodder for cattle. 

Medicinal uses: Dried roots are grinded and powder is taken orally to cure epilepsy 

whereas fresh roots are boiled in water and decoction is taken orally to treat stomach 

disorders.  
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Nutraceutical Aspect 

Proximate analysis: Proximate nutritional investigation revealed that on dry 

weight basis carbohydrates contents showed highest level (43.14%), followed by crude 

proteins (25.26%), ash contents (16.23%), crude fibers (13.01%) and crude fats (2.370%). 

Energy value was estimated at 294.87 Kcal/100 g, and fresh leaves contained 88.50% 

moisture while 11.50% dry matter contents (Figure 55). 

Elemental analysis: Metal level quantification of Commelina benghalensis is 

mentioned in Figure 55, which indicated maximum concentration for Ca (13919 mg/kg) 

among essential elements on dry weight basis, followed by K (4462 mg/kg), Mg (855.0 

mg/kg), Fe (378.8 mg/kg), Na (153.9 mg/kg), Mn (51.19 mg/kg) and Zn (13.91 mg/kg). 

Among other metals notable contribution was recorded for Sr (129.5 mg/kg), whereas, Li 

level was found lowest (2.376 mg/kg). Relatively lower concentrations were observed for 

Cu, Co Cr, Cd and Pb. Elevated levels of Sr in the leaves samples may exert adverse 

health effects to the consumers.   

Phytochemical analysis: Water extract showed significantly higher concentration 

of to total phenolics (23.26 mg GAE/100 g, FW) compare to acetone extract (14.39 mg 

GAE/100 g, FW). In the case of flavonoids higher value (29.21 mg Rt/100 g, FW) was 

recorded in acetone extract than water extract (17.97 mg Rt/100 g, FW). Similarly 

flavonols contents were also estimated higher (23.55 mg Rt/100 g, FW) in acetone extract 

as compare to water extract (29.21 mg Rt/100 g, FW) on fresh weight basis (Figure 55). 

Comparatively higher concentration of ascorbic acid contents was noted for water extract 

(0.827 mg AA/100 g, FW) than acetone extract (0.800 mg AA/100 g, FW). 

Antioxidant activity: Antioxidant activity assessed in the leaves of C. 

benghalensis is shown in Figure 55, which demonstrated that acetone extract showed 

comparatively higher (49.77%) DPPH scavenging activity compare to water extract 

(34.58%). OH- radical scavenging activity was estimated higher (17.60%) in water extract 

than acetone extract (6.866%). Water extract showed better potential (59.55%) in H2O2 

radical scavenging activity compare to acetone extract (54.24%). Fe2+ chelating activity 

was observed higher in water extract (48.92%), while in acetone extract it was found 

below detection limit. Water extract exhibited some what higher value (19.02 µM 

GAE/100 g, FW) in FRAP assay than acetone extract (13.14 µM GAE/100 g, FW), 

whereas, as in the case of PM assay acetone extract showed significantly higher value 

(103.6 µM AAE/100 g, FW) than water extract (51.39 µM AAE/100 g, FW).  
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Figure 55. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of C. benghalensis  
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3.3.20 Evolvulus alsinoides L. 

Dwarf morning glory  

Kalowa  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 55. Evolvulus alsinoides L.  

Family Name: Convolvulaceae 

Description: Annual Herbs. Stem herbaceous, ascending, pubescent. Leaves oblong, 

elliptic-oblong or lanceolate, subsessile, acute to obtuse basally and apically, pubescent. 

Flowers blush white on peduncles. Fruit capsular, glabrous. Seeds black, smooth [Plate 

55].  

Flowering period: February - October 

Status and habitat: Common weed in crop fields and waste places.   

Part used: Aerial parts 

Distribution: World: America, Africa, Iran, India, China, Ceylon and Malaysia. 

Pakistan: Hazara, Kashmir, Swat, Islamabad, Margalla Hills, Taxila.  

Ethnobotanical uses: Young leaves are cooked in water as vegetable. Aerial parts are 

also used as fodder for cattle. 

Medicinal uses: Leaves are crushed along with sugar and water. Juice is taken orally to 

cure indigestion and constipation.  
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Nutraceutical Aspects  

Proximate analysis: Proximate nutritional analysis of Evolvulus alsinoides 

indicated that carbohydrates exhibited maximum concentration (38.61%), followed by 

crude proteins (27.29%), ash contents (20.12%), crude fibers (11.42%) and crude fats 

(2.560%) on dry weight basis (Figure 56). Energy value was noted at 286.6 Kcal/100 g. 

Fresh leaves contained 70.63% moisture and 29.37% dry matter contents.  

Elemental analysis: Elemental level quantification of selected metals revealed 

highest concentration for Ca 27066 mg/kg, ,among essential elements followed by K 

(4682 mg/kg), Fe (697.2 mg/kg), Mg (359.6 mg/kg), Na (355.4 mg/kg), Zn (23.42 mg/kg) 

and Mn (20.00 mg/kg) on dry weight basis. Among other metals Sr showed maximum 

level (263.2 mg/kg) and Cd exhibited minimum contribution (4.653 mg/kg), whereas Cu, 

Li, Co and Cr levels were found in lower range (Figure 56). 

Phytochemical analysis: Phytochemical profile of E. alsinoides is mentioned in 

Figure 56, which revealed higher concentration for total phenolics contents at 35.58 mg 

GAE/100 g, FW in water extract compare to acetone extract 11.64 mg GAE/100 g, FW on 

fresh weight basis. Flavonoids contents were also noted higher in acetone extract (37.42 

mg Rt/100 g, FW) than water extract (32.34 mg Rt/100 g, FW), whereas, flavonols 

contents were observed higher (73.50 mg Rt/100 g, FW) in acetone extract compare to 

water extract (14.28 mg Rt/100 g, FW). Water extract showed comparatively higher 

concentration of ascorbic acid contents (1.609 mg AA/100 g, FW) than acetone extract 

(1.587 mg AA/100 g, FW).  

Antioxidant analysis: Results of antioxidant activity are presented in Figure 56. It 

was observed that water extracts showed comparatively higher potential than acetone 

extracts. In the case of DPPH scavenging activity water extract exhibited higher value 

(70.23%) compare to acetone extract (64.74%). Similarly OH- radical scavenging activity 

was also recorded higher (57.97%) in water extract than acetone extract (45.97%). In H2O2 

radical scavenging activity comparatively water extract again exhibited better potential 

(80.68 %) than acetone extract (67.00%). Fe2+ chelating activity was found significantly 

higher in water extract (76.76%) than acetone extract (27.72%). In term of ferric ion 

reducing antioxidant power (FRAP) water extract showed higher value (35.63 µM 

GAE/100 g, FW) compare to acetone extract (16.68 µM GAE/100 g, FW), whereas in the 

case of PM assay acetone extract exhibited higher potential (109.1µM AAE/100 g, FW) 

than water extract (92.06 µM AAE/100 g, FW). 
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Figure 56. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of E. alsinoides 
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3.3.21 Dioscorea deltoidea Wall. ex, Kunth  

Yam  

Jungli kachaloo  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 56. Dioscorea deltoidea Wall. ex, Kunth  

Family Name: Dioscoreaceae 

Description: An annual tubers climber. Stems glabrous, twining clockwise. Leaves 

alternate, simple, ovate, often cordate, the basal lobes rounded, acuminate, glabrous. Male 

spikes solitary, axillary, simple or sometimes branched, slender; flowers small distant 

clusters, female spikes solitary, few-flowered. Fruits capsule, obovate or obcordate. Seeds 

winged round [Plate 56].  

Flowering period: May - July  

Status and habitat: Rare climber on Punica granatum and other shrubs.   

Part used: Tubers, leaves  

Distribution: World: Afghanistan, China, India and throughout the Himalayas.  

Pakistan: Hazara, Kashmir, Swat, Murree, Margalla Hills. 

Ethnobotanical uses: Young leaves are cooked in water as vegetable. Aerial parts are 

also used as fodder for cattle. 

Medicinal uses:  Paste of fresh tubers is applied topically and taken orally against 

intestinal worms and to kill lice.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional composition of Dioscorea deltoidea 

tubers showed maximum value of carbohydrates (79.76%), followed by crude proteins 

(12.87%), ash content (3.900%), crude fibers (2.780%) and crude fats (0.690%) on dry 

weight basis. Energy value was calculated at 376.7 Kcal/100 g, and moisture contents in 

fresh tubers were 76.52% while dry matter contents were 23.48% (Figure 57).  

Elemental analysis: Concentrations of the selected metals measured in the tubers 

of D. deltoidea are shown in Figure 57, which demonstrated that among essential metal Ca 

showed highest concentration (7009 mg/kg) on dry weight basis, followed by Ka (3939 

mg/kg), Mg (731.2 mg/kg), Fe (120.5 mg/kg), Na (28.08 mg/kg), Mn (12.64 mg/kg) and 

Zn (11.73 mg/kg). Elevated level was observed for Sr (141.8 mg/kg) and Li showed 

lowest concentration (0.769 mg/kg), whereas, Cu, Co, Cr, Cd and Pb levels were found 

within the range of 5.288 mg/kg to 31.97 mg/kg. 

Phytochemical analysis: Phytochemical evaluation of D. deltoidea indicated that 

water extract exhibited higher concentration (12.24 mg GAE/100 g, FW) of total phenolic 

contents than acetone extract (2.828 mg GAE/100 g, FW). Flavonoids contents were 

estimated slightly higher in acetone extract (5.596 mg Rt/100 g, FW) than water extract 

(5.487 mg Rt/100 g, FW). In the case of total flavonols contents acetone extract showed 

significantly higher value (39.52 mg Rt/100 g, FW) compare to water extract (7.310 mg 

Rt/100 g, FW). Ascorbic acid contents were found comparatively higher in acetone extract 

(1.411 mg AA/100 g, FW) compare to water extract (1.391 mg AA/100 g, FW) on fresh 

weight basis (Figure 57). 

Antioxidant activity: Antioxidant activity is mentioned in Figure 57 revealed that 

DPPH scavenging activity was observed higher in water extract (70.89%) than acetone 

extract (55.85%). OH- radical scavenging activity was observed significantly higher in 

acetone extract (72.24 %) compare to water extract (42.49%). Water extract showed better 

comparatively higher value (87.55%) in H2O2 radical scavenging activity compare to 

acetone extract (73.31%). In the case of Fe2+ chelating activity higher value was recorded 

in water extract (63.51%) than acetone extract (57.68%). Similarly water extract showed 

better result (16.02 µM GAE/100 g, FW) in FRAP assay than acetone extract (4.213 µM 

GAE/100 g, FW). In term of total antioxidant activity water extract again exhibited 

relatively higher potential (92.10 µM AAE/100 g, FW) than acetone extract (15.22 µM 

AAE/100 g, FW) on fresh weight basis.  
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Figure 57. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of C. benghalensis  
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3.3.22 Lamium amplexicaule L. 

Henbit dead nettle  

Phumbra  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 57. Lamium amplexicaule L. 

Family Name: Lamiaceae 

Description: Annual, slender herb. Stems erect, ascending or prostrate branched from the 

base, almost glabrous, purplish below or not, with few leaves. Leaves broadly ovate to 

reniform crenate to lobed, obtuse, rounded or cordate at base, pubescent, influences 

verticillasters Flowers purple-pink, upper lip pubescent to vinous, straight; lower lip 

reflexed, shorter than upper [Plate 57].  

Flowering period: December-April 

Status and habitat: Common on waste places and crop filed margins. 

Part used: Aerial parts  

Distribution: World: Throughout Europe and Asia, introduced weed in South Africa.  

Pakistan: Chitral, Hazara, Kashmir, Swat, Murree, Margalla Hills. Quetta, Biltistan, 

Punjab.  

Ethnobotanical uses: Young leaves are cooked in water as vegetable. Aerial parts are 

also used as fodder for cattle.  

Medicinal uses: Paste of fresh leaves is applied topically on swelling joints.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Lamium amplexicaule 

indicated that carbohydrates contents showed maximum value (35.86%), followed by 

crude proteins (25.05%), ash content (17.38%), crude fibers (15.70%) and crude fats 

(6.020%) on dry weight basis (Figure 58). Energy value was estimated at 297.9 Kcal/100 

g, and fresh leaves contained 75.84% moisture and 24.16% dry matter contents. 

Elemental analysis: Measurement of the selected metal levels revealed highest 

contribution for K (8380 mg/kg) among essential metals on dry weight basis, followed by 

Ca (3935 mg/kg), Mg (1790 mg/kg), Fe (656.1 mg/kg), Na (219.0 mg/kg), Mn (55.14 

mg/kg) and Zn (36.63 mg/kg). Among rest of the metals notable contribution was recorded 

for Co (23.79 mg/kg) while lowest concentration was found for Cd (3.149 mg/kg), 

whereas Sr, Cu, Li, Cr and Pb levels were in the range of 4.748 mg/kg to 13.28 mg/kg 

(Figure 58).  

Phytochemical analysis: Phytochemical investigation of L. amplexicaule revealed 

that water extracts showed relatively higher concentrations than acetone extracts in all 

cases (Figure 58). Total phenolics were observed higher in water extract (15.90 mg 

GAE/100 g, FW) compare to acetone extract (8.037 mg GAE/100 g, FW). Flavonoids 

contents were also observed higher in water extract (47.28 mg Rt/100 g, FW) again than 

acetone extract (39.31 mg Rt/100 g, FW). Water extract showed higher value (33.32 mg 

Rt/100 g, FW) of flavonols contents than acetone extract (23.17 mg Rt/100 g, FW), 

similarly in the case of ascorbic acid contents higher concentration was observed in water 

extract (1.375 mg AA/100 g, FW) than acetone extract (1.119 mg AA/100 g, FW).  

Antioxidant activity: Antioxidant activity measured in the leaves L. amplexicaule 

of indicated that water extract showed comparatively better potential during DPPH 

scavenging activity (59.81%) than acetone extract (56.32%). It was observed that acetone 

extract showed higher value (56.53%) for OH- radical scavenging activity while in the 

water extract it was found below detection limit. Water extract showed more potential 

(60.29%) in H2O2 radical scavenging activity compare to acetone extract (16.49%). Fe2+ 

chelating activity was observed only in water extract (16.49%), but in the case of acetone 

extract it was found below detection limit. Acetone extract exhibited better result (8.570 

µM GAE/100 g, FW) in FRAP assay than water extract (1.464 µM GAE/100 g, FW), 

whereas water extract exhibited higher value (82.74 µM AAE/100 g, FW) in PM assay 

than acetone extract (54.76 µM AAE/100 g, FW) on fresh weight basis (Figure 58). 
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Figure 58. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of L. amplexicaule  
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3.3.23 Origanum vulgare subsp. Hirtum L. 

Wild marjoram/Oregan  

Poodni  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 58. Origanum vulgare subsp. Hirtum L. 

Family Name: Lamiaceae 

Description: A perennial rhizomatous aromatic herb with fibrous roots. Stem branched 

from base, thinly to densely pilose with spreading hairs, or glabrous, leafy, purplish or 

green. Leaves simple, entire, ovate to narrow elliptic, gland-dotted, apex acute or obtuse, 

with scattered hairs or glabrous, young leaves usually in leaf axils; Inflorescence 

branched; verticillasters 2-flowered. Flowers purple or white [Plate 58].  

Flowering period: June - October 

Status and habitat: Common on waste grassy, slopes.  

Part used: Leaves  

Distribution: World: S. Europe, Mediterranean countries, Asia, along the Himalayan area 

to China and Taiwan. 

Pakistan: Hazara, Naran, Sugran, Kashmir, Swat, Murree, Margalla Hills. 

Ethnobotanical uses: Young leaves are cooked along with other vegetables as flavouring 

agent. Aerial parts are also grazed by cattle.  

Medicinal uses: Fresh leaves are chewed to cure toothache and mouth gums. 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional contents of Origanum vulgare given in 

Figure 59. Maximum concentration was shown by carbohydrates (62.61%), followed by 

crude proteins (14.83%), ash content (10.19 %), crude fibers (9.14%) and crude fats 

(3.230%) on dry weight basis. Energy value was recorded at 338.8 Kcal/100 g, and 

moisture contents in fresh leaves were 71.76% while dry matter contents were 28.24%.  

Elemental analysis: Metal levels measured in the leaves of O. vulgare showed 

that among essential metals maximum concentration was recorded for K (6409 mg/kg), 

followed by Ca (2984 mg/kg), Mg (1252 mg/kg), Na (386.2 mg/kg), Fe (97.37 mg/kg), 

Mn (54.69 mg/kg) and Zn (28.57 mg/kg). Among other metals notable contribution was 

observed for Sr (51.31 mg/kg) while Li exhibited minimum concentration (0.938 mg/kg), 

whereas, Cu, Co, Cr, Cd and Pb levels were in the range of 1.116 mg/kg to 5.134 mg/kg 

(Figure 59). 

Phytochemical analysis: On fresh weight basis significantly higher concentration 

of total phenolic contents were contributed at 104.9 mg GAE/100 g, FW in water extract 

Figure 59, as compare to acetone extract (47.86 mg GAE/100 g, FW). Water extracts of O. 

vulgare showed higher flavonoids (242.5 mg Rt/100 g, FW) and flavonols contents (168.8 

mg Rt/100 g, FW) compare to acetone extracts, which contained 143.0 mg Rt/100 g, FW 

flavonoids and 108.2 mg Rt/100 g, FW flavonols contents. Ascorbic acid contents were 

estimated comparatively higher in acetone extract (1.562 mg AA/100 g, FW) than acetone 

extract (1.245 mg AA/100 g, FW).  

Antioxidant activity: Measured levels for antioxidant activity in the leaves of O. 

vulgare are illustrated in Figure 59. It was noted that water extract showed higher value 

(54.87%) during DPPH scavenging activity than acetone extract (46.18%). During OH- 

radical scavenging activity results were below detection limit both in the case of water and 

acetone extracts. Acetone extract showed higher value (52.27%) during H2O2 radical 

scavenging activity, while in water extract it was below found below detection limit. Fe2+ 

chelating activity was also noted below detection limit in acetone extract, however in 

water extract it was estimated found 13.51%. In the case of FRAP assay water extract 

showed better potential (54.04 µM GAE/100 g, FW) compare to acetone extract (34.80 

µM GAE/100 g, FW). Nevertheless, acetone extract showed more value (164.0 µM 

AAE/100 g, FW) during total antioxidant activity (PM assay) than water extract (160.8 

µM AAE/100 g, FW) on fresh weight basis.  
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Figure 59. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of O. vulgare  
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3.3.24 Tulipa stellata var. clusiana Hk. f.,  

Benghal day flower  

Kakar moona 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 59. Tulipa stellata var. clusiana Hk. f.,  

Family Name: Liliaceae 

Description: Annual herb with bulbs lie a little below the soil, ovoid or globose. Stem 

underground, glabrous. Leaves 3-6, alternate, sparse, or crowded, linear, lanceolate, acute-

acuminate, margin often wavy. Flowers solitary terminal, variable in colour, flowers white 

with pink outside or with pink or yellow base. Seeds compressed brown [Plate 59].  

Flowering period: March - May 

Status and habitat: Common on waste places and in crop fields.  

Part used: Leaves, flowers, bulbs  

Distribution: World: Iran, Afghanistan, India, naturalized in Southern Europe. 

Pakistan: Hazara, Kashmir, Swat, Murree, Margalla Hills, Sind, Baluchistan, Punjab.  

Ethnobotanical uses: Young leaves and flowers are cooked in diluted milk along with 

other vegetables. Aerial parts are also grazed by cattle. Flowers are also used for 

decoration while bulbs are edible. 

Medicinal uses: Fresh bulbs are peeled off and eaten raw to cure heart problems.  
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Nutraceutical Aspects 

Proximate analysis: Nutritional analysis of Tulipa stellata revealed that on dry 

weight basis maximum value was shown by carbohydrates (59.30%), followed by crude 

proteins (16.63 %), crude fibers (10.25%), crude fats (8.870%) and ash content (4.960%). 

Energy value was estimated at 383.5 Kcal/100 g, and fresh samples contained 88.60% 

moisture and 11.41% dry matter contents (Figure 60). 

Elemental analysis: Metal levels in the leaves of T. stellata are given in Figure 60 

indicated maximum concentration of K (3888 mg/kg) among essential metals, followed by 

Ca (3641 mg/kg), Mg (799.1 mg/kg), Fe (730.3 mg/kg), Na (138.4 mg/kg), Zn (30.84 

mg/kg) and Mn (24.26 mg/kg). Among rest of the metals Sr showed highest level (38.81 

mg/kg), whereas, Cd and Pb level was found lowest (1.881 mg/kg) while Cu, Co, Li and 

Cr concentrations were ranged from 2.525 mg/kg to 8.267 mg/kg.  

Phytochemical analysis: Among the phytochemicals constituents measured in T. 

stellata it was observed that water extracts showed higher concentrations of total phenolics 

(40.58 mg GAE/100 g, FW) and flavonoids contents (35.78 mg Rt/100 g, FW) compare to 

acetone extracts, which contained (8.212 mg GAE/100 g, FW) phenolics and (15.45 mg 

Rt/100 g, FW) flavonoids contents on dry weight basis (Figure 60). Flavonols contents 

were observed relatively higher (51.29 mg Rt/100 g, FW) in acetone extract than water 

extract (39.78 mg Rt/100 g, FW). Water extract contained moderately higher value of 

ascorbic acid contents (1.209 mg AA/100 g, FW) than acetone extract (0.810 mg AA/100 

g, FW).  

Antioxidant activity: The antioxidant activity related to edible parts of T. stellata 

is mentioned in Figure 60 revealed that acetone extract exhibited comparatively higher 

DPPH scavenging activity (74.41 %) than water extract (58.21%). Nevertheless, OH- 

radical scavenging activity was found to be higher in water extract (37.78%) compared to 

acetone extract (35.22%). It was found that acetone extract showed more potential 

(64.96%) during H2O2 radical scavenging activity than water extract (52.30%). Fe+2 

chelating activity was observed only in the case of water extract (56.76%), while it was 

found below detection limit in acetone extract. Water extracts showed better result (25.39 

µM GAE/100 g, FW) than acetone extract (9.524 µM GAE/100 g, FW) during FRAP 

assay. Comparatively higher value was noted in water extract (98.03 µM AAE/100 g, FW) 

during total antioxidant activity than acetone extract (52.70 µM AAE/100 g, FW) in PM 

assay.  



Chapter 3             Results and Discussion 

Ethnobotanical and nutraceutical investigation of wild edible fruits & vegetables of Lesser Himalayas 
212 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 60. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of T. stellata  
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3.3.25 Malva parviflora L  

Least mallow  

Sonchal  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 60. Malva parviflora L  

Family Name: Malvaceae 

Description: Annual, prostrate or procumbent herb, up to 6-10 cm tall. Stem: green, 

rough, cylindrical, pubescent. Leaves: green, glabrous, pubescent and glistening, 

orbiculate, petiolate, insertion ramal, cordate base, rounded apex and ciliate margin. 

Flowers: Purplish white, bracteates, axillary, symmetrical [Plate 60].  

Flowering period: May - June 

Status and habitat: Common on waste places along cultivated fields.  

Part used: Leaves 

Distribution: World: Europe, North Africa, South and West Asia.  

Pakistan: Hazara, Kashmir, Rawalpindi, Swat, Murree, Margalla Hills, Sind, Baluchistan, 

Punjab.  

Ethnobotanical uses: Young leaves cooked in water as vegetables. Aerial parts are also 

used as fodder for cattle.  

Medicinal uses:  Fresh leaves are boiled in water and decoction is taken orally to cure 

constipation, cough and fever. 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional investigation of Malva parviflora 

revealed that proteins contents showed maximum value (40.43 %) followed by 

carbohydrates (27.37%), ash content (19.17%), crude fibers (10.06%) and crude fats 

(2.960%) on dry weight basis (Figure 61). Energy value was found at 297.8 Kcal/100 g, 

and moisture contents in fresh samples were 90.31% while dry matter contents were 

9.700%.  

Elemental analysis: Measurement of selected metals in leaves of M. parviflora 

revealed highest contribution of K 7705 mg/kg, on dry weight basis followed by Ca (7024 

mg/kg), Mg (2101 mg/kg), Na (879.2 mg/kg), Fe (597.6 mg/kg), Mn (59.05 mg/kg) and 

Zn (50.05 mg/kg). Among rest of the metals maximum concentration was recorded for Sr 

(30.65 mg/kg) and lowest for Cd (3.838 mg/kg), whereas Cu, Co, Li, Cr and Pb levels 

were ranged from 3.930 mg/kg to 17.36 mg/kg (Figure 61). 

Phytochemical analysis: Phytochemical assessment of M. parviflora indicated 

that water extracts exhibited higher value of total phenolics (4.860 mg GAE/100 g, FW) 

than acetone extract (3.484 mg GAE/100 g, FW) on fresh weight basis (Figure 61). 

Flavonoids contents were found higher in acetone extract (17.14 mg Rt/100 g, FW) as 

compare to water extract (11.63 mg Rt/100 g, FW). Similarly acetone extract showed 

more concentration of flavonols contents (14.54 mg Rt/100 g, FW) in acetone extract 

compare to water extract (9.212 mg Rt/100 g, FW), whereas ascorbic acid contents were 

calculated more in water extract (0.678 mg AA/100 g, FW) than acetone extract (0.524 mg 

AA/100 g, FW).  

Antioxidant activity: Antioxidant activity assessed in the leaves of M. parviflora 

is mentioned in Figure 61 indicated that acetone extract showed significantly higher value 

(50.86%) for DPPH scavenging activity than water extract (25.50%). It was observed that 

water extract showed higher value (23.22%) during OH- radical scavenging activity 

compare to acetone extract (9.701%). Similarly water extract exhibited comparatively 

higher potential (67.25%) during H2O2 radical scavenging activity than acetone extract 

(63.58%). Fe+2 chelating activity was estimated higher in acetone extract (35.29%) 

compare to water extract (19.46%). In FRAP and PM assays acetone extract showed 

higher values (12.380 µM GAE/100 g, FW) and (41.98 µM AAE/100 g, FW) respectively 

compare to water extracts (0.683 µM GAE/100 g, FW) in FRAP and (10.80 µM AAE/100 

g, FW) in PM assay on fresh weight basis.  
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Figure 61. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of M. parviflora 
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3.3.26 Ficus carica L  

Fig 

Trakani Phagwar  

 

 

 

 

 

 

 

 

 

 

Plate 61. Ficus carica L  

Family Name: Moraceae  

Description: A small deciduous tree, with spreading branches. Bark smooth, grey or dull 

white, young twigs glabrous or softly hairy. Leaves with glabrous grooved petiole; lamina 

broadly ovate to nearly orbicular, divided obscurely palmatifid to mostly palmatipartite, 

dentate margin. Hypanthodia axillary solitary or paired, borne on peduncles, subsessile to 

sessile, Figs usually pyriform-obovoid, glabrous or shortly hispid, yellowish to brownish 

violet [Plate 61].  

Flowering period: April-August 

Status and habitat: Common on waste places along cultivated lands.  

Part used: Whole plant 

Distribution: World: Europe, India, Afghanistan; Russia, Iran, Middle East, N. Africa and 

Europe; introduced in cultivation elsewhere. 

Pakistan: Hazara, Kashmir, Rawalpindi, Swat, Murree, Margalla Hills, Punjab.  

Ethnobotanical uses: Young leaves cooked in diluted milk whereas unripe figs are 

cooked in water as vegetables. Leaves are used as fodder, wood as fuel, in making tool 

handles, sheltering. Ripened figs are eaten raw as fruit. 

Medicinal uses: Powder of dried Ficus carica figs and dried seeds of Amaranthus viridis 

is taken orally with water or milk to cure eye vision problem. Milky latex is applied 

topically to cure skin infections. 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional assessment of leaves of Ficus carica 

showed that carbohydrates showed maximum value (47.96%), followed by crude proteins 

(26.19%), crude fibers (13.82%), ash content (9.250 %) and crude fats (2.780%) on dry 

weight basis. Energy value was recorded at 321.5 Kcal/100 g, and fresh leaves contained 

74.61% moisture contents and 24.50% dry matter contents (Figure 62). 

Elemental analysis: Concentration of selected metals measured in the leaves of F. 

carica is shown in Figure 62, revealed highest contribution for Ca 23734mg/kg among 

essential elements, followed by K (3896 mg/kg), Mg (803.1 mg/kg), Na (790.7 mg/kg), Fe 

(207.7 mg/kg), Mn (62.16 mg/kg) and Zn (40.98 mg/kg). Among other metals Sr showed 

maximum level (69.22 mg/kg) and Cu exhibited lowest concentration (2.039 mg/kg), 

whereas, Co, Cd, Li, Cr and Pb levels were found in lower range. 

Phytochemical analysis: Among the phytochemicals contents of F. carica water 

extracts showed significantly higher concentrations (56.81 mg GAE/100 g, FW) of total 

phenolics and (103.4 mg Rt/100 g, FW) of total flavonoids contents respectively (Figure 

62), compare to acetone extracts which contained (15.56 mg GAE/100 g, FW) total 

phenolics and (49.16 mg Rt/100 g, FW) flavonoids contents. Significantly higher 

concentration of flavonols contents was recorded in acetone extract (95.26 mg Rt/100 g, 

FW) than water extract (6.726 mg Rt/100 g, FW). Ascorbic acid value was also estimated 

comparatively higher in acetone extract (1.600 mg AA/100 g, FW) compare to water 

extract (1.344 mg AA/100 g, FW).  

Antioxidant activity: Comparative evaluation of antioxidant activity of F. carica 

is given in Figure 62revealed that water extract showed higher value (66.09%) during 

DPPH assay compare to acetone extract (43.99%). OH- radical scavenging activity was 

also found to be higher in water extract (49.17%) than acetone extract (3.284%). Acetone 

extract exhibited more value (63.05%) in H2O2 radical scavenging activity than water 

extract (53.13%). Fe+2 chelating activity was recorded only in the case of water extract 

(58.38%), while it was found below detection limit in acetone extract. Nevertheless, 

antioxidant potential in terms of FRAP was found slightly better in water extract (35.63 

µM GAE/100 g, FW) than acetone extract (31.77 µM GAE/100 g, FW), whereas, in the 

case of Phosphomolybdenum complex assay acetone extract showed comparatively higher 

value (113.1 µM AAE/100 g, FW) than water extract (102.2 µM AAE/100 g, FW) on 

fresh weight basis.  
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Figure 62. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of F. carica  
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3.3.27 Ficus palmata Forssak  

Fig  

Phagwar  

 

 

 

 

 

 

Plate 62. Ficus palmata Forssak  

Family Name: Moraceae  

Description: A small tree, up to 10 m tall. Bark smooth, brownish-grey, young twigs 

densely hairy. Leaves softly tomentose petiole; broadly ovate to suborbicular or orbicular, 

mostly undivided, dentate to serrate, acute apex. Hypanthodia solitary or sometimes 

paired, axillary, subglobose to pear-shaped, Male flowers: numerous in the upper half, 

pedicellate. Female flowers: basal, numerous.  Figs constricted or gradually narrowed at 

base, yellow or purple, hairy [Plate 62].  

Flowering period: May - November 

Status and habitat: Common on waste places along cultivated lands.  

Part used: Whole plant 

Distribution: World: Nepal, India, Afghanistan, Iran, Arabian Peninsula, Somalia, Sudan, 

Ethiopia and Egypt.  

Pakistan: Hazara, Kashmir, Rawalpindi, Swat, Gilgit, Skardu, Murree, Margalla Hills, 

Punjab.  

Ethnobotanical uses: Young leaves cooked in diluted milk whereas unripe figs are 

cooked in water as vegetables. Leaves are used as fodder, wood is used as fuel, in tool 

handles, thatching, sheltering. Ripened figs are eaten raw as fruit. Plant is cultivated as 

shade tree.  

Medicinal uses: Fresh leaves are boiled in the milk of goat and taken orally to cure bowel 

complaints whereas milky latex is applied topically on warts and small tumours.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Ficus palmata leaves is 

shown in Figure 63, which indicated that carbohydrates contents showed maximum value 

(51.66%), followed by crude proteins (20.76%), crude fibers (14.48%), ash content 

(9.900%), and crude fats (3.200%) on dry weight basis. Energy value was recorded at 

318.4 Kcal/100 g, and moisture contents in fresh samples were 76.45% while dry matter 

contents were 23.55%.  

Elemental analysis: Concentrations of the selected metals measured in the leaves 

of F. palmata is shown in Figure 63, demonstrated that among essential metal Ca 

concentration was found highest (4611 mg/kg), followed by K (4103 mg/kg), Mg (790.3 

mg/kg), Na (643.2 mg/kg), Fe (396.0 mg/kg), Mn (47.14 mg/kg) and Zn (45.05 mg/kg). 

Elevated level was noted for Sr (32.62 mg/kg). Relatively lower levels were observed for 

Li, Co Cr, Cd and Pb, however, lowest concentration was recorded for Cu (0.534 mg/kg).  

Phytochemical analysis: Phytochemical profile of F. palmata is shown in Figure 

63, which indicated that in majority of the cases water extracts showed higher 

concentration of phytochemical constituents than acetone extracts. Total phenolic contents 

were observed higher (92.00 mg GAE/100 g, FW) in water extract compare to acetone 

extract (13.80 mg GAE/100 g, FW). Flavonoids contents were noted higher in water 

extract (141.5 mg Rt/100 g, FW) than acetone extract (61.21 mg Rt/100 g, FW), whereas, 

acetone extract showed more concentration of total flavonols (142.7 mg Rt/100 g, FW) 

than water extract (101.8 mg Rt/100 g, FW). Comparatively higher value of ascorbic acid 

contents were found in water extract (2.163 mg AA/100 g, FW) compare to acetone 

extract (1.823 mg AA/100 g, FW) on fresh weight basis.  

Antioxidant activity: Antioxidant activity measured in the leaves of F. palmata 

demonstrated that water extract showed higher DPPH scavenging activity (60.75%) than 

acetone extract (54.76%). In the case of OH- and H2O2 radical scavenging assays water 

extracts showed no response but acetone extract exhibited significantly higher value 

(60.82%). Fe+2 chelating activity was also recorded higher in acetone extract (33.29%) 

compare to water extract (19.19%). Nevertheless, water extract showed significant value 

(41.08 µM GAE/100 g, FW) during FRAP assay than acetone extract (12.05µM GAE/100 

g, FW), whereas as in the case of PM assay acetone extract showed higher value (122.2 

µM AAE/100 g, FW) than water extract (119.8 µM AAE/100 g, FW) on fresh weight 

basis (Figure 63). 
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Figure 63. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of F. palmata 
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3.3.28 Oxalis corniculata L.  

White wood sorrel  

Gandora  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 63. Oxalis corniculata L.  

Family Name: Oxalidaceae  

Description: An annual herb about 30-70 cm long creeping, pubescent herb with roots at 

nodes. Leaves cauline, trifoliolate, entire, leaflets obcordate, tomentose. Flowers yellow, 

solitary axillary umbels. Fruit capsule, brown, transversely ribbed [Plate 63].  

Flowering period: March - October 

Status and habitat: Common on waste places. 

Part used: Aerial parts, leaves 

Distribution: A cosmopolitan weed found throughout the world and Pakistan. 

Ethnobotanical uses: Young leaves cooked in diluted milk as flavouring agent along with 

other vegetables. Aerial parts are also grazed by cattle.  

Medicinal uses: Paste of fresh leaves is applied topically on worms and scorpion sting. 
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Nutraceutical Aspects 

Proximate analysis: In the case of Oxalis corniculata carbohydrates contents were 

recorded maximum (45.01%) on dry weight basis followed by crude proteins (21.71%), 

crude fibers (15.02%), ash content (11.66%) and crude fats (6.600%). Energy value was 

estimated at 326.2 Kcal/100 g, and fresh samples contained 89.48% and 10.52% dry 

matter contents (Figure 64). 

Elemental analysis: Elemental quantification revealed that among essential metals 

indicated that among essential metal K contribution was found highest (8373 mg/kg), 

followed by Ca (3510 mg/kg), Mg (2158 mg/kg), Na (827.2 mg/kg), Fe (297.0 mg/kg), 

Mn (84.52 mg/kg) and Zn (50.36 mg/kg) on dry weight basis. In the case other metals Sr 

showed maximum level (19.71 mg/kg) while Li exhibited minimum concentration (1.393 

mg/kg), whereas Cu, Cr, Co, Cd and Pb were found in the range of 2.838 mg/kg to 9.236 

mg/kg (Figure 64). 

Phytochemical analysis: Phytochemical profile of O. corniculata demonstrated 

that water extract showed higher concentration of total phenolics (12.37 mg GAE/100 g, 

FW) compare to acetone extract (5.714 mg GAE/100 g, FW). Flavonoids contents were 

recorded more in acetone extract (21.15 mg Rt/100 g, FW) than water extract (7.758 mg 

Rt/100 g, FW). Flavonols contents were also estimated higher in acetone extract (30.02 

mg Rt/100 g, FW) compare to water extract (6.092 mg Rt/100 g, FW), whereas ascorbic 

acid contents were found slightly higher in water extract (0.535 mg AA/100 g, FW) as 

compare to acetone extract (0.464 mg AA/100 g, FW) on fresh weight basis (Figure 64). 

Antioxidant activity: Antioxidant potential measured in O. corniculata is 

mentioned in Figure 64 indicated that water extract exhibited significantly higher DPPH 

scavenging activity in water extract (79.84%) than acetone extracts (12.95%). During OH- 

radical scavenging activity water extract showed better value (19.73%), whereas, it was 

below detection limit in acetone extract. Similarly water extract was found more active 

(63.25%) in H2O2 radical scavenging activity than acetone extract (58.32%). Fe2+ chelating 

activity was observed significantly higher in water extract (91.35%), whereas it was found 

below detection limit in acetone extract. Among the total antioxidant activity assessment 

as shown by FRAP and PM assays, water extract showed higher value (9.957 µM 

GAE/100 g, FW) in FRAP assay than acetone extract (5.519 µM GAE/100 g, FW), 

whereas PM assay was observed only in acetone extract (43.00 µM AAE/100 g, FW), 

whereas in water extract it was found below detection limit.  
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Figure 64. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of O. corniculatas  
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3.3.29 Lathyrus aphaca L.  

Yellow pea  

Paratha  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 64. Lathyrus aphaca L. 

Family Name: Papilionoideae 

Description: The plant is a weak trailing annual herb. Stem erect, glabrous. Leaves are 

paripinnate, rachis ending in a tendril, large foliaceous, hastate, broadly ovate, paired 

stipules. Flowers are lemon yellow and in racemes [Plate 64].  

Flowering period: February - April 

Status and habitat: Common on waste places along cultivated lands.  

Part used: Aerial parts, leaves 

Distribution: World: North Africa, Europe, West and Central Asia, India and Nepal. 

Pakistan: Hazara, Kashmir, Rawalpindi, Swat, Gilgit, Murree, Margalla Hills, Punjab, 

Baluchistan.  

Ethnobotanical uses: Young leaves cooked in water as vegetable. Aerial parts are also 

used as fodder.  

Medicinal uses: Dried seeds are grinded; powder is mixed in tobacco and used for 

soothing effect and as narcotic.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Lathyrus aphaca is 

mentioned in Figure 65 indicated that on dry weight basis carbohydrates contents showed 

highest value (44.17%), followed by crude fibers (23.36%), crude proteins (20.72%), ash 

content (9.471%) and crude fats (2.079%). Energy value was calculated at 273.89 

Kcal/100 g, and fresh samples contained 77.70% moisture and 22.30% dry matter 

contents.  

Elemental analysis: Metal level quantification indicated that Ca showed highest 

concentration (25954 mg/kg) among essential metals, followed by K (4564 mg/kg), Mg 

(816.3 mg/kg), Fe (503.0 mg/kg), Na (133.9 mg/kg), Mn (46.20 mg/kg) and Zn (37.45 

mg/kg) on dry weight basis (Figure 65). Among other elements notable value was 

recorded for Sr (187.2 mg/kg) while Li level was found lowest (0.577 mg/kg). Relatively 

lower levels were observed for Cu, Co, Cr and Pb.  

Phytochemical analysis: Comparative assessment of phytochemical constituents 

of L. aphaca is shown in Figure 65, revealed that water extract showed higher contribution 

of total phenolics at 54.04 mg GAE/100 g, FW compare to acetone extract 11.47 mg 

GAE/100 g, FW. Flavonoids contents were noted higher in acetone extract (36.01 mg 

Rt/100 g, FW) than water extract (12.85 mg Rt/100 g, FW). Water extract showed higher 

value (42.77 mg Rt/100 g, FW) of total flavonols contents than acetone extract (28.04 mg 

Rt/100 g, FW), whereas ascorbic acid contents were calculated relatively higher in water 

extract (1.528 mg AA/100 g, FW) than water extract (1.367 mg AA/100 g, FW).  

Antioxidant activity: Antioxidant activity of L. aphaca mentioned is given in 

Figure 65 revealed that during significantly higher DPPH scavenging activity was 

observed in water extract (62.75%) than acetone extract (47.74%). OH- radical scavenging 

activity was also observed higher in water extract (29.44%) compared to acetone extract 

(6.716%). In the case of H2O2 radical scavenging activity acetone extract showed higher 

contribution at 66.54% than water extract 8.230%. Fe+2 chelating activity was observed 

only in the case of water extract (39.95%), while it was found below detection limit in 

acetone extract. Water extract showed higher potential (30.27 µM GAE/100 g, FW) in 

term of ferric ion reducing antioxidant power (FRAP assay) than acetone extract (9.289 

µM GAE/100 g, FW). Total antioxidant activity (PM assay) was found higher in the case 

of acetone extract (103.0 µM AAE/100 g, FW) than water extract (91.62 µM AAE/100 g, 

FW).  
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Figure 65. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of L. aphaca 
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3.3.30 Medicago polymorpha L  

California bur clover  

Sinjii  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 65. Medicago polymorpha L. 

Family Name: Papilionoideae 

Description: Annual herb up to 30-46 cm long. Stem spreading, erect, herbaceous, 

yellowish green, rough, cylindrical, hairy. Leaves green, compound, glabrous-pubescent, 

petiolate and obovate to cuneate, ramal insertion, narrow base, obtuse-truncate apex, 

laciniate stipules. Base; narrow. Flowers yellow, 2-8 flower peduncle receme, bracteates, 

terminal, irregular [Plate 65].  

Flowering period: March- May 

Status and habitat: Common on waste places along cultivated lands.  

Part used: Aerial parts, leaves 

Distribution: World: Throughout the world expect tropical regions and deserts.  

Pakistan: Hazara, Kashmir, Rawalpindi, Swat, Murree, Margalla Hills, Punjab.  

Ethnobotanical uses: Young leaves cooked in water as vegetable. Aerial parts are also 

used as fodder.  

Medicinal uses: Fresh leaves are cooked in water and taken orally against constipation 

and indigestion.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis revealed that carbohydrates 

contents exhibited maximum value (40.35%) on dry weight basis, followed by crude 

proteins (29.51%), crude fibers (14.79%), ash content (12.07%) and crude fats (3.290%). 

Energy value was estimated at 309.0 Kcal/100 g, and moisture contents in fresh samples 

were 89.99% while dry matter contents were 10.01% (Figure 66). 

Elemental analysis: Elemental analysis of Medicago polymorpha revealed that 

among essential elements highest contribution was noted for K 7693 mg/kg, followed by 

Ca (4575 mg/kg), Mg (1250 mg/kg), Na (496.1 mg/kg), Fe (184.8 mg/kg), Mn (29.99 

mg/kg) and Zn (29.29 mg/kg). Elevated level was noted for Sr (21.36 mg/kg) while Cd 

concentration was found minimum (2.745 mg/kg), whereas Cu, Co, Li, Cr and Pb levels 

were ranged from 3.044 mg/kg to 11.03 mg/kg (Figure 66). 

Phytochemical analysis: Phytochemical investigation indicated that water extracts 

showed higher concentration of total phenolics contents (16.23 mg GAE/100 g, FW) 

compare to acetone extract (13.68 mg GAE/100 g, FW). Flavonoids contents were found 

higher in acetone extract (37.86 mg Rt/100 g, FW) compare to water extract (12.64 mg 

Rt/100 g, FW). Flavonols contents were also recorded higher in acetone extract (50.69 mg 

Rt/100 g, FW) compare to water extract (14.95 mg Rt/100 g, FW). Comparatively higher 

ascorbic acid contents were found in water extract (0.784 mg AA/100 g, FW) than acetone 

extract (0.685 mg AA/100 g, FW) on fresh weight basis (Figure 66). 

Antioxidant analysis: Results of antioxidant activity in the leaves of M. 

polymorpha are mentioned in Figure 66, which indicated that water extracts showed 

higher contributions in all assays then corresponding acetone extracts expect PM assay. 

DPPH scavenging activity was observed higher in water extract (63.15%) than acetone 

extract (56.32%). Comparatively higher OH- radical scavenging activity was recorded 

higher (55.69%) in water extract than acetone extract (23.43%). Similarly water extract 

exhibited more potential (62.49%) in H2O2 radical scavenging activity than acetone extract 

(52.86%). Fe+2 chelating activity was also observed significantly higher in water extract 

(61.08%) compare to acetone extract (30.83%). Water extract exhibited better result 

(18.49 µM GAE/100 g, FW) in FRAP assay than acetone extract (6.323 µM GAE/100 g, 

FW). Phosphomolybdenum complex assay was noted comparatively higher in acetone 

extract (93.58 µM AAE/100 g, FW) than water extract (64.88 µM AAE/100 g, FW) on 

fresh weight basis. 
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Figure 66. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of C. benghalensis  
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3.3.31 Melilotus alba Desr.  

White sweat Clover  

Safed Sinjii  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 66. Melilotus alba Desr. 

Family Name: Papilionoideae 

Description: Annual or biennial 4-8 inches high herb. Stem light green, rounded or 

furrowed on all sides, glabrous. Leaves alternate, trifoliate, petiolate and stipulate; leaflets 

greyish, hairless, oblong or ovate, dentate along the upper margin, middle leaflet 

petiolated, while lateral are sessile. Flowers narrow recemes, white, tubular at the base, 

while broader towards the outer edges [Plate 66].  

Flowering period: May - July 

Status and habitat: Rare on waste places.  

Part used: Aerial parts, leaves 

Distribution: World: North America, Eurasia, the Mediterranean region from central 

Europe to Tibet. Pakistan: Hazara, Naran, Shogran, Kashmir, Swat.  

Ethnobotanical uses: Young leaves cooked in water as vegetable. Aerial parts are used as 

fodder.  

Medicinal uses: Fresh leaves are crushed and paste is applied topically on swelling and 

inflammatory joints.  
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Nutraceutical aspects 

Proximate analysis: Proximate nutritional assessment of Melilotus alba is shown 

in Figure 67, which indicated highest contribution of carbohydrates (41.34%), followed by 

crude proteins (30.22%), crude fibers (13.56%), ash contents (9.810%) and crude fats 

(5.070%) on dry weight basis. Energy value was estimated at 301.5 Kcal/100 g, and fresh 

samples contained 81.47% moisture while 18.53% dry matter contents.  

Elemental analysis: Concentrations of the selected metals measured in the leaves 

of M. alba revealed the highest levels of Ca at 18328 mg/kg, on dry weight basis, followed 

by K (4512 mg/kg), Mg (870.5 mg/kg), Na (546.1 mg/kg), Fe (405.6 mg/kg), Mn (25.76 

mg/kg) and Zn (15.88 mg/kg) among essential elements (Figure 67). Among other metals 

notable value was recorded for Sr (62.95 mg/kg) while minimum contribution was shown 

by Co (2.933 mg/kg), whereas, Cu, Cr Li levels were found in lower range.  

Phytochemical analysis: Comparative contributions of phytochemical 

constituents in acetone and water extracts of M. alba are also given in Figure 67. Water 

extracts exhibited higher concentrations of total phenolics (45.91 mg GAE/100 g, FW) and 

flavonoids contents (17.08 mg Rt/100 g, FW) compare to acetone extracts which showed 

(3.127 mg GAE/100 g, FW) phenolic contents and (12.40 mg Rt/100 g, FW) flavonoids 

contents. Flavonols contents were calculated higher in acetone extract (30.17 mg Rt/100 g, 

FW) than water extract (20.78 mg Rt/100 g, FW), whereas, ascorbic acid value was found 

slightly higher in water extract (1.287 mg AA/100 g, FW) than acetone extract (0.960 mg 

AA/100 g, FW). 

Antioxidant activity: Antioxidant activity assessment of M. alba is mentioned in 

Figure 67, which revealed that DPPH scavenging activity was found comparatively higher 

in water extract (72.90%) than corresponding acetone extract (40.25%). OH- radical 

scavenging activity was noted only in the case of acetone extract (44.48%) while in water 

extract it was found below detection limit. Acetone extract exhibited higher contribution at 

60.62% during H2O2 radical scavenging activity compare to water extract 49.28%. Fe2+ 

chelating activity was also recorded higher in water extract (38.92%) compared to acetone 

extract (15.71%). Water extract showed significantly higher concentration (23.88 µM 

GAE/100 g, FW) in FRAP assay than acetone extract (1.978 µM GAE/100 g, FW). 

Similarly in the case of Phosphomolybdenum complex assay (PM assay) water extract 

showed significantly higher concentration (106.7 µM AAE/100 g, FW) than acetone 

extract (32.40 µM AAE/100 g, FW) on fresh weight basis.  
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Figure 67. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of M. alba 
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3.3.32 Melilotus indicus (L.) All. 

Yellow Melilot  

Sinjii  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 67. Melilotus indicus (L.) All. 

Family Name: Papilionoideae 

Description: Annual, erect, slightly pubescent to glabrescent herb. Stem, herbaceous, 

erect or ascending, rough, cylindrical, pubescent, branching from base. Leaves, trifoliate, 

glabrous, pubescent, petiolate, stipulate, leaflets; obovate, cuneate to narrowly oblong, 

ramal insertion, narrow connate base, obtuse-retuse to truncate apex, dentate margin. 

Flowers yellow, recemes slender, brecteate, terminal, irregular [Plate 67].  

Flowering period: March - May 

Status and habitat: Common on waste places along crop fields.  

Part used: Aerial parts, leaves 

Distribution: World: throughout the world expect or the tropical regions and desert. 

Pakistan: Hazara, Rawalpindi, Murree, Kashmir, Swat, Punjab and Sind.  

Ethnobotanical uses: Young leaves cooked in water as vegetable. Aerial parts are used as 

fodder.  

Medicinal uses: Fresh leaves are crushed and paste is applied topically on swelling joints.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Melilotus indicus mentioned 

in Figure 68, which showed maximum concentration for carbohydrates (48.22%) on dry 

weight basis, followed by crude proteins (26.90%), crude fibers (12.78%), ash contents 

(8.620%) and crude fats (3.470%). Energy value was found at 331.7 Kcal/100 g, and 

moisture contents in fresh samples were 70.95% while dry matter contents were 29.06%. 

Elemental analysis: Concentrations of selected metals measured in the leaves of 

M. indicus is mentioned in Figure 68, demonstrated that among essential metal Ca 

exhibited highest concentration (22892 mg/kg), followed by K (4079 mg/kg), Na (2426 

mg/kg), Mg (777.3 mg/kg), Fe (54.56 mg/kg), Zn (24.22 mg/kg) and Mn (16.94 mg/kg). 

Among rest of the metals maximum contribution was shown by Sr (144.9 mg/kg) while 

minimum by Cu (2.379 mg/kg), whereas Li Cr, Co, Cd and Pb levels were found within 

the range of 5.388 mg/kg to 31.75 mg/kg. 

Phytochemical analysis: Phytochemical investigation of M. indicus is mentioned 

in Figure 68 revealed that water extracts showed more concentration compare to acetone 

extracts on fresh weight basis. Total phenolics contents were recorded higher in water 

extract (64.69 mg GAE/100 g, FW) than acetone extract (14.97 mg GAE/100 g, FW). 

Flavonoids concentration was estimated higher (65.97 mg Rt/100 g, FW) in water extract 

than acetone extract (43.51 mg Rt/100 g, FW). Comparatively higher value of flavonols 

contents (132.2 mg Rt/100 g, FW) was recorded in acetone extract than water extract 

(90.21 mg Rt/100 g, FW), whereas ascorbic acid value was estimated higher in water 

extract (2.567mg AA/100 g, FW) than acetone extract (2.107 mg AA/100 g, FW).  

Antioxidant activity: DPPH scavenging activity revealed that acetone extract 

showed slightly higher value (66.30%) than water extract (62.62%). Comparatively higher 

contribution was noted for water extract (47.65%) during OH- radical scavenging activity 

compare to acetone extract (15.37%). Nevertheless, acetone extract was found 

comparatively more active (70.94%) in H2O2 radical scavenging activity than water extract 

(30.87%). Fe2+ chelating activity was noted only for water extract (5.950%) while in 

acetone extract it was found below detection limit. Water extracts showed better result 

(56.55 µM GAE/100 g, FW) during FRAP and (208.7 µM AAE/100 g, FW) in 

Phosphomolybdenum assay (PM assay) than their corresponding acetone extracts which 

exhibited (18.67µM GAE/100 g, FW) value in FRAP and (137.5 µM AAE/100 g, FW) in 

the case of PM assay (Figure 68). 
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Figure 68. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of M. indicus  
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3.3.33 Vicia faba L  

Broad Bean/Bell Bean 

Sarphound  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 68. Vicia faba L. 

Family Name: Papilionoideae 

Description: An erect or climbing annual, 60-120 cm tall herb. Leaflets 2-6, oval to 

elliptic, obtuse, mucronate, glabrous, stipulate. Flowers 1-6, axillary, white with dark 

violet wings. Fruit pods, pubescent. Seeds, ovoid-oblong [Plate 68].  

Flowering period: July - September  

Status and habitat: Common on waste places along crop fields.  

Part used: Aerial parts, leaves 

Distribution: World: Native to central Asia and the Eastern Mediterranean reigns, 

Australia, Europe, China and Ethiopia.  

Pakistan: Hazara, Rawalpindi, Margalla Hills, Murree, Kashmir, Swat, Punjab, Sind.  

Ethnobotanical uses: Young leaves cooked in water as vegetable. Aerial parts are used as 

fodder.  

Medicinal uses: Fresh leaves are boiled in water and decoction is taken orally to cure 

kidney stones and eye infection. 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis showed highest concentration 

of carbohydrates contents (41.19%) in Vicia faba, followed by crude proteins (27.61%), 

crude fibers (20.07%), ash contents (8.820%) and crude fats (2.310%) on dry weight basis 

(Figure 69). Energy value was calculated at 295.9 Kcal/100 g, and fresh samples contained 

81.78% moisture while 18.23% dry matter contents.  

Elemental analysis: Metal level quantification of V. faba is shown in Figure 69 

indicated Ca metal showed maximum concentration (5388 mg/kg), followed by K (4447 

mg/kg), Mg (801.5 mg/kg), Na (574.6 mg/kg), Fe (467.9 mg/kg), Mn (49.95 mg/kg) and 

Zn (45.79 mg/kg) on dry weight basis. Among rest of the metals Sr exhibited maximum 

level (37.33 mg/kg) while Co level was found lowest (2.079 mg/kg). Relatively lower 

levels were observed for Cu, Li, Cr, Cd and Pb. 

Phytochemical analysis: Phytochemical contents measured in the leaves of V. 

faba are depicted in Figure 69. Water extract showed higher concentration (17.16 mg 

GAE/100 g, FW) of total phenolics compare to acetone extract (10.96 mg GAE/100 g, 

FW). Flavonoids contents were also estimated higher in water extract (38.07 mg Rt/100 g, 

FW) than acetone extract (32.14 mg Rt/100 g, FW). Total flavonols contents were also 

recorded higher in water extract (39.28 mg Rt/100 g, FW) as compare to acetone extract 

(26.66 mg Rt/100 g, FW). Ascorbic acid contents were found slightly higher in water 

extract (0.936 mg AA/100 g, FW) than acetone extract (0.820 mg AA/100 g, FW).  

Antioxidant activity: Among antioxidant activity measurement of V. faba it was 

observed that both acetone and water extracts exhibited almost same DPPH scavenging 

activity (48.21%) and (48.06%) respectively. However, water extract showed higher 

contribution (39.76%) during OH- radical scavenging activity than acetone extract 

(13.13%). Acetone extract exhibited higher potential (59.96%) in H2O2 radical scavenging 

activity compare to water extract (51.02%). In the case of Fe2+ chelating activity water 

extract exhibited better results at 53.51% than acetone extract 31.65%. During FRAP 

assay water extract again showed comparatively better potential (21.53 µM GAE/100 g, 

FW) than acetone extract (8.115 µM GAE/100 g, FW), whereas in term of total 

antioxidant activity (PM assay) measured value for acetone extract was found higher 

(79.24 µM AAE/100 g, FW) as compare to water extract (64.18 µM AAE/100 g, FW) on 

fresh weight basis (Figure 69). 
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Figure 69. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of V. faba  

Vicia faba 

1

10

100

1000

CP (%) CF (%) Fib (%) Ash (%) Carb (%) EV
(Kcal/100g)

DM (%) Moist. (%)

M
ea

su
re

d
 v

al
u

es

Vicia faba 

0.01

0.1

1

10

100

1000

10000

Ca Cd Co Cr Cu Fe K Li Mg Mn Na Pb Sr Zn

M
ea

su
re

d
 v

al
u

es

Vicia faba

0.1

1

10

100

WE AE WE AE WE AE WE AE

Total Phenolics (mg
GAE/100 g, FW)

Total Flavonoids (mg
Rt/100 g, FW)

Total Flavonols (mg
Rt/100 g, FW)

Ascorbic Acid (mg
AA/100 g, FW)

M
ea

su
re

d 
va

lu
es

Vicia faba 

0.1

1

10

100

WE AE WE AE WE AE WE AE WE AE WE AE

DPPH (%) OH- (%) H2O2 (%) Fe2+ (%) FRAP (µM
GAE/100 g,

FW)

PMA (µM
AAE/100 g,

FW)

M
ea

su
re

d 
va

lu
es

 



Chapter 3             Results and Discussion 

Ethnobotanical and nutraceutical investigation of wild edible fruits & vegetables of Lesser Himalayas 
240 

3.3.34 Vicia sativa L. 

Spring vetch  

Auli Pali  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 69. Vicia sativa L. 

Family Name: Papilionoideae 

Description: An erect or climbing, pubescent to subglahrous, decumbent, annual herb. 

Leaf pinnately compound, petiolate, linear to lanceolate to oblong or obovate, acute, 

obtuse or emarginate, thinly pubescent or glabrescent; stipules semisagittate, dentate, 

branched tendrils. Flowers pale pink, purplish violet. Fruit narrowly oblong, pubescent 

becoming glabrous when matures [Plate 69].  

Flowering period: July - August 

Status and habitat: Common on waste places along cultivated fields.  

Part used: Aerial parts, leaves 

Distribution: World: Cosmopolitan in distribution, India, China, Russia, Europe. 

Pakistan: Throughout the country.  

Ethnobotanical uses: Young leaves cooked in water as vegetable. Aerial parts are used as 

fodder.  

Medicinal uses: Paste of crushed leaves is applied topically against scorpion sting.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional assessment of Vicia sativa is shown in 

Figure 70, which indicated that carbohydrates contents showed highest value (49.01%), 

followed by crude proteins (19.74%), crude fibers (15.56%), ash contents (14.47%) and 

crude fats (1.230%) on dry weight basis. Energy value was estimated at 286.05 Kcal/100 

g, and moisture contents in fresh samples were 82.79% while dry matter contents were 

17.22%.  

Elemental analysis: Elemental analysis of V. sativa indicated that maximum 

concentration was observed for Ca (34378 mg/kg) among essential metals, followed by K 

(4178 mg/kg), Na (914.7 mg/kg), Mg (791.0 mg/kg), Fe (47.69 mg/kg), Mn (51.73 mg/kg) 

and Zn (29.86 mg/kg) on dry weight basis (Figure 70). Among other elements Sr showed 

maximum concentration (191.5 mg/kg) and Cd exhibited lowest concentration (0.962 

mg/kg), whereas, Cu, Li, Co, Cr and Pb levels were found in the range of 5.577 mg/kg to 

11.88 mg/kg. 

Phytochemical analysis: Phytochemical evaluation of V. sativa demonstrated that 

water extract showed comparatively higher concentration (19.49 mg GAE/100 g, FW) 

than acetone extract (12.49 mg GAE/100 g, FW). In the case of flavonoids higher value 

was observed in acetone extract (21.38 mg Rt/100 g, FW) compare to water extract (7.705 

mg Rt/100 g, FW). Flavonols contents were calculated higher in acetone extract (51.05 mg 

Rt/100 g, FW) than water extract (8.207mg Rt/100 g, FW). Comparatively higher value of 

ascorbic acid contents was found in water extract (0.699 mg AA/100 g, FW) compare to 

acetone extract (0.656 mg AA/100 g, FW) on fresh weight basis (Figure 70). 

Antioxidant activity: The antioxidant potential of V. sativa is shown in Figure 70, 

which demonstrated that acetone extract showed higher value (65.21%) during DPPH 

assay as compare to water extract (56.07%), whereas OH- radical scavenging activity was 

recorded significantly higher in water extract (35.05%) than acetone extract (7.160%). 

Water extract again exhibited higher potential (97.74%) in H2O2 radical scavenging 

activity than acetone extract (40.00%). Fe+2 chelating activity was noted only in the case 

of acetone extract (15.80%) while it was found below detection limit in water extract. 

Results for total antioxidant activity in term of FRAP and PM assays indicated that 

acetone extracts exhibited higher values (21.79 µM GAE/100 g, FW) and (76.64 µM 

AAE/100 g, FW) respectively than water extracts (15.80 µM GAE/100 g, FW) during 

FRAP assay and (54.36 µM AAE/100 g, FW) in Phosphomolybdenum complex assay.  
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Figure 70. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of V. sativa 
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3.3.35 Plantago lanceolata L.  

Ribwort plantain  

Bhatti 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 70. Plantago lanceoplata L. 

Family Name: Plantaginaceaea 
 

Description: A perennial, up to 30 cm tall herb. Leaves membranous, narrow lanceolate 

to narrow elliptic, glabrous slightly pilose or attenuated, acute, at the base narrowed into a 

narrow petiole, sparsely covered with white hairs. Spikes dense, cylindrical, subglobose to 

globose, Bracts broad ovate, narrowly caudate, carinate. Sepals, glabrous, anterior sepals 

connate, obovate, bilobed. Corolla lobes narrow ovate to ovate [Plate 70].  

Flowering period: April - July 

Status and habitat: Common on waste places along cultivated fields.  

Part used: Leaves, seed husk 

Distribution: World: Europe, North Africa, south Asia; introduced all over the world. 

Pakistan: Hazara, Kashmir, Margalla Hills, Murree, Baluchistan, Sind.  

Ethnobotanical uses: Young leaves cooked in diluted milk as vegetable. Aerial parts are 

used as fodder.  

Medicinal uses: Fresh leaves are crushed and paste is applied topically on sore joints. 

Seed husk along with sugar (Gur) is mixed in water and taken orally to cure jaundice, 

internal body inflammation and constipation.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Plantago lanceolata 

revealed that on dry weight basis carbohydrates contents showed highest level (54.88%), 

followed by crude proteins (16.54%), ash contents (13.24%), crude fibers (12.62%) and 

crude fats (2.720%). Energy value was calculated at 310.1 Kcal/100 g, and fresh samples 

contained 83.99% while 16.01% dry matter contents (Figure 71). 

Elemental analysis: Elemental analysis of P. lanceolata is shown in Figure 71, 

which indicated that K metal exhibited highest concentration (7695 mg/kg) on dry weight 

basis, followed by Ca (3224 mg/kg), Mg (821.9 mg/kg), Na (482.7 mg/kg), Fe (238.0 

mg/kg), Zn (33.32 mg/kg) and Mn (19.00 mg/kg). Among rest of the metals Co showed 

higher concentration (28.18 mg/kg) while Sr exhibited lowest level (2.520 mg/kg), 

whereas, Cu, Cr, Li, Cd and Pb levels were found lower range. 

Phytochemical analysis: Phytochemical investigation revealed that water extract 

showed significantly higher value (93.35 mg GAE/100 g, FW) of total phenoloic contents 

than acetone extract (12.32 mg GAE/100 g, FW). Flavonoids contents were also noted 

higher in water extract (43.98 mg Rt/100 g, FW) compare to acetone extract (36.50 mg 

Rt/100 g, FW), whereas, acetone extract exhibited better value (30.34 mg Rt/100 g, FW) 

of flavonols than water extract (18.79 mg Rt/100 g, FW). Ascorbic acid were found 

relatively higher in water extract (1.621 mg AA/100 g, FW) compare to acetone extract 

(1.162 mg AA/100 g, FW) on fresh weight basis (Figure 71). 

Antioxidant activity: Water extract of P. lanceoplata showed comparatively 

higher DPPH scavenging activity (64.35%) than acetone extract (54.29%). However it was 

noted that in the case of OH- radical scavenging activity acetone extract showed better 

contribution at 37.46% than water extract 16.39%. Almost similar behaviour was observed 

for both water extract (65.74%) and acetone extract (65.15%) during H2O2 radical 

scavenging activity. In the case of Fe2+ chelating activity acetone extract was found more 

active (35.87%) than water extract (4.320%). Water extract showed better result (26.52 

µM GAE/100 g, FW) in the case of ferric ion reducing antioxidant power (FRAP) than 

acetone extract (17.79 µM GAE/100 g, FW). It was noted that in the case of total 

antioxidant activity (PM assay) acetone extract showed comparatively more contribution 

(96.52µM AAE/100 g, FW) compare to water extract (91.64 µM AAE/100 g, FW) on 

fresh weight basis (Figure 71).  
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Figure 71. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of P. lanceolata  
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3.3.36 Bistorta amplexicaulis (D. Don) Greene.  

Fleece flower  

Saag 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 71. Bistorta amplexicaulis (D. Don) 

Family Name: Polygonaceae 
 

Description: An erect, 30-65 cm tall, branched or simple, glabrous, perennial, long 

rhizomatous herb. Leaves broadly lancoelate-ovate, serrate, acuminate, ciliate on midrib 

and margins, cordate or amplexicaule at base, petiolate. Ochrea lanceolate, tubular, 

acuminate, with two to three long acuminate lobes. Inflorescence terminal, simple many 

flowered. Flowers deep purplish red, pedicelate, lanceolate, cartilaginous, with long 

aristate apex and entire margin. Tepals lanceolate to ovate, obtuse, entire, unequal. Nuts 

ovate, dark brown to black, glabrous, shining [Plate 71].  

Flowering period: June - September 

Status and habitat: Common on cold, shady places.  

Part used: Leaves 

Distribution: World: India, Afghanistan and China.  

Pakistan: Hazara, Kashmir, Murree, Naran, Kaghan, Swat, Kalam, Chitral, Ziarat.  

Ethnobotanical uses: Young leaves cooked in diluted milk as vegetable. Aerial parts are 

used as fodder.  

Medicinal uses: Fresh leaves are boiled in water along with sugar and decoction is taken 

orally to treat fever, joint pain and flue. 
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Bistorta amplexicaulis 

showed maximum concentration of carbohydrates (47.65%), followed by crude fibers 

(18.41%), crude proteins (15.08%), ash contents (14.09%) and crude fats (4.770%) on dry 

weight basis (Figure 72). Energy value was calculated at 293.8 Kcal/100 g, and moisture 

contents in fresh samples were 81.47% while dray matter contents were 18.53%.  

Elemental analysis: Elemental analysis of B. amplexicaulis revealed highest 

contribution for Ca at 14233 mg/kg, followed by K (4214 mg/kg), Fe (1469 mg/kg), Mg 

(966.4 mg/kg), Mn (246.5 mg/kg), Na (187.3 mg/kg) and Zn (27.80 mg/kg) on dry weight 

basis (Figure 72). Among rest of the elements notable contribution was observed for Sr 

(44.50 mg/kg). Relatively lower levels were recorded for Cu, Cr, Co, Cd and Pb while Li 

level was found lowest (0.589 mg/kg).  

Phytochemical analysis: Phytochemical investigation of B. amplexicaulis is 

mentioned in Figure 72, which demonstrated that total phenolic contents were found 

higher in water extract (25.17 mg GAE/100 g, FW) compare to acetone extract (16.00 mg 

GAE/100 g, FW). Flavonoids contents were also calculated higher in water extract (51.57 

mg Rt/100 g, FW) than acetone extract (38.90 mg Rt/100 g, FW). Acetone extract showed 

significantly higher concentration (45.77 mg Rt/100 g, FW) of total flavonols contents 

than water extract (22.53 mg Rt/100 g, FW). Ascorbic acid was found comparatively 

higher in water extract (0.910 mg AA/100 g, FW) compare to acetone extract (0.804 mg 

AA/100 g, FW). 

Antioxidant activity: Results of antioxidant activity revealed that water extracts 

showed more contributions in all antioxidant assays as compare to corresponding acetone 

extracts except PM assay (Figure 72). In the case of DPPH scavenging activity water 

extract exhibited better response (47.80%) than acetone extract (39.00%). During OH- 

radical scavenging activity water extract showed (31.56%) potential while it was found 

below detection limit in the case acetone extract. Similarly water extract was noted more 

active (63.77%) during H2O2 radical scavenging activity than acetone extract (55.95%). 

Fe2+ chelating activity was also calculated higher in water extract (45.41 %) than acetone 

extract (33.29%). Water extract showed higher value (23.96 µM GAE/100 g, FW) during 

FRAP assay than acetone extract (16.50 µM GAE/100 g, FW), whereas as in the case of 

PM assay acetone extract showed significantly higher value (115.5 µM AAE/100 g, FW) 

concentration as compare to corresponding water extract (22.76 µM AAE/100 g, FW). 
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Figure 72. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of B. amplexicaulis 
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3.3.37 Polygonum aviculare L.  

Knotweed, Pig weed 

Trubra 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 72. Polygonum aviculare L.  

Family Name: Polygonaceae 
 

Description: A suberect-erect, ascending, glabrous, branched, annual herb. Leaves 

heterophyllous, larger on main branches, smaller on the lateral and upper branches, 

elliptic, lanceolate or ovate, acute, entire, dotted. Ochrea bifid, silvery, membranous 

lacerate. Inflorescence solitary, axillary. Flower pedicilate, white, Tepals 5, elliptic-

lanceolate or ovate, obtuse-acute, entire. Nuts ovate, trigonous, black, shining, striate 

[Plate 72].  

Flowering period: March - September 

Status and habitat: Common on waste places.  

Part used: Leaves, aerial parts  

Distribution: World: Widely distributed in temperate and subtropical regions. 

Pakistan: Throughout the country.  

Ethnobotanical uses: Young leaves cooked in diluted milk as vegetable. Aerial parts are 

used as fodder.  

Medicinal uses: Fresh leaves are boiled in water and decoction is taken orally to cure 

diarrhoea and dysentery.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Polygonum aviculare 

indicated maximum carbohydrates value (40.60%), followed by crude proteins (29.91%), 

crude fibers (14.35%) ash content (11.62%) and crude fats (3.519%) on dry weight basis. 

Energy value was estimated at 313.4 Kcal/100 g, and moisture contents in fresh samples 

were 68.33% while dry matter contents were 31.67% (Figure 73). 

Elemental analysis: Measurement of the selected metal levels indicated that 

among essential elements, Ca exhibited highest concentration (20473 mg/kg), followed by 

K (4948 mg/kg), Mg (867.8 mg/kg), Fe (507.0 mg/kg), Na (183.6 mg/kg), Zn (98.82 

mg/kg) and Mn (18.04 mg/kg) on dry weight basis (Figure 73). Among other Sr showed 

highest level (127.2 mg/kg) and Cd level was found at lowest level (0.882 mg/kg), 

whereas Cu, Li, Cr, Co and Pb levels were ranged from 1.765 mg/kg to 9.118 mg/kg.  

Phytochemical analysis: Phytochemical analysis of P. aviculare revealed that 

total phenolic contents were found to be significantly higher in water extract (36.13 mg 

GAE/100 g, FW) compare to acetone extract (7.886 mg GAE/100 g, FW). On the other 

hand acetone extract showed higher concentration of flavonoids (55.35 mg Rt/100 g, FW) 

than water extract (21.30 mg Rt/100 g, FW). Similarly flavonols contents were calculated 

higher (126.0 mg Rt/100 g, FW) in acetone extract compare to water extract (18.33 mg 

Rt/100 g, FW). Ascorbic acid were found relatively higher in water extract (1.536 mg 

AA/100 g, FW) than acetone extract (1.514 mg AA/100 g, FW) on fresh weight basis 

(Figure 73).  

Antioxidant analysis: Antioxidant activity measured in the leaves of P. aviculare 

revealed that in majority of the cases water extracts showed significantly higher potential 

than acetone extracts (Figure 73). In the case of DPPH scavenging activity water extract 

exhibited (68.89%) response while acetone extracts showed (50.55%) value. OH- radical 

scavenging activity was observed significantly higher in water extract (48.41%) compare 

to acetone extract showed (6.418%). Water extract was also found more active (68.23%) 

in H2O2 radical scavenging activity than acetone extract (53.06%). Fe2+ chelating activity 

was found significantly higher in water extract (70.54 %) than acetone extract (15.94%). 

In the case of FRAP assay acetone extract showed higher contributions at 29.40 µM 

GAE/100 g, FW than corresponding water extract 0.707 µM GAE/100 g, FW. During PM 

assay acetone extract showed significantly higher value (166.2 µM AAE/100 g, FW) than 

water extract (70.93 µM AAE/100 g, FW). 
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Figure 73. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of P. aviculare  
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3.3.38 Rumex dentatus L. 
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Plate 73. Rumex dentatus L. 

Family Name: Polygonaceae 
 

Description: An annual herb. Stem, un-branched or branched near the base. Basal leaves 

ovate-oblong from a truncate, flat, obtuse or slightly acute apex, petiolate; petiole shorter 

or as long as the lamina; stem leaves normally few, smaller and with shorter petioles as the 

basal one. Inflorescence whorls of many-flowered, all or at least the lower and the middle 

ones distant, supported by a leaf [Plate 73].  

Flowering period: March - May 

Status and habitat: Common on waste places.  

Part used: Leaves, aerial parts  

Distribution: World: Afghanistan, Iran, China, India, East Asia.  

Pakistan: Hazara, Peshawar, Swat, Quetta, Ziarat, Wazirestan, Parachinar, Kashmir.  

Ethnobotanical uses: Young leaves cooked in diluted milk as vegetable. Aerial parts are 

used as fodder.  

Medicinal uses: Young leaves are applied topically to treat stinging nettle.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional contents of Rumex dentatus are given 

in Figure 74 showed maximum concentrations for crude proteins (36.68%) and 

carbohydrates (34.11%), followed by ash content (15.26%), crude fibers (10.77 mg/kg) 

and crude fats (3.190%) on dry weight basis. Energy value was calculated at 311.8 

Kcal/100 g, and fresh leaves contained 88.43% moisture while 11.57% dry matter 

contents.  

Elemental analysis: Concentrations of the selected metals measured in the leaves 

of R. dentatus revealed maximum contribution for Ca at 22122 mg/kg, followed by K 

(4920 mg/kg), Fe (998.1 mg/kg), Mg (891.7 mg/kg), Na (771.3 mg/kg), Mn (45.30 mg/kg) 

and Zn (26.15 mg/kg) on dry weight basis. Among other elements Sr level was found 

maximum (237.1 mg/kg) and Co level was noted lowest (1.250 mg/kg). Relatively lower 

contributions were recorded for Cu, Cr, Li, and Pb while Cd level was found below 

detection limit (Figure 74). 

Phytochemical analysis: Phytochemical levels in the leaves of R. dentatus are 

shown in Figure 74, which exhibited elevated levels of total phenolics in water extract 

(16.17 mg GAE/100 g, FW) as compare to acetone extract (6.195 mg GAE/100 g, FW), 

whereas, acetone extract exhibited higher concentration of flavonoids (37.39 mg Rt/100 g, 

FW) than water extract (13.08mg Rt/100 g, FW). Similarly flavonols contents were noted 

higher in acetone extract (36.35 mg Rt/100 g, FW) compare to water extract (11.29 mg 

Rt/100 g, FW). Ascorbic acid contents were calculated comparatively higher in water 

extract (0.661 mg AA/100 g, FW) than water extract (0.560 mg AA/100 g, FW).  

Antioxidant activity: Results of antioxidant assessment in the leaves of R. 

dentatus are shown in Figure 74 which indicated that water extract showed higher value 

(47.80%) during DPPH scavenging activity than its corresponding acetone extract 

(40.87%). OH- radical scavenging activity was observed only in the case of water extract 

(24.13%) while it was below found below detection limit in acetone extract. H2O2 radical 

scavenging activity was found higher (59.37%) in acetone extract than water extract 

(54.34%). Fe2+ chelating activity was also observed higher in acetone extract (45.72%) 

compare to water extract (44.86%). Nevertheless, acetone extracts showed higher value 

during total antioxidant activity in term of FRAP assay (6.643 µM GAE/100 g, FW) and 

Phosphomolybdenum assay (65.31 µM AAE/100 g, FW) compare to water extracts (0.851 

µM GAE/100 g, FW) during FRAP and (25.23 µM AAE/100 g, FW) in PM assay. 
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Figure 74. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of C. benghalensis  
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3.3.39 Rumex hastatus D. Don, Prodor.  

Toothed dock  
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Plate 74. Rumex hastatus D. Don, Prodor.  

Family Name: Polygonaceae 
 

Description: A bushy branching shrub up to 30 cm tall. Stem erect, pale green to light 

brown, herbaceous above, woody below. Leaves with petiolate; leaf blade hastate, lobes 

directed outwards, extremely variable in length and breadth. Panicles terminal with erect-

divergent branches. Flowers are small, numerous, pinkish in terminal paniculate clusters. 

Fruit is pinkish and one seeded nut let. Nut brown, broadest in the lower third [Plate 74].  

Flowering period: April - July 

Status and habitat: Common on waste dry slopes and rocky places.  

Part used: Leaves, roots, aerial parts  

Distribution: World: Afghanistan, India, Bhutan and China.  

Pakistan: Hazara, Malakand, Peshawar, Chitral, Drosh, Swat, Gilgit, Murree and 

Kashmir. 

Ethnobotanical uses: Young leaves cooked in diluted milk as vegetable. Aerial parts are 

used as fodder.  

Medicinal uses: Extract of fresh leaves and roots is taken orally to cure jaundice.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Rumex hastatus revealed 

that on dry weight basis carbohydrates showed maximum value (55.24%), followed by ash 

content (15.34 %), crude fibers (13.18%), crude proteins (12.92%) and crude fats 

(3.320%) on dry weight basis (Figure 75). Energy value was recorded at 302.5 Kcal/100 g, 

and moisture contents in fresh samples were 89.18% while dry matter contents were 

10.82%.  

Elemental analysis: Metal levels measured for R. hastatus are given in Figure 75 

demonstrated that among essential metals Ca showed highest concentration (22328 

mg/kg), followed by K (4911mg/kg), Na (2376 mg/kg), Mg (898.3 mg/kg), Fe (693.6 

mg/kg), Zn (59.90 mg/kg) and Mn (32.25 mg/kg). Elevated leave was recorded for Sr 

(155.2 mg/kg) and lowest concentration was observed for Li (3.200 mg/kg), whereas Cu, 

Co, Cr, Cd and Pb levels were found in lower range. 

Phytochemical analysis: Phytochemical constituents of R. hastatus are given in 

Figure 75 revealed higher concentrations for acetone extracts than water extract. Total 

phenolics were recorded higher in acetone extract (33.76 mg GAE/100 g, FW) than water 

extract (30.54 mg GAE/100 g, FW). Similarly acetone extract exhibited higher 

concentration (30.76 mg Rt/100 g, FW) of flavonoids compare to water extract (20.70 mg 

Rt/100 g, FW). Flavonols contents were also estimated higher in acetone extract (73.88 

mg Rt/100 g, FW) than water extract (8.334 mg Rt/100 g, FW). Comparatively higher 

value of acetone extract contents was observed in acetone extract (0.929 mg AA/100 g, 

FW) than water extract (0.803 mg AA/100 g, FW). 

Antioxidant activity: Antioxidant assessment of R. hastatus revealed that mostly 

water extracts exhibited higher contributions than corresponding acetone extracts (Figure 

75). DPPH scavenging activity was observed higher in water extract (68.89%) compare to 

acetone extract (38.22%). OH- radical scavenging activity was estimated (52.96%) in the 

case of water extract only, while it was found below detection limit in acetone extract. 

Similarly water extract showed significantly higher potential (71.17%) during H2O2 radical 

scavenging activity than acetone extract (9.730%). Fe2+ chelating activity was found 

higher in water extract (94.86%) than acetone extract (17.23%). Acetone extract showed 

higher value (25.52 µM GAE/100 g, FW) in FRAP assay compare to water extract (24.10 

µM GAE/100 g, FW), similarly in PM assay acetone extract again exhibited higher 

potential (134.5 µM AAE/100 g, FW) than water extract (0.914 µM AAE/100 g, FW).  
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Figure 75. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of R. hastatus  
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3.3.40 Portulaca quadrifida L.  

Ten o'clock plant  
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Plate 75. Portulaca quadrifida L.  

Family Name: Portulaceaeae 
 

Description: Diffuse, annual, prostate, glabrous, somewhat flashy herb, up to 5-8 cm tall. 

Stem yellowish green, rough, pubescent, cylindrical, filiform. Leaves opposite, entire, 

sessile to sub-sessile, fleshy, multifoliate, glabrous, pubescent or glucocus, ovate-oblong 

to elliptic-oblong or ovate to ovate, lanceolate, narrow base, acute-obtuse apex. Flowers: 

yellow, solitary terminal, bracteates [Plate 75].  

Flowering period: August - March 

Status and habitat: Common on waste dry places.  

Part used: Leaves, aerial parts  

Distribution: World: India, Tropical Africa, Asia. Pakistan: Hazara, Swat, Murree, 

Kashmir, Punjab, Karachi. 

Ethnobotanical uses: Young leaves cooked in water as vegetable. Aerial parts are used as 

fodder.  

Medicinal uses: Fresh leaves are slightly wormed and applied topically on swelling joints.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional assessment of Portulaca quadrifida 

showed maximum concentrations for crude proteins (28.94%) and carbohydrates 

(28.38%), followed by ash content (25.16%), crude fibers (13.44 mg/kg) and crude fats 

(4.080%) on dry weight basis. Energy value was found at 266.0 Kcal/100 g, and fresh 

samples contained 88.31% moisture while 11.69% dry matter contents (Figure 76). 

Elemental analysis: Elemental level quantification revealed that maximum 

contribution was shown by Ca at 35601 mg/kg among essential elements, followed by K 

(3698 mg/kg), Mg (735.6 mg/kg), Fe (485.6 mg/kg), Na (299.6 mg/kg), Mn (98.35 mg/kg) 

and Zn (9.982 mg/kg) on dry weight basis (Figure 76). Elevated level was noted for Sr 

(55.84 mg/kg) and Li concentration was found lowest (1.983 mg/kg), whereas Cu, Cr, Co, 

Cd and Pb concentrations were within the range of 2.324 mg/kg to 23.21 mg/kg.  

Phytochemical analysis: Phytochemical profile of P. quadrifida demonstrated that 

water extract showed higher concentration of total phenolics contents (9.332 mg GAE/100 

g, FW) than acetone extract (5.020 mg GAE/100 g, FW). Total flavonoids contents were 

estimated higher in acetone extract (19.06 mg Rt/100 g, FW) compare to water extract 

(12.46 mg Rt/100 g, FW). Similarly flavonols contents were also found significantly 

higher in acetone extract (41.02 mg Rt/100 g, FW) than water extract (11.21 mg Rt/100 g, 

FW). Water extract showed slightly higher concentration of ascorbic acid (0.764 mg 

AA/100 g, FW) than acetone extract (0.694 mg AA/100 g, FW) on fresh weight basis 

(Figure 76). 

Antioxidant activity: Antioxidant activity measured in the edible parts of P. 

quadrifida is mentioned in Figure 76. It was found that during DPPH scavenging activity 

acetone extract showed higher value (52.42%) compare to water extract (30.44%). OH- 

radical scavenging activity was calculated higher in water extract (13.35 %) than 

corresponding acetone extract (11.79%). Water extract showed better value (69.51%) 

during H2O2 radical scavenging activity compare to acetone extract (65.22%). In the case 

of Fe2+ chelating activity water extract exhibited better response (46.22%) compare to 

acetone extract (42.44%). Nevertheless, acetone extract showed more contribution at 

6.854 µM GAE/100 g, FW during FRAP assay than water extract 1.099 µM GAE/100 g, 

FW. In the case of total antioxidant activity in term of PM assay acetone extract showed 

significantly higher value (40.75 µM AAE/100 g, FW) than water extract (11.93 µM 

AAE/100 g, FW) on fresh weight basis.  
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Figure 76. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of P. quadrifida 
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3.3.41 Galium aparine L.  

False cleavers  
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Plate 76. Galium aparine L.  

Family Name: Rubiaceae 
 

Description: Annual climbing herb, stem with reflexed hairs or prickles. Leaves 6-8 in a 

whorl, linear, narrowly obovate, oblong and narrow below the middle, upper surface 

mostly hispid, sessile or shortly petiolated. Inflorescence axillary, 3-flowered. Flowers 

white. Fruit covered with dense hooked hairs [Plate 76].  

Flowering period: March - July 

Status and habitat: Common on waste places.  

Part used: Leaves, aerial parts  

Distribution: World: India, Europe, North Africa, Asia, Siberia, Iran, Afghanistan and 

India. Pakistan: Gilgit, Hazara, Swat, Murree, Kashmir, Punjab, Quetta, Kalat.  

Ethnobotanical uses: Young leaves cooked in water as vegetable. Aerial parts are used as 

fodder.  

Medicinal uses: Fresh leaves are crushed and paste is applied topically to heal wounds, 

while extract of fresh leaves is taken orally to cure jaundice.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional investigation of Galium aparine 

showed that on dry weight basis carbohydrates value was recorded highest (33.59%), 

followed by crude proteins (25.63%), crude fibers (21.43%), ash content (18.03%) and 

crude fats (1.320%). Energy value was found at 248.5 Kcal/100 g, and moisture contents 

in fresh samples were 92.30% while dry matter contents were 7.700% (Figure 77). 

Elemental analysis: Measured levels of the selected metals indicated that among 

essential metals Ca showed maximum concentration (27070 mg/kg), followed by K (6798 

mg/kg), Fe (1293 mg/kg), Mg (830.4 mg/kg), Na (581.1 mg/kg), Mn (63.22 mg/kg) and 

Zn (48.65 mg/kg). In the case of other metals notable concentration was shown by Sr 

(207.3 mg/kg). Relatively lower contributions were noted for Cu, Li, Co, Cr and Pb, 

whereas, Cd level was found below detection limit (Figure 77). 

Phytochemical analysis: Phytochemical assessment of G. aparine is shown in 

Figure 77 indicated that water extract exhibited significantly higher value of total 

phenolics (23.86 mg GAE/100 g, FW) compare to acetone extract (7.173 mg GAE/100 g, 

FW). Flavonoids contents were noted more in water extract (24.91 mg Rt/100 g, FW) than 

acetone extract (18.96 mg Rt/100 g, FW). In the case of flavonols higher concentration 

was recorded in acetone extract (38.17 mg Rt/100 g, FW) than water extract (11.25 mg 

Rt/100 g, FW). Water extract showed comparatively higher concentration of ascorbic acid 

contents (0.932 mg AA/100 g, FW) than acetone extract (0.536 mg AA/100 g, FW) on 

fresh weight basis.  

Antioxidant activity: The antioxidant activity related to the leaves of G. aparine 

indicated that water extract showed higher potential (69.43%) during DPPH scavenging 

activity compare to acetone extract (55.07%). In the case of OH- radical scavenging 

activity higher concentration was noted in water extract (38.54%) than corresponding 

acetone extract (14.78%). However, acetone extract showed better results (70.61%) during 

H2O2 radical scavenging activity compare to water extract (65.51%). Ferrous ion (Fe2+) 

chelating activity was found below detection limit both in the case of water as well as 

acetone extracts. Ferric ion reducing antioxidant power (FRAP) was measured higher in 

water extract exhibited (14.25 µM GAE/100 g, FW) than its corresponding acetone extract 

(10.93 µM GAE/100 g, FW). Similarly higher value (58.69 µM AAE/100 g, FW) was 

observed in water extract during Phosphomolybdenum complex assay (PM assay) than 

acetone extract (48.69 µM AAE/100 g, FW) on fresh weight basis (Figure 77). 
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Figure 77. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of G. aparine  
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3.3.42 Veronica arvensis L.  

Corn speedwell  
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Plate 77. Veronica arvensis L.  

Family Name: Rubiaceae 
 

Description: Annual herb, stem hollow, erect, cylindrical. Leaves opposite, petiolate 

below, sessile above, broadly ovate, serrate. Inflorescence terminal bracteate raceme. 

Flowers deep blue-purple, united at the base [Plate 77].  

Flowering period: March - August 

Status and habitat: Common on waste rocky places, along crop fields, roadsides.  

Part used: Leaves, aerial parts  

Distribution: World: Native to Asia, Africa and Europe.  

Pakistan: Gilgit, Hazara, Swat, Kashmir, Punjab, Quetta.  

Ethnobotanical uses: Young leaves cooked in water as vegetable. Aerial parts are used as 

fodder.  

Medicinal uses:  Fresh leaves are boiled in water and decoction is taken orally to cure 

skin infection and as blood purifier.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Veronica arvensis is shown 

in Figure 78, which indicated maximum concentration of carbohydrates (47.96%), 

followed by crude proteins (18.81%), crude fibers (15.86%), ash content (15.16%) and 

crude fats (2.210%) on dry weight basis. Energy value was estimated at 286.9 Kcal/100 g, 

and fresh samples contained 93.05% moisture while 6.960% dry matter contents.  

Elemental analysis: Elemental analysis revealed among essential metals K 

exhibited maximum concentration (6798 mg/kg) on dry weight basis, followed by Ca 

(1394 mg/kg), Fe (628.2 mg/kg), Mg (547.4 mg/kg), Na (169.3 mg/kg), Zn (19.12 mg/kg) 

and Mn (13.04 mg/kg). Among other elements notable concentration was recorded for Co 

(17.54 mg/kg) and Cd level was found minimum (4.150 mg/kg). Relatively lower levels 

were recorded for Sr, Cu, Li Cr and Pb (Figure 78). 

Phytochemical analysis: Phytochemical investigation of V. arvensis on fresh 

weight basis is shown in Figure 78, which indicated that water extract showed higher 

concentration of total phenolics contents (23.25 mg GAE/100 g, FW) than acetone extract 

(9.860 mg GAE/100 g, FW). In the case of flavonoids higher value was recorded in water 

extract (27.39 mg Rt/100 g, FW) compare to acetone extract (25.16 mg Rt/100 g, FW). 

Similarly flavonols contents were also estimated higher (15.72 mg Rt/100 g, FW) in 

acetone extract compare to water extract (15.01 mg Rt/100 g, FW). Water extract showed 

slightly higher concentration (0.812 mg AA/100 g, FW) of ascorbic acid than acetone 

extract (0.556 mg AA/100 g, FW). 

Antioxidant activity: Antioxidant activity assessed in the leaves of V. arvensis is 

mentioned in Figure 78 revealed that DPPH scavenging activity was recorded higher in 

acetone extract (29.95%) compare to water extract (21.50%). OH- radical scavenging 

activity was found only in water extract (17.91%) while it was below the detection limit in 

the case of acetone extract. Acetone extract showed significantly higher value (61.08%) 

during H2O2 radical scavenging activity than corresponding water extract (46.19%). Fe2+ 

chelating activity was observed higher in acetone extract (34.58%) compare to water 

extract (21.08%). Water extract showed higher concentration (15.11 µM GAE/100 g, FW) 

during ferric ion reducing antioxidant power activity (FRAP) compare to acetone extract 

(9.792 µM GAE/100 g, FW). In the case of PM assay acetone extract showed better 

potential (51.80 µM AAE/100 g, FW) compare to corresponding water extract (44.77 µM 

AAE/100 g, FW) on fresh weight basis.  
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Figure 78. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of V. arvensis 
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3.3.43 Solanum nigrum auct.  

Glossy nightshade  

Kachmach 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 78. Solanum nigrum auct.  

Family Name: Solanaceae 
 

Description: Annual, erect, variously branched, 10-45cm tall herb. Stem rough, 

cylindrical, pubescent. Leaves green, compound, glabrous, pubescent, lamina ovate-

lanceolate to elliptical, petiolated, narrow base, acute apex, irregularly dentate margin. 

Flowers white, bracteates, terminal, glabrous to pubescent. Fruits Berry globose to 

subovoid, black or orange-red [Plate 78].  

Flowering period: May - August 

Status and habitat: Common on waste, shady, cold places, along roadsides.  

Part used: Leaves, aerial parts  

Distribution: World: Europe, India, Tropical Asia and Africa. Pakistan: Hazara, Swat, 

Kashmir, Punjab.  

Ethnobotanical uses: Young leaves cooked in water as vegetable. Aerial parts are used as 

fodder.  

Medicinal uses: Extract of fresh leaves is applied topically to wash painful eyes.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional assessment of Solanum nigrum 

indicated that carbohydrates showed maximum concentration (52.56%), followed by crude 

proteins (22.72%), ash content (12.65%), crude fibers (8.250%) and crude fats (3.830%) 

on dry weight basis (Figure 79). Energy value was recorded at 335.5 Kcal/100 g, and 

moisture contents in fresh leaves were 87.88% while dry matter contents were 12.12%.  

Elemental analysis: Elemental analysis indicated that among essential metals K 

metal showed highest level (7606 mg/kg), followed by Na (3982 mg/kg), Mg (3294 

mg/kg), Fe (258.1 mg/kg), Zn (144.6 mg/kg) and Mn (70.95 mg/kg) on dry weight basis 

(Figure 79). Notable concentration was recorded for Sr (44.81 mg/kg) while Li level was 

found lowest (2.820 mg/kg). Relatively lower contributions were noted for Cu, Co, Cr, Cd 

and Pb metals.  

Phytochemical analysis Among the phytochemicals measured in the leaves of S. 

nigrum total phenolics contents were observed higher in water extract (34.16 mg GAE/100 

g, FW) than acetone extract (15.59 mg GAE/100 g, FW). Comparatively elevated values 

of flavonoids contents were found in acetone extract (44.58 mg Rt/100 g, FW) compare to 

water extract (32.43 mg Rt/100 g, FW). Similarly flavonols contents were also recorded 

higher in acetone extract (89.28 mg Rt/100 g, FW) than water extract (12.49 mg Rt/100 g, 

FW). Ascorbic acid was calculated slightly more in water extract (0.976 mg AA/100 g, 

FW) than acetone extract (0.928 mg AA/100 g, FW) on fresh weight basis (Figure 79). 

Antioxidant activity: Comparative evaluation of antioxidant activity in the leaves 

of S. nigrum is shown in Figure 79 which demonstrated that water extract showed 

significantly higher contribution at 73.16% during DPPH scavenging activity than 

corresponding acetone extract 36.97%. OH- radical scavenging activity was recorded only 

in the case of water extract (39.61%) while it was found below detection limit in acetone 

extract. It was observed that water extract showed higher concentration (66.26%) during 

H2O2 radical scavenging activity compare to acetone extract (58.45%). Fe2+ chelating was 

observed only in water extract (67.03%), while it was found below detection limit in the 

case of acetone extract. In the case of total antioxidant activity, water extract showed 

slightly higher value (25.05 µM GAE/100 g, FW) during FRAP assay than corresponding 

acetone extract (22.03 µM GAE/100 g, FW), whereas on fresh weight basis acetone 

extract showed significantly higher concentration (111.3 µM AAE/100 g, FW) than water 

extract (93.64 µM AAE/100 g, FW) during PM assay. 
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Figure 79. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of S. nigrum  
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3.3.44 Pimpinella diversifolia (Wall.) DC. Prodor  

Sweet cumin  

Tarpakhi  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 79. Pimpinella diversifolia  DC.  

Family Name: Umbellifereae 
 

Description: A perennial, pubescent, up to 1 m tall herb. Basal leaves simple, undivided, 

serrate, ovate to cordate; cauline leaves pinnate; leaflets 3-5, lanceolate to oval or ovate, 

margin serrate Flowers white, small, numerous in umbel. Fruit ovate to ovoid [Plate 79].  

Flowering period: August - September 

Status and habitat: Common on waste dry slops in grass.   

Part used: Leaves, aerial parts  

Distribution: World: Afghanistan, Himalayas, India, China, Japan.  

Pakistan: Hazara, Swat, Kashmir, Chitral, Ziarat, Parachinar, Waziristan, Skardu, Gilgit, 

Biltistan, Murree, Margalla Hills.  

Ethnobotanical uses: Young leaves are used as spices in other vegetables. Aerial parts 

are grazed by cattle.  

Medicinal uses: Dried leaves are grinded along with salt and powder is taken orally with 

water to cure indigestion and gas trouble.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis of Pimpinella diversifolia 

indicated that carbohydrates contents showed maximum value (61.06%) on dry weight 

basis followed by crude proteins (13.01%), crude fibers (12.31%), ash content (10.69%) 

and crude fats (2.940%). Energy value was calculated at 322.6 Kcal/100 g, and fresh 

samples contained 80.11% moisture contents while 19.89 % dry matter (Figure 80). 

Elemental analysis: Metal level quantification of P. diversifolia is shown in 

Figure 80, which indicated maximum contribution for K at 6329 mg/kg among essential 

elements, followed by Ca (3183 mg/kg), Fe (1494 mg/kg), Mg (469.2 mg/kg), Na (157.2 

mg/kg), Mn (15.75 mg/kg) and Zn (14.39 mg/kg). In the case of other elements notable 

level was observed for Co (33.59 mg/kg) while lowest concentration was found for Cd 

(4.711 mg/kg), whereas, Sr, Cu, Cr, Li, and Pb levels were found in the range of 22.29 

mg/kg to 23.56 mg/kg.  

Phytochemical analysis: Among phytochemical contents of P. diversifolia water 

extract showed higher concentration of phenolics contents (29.75 mg GAE/100 g, FW) 

than acetone extract (12.93 mg GAE/100 g, FW) on fresh weight basis (Figure 80). In the 

case of flavonoids higher value was recorded for water extract (98.21 mg Rt/100 g, FW) 

than acetone extract (38.03 mg Rt/100 g, FW). Similarly flavonols contents were also 

estimated higher (51.46 mg Rt/100 g, FW) in acetone extract compare to water extract 

(26.01 mg Rt/100 g, FW). Water extract showed comparatively higher concentration 

(1.319 mg AA/100 g, FW) of ascorbic acid than acetone extract (0.981 mg AA/100 g, 

FW).  

Antioxidant activity: Antioxidant activity assessment of P. diversifolia revealed 

that acetone extract exhibited slightly better result (62.40%) during DPPH scavenging 

activity compare to corresponding water extract (61.01%). Acetone extract exhibited 

(11.79%) OH- radical scavenging activity, while it was found below detection limit in the 

case of water extract. H2O2 radical scavenging activity was observed significantly higher 

in acetone extract (52.60%) compare to water extract (25.36%). In the case of Fe2+ 

chelating activity higher potential (61.08%) was recorded in water extract than acetone 

extract (50.41%). Water extract showed higher concentration (23.12 µM GAE/100 g, FW) 

during FRAP assay compare to acetone extract (14.11 µM GAE/100 g, FW). Nevertheless, 

acetone extract showed higher value (86.21 µM AAE/100 g, FW) during PM assay 

compare to water extract (56.56 µM AAE/100 g, FW) on fresh weight basis  (Figure 80). 
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Figure 80. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of P. diversifolia 
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3.3.45 Torilis leptophylla (L.) Reichb.f.  

Bristle fruit hedge parsley  

Chrikanger 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 80. Torilis leptophylla (L.) Reichb.f. 

Family Name: Umbellifereae 
 

Description: Annual herb, up to 60 cm tall, hispid. Stem erect, herbaceous. Leaves 

bipinnate; segments linear. Influences umbels usually lateral. Flowers white - light purple. 

Fruit oval to ovoid [Plate 80].  

Flowering period: March - April 

Status and habitat: Common on waste places. 

Part used: Leaves, aerial parts  

Distribution: World: Europe, Africa, Central and Southern Asia, introduced in America. 

Pakistan: Hazara, Kashmir, Chitral, Margalla Hills, Peshwar, Taxila, Punjab. 

Ethnobotanical uses: Young leaves are cooked in water as vegetables. Aerial parts are 

used as fodder.  

Medicinal uses: Dried leaves are grinded and powder is taken orally with water to cure 

gastrointestinal disorders.  
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Nutraceutical Aspects 

Proximate analysis: Proximate nutritional analysis Torilis leptophylla showed 

maximum concentration of carbohydrates (58.11%), followed by crude proteins (15.35%), 

ash content (14.60%), crude fibers (10.56%) and crude fats (1.380%) on dry weight basis 

(Figure 81). Energy value was found at 306.2 Kcal/100 g, and moisture contents in fresh 

samples were 89.48% while dry matter contents were 10.52%.  

Elemental analysis: Elemental analysis revealed that among the essential metals 

Ca showed highest concentration (62827 mg/kg), followed by K (4944 mg/kg), Na (1307 

mg/kg), Mg (848.7 mg/kg), Fe (175.6 mg/kg), Mn (45.87 mg/kg) and Zn (37.43 mg/kg) on 

dry weight basis (Figure 81). Among rest of the elements Sr level was found maximum 

(166.3 mg/kg) and Cd concentration was recorded minimum (0.777 mg/kg), whereas, Cu, 

Li, Co, Cr and Pb levels were found lower range.  

Phytochemical analysis: Phytochemical profile indicated of T. leptophylla is 

shown in Figure 81 indicated that total phenolics contents were observed higher in water 

extract (21.54 mg GAE/100 g, FW) compare to acetone extract (4.450 mg GAE/100 g, 

FW). Flavonoids contents were calculated higher in acetone extract (21.08 mg Rt/100 g, 

FW) than water extract (12.35 mg Rt/100 g, FW). In the case of flavonols more 

concentration was observed in acetone extract (24.02 mg Rt/100 g, FW) compare to water 

extract (8.760 mg Rt/100 g, FW). Comparatively higher value was observed in water 

extract (0.994 mg AA/100 g, FW) than acetone extract (0.801 mg AA/100 g, FW) on fresh 

weight basis.  

Antioxidant activity: Results of antioxidant activity of T. leptophylla are 

mentioned Figure 81. It was observed that acetone extract exhibited higher concentration 

(68.33%) during DPPH scavenging activity compare to water extract (48.87%). OH- 

radical scavenging activity was observed higher in water extract (48.25%) than acetone 

extract (39.55%). In the case of H2O2 radical scavenging activity water extract again 

showed better results (75.92%) compare to corresponding acetone extract (62.39%). Fe2+ 

chelating activity was noted significantly higher in water extract (69.73%) compare to 

acetone extract (38.92%). Similarly water extract showed higher value (18.11 µM 

GAE/100 g, FW) during ferric ion reducing antioxidant power activity (FRAP) compare to 

acetone extract (6.520 µM GAE/100 g, FW). In the case of PM assay acetone extract 

showed slightly higher potential (47.85 µM AAE/100 g, FW) than water extract (46.97 

µM AAE/100 g, FW) on fresh weight basis.  
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Figure 81. Proximate analysis, metals levels, phytochemical contents and antioxidant 

activities of T. leptophylla 
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3.4 Ethnobotanical Aspects of Wild Edible Fruits and Vegetables 

Millions of people in many developing countries depend on wild resources 

including wild edible plants to meet their food needs (FAO, 2004; Balemie and Kebebew, 

2006). Of the Earth's half million plant species, about 3,000 species have been used as 

agricultural crops and only 150 species have been cultivated on a large scale and less thane 

that 10 plant species are meeting over 90% of the world food demand (Heywood and 

Skoula, 1999). Underexploited and underutilized natural resources with potential 

economic significance are essential in maintaining subsistence lifestyles in traditional 

mountain societies (Maikhuri et al., 2004). The interaction between the mountain people 

and natural system through history has helped in maintaining the richness of species, 

communities and genetic materials in both productive systems and wild lands of the 

mountain environment. The Himalayas offer an array of forest types with diversity in 

forest products such as medicine, vegetables, nuts, wild edible fruits, vegetables and 

decorative as non-timber forest products (NTFPs) from the time immemorial (Wilkes 

1981). However, the rich biodiversity of this region is being disastrously is lost due to the 

human action since few decades. Understanding the indigenous knowledge of mountain 

people in relation to biodiversity resource management is one of the keys issues for 

sustainable development of the Himalayan region today (Pei, 1994). 

 

3.4.1  Taxonomic diversity 

Present project deals with the ethnobotanical and nutraceutical investigation of 

wild edible fruits and vegetables of Lesser Himalayas-Pakistan. The flora of study area 

provides a great diversity of wild food resources. A total of 80 wild edible plant species 

(Tables 1 & 2) including 35 wild edible fruits (21 genera and 17 families) and 45 wild 

edible vegetables (38 genera and 24 families) were gathered and consumed by the local 

inhabitants of the study areas. Rosaceae was found dominating family (Figure 82) among 

wild edible fruits with (8 spp.) followed by Moraceae (6 spp.), Rhamnaceae (5 spp.), 

Palmae and Vitaceae (2 spp. each) and remaining families were represented by one species 

each.  In the case of wild edible vegetables Asteraceae and Papilionoideae were observed 

dominating families with (6 spp. each), followed by Amaranthaceae and Polygonaceae (4 

spp. each), whereas rest of the families were represented by 2 and one species (Figure 82). 

Growth forms of wild edible fruits mentioned in (Figure 83) indicated that trees were 

domination (57 %), followed by shrubs (34 %), climbers (6 %) and herbs (3 %). 
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Table 4. Cultural importance index (CI), total cultural importance index (tCI) and mean 

cultural importance index (mCI) of wild edible fruits 

S. No Botanical name 
Margalla 

Hills 
Haripur 

Abbaott-
abad 

Murree Mansehra 
tCI mCI 

CI CI CI CI CI 

1 Pistacia integerrima 3.033 2.740 2.289 1.914 2.367 12.34 2.469 

2 Berberis lycium 3.967 3.460 2.978 2.857 3.067 16.33 3.266 

3 Opuntia dillenii 0.767 0.840 0.978 0.743 1.033 4.361 0.872 

4 Viburnum foetens 0.000 0.240 3.044 3.457 3.400 10.14 2.535 

5 Diospyros lotus 3.333 2.780 2.867 2.629 2.633 14.24 2.848 

6 Juglans regia 3.067 2.900 2.778 2.629 2.300 13.67 2.735 

7 Ficus carica 3.867 3.400 3.067 2.629 2.667 15.63 3.126 

8 Ficus glomerata 2.267 1.780 1.267 1.029 0.600 6.942 1.388 

9 Ficus palmata 4.033 3.220 3.133 2.429 2.567 15.38 3.076 

10 Morus alba 4.767 4.320 4.467 3.429 4.000 20.98 4.196 

11 Morus laevigata 3.333 3.060 2.622 1.229 1.600 11.84 2.369 

12 Morus nigra 5.467 4.820 4.156 3.429 4.433 22.30 4.461 

13 Myrsine africana 4.900 3.560 1.733 0.743 0.400 11.34 2.267 

14 Olea ferruginea 5.233 4.760 3.622 2.057 4.000 19.67 3.935 

15 Phoenix dactylifera 2.267 1.440 0.511 0.200 0.300 4.718 0.944 

16 Phoenix sylvestris 2.267 1.440 0.511 0.200 0.300 4.718 0.944 

17 Punica granatum 4.067 3.160 2.933 2.057 2.200 14.42 2.883 

18 Ziziphus mauritiana 3.433 3.060 2.778 1.971 2.667 13.91 2.782 

19 Ziziphus nummularia 2.900 2.720 2.489 1.629 2.133 11.87 2.374 

20 Ziziphus oxyphylla 2.167 1.680 1.067 0.857 1.100 6.870 1.374 

21 Ziziphus sativa 3.300 2.900 2.711 0.857 2.067 11.83 2.367 

22 Ziziphus spina-christi 1.867 1.220 0.178 0.086 0.267 3.62 0.723 

23 Duchesnea indica 0.500 0.800 1.000 0.429 0.133 2.862 0.572 

24 Prunus armeniaca 2.633 2.620 2.467 2.886 1.400 12.01 2.401 

25 Prunus domestica 2.233 1.980 1.933 2.514 1.200 9.86 1.972 

26 Pyrus pashia 3.500 3.460 3.089 3.429 2.633 16.11 3.222 

27 Rosa brunonii 1.700 1.460 1.689 1.914 1.033 7.797 1.559 

28 Rosa moschata 1.200 1.540 2.111 2.629 0.867 8.346 1.669 

29 Rubus ellipticus 2.467 1.680 1.689 2.029 1.000 8.864 1.773 

30 Rubus ulmifolius 0.000 0.000 1.489 1.400 1.400 4.289 0.858 

31 Zanthoxylum armatum 3.300 2.820 2.800 2.229 2.700 13.85 2.770 

32 Grewia optiva 2.667 2.360 1.578 1.171 1.667 9.443 1.889 

33 Celtis australis 2.533 2.180 2.111 0.429 1.700 8.953 1.791 

34 Vitis jacquemontii 1.033 0.620 0.578 0.086 0.000 2.317 0.579 

35 Vitis parvifolia 0.800 0.600 0.267 0.057 0.000 1.724 0.431 
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Table 5. Cultural important index (CI), total cultural importance index (tCI) and mean 

cultural importance index (mCI) of wild edible vegetables 

S. No Botanical name 
Margalla 

Hills 
Haripur 

Abbott-
abad 

Murree Mansehra 
tCI mCI 

CI CI CI CI CI 
1 Amaranthus hybridus 1.133 1.180 1.044 0.657 0.867 4.882 0.976 
2 Amaranthus spinosus 0.767 0.760 1.089 0.371 0.733 3.720 0.744 
3 Amaranthus viridis 1.933 1.120 1.089 1.229 1.133 6.504 1.301 
4 Digeria muricata 1.267 0.780 0.311 0.543 0.467 3.367 0.673 
5 Dyropteris ramosa 0.233 0.080 0.889 0.943 0.233 2.378 0.476
6 Bidens bipinnata 1.400 1.040 0.378 0.171 0.533 3.523 0.705 
7 Cichorium intybus 1.433 1.140 0.956 0.943 1.167 5.638 1.128 
8 Launaea procumbens 0.967 0.800 0.422 0.200 0.500 2.889 0.578 
9 Sonchus asper 0.667 0.520 0.222 0.057 0.467 1.933 0.387 
10 Sonchus oleraceous 0.633 0.500 0.267 0.286 0.367 2.052 0.410 
11 Taraxacum officinale 0.967 0.900 0.778 0.400 0.833 3.878 0.776 
12 Bombax malabaracum 1.400 0.820 0.200 0.171 0.333 2.925 0.585 
13 Capsella bursa-pastoris 0.967 0.920 0.489 0.257 0.900 3.533 0.707 
14 Nasturtium officinale 0.867 0.700 0.556 0.514 0.733 3.370 0.674 
15 Bauhinia variegata 3.200 2.940 1.600 0.657 0.567 8.964 1.793 
16 Silene conoidea 1.267 0.900 0.467 0.400 0.633 3.667 0.733 
17 Stellaria media 1.233 1.180 0.800 0.600 0.733 4.547 0.909 
18 Chenopodium album 1.400 1.280 1.289 0.800 1.033 5.802 1.160 
19 Commelina benghalensis 1.133 0.920 0.689 0.571 0.900 4.214 0.843 
20 Evolvulus alsinoides 0.967 0.880 0.444 0.257 0.700 3.248 0.650 
21 Dioscorea deltoidea 0.700 0.500 0.111 0.000 0.133 1.444 0.361 
22 Lamium amplexicaule 0.633 0.460 0.267 0.200 0.200 1.760 0.352 
23 Origanum vulgare 0.500 0.500 0.156 0.171 1.000 2.327 0.465 
24 Tulipa stellata 0.800 0.800 0.422 0.200 0.367 2.589 0.518 
25 Malva parviflora 0.933 0.900 0.778 0.543 1.100 4.254 0.851 
26 Ficus carica 2.967 2.900 2.067 1.829 3.033 12.79 2.559 
27 Ficus palmata 2.867 2.820 2.067 1.743 2.900 12.39 2.479 
28 Oxalis corniculata 0.933 0.880 0.667 0.371 0.633 3.485 0.697 
29 Lathyrus aphaca 1.067 0.840 0.689 0.429 1.033 4.057 0.811 
30 Medicago polymorpha 1.367 1.300 1.156 0.829 1.200 5.851 1.170 
31 Melilotus alba 0.000 0.200 0.311 0.000 0.867 1.378 0.459 
32 Melilotus indicus 1.267 1.060 0.844 0.457 0.900 4.528 0.906 
33 Vicia faba 1.267 1.180 0.956 0.429 1.000 4.831 0.966 
34 Vicia sativa 1.233 1.140 0.778 0.514 0.900 4.565 0.913 
35 Plantago lanceoplata 0.733 0.660 0.489 0.286 0.100 2.268 0.454 
36 Bistorta amplexicaulis 0.000 0.000 0.044 0.029 1.067 1.140 0.380 
37 Polygonum aviculare 0.867 0.740 0.378 0.086 0.433 2.503 0.501 
38 Rumex dentatus 0.700 0.700 0.644 0.743 0.533 3.321 0.664 
39 Rumex hastatus 1.067 1.200 0.622 0.714 0.700 4.303 0.861 
40 Portulaca quadrifida 0.933 1.140 0.378 0.143 0.067 2.661 0.532 
41 Galium aparine 0.667 0.560 0.444 0.200 0.367 2.238 0.448
42 Veronica arvensis 0.933 0.780 0.489 0.200 0.367 2.769 0.554 
43 Solanum nigrum 1.767 1.680 1.622 1.057 1.333 7.459 1.492 
44 Pimpinella diversifolia 1.433 1.240 0.511 0.514 0.267 3.965 0.793 
45 Torilis leptophylla 0.833 0.720 0.333 0.200 0.500 2.587 0.517 
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In the case of wild edible vegetables (Figure 83) herbs were dominating (89 %) 

followed by trees (9 %) and shrubs (2 %). Ethnobotanical inventory includes its botanical 

name, local name, English name, family, morphological description, flowering/fruiting 

periods, status and habitat, part used, distribution and ethnomedicinal uses. 

 

 

 

 

 

 

 

 

 

 

Figure 82. Dominating families of the fruits and vegetables 

 

 

 

 

 

 

 

 

 

Figure 83. Growth forms of the wild fruits and vegetables 

 

3.4.2  Plant parts used and mode of consumption  

Wild edible plant parts are consumed in different ways according to local customs. 

Among wild edible fruits species their fruits were consumed (100 %), whereas in the case 

of wild edible vegetables (Figure 84) leaves (89 %) were commonly utilized followed by 

flowering buds (9 %), fruits (4 %) and tuber (2 %). After repining wild edible fruits are 

eaten raw (Figure 85) both in fresh condition (49 %) e.g. (Pistacia integerrima, Berberis 

lycium, Opuntia dillenii, Viburnum foetens, Olea ferruginea, Pyrus pashia, Duchesnea 

indica, Grewia optiva, Celtis australis, Rosa, Rubus and Vitis spp.), and Fresh/dried (51 
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%) e.g. (Diospyros lotus, Juglans regia, Myrsine africana, Punica granatum, Ficus, 

Morus, Phoenix, Prunus, Ziziphus species and Zanthoxylum armatum).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 84. Plant parts consumed as fruits and vegetables 

 

Wild edible vegetables are cooked fresh (Fig. 327) in water (51 %), e.g. 

(Amaranthus spp. Digeria muricata, Bidens bipinnata, Capsella bursa-pastoris, 

Nasturtium officinale, Stellaria media, Commelina benghalensis, Malva parviflora, 

Lathyrus aphaca, Medicago polymorpha, Melilotus spp.  Vicia spp. Portulaca quardifida, 

Galium aprine, Solanum nigrum and Torilis leptophyll); diluted milk (42 %) e.g. 

(Cichorium intybus, Launaea procumbens, Sonchus spp. Taraxacum officinale, Bauhinia 

variegate, Silene conoidea, Tulip stellata, Plantago lanceoplata,  Bistorta amplexicaulis, 

Pimpinella diversifolia, Ficus and Rumex species); and in both water and diluted milk 

(Lussii) (7 %) e.g. (Ficus and Sonchus species). Flowers and rhizome of some vegetables 

species were also consumed fried in vegetable oil or ghee (e.g., Bombax malabaracu and 

Dioscorea deltoidea). Present results are according to (Hadjichambis et al., 2008) findings 

regarding plants consumed cooked in several Mediterranean countries. 

Some wild food species are gathered and preserved to store and consumed on 

longer periods. In the case of wild edible fruits Diospyros lotus, Juglans regia, Myrsine 

africana, Punica granatum, Ficus, Morus, Prunus and Ziziphus species and Zanthoxylum 

armatum are preserved, whereas in the case of wild vegetables all species are consumed 

fresh. Fresh fruits are dried in air and sun light then store in suitable glass containers, 
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plastic, paper and cotton bags.  

 

 

 

 

 

 

 

 

 

Figure 85. Wild fruits and vegetables used categories 

 

3.4.3 Medicinal uses of wild food resources  

Traditional phototherapy is a skill experienced by elder people (Herbalists) whose 

experiential familiarity is appreciated by everyone. They are well-known with symptoms 

of various common ailments and cure these maladies with the locally available plant based 

remedies (Parveen et al., 2007). Right from its establishment, the documentation of 

conventional knowledge particularly on the medicinal uses of plants, has provided many 

important drugs of the modern day (Fabricant and Farnsworth, 2001). Even today this area 

holds much more concealed treasure, as almost 80% of the human populace in developing 

countries is dependent on plant wealth for healthcare (Farnsworth et al., 1985).  

Lesser Himalayas in Pakistan is a rich source of medicinal plants diversity (Abbasi 

et al., 2012).  It was emphatically noted during the survey of the study sites that trends of 

using traditional phytotherapies is going to decline, obviously because the younger 

generation usually consider the belief in plant remedies a sort of superstition and less 

efficient compared to contemporary medicine. Moreover, modern medical facilities are 

now making inroads into these traditional medicines. So, the folk belief on medicinal 

plants is now fading. It was therefore, considered essential that this precious knowledge 

about folk medicinal uses of plants be documented before these time tested uses of herbal 

drugs lost forever. For instance once were well established folk herbalists (Sanasis) were 

existed but now are almost being finished. 

Some species of wild edible fruits which showed quick response during treatment 

and considered highly utilized by the inhabitants of the Lesser Himalayas included: 

Berberis lycium, Morus nigra, Myrsine africana, Pistacia integerrima, Punica granatum 
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and Zanthoxylum armatum, whereas in the case of vegetables Cichorium intybus, Ficus 

carica, Ficus palmata, Oxalis corniculata, Rumex dentatus, Rumex dentatus, Solanum 

nigrum were found among highly consumed species. These findings are corborated with 

(Abbasi et al., 2012). 

Fruits (48 %) were found highly utilized plant parts among wild edible fruits 

(Figure 86) used in traditional recipes followed by leaves (34 %), bark, flowers and seeds 

(4 % each), branches, latex and roots (2 % each). In the case of wild edible vegetables 

(Figure 86) leaves were found highly utilized (70 %) plant parts followed by seeds (10 %), 

roots (6 %), latex (4 %), bark, bulb, flowers, tubers and rhizomes (2 % each). Data 

presented indicated that a total of 50 medications based on wild edible fruits and 51 

recipes based on wild edible vegetables were used by the residents of study sites. These 

medications can be divided into two categories: those that prepared from (i) single plant 

and (ii) from more than one plant species. Mostly water is used as a medium for 

preparation while milk, ghee, oil, egg and butter are used for application (Abbasi et al., 

2010). Modes of preparation falls into different categories like in the case of wild edible 

fruits (Figure 87) fresh parts eaten raw (38 %), powder (24 %), decoction (20 %), extract 

(12 %), paste (4 %), juice and latex (2 % each). 

 

 

 

 

 

 

 

 

 

Figure 86. Parts used in recipes (Fruits and Vegetables)  

 

In the case of vegetables (Figure 87) paste of plant parts (29 %) was common 

mode of recipes followed by decoction (24 %), powder (14 %), eaten fresh (12 %), extract 

(10 %), cooked vegetable (8 %) and juice (4 %). Mostly the mode of application falls in 

two categories topical as well as oral. Oral medications are taken along with water, milk or 

black tea. In regard to the patient condition, the preparations are applied more than two 

times daily until control. 
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Figure 87. Modes of preparation (Fruits and Vegetables) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 88. Number of recipes and diseases cured by wild fruits species  

 

The local people of the study areas identified different types of diseases including 
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disorders, throat ache, tooth ache, vomiting, weakness and wound healing and other which 

Modes of preparation (Vegetables) 

Paste, 15

Juice , 2

Fresh part, 6

Extract, 5

Powder, 7

Decoction , 12

Vegetables , 4

Modes of preparation (Fruits)

10

6

19

1 1

2

12

0.1

1

10

100

Decoction Extract Eaten raw Juice Latex Paste Powder 

Number of recipes and diseases cured (Fruits)
0 2 4 6 8 10 12 14

Abdominal pain
Asthma

Blood purification
Bone fracture
Constipation

Cough
Diabetes
Dundruff

Earache
Eye infection
Gastric ulcer

Gleets
Heart problem

Inflamation
Intestional worms

Jaundice
Kidney problems 

Measles 
Menstural disorders

Milk production
Mouth gums

Piles
Rheumatisim

Skin infection
Stomach disorders

Throatache
Toothache
Vomiting
Weakness

Wound healing

D
is

ea
se

s 
cu

re
d

Number of recipes 



Chapter 3             Results and Discussion 

Ethnobotanical and nutraceutical investigation of wild edible fruits & vegetables of Lesser Himalayas 
284 

were managed through different plant based medications; like in the case of wild edible 

fruits thirteen recipes were used to cure constipation followed by seven to treat stomach 

disorders, five each against cough and inflammation, four each to cure toothache and 

mouth gums, three for each to treat dandruff, eye diseases and intestinal worms, two for 

each to cure diabetes, jaundice, kidney problems, rheumatism, skin infections and tooth 

ache,  whereas other ailments were cured on the basis of single medication (Figure 88). 

Among wild edible vegetables twelve medications were used to cure 

gastrointestinal disorders followed by eleven to treat skin infections, ten against 

constipation, eight to cure rheumatism, four for each eye diseases, fever and jaundice, two 

for each inflammation, kidney problems and scorpion sting, where as other diseases were 

treated by one recipe each (Figure 89). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 89. Number of recipes and diseases cured by wild vegetables species 

 

Medicinal uses of wild edible fruits and vegetables were compared with the 
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et al., 2012; Noor and Kalsoom, 2011; Sher et al., 2011; Abbasi et al., 2010; Khan et al., 

2010; Ali and Qasier, 2009; BarkatUllah et al., 2009; Kumar and Irshad., 2009; Sher and 

Hussain, 2009; Hussain et al., 2008; Jan et al., 2008; Chettri et al., 2005 and Khan et al., 

2003).  Ash from leaf galls and fruits powder of Pistacia integerrima are used to cure 

asthma cough and gleets but according to (Sher et al., 2011; Abbasi et al., 2009; Ali and 

Qasier 2009; Jan et al., 2008 and Matin et al., 2002) same species is used to cure jaundice, 

dysentery, as tonic and antiseptic.  

Fruits of Opuntia dillenii are used to cure diabetes, gastric ulcer, inflammation and 

to reduce cholesterol level, whereas fruits are demulcent and expectorant (Sher et al., 

2011; Khan et al., 2003). Fruits of Viburnum foetens are eaten raw to control constipation 

but according to Qureshi et al. (2007) fruits and leaves of same plant are laxative and used 

to purify blood. Fruits of Diospyros lotus are eaten fresh to cure constipation, whereas 

fruit decoction is used to control dysentery (Jan et al., 2008). Fruit powder of Ficus carica 

and Ficus palmata is taken orally to improve eye vision, whereas fruits of same species 

are edible and laxative (Tiwari et al., 2010; Kumar and Irshad, 2009 and Khan et al., 

2003). Fruits of Ficus glomerata were used to cure Intestinal worms, piles and menstrual 

disorders and constipation whereas Ahmed and Urooj, (2010) mentioned that same plant is 

used against liver disorders, diarrhea, inflammatory conditions, hemorrhoids, respiratory, 

and urinary diseases. Boiled fruits and leaf paste of Phoenix dactylifera are used to cure 

measles, mouth infection and as tonic but Kamal et al., (2009) mentioned that stem extract 

is used as wine, gum is used to cure urinary diseases and fruits are expectorants and used 

in asthma and cough. Fresh fruits of Phoenix sylvestris are eaten raw to treat constipation, 

abdominal pain and vomiting, but according to Ignacimutho et al., (2008) fruits of same 

species are used to strengthen the body. Fruits and leaves of Ziziphus mauritiana and 

Ziziphus nummularia are used to cure constipation and dandruff, whereas fruits, leaves, 

bark and roots of these species were used to cure fever, boils, gout, rheumatism, diarrhea, 

dysentery, as tonic, demulcent, astringent, emollient, expectorant and to purify blood 

(Abbasi et al., 2012; Marwat et al., 2011; Khan et al., 2010; Hussain et al., 2008; Parveen 

et al., 2007). Roots decoction of Ziziphus oxyphylla is taken orally to expel intestinal 

worms, but (Sher et al., 2011; Abbasi et al., 2010; Saqib and Sultan, 2005) mentioned that 

same plant is used to cure jaundice, gastric problem, skin infections and hypertension. 

Leaves Ziziphus spina-christi were used as antidandruff, whereas Ghafoor et al., (2012) 

documented that same species was used to cure pain related diseases, wound healing, 

toothache, stomach problems.  
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Leaf decoction of Duchesnea indica was found effective against cough and throat 

ache, whereas (Qiao et al., 2009; Lee et al., 2008; Zuoa et al., 2008) mentioned that same 

species was used to cure, wound healing, pharyngitis, pyelitis and diarrhea. Fresh fruits of 

Prunus domestica are used to cure constipation but Afzal et al., (2009) documented that 

fruits of same species were used against irregular menstruation. Repined fruits of Pyrus 

pashia are eaten raw to cure constipation, but Chettri et al., (2005) mentioned that its fruit 

extract is used for dysentery.  Fresh fruits of Rubus ulmifolius are eaten raw to cure 

indigestion and inflammation, whereas according to (Sher et al., 2011and Pieroni, 2000) 

fruits are carminative and cure backache. Leaves of Grewia optiva are used to cure joint 

pain and increase milk production, whereas Marwat et al., (2011) reported that same 

species is used for gonorrhea, urinary complaints and cough. Leaf decoction of Celtis 

australis is used to cure cough and stomach disorder, whereas according to Sher et al., 

(2011) same plant is used to cure skin allergy. Fruits of Vitis jacquemontii were found 

effective against constipation, whereas Ajmal et al., (2012) reported that fruits of same 

species were used as tonic. Medicinal uses of Morus laevigata, Ziziphus sativa, Rosa 

moschata, Rubus ellipticus and Vitis parvifolia recorded during present study were found 

rarely reported in neighboring areas and other parts of the world. 

A comparison of medicinal aspects of wild edible vegetables with ethnobotanical 

literatures revealed that present medicinal uses of Cichorium intybus, Stellaria media, 

Launaea procumbens, Chenopodium album, Dioscorea deltoidea, Oxalis corniculata, 

Lathyrus aphaca, Vicia sativa, Plantago lanceoplata, Rumex dentatus, Rumex hastatus, 

Solanum nigrum, Pimpinella diversifolia and Torilis leptophylla were in agreement with 

(Abbasi et al., 2012; Hazrat et al., 2011; Noor and Kalsoom, 2011; Sher et al., 2011; 

Abbasi et al., 2010; Qureshi et al., 2010; Abbasi et al., 2009; Afzal et al., 2009; Ali and 

Qasier, 2009; BarkatUllah et al., 2009; Jan et al., 2009; Kamal et al., 2009; Sher and 

Hussain, 2009; Ahmad and Hussain, 2008; Hussain et al., 2008; Jan et al., 2008; Melaki et 

al., 2008; Parveen et al., 2007; Tene et al., 2007; Ignacimuthu et al., 2006; Saikia et al., 

2006 and Pieroni, 2000). Seed powder of Amaranthus hybridus, A. spinosus and A. viridis 

was used to improve eye vision problems, whereas according to (Tene et al., 2007; 

Marwat et al., (2004) leaves of Amaranthus hybridus were used for internal inflammation, 

headache, stomach pain and to antidote snake and scorpion sting. Leaves of Amaranthus 

viridis and A. spinosus were found effective against scorpion sting, skin infections, mouth 

gums, piles, tooth ache diarrhea and as laxative (Sher et al., 2011; Khan et al., 2010; Jan et 

al., 2008; Parveen et al., 2007; Saikia et al., 2006). Extract from the leaves of Bidens 



Chapter 3             Results and Discussion 

Ethnobotanical and nutraceutical investigation of wild edible fruits & vegetables of Lesser Himalayas 
287 

bipinnata is used to cure leprosy and skin cuts, whereas same species is used against 

stomach problems, menstruation, pain, influenza, scurvy, rheumatism, diarrhea and for 

cold (Jan et al., 2009; Zheng and Xing, 2009; Tene et al., 2007). Leaf decoction of 

Sonchus asper and S. oleraceous are used against constipation and for body weakness, 

whereas according to (Tene et al., 2007; Ignacimuthu et al., 2006) leaves of Sonchus 

oleraceous were used to cure internal inflammation and wound healing. According to 

(Khan et al., 2010; Jan et al., 2009; Kamal et al., 2009; Kumar and Irshad, 2009; Pieroni, 

2000) leaves of Sonchus asper were found good for stomach problems and Jaundice. 

Decoction of Taraxacum officinale rhizome is used to cure jaundice, whereas (Sher 

et al., 2011; Ahmad and Hussain, 2008; Hussain et al., 2008) reported that same species is 

used as aperients, diuretic, tonic, to cure constipation, kidney and liver disorders. Present 

uses of Bombax malabaracum were found similar to that of reported by (Abbasi et al., 

2012, Ababsi et al., 2010; Zheng and Xing, 2009). Leaf decoction of Capsella bursa-

pastoris was used to cure menstrual disorders, whereas Zheng and Xing, (2009) mentioned 

that same species was effective for heat cleaning.  Leaves of Nasturtium officinale were 

found effective against constipation, but according to (Khan et al., 2010; Tene et al., 2007) 

leaves and stem of same plant were used to cure hepatic pain, pneumonia, indigestion, 

kidney pain and to purify blood. Paste form leaves and flowers of Bauhinia variegata was 

found effective against diarrhea, whereas (Sher et al., 2011) documented that bark of the 

same plant was used to cure skin diseases. The leaf paste of Silene conoidea was used 

against skin infections, but according to Ali and Qasier (2009) leaf paste of same species 

was used to cure pimples and backache. 

Roots of Commelina benghalensis were used to cure epilepsy and stomach 

disorders, whereas according to Marwat et al., (2004) leaves of the same species were 

found effective against liver complaints, snake and scorpion sting. Juice extracted from the 

leaves of Evolvulus alsinoides was found effective against constipation and indigestion, 

whereas Parveen et al., (2007) documented that leaves of this species were used against 

asthma and bronchitis. Leaves of Origanum vulgare were used to cure mouth gums and 

toothache, but according to (Sher et al., 2011; Pieroni, 2007) mentioned same species 

against stomach problems and sore throat. Decoction of Malva parviflora leaves was used 

to cure constipation, cough and fever, but according to Shela et al., (1999) same plant is 

used to treat swellings wounds and sores. Leaf paste and milky latex of Ficus carica and 

F. palmata were used to cure boils, warts, tumors and bowel complaints, whereas (Sher et 

al., 2011; Tiwari et al., 2010) reported that fruits of these species were laxative. Leaf 
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decoction of Bistorta amplexicaulis was used to cure fever, joint pain and flue; whereas 

Hazrat et al. (2011) reported that leaves and shoots of same species were used for curing 

ulcer, sore throat, inflammation of mouth and tongue.  

Fresh leaves of Portulaca quadrifida were applied topically on swelling joints, but 

according to Savithramma et al., (2007) whole plant was used to cure asthma. Leaf paste 

and extract of Galium aparine were found effective for wound healing and jaundice, 

whereas (Saqib and Sultan, 2005; Marwat et al., 2004) mentioned that same species was 

used to cure injuries, skin infections, as tonic and diuretic. Medicinal aspects of Digeria 

muricata, Dryopteris ramosa, Lamium amplexicaule, Tulipa stellata, Medicago 

polymorpha, Melilotus alba, Melilotus indicus, Vicia faba, Polygonum aviculare and 

Veronica arvensis documented during present work were found hardly ever reported in 

adjacent areas and other parts of the world. 

 

3.4.4 Ethnobotanical uses of wild food resources  

Fodder is the basic demand of livestock for their better health. The residents of the 

study areas used trees, shrubs and herbs as fodder for their livestock. Among wild edible 

fruits 34 species (97 %) were used as fodder and forage for life stock (Figure 90), whereas 

as in the case of wild edible vegetables 43 species (95 %) were used for the said purpose 

(Figure 90). Commonly utilized wild fruits species as fodder were Pistacia integerrima, 

Berberis lycium, Viburnum foetens, Diospyros lotus, Ficus carica, Ficus palmata, Morus 

alba, Morus nigra, Myrsine africana, Olea ferruginea, Pyrus pashia, Punica granatum, 

Ziziphus mauritiana, Ziziphus nummularia, Ziziphus oxyphylla, Ziziphus sativa, Rosa 

brunonii, Rosa moschata, Rubus ellipticus, Rubus ulmifolius, Grewia optiva and Celtis 

australis. These results corborated with that of reported by (Abbasi et al., 2012; Sher et 

al., 2011; Khan et al., 2010; BarkatUllah et al., 2009; Saqib and Sultan, 2005; Khan et al., 

2003; Shinwari and Khan 1998; Badshah et al., 1996; Ayaz, 1995; Haq and Hussain 

1993). In the case of wild edible vegetables Amaranthus hybridus, A. viridis, Digeria 

muricata, Cichorium intybus, Capsella bursa-pastoris, Bauhinia variegata, Silene 

conoidea, Chenopodium album, Commelina benghalensis, Lamium amplexicaule, Sonchus 

asper, Malva parviflora, Lathyrus aphaca, Medicago polymorpha, Melilotus indicus, 

Vicia faba, Vicia sativa, Rumex dentatus, Rumex hastatus, Galium aparine, Veronica 

arvensis, Solanum nigrum and Torilis leptophylla were among commonly used fodder 

species. Present inquiry was in agreement with (Sher et al., 2011; BarkatUllah et al., 2009; 

Khan et al., 2003; Badshah et al., 1996; Haq and Hussain 1993). 
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Figure 90. Ethnobotanical uses of the fruits and vegetables 

 

Among wild fruits 30 species (86 %) and wild edible vegetables 4 species (9 %) 

were used as fuel in the study sites (Figure 90). Fuel wood is collected by men, children 

and very rarely by women. About 95 % people depend on plant species as fuel, and 5 % 

used kerosene oil and gas cylinders. Pistacia integerrima, Berberis lycium, Bauhinia 

variegata, Viburnum foetens, Diospyros lotus, Ficus carica, Ficus palmata, Morus alba, 

Morus nigra, Myrsine africana, Olea ferruginea, Pyrus pashia, Punica granatum, 

Ziziphus mauritiana, Ziziphus nummularia, Ziziphus sativa and Celtis australis were 

found commonly utilized fuel wood species. Present findings were in accordance to that of 

mentioned by (Sher et al., 2011; BarkatUllah et al., 2009; Hamayaun, 2006; Matian, 2000; 

Shinwari and Khan 1998; Badshah et al., 1996; Ayaz, 1995).  26 species (74 %) of wild 

edible fruits and 2 species (4 %) of wild edible vegetables were used by the inhabitants of 

the Lesser Himalayas in making tools handles and furniture. Pistacia integerrima, 

Diospyros lotus, Ficus carica, Ficus palmata, Morus alba, Morus nigra, Olea ferruginea, 

Pyrus pashia, Punica granatum, Ziziphus sativa and Celtis australis were commonly 

utilized food species for the said purpose. These results were comparable to that of 

(Hamayaun, 2006; Matian, 2000).  

Currently new trends are introduced in house construction like concrete roofs, iron 

doors and windows but plants still play a significant role in the construction of homes. 30 

species (86 %) of wild edible fruits and 3 species (7 %) of wild vegetables were used by 

the local inhabitants in making shelters. Among commonly utilized species were Pistacia 

integerrima, Viburnum foetens, Ficus carica, Ficus palmata, Morus alba, Morus nigra, 

Myrsine africana, Bauhinia variegata, Olea ferruginea, Pyrus pashia, Punica granatum, 

Ziziphus mauritiana, Ziziphus nummularia, Ziziphus sativa, Grewia optiva and Celtis 
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australis. Ayaz, (1995) mentioned same species for construction and sheltering. Local 

inhabitant used 27 species (77 %) of wild fruits and 3 species (7 %) of wild edible 

vegetables (Figure 90) used in fencing and as hedge, like Berberis lycium, Bombax 

malabaracum,  Viburnum foetens, Ficus carica, Myrsine africana, Pyrus pashia, Punica 

granatum, Ziziphus mauritiana, Ziziphus nummularia, Ziziphus oxyphylla, Ziziphus sativa, 

Zanthoxylum armatum, Rosa brunonii, Rosa moschata, Rubus ellipticus and Rubus 

ulmifolius . Similar plants were reported by Shinwari and Khan (1998) used in fencing and 

hedges in Margalla Hills Islamabad. 31 species (89 %) of wild edible fruits and 3 species 

(7 %) of wild edible vegetables were mentioned as ornamental species by the inhabitants 

of the area. Similarly 28 species (80 %) of wild fruits and 3 species (7 %) of wild 

vegetables were used miscellaneously like in making brooms, ropes, decorative articles by 

the inhabitants of Lesser Himalayas.  

 

3.4.5 Species’ cultural importance  

To estimate the cultural significance of each species cultural importance index (CI) 

and mean cultural index (mCI) were used. The CI index explains not only the spread of the 

uses (number of informants) for each species, but also its worth (Tardio and Pardo-de-

Santayana, 2008). The CI index can be used to compare the plant knowledge among 

different cultures (Pardo-de-Santayana et al., 2007) and to study the intra cultural 

differences. It can be assumed that the CI index is a proficient tool for highlighting those 

species with a high-agreement for the survey culture and so to recognize the shared 

knowledge of the peoples. Heinrich et al., (1998) explain that “culturally important plants 

are those that are used by a large number of people for the same category of use. 

According to Albuquerque et al., (2005), the terms “cultural importance” and 

“relative importance” usually are used interchangeably in the literature to refer to the 

importance of certain plants to a given culture. On the bases of use reports (UR) the 

cultural important index (CI) and mean cultural index (mCI) of wild edible fruits and 

vegetables within the five study localities (Margalla Hills, Haripur, Abbottabad, Murree 

and Mansehra) of Lesser Himalayas were calculated (Tables 4 & 5). Among wild edible 

fruits Morus nigra was most significant species within top ten fruit plants followed by 

Morus alba, Olea ferruginea, Berberis lycium, Pyrus pashia, Ficus carica, Ficus palmata, 

Ziziphus mauritiana, Diospyros lotus and Ziziphus nummularia (Figure 91). 
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Figure 91. Mean cultural index of wild edible fruits 

 

In the case of wild edible vegetables Ficus carica was most cited species followed 

by Ficus palmata, Bauhinia variegata, Solanum nigrum, Amaranthus viridis, Medicago 

polymorpha, Chenopodium album, Cichorium intybus, Amaranthus hybridus and Vicia 

faba (Figure 92). These wild food species used as food, medicines, fodder, fuel wood, 

construction, sheltering, fencing and making agricultural tools. All the top ten species of 

each wild edible fruits and vegetables were cited in all five surveyed areas of Lesser 

Himalayas. A common cultural background may explain these similarities. This can be 

recognized to the fact that traditional knowledge of wild edible plants and plant collection 

are much spread in distant areas (Pardo-de-Santayana et al., 2007).  

A comparison between the most quoted families of wild edible fruits is presented 

in (Figure 93) demonstrated that Moraceae was most significant family, with 6 species. 

Consumption mainly involves eating fresh and dried fruits, in traditional therapies, fodder, 

fuel, furniture, agricultural tools, sheltering and other miscellaneous uses. Other important 

families within top ten were Rosaceae (8 species) followed by Rhmanaceae (5 species), 

Oleaceae, Berebridaceae, Punicaceae, Ebnaceae, Rutaceae, Juglandaceae and 

Caprifoliaceae (1 species each).  

 

0.1 1 10
P. integerrima B. lyciumO. dilleniiV. foetens D. lotus J. regia F. carica F. glomerata F. palmataM. alba M. laevigataM. nigraM. africana O. ferruginea P. dactylifera P. sylvestris P. granatum Z. mauritiana  Z. nummularia  Z. oxyphyllaZ. sativaZ. spina-christi D. indicaP. armeniaca P. domestica P. pashia R. brunonii Rosa moschata R. ellipitus R. ulmifolius Z. armatum G. optiva C. australis V. jacquemontii V. parvifolia 

W
il

d
 e

d
ib

le
 f

ru
it

s 

mCI



Chapter 3             Results and Discussion 

Ethnobotanical and nutraceutical investigation of wild edible fruits & vegetables of Lesser Himalayas 
292 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 92. Mean cultural index of wild edible vegetables 

 

Although these families were represented by one species each but have high ethno-

medicinal values. Similarly (Figure 94) showed cultural important index of vegetables’ 

families. Papilionoideae, with 6 species was found most quoted botanical family of wild 

vegetables. Members of this family were consumed as food, fodder and in medicines. 

Other significant families of wild vegetables within top ten were Asteraceae (6 species) 

followed by Amaranthaceae (4 species), Bombacaceae (1 species), Moraceae (2 species), 

Polygonaceae (4 species), Caesalpiniodeae (1 species), Caryophyllaceae (2 species), 

Solanaceae and Chenopodiaceae (1 species each). Remaining families of fruits and 

vegetables showed low representation and ethno-medicinal applications. The findings of 

present investigation were in agreement with those of Hadjichambis et al., (2008), who 

also documented that Asteraceae, Rosaceae and Umbellifereae were among the most 

significant families of wild edible plants in the Mediterranean countries. Hence present 

results confirm that local people tend to use preferably the plants that are easily available 

to them. These observations coraborate with those of (Bonet and Valles 2002; Stepp and 

Moerman, 2001; Bonet et al., 1999; Johns et al., 1990). 
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Figure 93. Cultural importance index of wild edible fruits’ families (CIf) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 94. Cultural importance index of wild edible vegetables’ families (CIf) 
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3.4.6  Threats to wild edible plants 

Wild edible fruits and vegetables used by the tribal communities of Lesser 

Himalayas were found facing threats in their natural habitats from different human 

activities. The intensity of impacts of these activities varies from place to place. According 

to local inhabitants over-grazing, agricultural land expansion, over-harvesting, 

uncontrolled fire setting, roads and home construction, fodder and fuel wood collection are 

among the common threats to these alternative food resources. Most of the wild species in 

the study sites have no protection, however few economic plant species (e.g., Juglans 

regia, Morus alba, M. nigra, M. laevigata, Olea ferruginea, Punica granatum, Prunus 

domestica, P. armeniaca and Zanthoxylum armatum among wild fruits and Bauhiniea 

variegata, Chenopodium album and Solanum nigrum in the case wild edible vegetables) 

are now cultivated and marketed by some farmers. This indicates that acquisition of 

economic benefits from plant species might promote local people’s interest in 

conservation and maintenance of locally important and threatened species (Balemie and 

Kebebew, 2006). 

 

3.5 Proximate Composition of Wild Edible Food Resources 

Food and nutritional security are key issues for human wellbeing (Andersen et al., 

2003). In the developing countries, natural disasters, underdeveloped economies, political 

instability, population explosion, soaring prices of food commodities, poor 

implementation of agricultural policies, inadequate food intake among people are common 

(Adebooye and Phillips, 2006). In these countries, starch-based foods are major sources of 

both energy and protein requirement (Ladeji et al., 1995). To alleviate the situation, efforts 

should be focused on sustainable use of underutilized and lesser-known wild plants as 

sources of nutrient supplements in enhancing food and nutrition security. In this regard 

researchers (Ogle et al., 2001) have reported the nutritional composition of various types 

of wild edible plants in use in the developing world.  

The results of proximate composition of wild edible fruits and vegetables showed 

variations in concentration of biochemicals (carbohydrates, fats, proteins) and other 

contents (ash, fibers and moisture). Proximate composition included both nutritional and 

elemental analysis on dry weight basis except moisture contents and dry matter which 

were estimated on wet basis. 
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3.5.1 Nutritional analysis of wild edible fruits and vegetables 

Increase in moisture content reduces fats, proteins and carbohydrates level and 

energy values (Mitchel et al., 1976). A comparison of moisture and dry matter contents of 

wild edible fruits (Figure 95) indicated that the moisture contents ranged from 5.210 % in 

Juglans regia to 90.69 % in Vitis parvifolia. Significant levels of moisture content were 

also observed in Vitis jacquemontii, Prunus domestica, Prunus armeniaca, Ficus 

glomerata, Morus nigra as compare to other species. Dry matter contents were ranged 

from 9.310 % in Vitis parvifolia to 94.79 % in Juglans regia. Maximum value of dry 

matter content was calculated in Olea ferruginea, Grewia optiva and Ziziphus oxyphylla as 

compared to other species.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 95. Moisture contents (MC) and dry matter contents (DM) of wild fruits and vegetables 
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Comparative analysis of moisture and dry matter contents of wild edible vegetables 

mentioned in Figure 95 indicated that the moisture content ranged from 70.63 % in 

Evolvulus alsinoides to 94.25 % in Capsella bursa-pastoris. Significant levels of moisture 

content were recorded in Veronica arvensis, Galium aparine and Taraxacum officinale as 

compare to other species. Dry matter content was ranged from 5.750 % in Capsella bursa-

pastoris to 29.37 % in Evolvulus alsinoides. Significant levels of dry matter content were 

calculated in Melilotus indicus, Origanum vulgare and Ficus carica than other species 

(Table 9). It has been reported that proteins malnutrition deficiencies is a major factor 

responsible in nutritional pathology. Plant based food which, provide more than 12.00 % 

of its calorific value from proteins are considered a good source of proteins (Roger et al., 

2005; Pearson, 1976). During the present investigation proteins level of wild edible fruits 

was ranged from 4.260 % in Prunus domestica to 15.85 % in Grewia optiva (Figure 96). 

Significant concentrations of crude proteins were estimated for Juglans regia, Morus 

nigra, Duchesnea indica and Zanthoxylum armatum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 96. Nutritional contents of the wild fruits and vegetables 
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The highest value of crude proteins in wild food resources persuade their use as 

high protein sources in some food formulations. Present investigation revealed that crude 

proteins contents of wild edible vegetables were ranged from 12.87 % in Dioscorea 

deltoidea to 54.90 % in Cichorium intybus and Chenopodium album (Figure 96). 

Significant concentrations of crude proteins were also noted in Medicago polymorpha, 

Capsella bursa-pastoris, Nasturtium officinale and Rumex dentatus (Table 8). In all the 

studied fruits samples, crude fat contents were in the range of 4.120 % in Phoenix 

sylvestris to 30.58 % in Ziziphus nummularia (Figure 96). Considerable values of crude 

fats were also noted in Juglans regia, Opuntia dillenii, Pistacia integerrima and Olea 

ferruginea. Wild edible vegetables under investigation revealed that in all samples, crude 

fat contents were ranged from 0.690 % in Dioscorea deltoidea to 8.870 % in Tulipa 

stellata (Figure 96). Significant values of crude fats were also observed in Launaea 

procumbens, Oxalis corniculata and Dyropteris ramosa. The results indicated that wild 

fruits and vegetables species could be an excellent source of lipids. 

The carbohydrates contents of Diospyros lotus (84.57 %) determined was higher 

than Zanthoxylum armatum (29.84 %), which is the lowest value among all fruits species. 

Prunus armeniaca, Ziziphus mauritiana, Z. oxyphylla, Z. spina-christi, and Morus 

laevigata have significant carbohydrates level. Among wild edible vegetables the 

carbohydrates contents were found to be maximum in Dioscorea deltoidea 79.80 % and 

minimum in Cichorium intybus and Chenopodium album 7.700 %. Origanum vulgare, 

Pimpinella diversifolia, Tulipa stellata and Bombax malabaracum have considerable value 

of carbohydrates.  

Intake of dietary fibers can lower the blood cholesterol level, risk of cardiovascular 

diseases, hypertension, constipation, diabetes, colon and breast cancer (Ishida et al., 2000). 

Crude fibers contents of wild edible fruits ranged from 2.510 % to 38.91 % being lowest 

in Morus laevigata and highest in Duchesnea indica (Figure 96). Olea ferruginea, Pistacia 

integerrima, Vitis jacquemontii and Berberis lycium had highest fiber composition 

compared to other fruits species. Crude fibers contents of wild edible vegetables ranged 

from 2.780 % to 26.68 % being lowest in Dioscorea deltoidea and highest in Dyropteris 

ramosa (Figure 96). Galium aparine, Vicia faba, Bistorta amplexicaulis and Bombax 

malabaracum showed significant fiber composition as compared to other samples of wild 

edible vegetables. The American Dietetic Association (ADA) recommended an intake of 

20-35 g of fiber per day (Duyff, 2002). The results of present study indicated that wild 

fruits and vegetables could be valuable sources of dietary fibers in human nutrition. Ash 
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content is an index of mineral contents in biota (Hussain et al., 2010). The results of 

present investigation revealed that ash contents of wild fruits ranged between 1.740 % in 

Juglans regia to 10.46 % in Phoenix dactylifera. The significant value of ash contents 

were observed in Opuntia dillenii, Ficus glomerata, Prunus armeniaca, Rosa brunonii, 

Zanthoxylum armatum and Celtis australis. In the case of wild edible vegetables ash 

contents were ranged from 3.900 % in Dioscorea deltoidea to 25.16 % in Portulaca 

quadrifida, whereas significant value of ash contents were observed in Stellaria media, 

Capsella bursa-pastoris, Cichorium intybus and Chenopodium album. Looking at the 

results obtained from energy value, Ziziphus nummularia (509.6 Kcal/100 g) had the 

highest value (Figure 97) followed by Ficus carica, Morus alba, M. nigra, M. leavigata, 

Opuntia dillenii, Prunus domestica and Diospyros lotus compared to other fruits species. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 97. Energy value of the wild edible fruits and vegetables 
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Among vegetables energy value was estimated highest in Tulipa stellata (383.5 Kcal/100 

g) and lowest in Galium aparine (248.7 Kcal/100 g). Significant energy value was 

observed in Dioscorea deltoidea, Bauhinia variegate and Solanum nigrum as compared to 

other vegetables species (Figure 97).  

 

The overall results demonstrated that the wild edible fruits and vegetables could be 

a potential source of crude proteins, fats, fibers, carbohydrates, ash contents and energy 

values. A detail literature review revealed that results of proximate nutritional composition 

of wild edible fruits and vegetables during present investigation were almost in the range 

as reported by earlier workers, however some variations were also observed which may be 

due to change in climate condition, soil type, nutrients uptake level of plant species and 

season of collection. According to (Mahapatra et al., 2012; Feyssa et al., 2011; Imran et 

al., 2010; Hussain et al., 2009; Rathore, 2009; Calisir et al., 2005) fruits of wild Prunus 

spp.fresh and dried dates, Morus alba, M. nigra, M. laevigata, Punica granatum, Pisticia 

vera, Ziziphus mauritiana and Ziziphus spina-christi contained 4.360 % to 87.41 % 

moisture, 0.570 % to 11.75 % fibers, 0.960 % to 19.12 % crude proteins, 0.480 to 51.75 % 

lipids, 15.49 % to 82.04 % carbohydrates, 0.460 % to 12.09 % ash contents and 64.11 

Kcal/100 g to 628.2 Kcal/100 g.  

 

Bahadur et al., (2011), Jan et al., (2011), Jimoh et al., (2011) Hussain et al.,(2009), 

Akubugow et al., (2007), Imran et al., (2007), Odhave et al., (2007) Ozbucak et al., (2007) 

reported 3.700 % to 23.10 % dry matter, 1.770 to 22.84 % ash, 2.110 to 34-31 % proteins, 

1.130 % to 25.62 % crude fibers, 0.420 % to 7.750 % crude fats, 4.530 % to 91.00 % 

moisture, 3.380 % to 52.18 % carbohydrates and 27.00 Kcal/100 g to 317.2 Kcal/100 g 

energy value in the aerial parts of Amaranthus hybridus, Amaranthus spinosus, 

Amaranthus viridis, Chenopodium album, Cichorium intybus, Malva sylvestris, Medicago 

denticulata, Nasturtium officinale, Sonchus arvensis, Sonchus asper and Sonchus 

oleraceous. According to Seal, (2011), Aberoumand, (2009) and Hameed et al., (2008) 

leaves of Portulaca oleracia, Rumex hastatus, Rumex dentatus and Sonchus arvensis 

contained 4.050 % to 59.88 % moisture, 8.650 % to 22.60 % ash content; 13.75 % to 

23.47 % proteins, 2.460 % to 12.50 % fats, 6.300 % to 19.55 % crude fibers, 8.460 % to 

52.05 % carbohydrates contents and 303.9 Kcal/100 g calorific value. Nutritional contents 

of remaing wild edible fruits and vegetables species were rarely studied before this.  
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3.5.2 Distribution parameters of nutrients in wild edible fruits and vegetables  

 

Basic statistical parameters related to the distribution of nutrients levels (% and 

kcal/100 g, dry weight) in wild edible fruits and vegetables from different areas of Lesser 

Himalayas are presented in Tables 6 & 7. In the case of wild fruits dominant mean levels 

were shown by energy value (369.0 kcal/100 g DW), followed by moisture content (66.25 

% FW), carbohydrates (59.45 %), dry matter (33.75 % FW), crude fibers (16.79 % DW), 

crude fats (10.93 % DW), proteins (8.194 % DW) and ash content (4.626 % DW). 

 

Among wild edible vegetables dominant mean levels were shown by energy value 

(303.1 kcal/100 g DW), followed by moisture content (84.08 % FW), carbohydrates 

(43.69 %), crude proteins (24.15 %), dry matter (15.92 % FW), ash content (15.06 %), 

crude fibers (13.58 % DW) and crude fats (3.523 % DW).  

 

 

Table 6. Statistical distribution parameters for nutritional contents (dry weight) of wild 

edible fruits in Lesser Himalayas 

  

MC 

(%) 

DM 

(%) 

 CP 

(%) 

CF  

(%) 

Carb 

(%) 

 CFb 

(%) 

Ash 

(%) 

EV 

(kcal/100 g) 

Min 5.210 9.310 3.915 1.486 29.84 2.515 1.739 237.0 

Max 90.69 94.79 15.85 30.58 84.57 39.18 10.46 509.6 

Mean 66.25 33.75 8.194 10.93 59.45 16.79 4.626 369.0 

Median 73.18 26.83 7.627 9.359 61.10 16.09 4.349 370.7 

SD 19.42 19.42 3.010 6.895 14.18 10.76 1.978 54.67 

SE 3.282 3.282 0.509 1.166 2.397 1.819 0.334 9.241 

Skewness -1.176 1.176 0.720 1.477 -0.489 0.742 1.078 0.077 

Kurtosis 1.459 1.459 0.063 2.004 -0.506 -0.160 0.961 1.072 

Key:  MC. moisture content, DM. Dry matter, CP. Crude proteins, CF. Crude fats, Carb. 

Carbohydrates, CFb. Crude fibers, EV. Energy value.  
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Table 7. Statistical distribution parameters for nutritional contents (dry weight) of wild 

edible vegetables in Lesser Himalayas 

  

MC 

(%) 

DM 

(%) 

 CP 

(%) 

CF 

(%) 

Carb. 

(%) 

 CFb 

(%) 

Ash 

(%) 

EV 

(Kcal/100 g) 

Min 70.63 5.750 12.87 0.688 7.676 2.785 3.897 192.7 

Max 94.25 29.37 54.90 8.866 79.76 26.68 43.37 383.5 

Mean 84.08 15.92 24.15 3.523 43.69 13.58 15.06 303.1 

Median 84.07 15.93 22.48 3.201 45.24 13.28 14.55 302.5 

SD 6.138 6.138 9.633 1.711 13.62 3.911 6.454 31.30 

SE 0.915 0.915 1.436 0.255 2.030 0.583 0.962 4.665 

Skewness -0.480 0.480 1.614 0.880 -0.510 0.523 1.846 -0.397 

Kurtosis -0.507 -0.507 3.088 1.083 1.472 2.780 7.397 3.494 

Key:  MC. moisture content, DM. Dry matter, CP. Crude proteins, CF. Crude fats, Carb. 

Carbohydrates, CFb. Crude fibers, EV. Energy value.  

 

3.5.3 Correlation study of nutrients in wild edible fruits and vegetables 

Correlation coefficients between nutritional contents were calculated to examine 

their inter-relationships in the wild edible fruits and vegetables of Lesser Himalayas 

(Tables 8 & 9) such study indicated mutual relationship among the various nutrients. 

Among wild fruits very strong positive correlations were noted for following pairs; crude 

fats-energy value (r = 0.600), and carbohydrates-energy value (r = 0.300), whereas 

significant positive correlations were observed among dry matter-crude fats (r = 0.281), 

moisture content-ash value (r = 0.280), moisture content-ash (r = 0.241), crude protein-fats 

(r = 0.172) and crude fats-fibers (r = 0.170). Negative correlations, indication the opposing 

distribution, were also exhibited by various pairs; moisture content-dry matter (r = -1.000), 

carbohydrates-crude fibers (r = -0.839), fibers-energy value (r = -0.731), crude fats-

carbohydrates (r = -0.552), crude proteins-carbohydrates (r = -0.434), ash content-energy 

value (r = -0.321), dry matter-ash (r = -0.280). All other correlations showed either weak 

positive or weak negative relationships. 

In the case of wild vegetables strong correlations were noted for following pairs; 
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carbohydrates-energy value (r = 0.664) and dry matter-carbohydrates (r = 0.349), whereas 

significant positive correlations were observed among proteins-ash (r = 0.291), moisture 

content-ash value (r = 0.267), crude fats-fibers (r = 0.259), dry matter-energy value (r = 

0.247) moisture contents-crude proteins (r = 0.235) and crude fats-energy value (r = 

0.224). Negative correlations, were also observed in different pairs; ash-energy value (r = -

0.865), carbohydrates-proteins (r = -0.822), carbohydrates-ash (r = -0.675), moisture 

content-carbohydrates (r = -0.349). All other correlations showed either weak positive or 

weak negative relationships. 

 

Table 8. Correlation coefficient* matrix for nutritional contents in wild edible fruits  

  MC DM CP CF Carb Fib Ash EV 

MC 1.000        

DM -1.000 1.000       

CP  -0.168 0.168 1.000      

CF  -0.281 0.281 0.172 1.000     

Carb 0.241 -0.241 -0.434 -0.552 1.000    

Fib  -0.142 0.142 0.170 0.090 -0.839 1.000   

Ash 0.280 -0.280 0.065 -0.278 -0.020 0.002 1.000  

EV  -0.106 0.106 -0.035 0.600 0.315 -0.731 -0.321 1.000 

*Bold r-values are significant at p < 0.01 

 

 

Table 9. Correlation coefficient* matrix for nutritional contents in wild edible vegetables  

  MC DM CP CF Carb Fib Ash EV 

MC 1.000        

DM -1.000 1.000       

CP  0.235 -0.235 1.000      

CF  0.144 -0.144 -0.032 1.000     

Carb -0.349   0.349 -0.822 -0.132 1.000    

Fib  0.133 -0.133 -0.067 0.259 -0.285 1.000   

Ash 0.267 -0.267 0.291 -0.096 -0.675 0.027 1.000  

EV  -0.247 0.247 -0.216 0.224 0.664 -0.451 -0.865 1.000 

*Bold r-values are significant at p < 0.01 
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3.5.4  Elemental analysis of wild edible fruits and vegetables  

Elemental composition of wild edible fruits and vegetables, calculated on dry 

weight basis, is mentioned in Figures. It was observed that wild fruits and vegetables were 

found to be good sources of Ca, K, Mg, Na, Fe, Mn and Zn. These fruit species are 

considered as a sole supply of macro and micro elements in human diet. Calcium is an 

essential element for bone structure and function. In majority of industrialized countries 

dairy products provide 50-80 % of dietary Ca, whereas plant based foods supply about 25 

% (Hussain et al., 2011). Among wild fruits the calcium concentration (Figure 98) in Rosa 

brunonii was found maximum (6217 mg/kg) while Prunus domestica exhibited lowest 

level (116.7 mg/kg). In the fruits of Ficus auriculata, F. microcarpa, F. palmata, F. 

raceomosa, Juglans regia, Morus alba, M. nigra, M. laevigata, Prunus domestica, Prunus 

aremenica, Pyrus communis and Ziziphus mauritiana Ca level was found in the range of 

31.10 to 9900 mg/kg (Mahapatra et al., 2012; Khan et al., 2011; Imran et al., 2010; 

Cosmulescu et al., 2009; Zahoor et al., 2003). 

Similarly calcium level in Torilis leptophylla was recorded highest (62827 mg/kg) 

among all the wild edible vegetables (Figure 98) while Veronica arvensis exhibited lowest 

level (1394 mg/kg). In all other vegetables Ca level was ranged from 1417 mg/kg to 50148 

mg/kg. According to (Bahadur et al., 2011; Jan et al., 2011; Jimoh et al., 2011; Hussain et 

al., 2011; Seal, 2011; Aberoumand, 2009; Hussain et al., 2009; Hameed et al., 2008; 

Akubugwo et al., 2007; Imran et al., 2007; Odhav et al., 2007; Ozcan and Akbulut, 2007; 

Trichopoulou et al., 2000; Wilman and Derrick, 1994) Ca level in Amaranthus hybridus, 

Amaranthus viridis, Amaranthus spinosus, Chenopodium album, Cichorium intybus, 

Medicago denticulata, Nasturtium officinale, Pimpinella anisum, Portulaca oleracea, 

Rumex hastatus, Rumex dentatus, Solanum nigrum, Sonchus arvensis, Sonchus asper, 

Sonchus oleraceous and Stellaria media was ranged from 29.92 mg/kg to 39310 mg/kg.  

Potassium is one of the most abundant elements is plants. It plays significant role 

in the activation of some enzymes, particularly co-enzyme for normal growth and muscle 

function (Birch and Padgham, 1994). In wild fruits concentration of potassium was varied 

from (36.34 mg/kg) in Juglans regia to (7634 mg/kg) in Ficus glomerata (Figure 99). 

According to (Mahapatra et al., 2012;Khan et al., 2011; Imran et al., 2010; Cosmulescu et 

al., 2009; Zahoor et al., 2003) K level in Ficus auriculata, F. microcarpa, F. palmata, F. 

raceomosa, Juglans regia Morus alba, M. nigra, M. laevigata Prunus domestica, Prunus 

aremenica, Pyrus communis and Ziziphus mauritiana ranged from 338.7 mg/kg to 11440 

mg/kg. Among wild vegetables highest concentration of K was recorded in Stellaria media 
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(8600 mg/kg) and lowest in Galium aparine (1671 mg/kg), whereas in all other samples K 

level was ranged from 3888 mg/kg to 8380 mg/kg (Figure 99). In Amaranthus hybridus, 

Amaranthus viridis, Medicago denticulata, Nasturtium officinale, Cichorium intybus, 

Pimpinella anisum, Portulaca oleracea, Rumex hastatus, Rumex dentatus, Sonchus 

arvensis, Sonchus asper, Sonchus oleraceous and Stelleria media K level was found 23.66 

mg/kg to 34600 mg/kg (Bahadur et al., 2011; Jan et al., 2011; Jimoh et al., 2011; Hussain 

et al., 2011; Seal et al., 2011; Hameed et al., 2008; Akubugwo et al., 2007; Imran et al., 

2007; Ozcan and Akbulut, 2007; Trichopoulou et al., 2000; Wilman and Derrick, 1994). 

Among wild fruits the use of Ficus glomerata, Zanthoxylum armatum, Morus laevigata, 

Ziziphus spina-christi, prunus domestica and Phoenix sylvestris, whereas in the case of 

wild vegetables Stellaria media, Lamium amplexicaule, Amaranthus virids, Oxalis 

corniculata and Plantago lanceoplata might help in the case of potassium deficieny.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 98. Ca level in the wild fruits and vegetables 
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Figure 99. K level in the wild fruits and vegetables 
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Stellaria media was ranged from 6.100 mg/kg to 18420 mg/kg.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 100. Mg level in the wild fruits and vegetables 
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Soalnum nigrum, Rumex hastatus, Rumex dentatus, Sonchus arvensis, Sonchus asper, 

Sonchus oleraceous and Stellari media (Bahadur et al., 2011; Jan et al., 2011; Jimoh et al., 

2011; Seal et al., 2011; Aberoumand, 2009; Hussain et al., 2009; Hameed et al., 2008; 

Akubugwo et al., 2007; Imran et al., 2007; Odhav et al., 2007; Trichopoulou et al., 2000; 

Wilman and Derrick, 1994).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 101. Na level in the wild fruits and vegetables 

 

Stornitium contents of wild edible fruits were observed maximum (25.70 mg/kg) in 

Celtis australis (Figure 102) and minimum in Rubus ulmifolius (0.254 mg/kg), whereas in 
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and lowest in Plantago lanceolata (2.520 mg/kg). In all other vegetables samples it was 
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Sr was recorded in Amaranthus viridis, Nasturtium officinale, Cichorium intybus and 

Portulaca oleracea (Jan et al., 2011; Hussain et al., 2011; Imran et al., 2007). The level of 

iron might be of nutritional importnace, especially in those parts of the world anaemia and 
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Fe shortage are uncontrolled. The requirement of iron for an adult is 20 mg/day and fro 

child is 10 mg/dy (Imran et al., 2010; Reddy et al., 1987). The Fe concentration in the 

wild edible fruits (Figure 103) analyzed was ranged from (12.33 mg/kg) in Rosa brunonii 

to (345.3 mg/kg) in Juglans regia. According to (Mahapatra et al., 2012; Khan et al., 

2011; Sher et al., 2011; Imran et al., 2010; Cosmulescu et al., 2009; Hussain et al., 2009) 

Fe level was ranged from 1.890 mg/kg to 870.0 mg/kg in Berberis lycium, Ficus 

auriculata, F. microcarpa, F. palmata, and F. raceomosa, Juglans regia, Morus alba, M. 

nigra, M. laevigata, Punica granatum, Pistacia vera, Rosa moschata, Ziziphus mauritiana, 

Ziziphus nummularia and Zizphus vulgaris. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 102. Sr level in the wild fruits and vegetables 

 

Among wild edible vegetables Fe level was found maximum in Taraxacum 

officinale (1502 mg/kg), followed by Pimpinella diversifolia (1493 mg/kg), Bistorta 

amplixicaulis (1469 mg/kg) and minimum in Bombax malabaracum (5.429 mg/kg), 

whereas in other vegetable samples Fe level was in between 47.69 mg/kg to 1293 mg/kg 
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(Figure 103). In the case of Amaranthus hybridus, Amaranthus spinosus, Amaranthus 

viridis, Medicago denticulata, Nasturtium officinale, Chenopodium album, Solanum 

nigrum, Portulaca oleracea, Rumex hasttatus, Rumex dentatus Prunus domestica, Prunus 

aremenica, Pyrus communis, Sonchus arvensis Sonchus asper and Sonchus oleraceous Fe 

level was found 9.240 mg/kg to 1810 mg/kg (Bahadur et al., 2011; Hussain et al., 2011; 

Hameed et al., 2011; Jimoh et al., 2011; Aberoumand, 2009; Hussain et al., 2009, 

Akubugwo et al., 2007; Imran et al., 2007; Odhav et al., 2007; Zahoor et al., 2003; 

Trichopoulou et al., 2000).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 103. Fe level in the wild fruits and vegetables 

 

Zinc, a trace metal is especially required for normal functioning of immune system 

was relatively abundant in Zanthoxylum armatum (36.88 mg/kg) and its concentration was 

lowest (Figure 104) in Celtis australis (4.950 mg/kg) among wild edible fruits. Mahapatra 

et al., (2012), Khan et al., (2011), Sher et al., (2011), Imran et al., (2010), Cosmulescu et 

al., (2009), Hussain et al., (2009) and Zahoor et al., (2003) reported that Zn level ranged 

from 0.159 mg/kg to 1520 mg/kg in Berberis lycium, Ficus auriculata, F. microcarpa, F. 
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palmata, and F. raceomosa, Juglans regia, Morus alba, M. nigra, M. laevigata, Punica 

granatum, Pistacia vera, Prunus domestica, Prunus aremenica, Pyrus communis Rosa 

moschata, Ziziphus mauritiana, Ziziphus nummularia and Zizphus vulgaris. Zinc 

deficiency is likely to be a significant health problem in developing countries (Osendarp et 

al., 2003; Sian et al., 2002). It has been estimated that 20 % of the world’s population 

could be at the risk of Zn deficiency because the average daily intake of Zn is less than, 70 

µg/day (Hotz and Brown, 2004).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 104. Zn level in the wild fruits and vegetables 

 

In the case of vegetables Zinc level was found comparatively abundant in Solanum 

nigrum (144.56 mg/kg) and lowest in Portulaca quadrifida (9.982 mg/kg). In all other 

samples Zn content was ranged from 11.61 mg/kg to 98.82 mg/kg (Figure 104). Zn level 

in Amaranthus hybridus, Amaranthus spinosus, Amaranthus viridis, Bidens pilosa, Malva 

sylvestris, Chenopodium album, Cichorium intybus, Medicago denticulata, Nasturtium 
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officinale, Pimpinella anisum, Partulaca oleracea, Solanum nigrum, Sonchus arvensis, 

Sonchus asper and Sonchus oleraceous was found in the range of 35 mg/kg to 168 mg/kg 

(Bahadur et al., 2011; Jan et al., 2011; Hussain et al., 2011; Jimoh et al., 2011; Luo et al., 

2011; Seal, 2011; Khan et al., 2010; Aberoumand, 2009; Hussain et al., 2009, Akubugwo 

et al., 2007; Imran et al., 2007; Odhav et al., 2007; Ozcan and Akbulut, 2007; 

Trichopoulou et al., 2000).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 105. Cu level in the wild fruits and vegetables 

 

Copper, an important transition metal involved in many physiological processes in 

plants (Imran et al., 2007). Among wild fruits Cu contents were found significantly higher 

(10.49 mg/kg) in Juglans regia (Figure 105), whereas lowest in Myrsine africana (1.954 

mg/kg). Mahapatra et al., (2012), Khan et al., (2011), Sher et al., (2011), Cosmulescu et 

al., (2009), Hussain et al., (2009) and Srivastava et al., (2006) mentioned that Cu level 

was ranged from 0.031 mg/kg to 250.0 mg/kg in Berberis lycium, Ficus auriculata, F. 
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microcarpa, F. palmata, and F. raceomosa, Juglans regia, Punica granatum, Pistacia 

vera, Rosa moschata, Zizphus mauritiana, Ziziphus nummularia and Zizphus vulgaris.  

In the case of vegetables copper contents were calculated highest in Rumex 

hastatus (17.75 mg/kg) followed by Dyropteris ramosa (17.50 mg/kg) and Amaranthus 

spinosus (14.83 mg/kg), whereas lowest concentration (0.534 mg/kg) was observed in the 

leaves of Ficus palmata (Figure 105). In Amaranthus spinosus, Amaranthus viridis, 

Bidens pilosa, Malva sylvestris, Chenopodium album; Cichorium intybusMedicago 

denticulata, Nasturtium officinale, Pimpinella anisum, Partulaca oleracea, Solanum 

nigrum, Sonchus arvensis, Sonchus asper and Sonchus oleraceous Cu level was found in 

the range of 0.250 mg/kg to 60.00 mg/kg (Bahadur et al., 2011; Jimoh et al., 2011; Luo et 

al., 2011; Seal, 2011; Khan et al., 2010; Hussain et al., 2009; Imran et al., 2007; Odhav et 

al., 2007; Ozcan and Akbulut, 2007).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 106. Mn level in the wild fruits and vegetables 
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In wild fruits value of Manganese contents (Figure 106) was ranged from (0.693 

mg/kg) in Phoenix dactylifera to (109.2 mg/kg) in Juglans regia, whereas among wild 

edible vegetables Mn level was found in between 12.64 mg/kg to 98.35 mg/kg (Figure 

106). Mahapatra et al. (2012), Khan et al. (2011), Sher et al. (2011), Cosmulescu et al. 

(2009), Srivastava et al. (2006) reported that in Berberis lycium, Ficus auriculata, F. 

microcarpa, F. palmata, and F. raceomosa, Juglans regia, Rosa moschata, Ziziphus 

mauritiana and Ziziphus nummularia Mn level was ranged from 0.170 mg/kg to 1500 

mg/kg. According to (Bahadur et al., 2011; Jan et al., 2011; Hussain et al., 2011; Jimoh et 

al., 2011; Seal, 2011; Imran et al., 2007; Odhav et al., 2007) Mn level in Amaranthus 

spinosus, Amaranthus viridis, Cichorium intybus; Medicago denticulata, Nasturtium 

officinale, Partulaca oleracea, Solanum nigrum, Sonchus arvensis, Sonchus asper and 

Sonchus oleraceous was in the range of 0.200 mg/kg to 80.00 mg/kg.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 107. Li level in the wild fruits and vegetables 
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Lithium concentration was ranged from (0.032 mg/kg) in Ziziphus nummularia to 

(5.800 mg/kg) in Punica granatum (Figure 107), whereas in vegetables samples Li level 

was ranged from (0.242 mg/kg) in Silene conoidea to (10.69 mg/kg) in Evolvulus 

alsinoides (Figure 107). Cobalt is an important element for the plants having ability to fix 

nitrogen in the root tubercles. Vitamin B12 is the main source of Co in animal food. The 

recommended daily intake of vitamin B12 for adults is 3 µg (0.13 µg Co). Co played 

important role in thyroid metabolism in humans (Thunus and Lejeune, 1994). The 

concentration of Co metal in wild edible fruits (Figure 108) ranged from (1.696 mg/kg) in 

Vitis parvifolia to (17.58 mg/kg) in Pistacia integerrima.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 108. Co level in the wild fruits and vegetables 

 

In Ficus auriculata, F. microcarpa, F. palmata, and F. raceomosa, Punica 
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10.00 mg/kg (Khan et al., 2011;Hussain et al., 2009). In wild vegetables Co level (Figure 

108) was calculated maximum in Cichorium intybus (35.66 mg/kg) followed by Solanum 

nigrum (34.99 mg/kg) and Pimpinella diversifolia (33.58 mg/kg) and lowest level of Co 
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was found in Launaea procumbens (0.050 mg/kg). Hussain et al. (2009) reported 3.800 

mg/kg to 9.800 mg/kg Co level in Amaranthus viridis and Chenopodium album 

respectively. Chromium is an essential element since it is a cofactor fro insulin (Anderson, 

1989). The recommended daily intake for Cr extends from 50-250 µg. It has been reported 

that in plant species Cr proved to be toxic at 5 mg/L (Adriano, 1986). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 109. Cr level in the wild fruits and vegetables 

 

The Cr level in wild edible fruits (Figure 109) was analyzed lowest in Viburnum 

foetens (0.090 mg/kg) and highest in Rubus ellipitus (10.46 mg/kg). According to (Khan et 

al., 2011; Sher et al., 2011; Cosmulescu et al., 2009;, Hussain et al., 2009; Zahoor et al., 

2003) Cr level in Berberis lycium, Ficus auriculata, F. microcarpa, F. palmata, and F. 

raceomosa, Juglans regia Punica granatum, Pistacia vera, Prunus domestica, Prunus 

aremenica, Pyrus communis, Rosa moschata, Zizphus vulgaris and Ziziphus nummularia 

was ranged from 0.003 mg/kg to 27.07 mg/kg. Among wild vegetables Cr was found 

maximum in Rumex dentatus (33.60 mg/kg) followed by Amaranthus spinosu (32.21 
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mg/kg) and Dioscorea deltoidea (31.97), whereas minimum level of Cr (0.538 mg/kg) was 

observed in Chenopodium album (Figure 109). In Amaranthus viridis, Chenopodium 

album, Nasturtium officinale and Pimpinella anisum Cr level was recorded in the range of 

0.030 mg/kg to 24.68 mg/kg (Hussain et al., 2009; Imran et al., 2007; Ozcan and Akbulut, 

2007). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 110. Cd level in the wild fruits and vegetables 

 

Cadmium concentration was ranged from (0.857 mg/kg) in Ziziphus sativa to 

(5.146 mg/kg) in Juglans regia, whereas in the fruits of Celtis australis Cd level was 

below detection limit (Figure 110). Khan et al. (2011), Sher et al. (2011), Hussain et al. 

(2009) and Zahoor et al. (2003) reported 0.040 mg/kg to 11.00 mg/kg Cd level in Berberis 

lycium, Ficus auriculata, F. microcarpa, F. palmata, and F. raceomosa, Punica granatum, 

Pistacia vera, Prunus domestica, Prunus aremenica, Pyrus communis, Rosa moschata, 

Ziziphus nummulara and Zizphus vulgaris.In the case of wild edible vegetables cadmium 

concentration was ranged from (0.185 mg/kg) in Sonchus asper to (6.990 mg/kg) in 
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Melilotus indicus, whereas in Launaea procumbens, Sonchus oleraceous, Lathyrus 

aphaca, Rumex dentatus and Galium aparine Cd level was below detection limit (Figure 

110). Cd level was reported within the range of 0.008 mg/kg to 4.290 mg/kg in 

Amaranthus viridis, Bidens pilosa, Malva sylvestris, Chenopodium album, Cichorium 

intybus, Pimpinella anisum and Partulaca oleracea (Luo et al., 2011; Khan et al., 2010; 

Hussain et al., 2009; Ozcan and Akbulut, 2007).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 111. Pb level in the wild fruits and vegetables 

 

The suggested concentration of lead in plant species is 2 to 6 mg/l (Zakir et al., 

2006). In majority cases the wild edible fruits species under present investigation showed 

very low concentration of Pb, which clarifies their use as food supplement. Pb level was 

ranged from (48.51 mg/kg) in Prunus armeniaca to (0.010 mg/kg) in Phoenix dactylifera 

whereas, in Ziziphus sativa and Celtis australis Pb concentration was below detection limit 

(Figure 111). Khan et al. (2011), Sher et al. (2011) Srivastava et al. (2006) and Zahoor et 
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al. (2003) mentioned that in Berberis lycium, Ficus auriculata, F. microcarpa, F. palmata, 

F. raceomosa Rosa moschata, Prunus domestica, Prunus aremenica, Pyrus communis and 

Ziziphus nummularia Pb level was in the range of 0.409 mg/kg to 70.00 mg/kg. Among 

wild vegetables Lead concentration was ranged from (1.021 mg/kg) in Bidens bipinnata to 

(87.60 mg/kg) in Rumex dentatus whereas, in Dyropteris ramosa, Launaea procumbens, 

Taraxacum officinale, Bombax malabaracum, Evolvulus alsinoides and Melilotus alba Pb 

level was below detection limit (Figure 111). In Amaranthus viridis, Malva sylvestris, 

Bidens pilosa, Chenopodium album, Cichorium intybus and Partulaca oleracea Pb level 

was observed in the range of 0.150 mg/kg to 44 mg/kg (Luo et al., 2011; Khan et al., 

2010; Hussain et al., 2009). 

 

3.5.5 Distribution of selected metals in wild edible fruits and vegetables 

Basic statistical parameters associated with distribution of particular metal levels 

(mg/kg, dry weight) in wild edible fruits and vegetables of Lesser Himalayas are presented 

in Tables 10 & 11. In the case of wild fruits majority of elements exhibited broad range in 

their concentrations as specified by the minimum and maximum levels. Dominant mean 

levels were shown by K (3978 mg/kg), Ca (1279 mg/kg) and Mg (791.8 mg/kg), followed 

by Fe (111.2 mg/kg), Na (100.9 mg/kg), Mn (27.58 mg/kg), Sr (26.23 mg/kg), Pb (22.44 

mg/kg), Zn (13.75 mg/kg), Co (8.438 mg/kg), Cu (5.410 mg/kg), Cr (3.138 mg/kg), Cd 

(2.542 mg/kg) and Li (1.773 mg/kg). The decreasing trend of average metal levels in wild 

edible fruits showed following order K > Ca >Mg > Fe > Na > Mn > Sr > Pb > Zn > Co > 

Cu > Cr > Cd > Li. Quartile distribution of metals in wild edible fruits was also 

investigated and mentioned as a box and whisker plot in Figure 112. Ca, Na, Sr, Mn and 

Li exhibited broad and symmetrical distribution, whereas K, Fe, Co, Cr and Pb metals 

showed broad ranged asymmetrical spread in the quartile values. Narrow range 

distribution was observed in the case of Mg, Zn, Cu, and Cd.  

Among wild edible vegetables dominant mean levels were shown by Ca (16691 

mg/kg), K (5457 mg/kg) and Mg (996.0 mg/kg), followed by Na (768.2 mg/kg), Fe (544.7 

mg/kg), Sr (94.16 mg/kg), Mn (45.77 mg/kg), Zn (37.13 mg/kg), Pb (18.19 mg/kg), Cr 

(12.42 mg/kg), Co (10.63 mg/kg), Cu (8.322 mg/kg), Li (3.862 mg/kg) and Cd (3.316 

mg/kg). The decreasing trend of average metal levels in wild edible vegetables showed 

following order Ca > K >Mg > Na > Fe > Sr > Mn > Zn > Pb > Cr > Co > Cu > Li > Cd. 

Quartile distribution of metals in wild edible vegetables investigated and mentioned in 

Figure 112 as a box and whisker plot. Ca, Na, Sr, Zn and Co showed broad and 
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symmetrical distribution, whereas Fe, Cu, Mn, Li, Cr, Cd and Pb metals showed broad 

ranged asymmetrical spread in the quartile values. Narrow range distribution was observed 

in the case of Mg and K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 112. Quartile distribution of selected metals in the wild edible fruits and vegetables 
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Table 10. Statistical distribution parameters for selected metal level (mg/kg, dry weight) in 

wild edible fruits 

  Min Max Mean Median SD SE Skewness Kurtosis 

Ca 116.7 6217 1279 1084 1156 195.4 2.463 8.992 

Mg 336.2 1821 791.8 698.6 357.5 60.43 1.205 1.101 

Na 0.833 488.0 100.9 59.19 126.3 21.35 2.270 4.673 

K 36.35 7634 3978 5265 2828 478.0 -0.385 -1.704 

Sr 0.254 251.7 26.23 16.25 41.98 7.097 4.823 25.97 

Fe 12.33 345.3 111.2 79.24 89.50 15.13 1.397 1.191 

Zn 4.950 36.88 13.75 10.94 8.859 1.497 1.308 1.059 

Cu 1.954 10.49 5.410 5.248 2.289 0.387 0.434 -0.611 

Mn 0.693 109.2 27.58 19.91 23.81 4.024 1.484 2.721 

Li 0.050 5.800 1.773 1.300 1.504 0.254 1.126 0.531 

Co 1.696 17.58 8.438 7.297 3.879 0.656 0.503 -0.068 

Cr 0.090 10.46 3.136 2.098 2.546 0.430 1.047 0.513 

Cd 0.857 5.146 2.542 2.287 0.984 0.169 0.966 0.676 

Pb 0.100 48.51 22.44 21.51 16.36 2.892 0.178 -1.475 

 

 

Table 11. Statistical distribution parameters for selected metals (mg/kg dry weight) in wild 

edible vegetables 

 Min Max Mean Median SD SE Skewness Kurtosis 

Ca 1394 62827 16961 13919 15619 2328 0.937 0.263 

Mg 359.6 3294 996.0 845.8 599.0 89.30 2.616 7.164 

Na 8.762 3982 768.2 519.0 835.0 124.5 1.983 4.214 

K 1672 8600 5457 4911 1592 237.3 0.462 -0.373 

Sr 2.520 277.9 94.16 69.22 81.47 12.14 0.635 -0.802 

Fe 5.429 1503 544.7 503.0 384.4 57.31 0.972 0.681 

Zn 9.982 144.6 37.13 33.32 22.94 3.420 2.742 10.98 

Cu 0.534 17.75 8.322 8.483 4.078 0.608 0.235 -0.322 

Mn 3.619 246.5 45.77 45.30 37.86 5.644 3.505 17.66 

Li 0.242 10.69 3.862 2.997 2.834 0.422 0.988 0.223 

Co 0.050 35.66 10.63 7.039 10.35 1.543 1.139 0.199 

Cr 0.538 33.60 12.42 9.878 9.054 1.350 0.991 0.006 

Cd 0.185 6.990 3.316 3.227 1.617 0.259 0.063 0.021 

Pb 1.021 87.6 18.19 11.03 19.87 3.182 2.034 4.391 
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3.5.6 Correlation study of selected metals in wild edible fruits and vegetables 

Correlation coefficients among selected metal pairs were calculated to examine 

their inter-relationships in the wild fruits and vegetables samples as shown in the matrix 

(Tables 12 & 13). Among wild fruits species very strong positive correlations were 

observed for following pairs; Li-Cr (r = 0.683), Mn-Cr (r = 0.551) and Co-Cd (r = 0.501), 

whereas, considerably positive correlations were noted among Mg-Zn (r = 0.493), Cu-Cr 

(r = 0.460) and Na-Ca (r = 0.357). Negative correlations, demonstrating the contrasting 

distribution, were also showed by various metal pairs; K-Cr (r = -0.645) followed by Na-K 

(r = - 0.395) and Zn-Pb (r = -0.356). This aspect requires further investigation by 

multivariate statistics to discover the composite nature of the relationships and 

apportionment among the metals in the wild fruits. All other metals exhibited weak 

positive or weak negative relationships.  

 

Table 12. Correlation coefficient* matrix for selected metals in wild edible fruits  

 Ca Mg Na K Sr Fe Zn Cu Mn Li Co Cr Cd Pb 

Ca 1.000              

Mg 0.161 1.000             

Na -0.020 0.272 1.000            

K -0.055 0.182 -0.395 1.000           

Sr 0.149 -0.050 0.202 -0.405 1.000          

Fe -0.274 0.283 0.352 -0.200 -0.050 1.000         

Zn -0.110 0.493 0.091 0.212 -0.219 0.434 1.000        

Cu -0.020 0.142 0.357 -0.477 0.196 0.288 -0.014 1.000       

Mn -0.076 0.185 0.337 -0.606 -0.115 0.580 0.135 0.386 1.000      

Li -0.028 -0.018 0.029 -0.633 0.229 0.191 -0.098 0.440 0.478 1.000     

Co 0.000 0.066 0.074 0.092 -0.132 0.157 0.201 -0.127 0.236 0.257 1.000    

Cr 0.010 0.064 0.115 -0.647 0.304 0.277 -0.164 0.460 0.551 0.683 0.153 1.000   

Cd -0.059 0.283 0.278 0.112 -0.087 0.243 0.071 0.178 0.259 -0.043 0.501 -0.074 1.000  

Pb -0.034 0.009 0.229 -0.033 0.168 -0.133 -0.356 0.078 0.090 -0.205 0.002 0.250 0.336 1.000

* Bold r-values are significant at p < 0.01 

 

In the case of vegetables strongest positive correlations were observed for 

following pairs; Sr-Cr (r = 0.747), Ca-Sr (r = 0.724), Sr-Pb (r = 0.701), Cr-Pb (r = 0.680), 

K-Co (r = 0.671), Mg-Zn (r = 0.590), Na-Zn (r = 0.556), Mg-K (r = 0.556) and Cr-Cd (r = 

0.552), whereas, considerably positive correlations were noted among Sr-Cu (r = 0.492), 

Cu-Pb (r = 0.473) and Na-Cu (r = 0.390). Negative correlations, were also observed in 
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various metal pairs; Ca-K (r = -0.510) followed by Ca-Co (r = - 0.458) and K-Cr (r = -

0.409). All other metals exhibited weak positive or weak negative relationships.  

 

Table 13. Correlation coefficient* matrix for selected metals in wild edible vegetables 

 Ca Mg Na K Sr Fe Zn Cu Mn Li Co Cr Cd Pb 

Ca 1.000              

Mg -0.262 1.000             

Na 0.224 0.348 1.000            

K -0.510 0.556 0.032 1.000           

Sr 0.724 -0.297 0.292 -0.586 1.000          

Fe 0.015 -0.152 -0.011 -0.136 0.163 1.000         

Zn -0.067 0.590 0.556 0.225 -0.008 -0.009 1.000        

Cu 0.281 0.184 0.390 -0.064 0.492 0.172 0.395 1.000       

Mn 0.181 0.222 0.127 -0.118 0.049 0.323 0.100 0.062 1.000      

Li -0.020 -0.117 0.188 -0.021 0.285 0.189 -0.003 0.334 -0.253 1.000     

Co -0.458 0.385 0.034 0.671 -0.410 0.054 0.161 -0.023 -0.169 0.232 1.000    

Cr 0.369 -0.124 0.177 -0.409 0.747 0.183 -0.072 0.368 0.004 0.239 -0.019 1.000   

Cd -0.209 -0.080 0.133 0.009 0.104 0.056 -0.142 0.046 -0.313 0.276 0.281 0.552 1.000  

Pb 0.303 -0.060 0.285 -0.321 0.701 0.362 0.007 0.473 0.080 0.196 -0.211 0.680 0.310 1.000

* Bold r-values are significant at p < 0.01 

 

3.5.7 Correlation study of selected metals and macronutrients in wild edible fruits 

and vegetables 

Correlation coefficients among selected metal and macro-nutrients were intended 

to study their inter-relationships in the wild fruits and vegetables samples as shown in the 

matrix (Tables 14 & 15). Very strong positive correlation was observed for; Crude 

proteins-Zn (r = 0.663), whereas, significantly positive correlations were noted among K-

Moisture content (r = 0.472), Dry matter-Mn (r = 0.444) and Fib-Zn (r = 0.398). Negative 

correlations, representing the contrasting distribution, were also showed by various pairs; 

Dry matter-K (r = -0.472) followed by Carbohydrates-Zn (r = - 0.468) and Moisture 

content-Mn (r = -0.444). All other relationships between metals and nutrients contents of 

wild fruits were found either weak positive or weak negative. 
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Table 14. Correlation coefficient* matrix for selected metals and macronutrients in wild 

edible fruits  

 MC DM CP CF Carb Fib Ash EV 

Ca 0.066 -0.066 -0.084 -0.103 -0.041 0.107 0.198 -0.178 

Mg 0.228 -0.228 0.376 0.111 -0.439 0.328 0.403 -0.247 

Na -0.196 0.196 0.401 0.354 -0.179 -0.130 0.149 0.305 

K 0.472 -0.472 0.023 -0.046 -0.045 0.043 0.216 -0.094 

Sr -0.160 0.160 0.071 -0.035 0.092 -0.149 0.167 0.071 

Fe -0.185 0.185 0.395 0.060 -0.078 -0.010 -0.193 0.074 

Zn -0.049 0.049 0.663 0.038 -0.468 0.398 0.047 -0.296 

Cu -0.202 0.202 0.196 -0.004 -0.171 0.179 -0.034 -0.139 

Mn -0.444 0.444 0.150 0.226 -0.233 0.163 -0.232 0.048 

Li -0.218 0.218 -0.222 -0.037 0.035 0.079 -0.214 -0.054 

Co -0.182 0.182 0.024 0.249 -0.330 0.269 0.000 -0.055 

Cr -0.131 0.131 -0.176 -0.060 -0.142 0.288 -0.074 -0.254 

Cd -0.140 0.140 0.177 0.184 -0.146 -0.012 0.203 0.097 

Pb 0.262 -0.262 -0.319 0.063 0.030 -0.024 0.182 0.031 

* Bold r-values are significant at p < 0.01 

Table 15. Correlation coefficient* matrix for selected metals and macro-nutrients in wild 

edible vegetables 

  MC DM CP CF Carb Fib Ash EV 

Ca 0.070 -0.070 -0.156 -0.254 0.004 -0.070 0.333 -0.309 

Mg 0.019 -0.019 0.064 0.105 0.041 -0.344 -0.001 0.202 

Na 0.107 -0.107 -0.084 -0.041 0.020 -0.144 0.181 -0.088 

K 0.111 -0.111 0.153 0.165 -0.122 -0.223 0.120 0.057 

Sr -0.051 0.051 -0.100 -0.310 0.025 -0.077 0.224 -0.231 

Fe 0.220 -0.220 0.120 -0.007 -0.249 0.127 0.272 -0.290 

Zn 0.132 -0.132 -0.032 0.127 -0.022 0.012 0.054 -0.016 

Cu 0.253 -0.253 -0.109 0.117 -0.016 0.125 0.089 -0.104 

Mn -0.009 0.009 -0.134 0.064 -0.025 0.125 0.161 -0.178 

Li -0.167 0.167 0.184 -0.045 -0.141 0.045 0.008 -0.042 

Co -0.081 0.081 0.123 -0.118 -0.033 -0.247 0.068 0.035 

Cr  -0.174 0.174 -0.052 -0.349 0.139 -0.233 0.018 0.006 

Cd -0.200 0.200 0.144 -0.182 -0.022 -0.224 0.009 0.073 

Pb 0.002 -0.002 0.095 -0.204 -0.076 -0.080 0.114 -0.111 

* Bold r-values are significant at p < 0.01 
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In the case of wild edible vegetables strong positive correlations were observed 

for; Ash-Fe (r = 0.272) followed by Cu-Moisture content (r = 0.253) and Ash-Sr (r = 

0.224). Negative correlations were also showed by various pairs; Crude fats-Sr (r = -

0.310) followed by Energy value-Ca (r = - 0.309), Crude fats-Ca (r = -0.254) and Dry 

matter-Cu (r = -0.253). All other relationships between metals and nutrients were found 

either weak positive or weak negative. 

 

3.6 Multivariate Analysis of Selected Metals in Wild Edible Fruits and 

Vegetables  

Two multivariate statistical methods were applied for source identification and 

apportionment of selected metals in wild edible fruits during the present investigation, 

namely; Cluster Analysis (CA) and Principal Component Analysis (PCA). The CA using 

Ward’s method, for various fruits based on the resemblance in their elemental composition 

is shown in Figure 113.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 113. Cluster analysis of wild edible fruits 
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Four strong clusters of wild edible fruits were observed which, showed closed 

association to each other for their metallic constituents; first comprises Rosa brunonii, 

Ziziphus oxyphylla, Phonex sylvestris, second cluster consisted of Celtis australis, Rubus 

ellipticus, Ziziphus sativa, Olea ferruginea, Grewia optiva, Prunus armeniaca, Pyrus 

pashia, Prunus domestica, Punica granatum and Juglans regia, third contained Phonex 

dactylifera, Morus nigra, Ziziphus spina-christi, Morus laevigata, Morus alba, 

Zanthoxylum armatum and Ficus glomerata, while in fourth cluster consisted Vitis 

parvifolia, Ziziphus nummularia, Z. mauritiana, Vitis jacquemontii, Ficus palmata,  F. 

carica, Rubus ulmifolioius, Duchesnea indica, Opuntia dillenii, Myrsine africana, 

Viburnum foetens, Rosa moschata, Berberis lycium, Diospyros lotus and Pistacia 

integerrima. In the case of wild edible vegetables (Figure 114) three strong clusters were 

found prominent which, indicated closed association to each other for their metallic 

constituents; first comprises Vicia faba, Ficus palmata, Dioscorea deltoidea, Tulipa 

stellata, Dyropteris ramosa, Pimpinella diversifolia, Chenopodium album, Silene 

conoidea, Origanum vulgara, Bauhinia variegata,Stellaria media, Veronica arvensis, 

Nasturtium officinale, Solanum nigrum, Malva parviflora, Medicago polymorpha, 

Plantago lanceolata, Cichorium intybus, Oxalis corniculata, Lamium amplexicaule and 

Amaranthus viridis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 114. Cluster analysis of wild edible vegetables 
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Second cluster consists of Bistorta amplexicaulis, Commelina benghalensis, 

Galium aparine, Lathyrus aphaca, Evolvulus alsinoides, Rumex dentatus, Polygonum 

aviculare, Rumex hastatus, Melilotus indicus, Ficus carica, Melilotus alba, Taraxacum 

officinale and Amaranthus spinosus, third contained Portulaca quadrifida, Vicia sativa, 

Capsella bursa-pastoris, Launaea procumbens, Digeria muricata, Torilis leptophylla, 

Sonchus oleraceous, Sonchus asper, Bidens bipinnata and Amaranthus hybridus.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 115. Principal component analysis (PCA) of wild edible fruits  

 

Principal component analysis (PCA) of selected metal levels in the wild fruit 

samples was carried out for the identification and apportionment of the probable sources 

of the metals in the samples. PCA was performed by varimax normalized rotation on the 

dataset and the results are shown in Figure 114. Three major principal components (PC) of 

the metals explaining more than 70% variance of the data were identified indicating three 

major sources of the metals in wild edible fruits. First component comprised of Fe, Mn, 

Mg, Na and Cu which were mostly contributed by the natural lithogenic sources and 

derived from the crustal materials. Second component included Zn, Cr, Ca, Co, Sr and Li 

which were mostly derived from industrial and domestic wastes. Third component 
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revealed mutual association of Pb and Cd which were mainly contributed by the 

transportation sources particularly the automobile emissions. Among the selected metals, 

K (which is mostly derived from the fertilizers) was not strongly associated with any other 

metal thus showing least influence of agricultural activities on the metal levels in the 

fruits. Consequently, the PCA revealed significant anthropogenic pollution of the metals in 

wild fruits included in this study (Figure 115).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 116. Principal component analysis (PCA) of wild edible vegetables  

 

Principal component analysis was also carried out for the apportionment of 

selected metals in the wild vegetables samples employing varimax normalized rotation on 

the dataset as shown in Figure 115. Overall, four principal components were identified in 

the vegetables explaining more than 70% variance of the data. First component comprised 

of K, Cu, Na, Mg and Zn which were mostly contributed by the agricultural activities. The 

vegetable samples were collected mostly around the agricultural fields; thus the 

accumulation of these metals was mostly governed by the application of fertilizers and 

agricultural sprays. Second component exhibited close association among Ca and Mn 

which were mostly derived from natural lithogenic sources. Third component showed a 

mutual grouping of Pb, Cr, Fe and Sr which were mainly contributed by the transportation 
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sources. Fourth component consisted of Cd and Li which were mainly contributed by the 

industrial emissions/effluents. Hence, significant anthropogenic contribution of the metals 

was noted in the wild edible vegetables. Accumulation of the metals, particularly the toxic 

metals, may be associated with adverse health effects to the consumers (Figure 116). 

 

3.7 Phytochemical Screening of Wild Edible Fruits and Vegetables  

Phytochemicals are associated in the protection of human health against chronic 

degenerative diseases (Fukumoto and Mazza, 2000). Phytochemicals may be present in 

small amounts but play an important role in the health of consumers (Lako et al., 2007). 

Plant phenolics like phenolic acids, flavonoids, tannins, coumarins, lignans, xanthones and 

stilbenes are secondary metabolites with diverse chemical nature and potential (Liu, 2004). 

Accidental fire or prescribed burning activates secondary metabolism to produce phenolic 

compounds in plants. These compounds provide their worth as bio indicators of thermal 

stress (Cannac et al., 2007). Phenolic content of plant materials is associated with their 

antioxidant activity (Juan et al., 2010). The experimental data (fresh weight bases) of both 

water and acetone extracts showed large variations in total phenolics, flavonoids, flavonols 

and ascorbic acid contents of wild edible fruits and vegetables. 

 

3.7.1 Total phenolics in wild edible fruits and vegetables  

Total phenolic contents of analyzed samples of both fruits and vegetables in water 

and acetone extracts expressed as Gallic acid equivalents are presented in Figure 117. In 

the case of wild fruits water extracts of Juglans regia showed highest concentration (94.75 

mg GAE/100 g), followed by Grewia optiva (90.74 mg GAE/100 g) and Celtis australis 

(90.04 mg GAE/100 g). Significantly high phenolic contents were observed in Phoenix 

dactylifera (183.7 mg GAE/100 g), Pistacia integerrima (113.6 mg GAE/100 g) and 

Berberis lycium (103.0 mg GAE/100 g) in their acetone extracts. All other fruits showed 

phenolic contents ranged from (19.23 mg GAE/100 g) in Vitis parvifolia to (89.80 mg 

GAE/100 g) for Berberis lycium in water extracts and (8.460 mg GAE/100 g) in Prunus 

domestica to (82.92 mg GAE/100 g) in Rosa moschata for their acetone extracts. Batool et 

al. (2010) reported 33.30 GAE mg/g phenolic contents in the water extract of Zanthoxylum 

alatum fruits. 190.5 mg to 2352 mg GAE/100 g of total phenolics contents were recorded 

in the methanolic and acetone extracts of Diospyros mespiliformis, Ficus sycomorous, 

Prunus divericata, Rubus sanctus and Ziziphus mauritiana fruits (Motamed and Naghibi, 
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2010; Meda et al., 2008). According to Ozgen et al. (2009) fruits of Morus nigra and 

Morus rubra contained 1603 to 2737 µg GAE/g fresh weight of total phenolic contents. 

Imran et al. (2010) documented 880.0 to 1650 mg/100 g of total phenolics in Morus alba, 

M. nigra and M. laevigata. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 117. Phenolic contents of the wild fruits and vegetables 

 

Among wild edible vegetables water extract of Amaranthus viridis showed highest 

concentration (139.9 mg GAE/100 g), followed by Origanum vulgare (104.9 mg GAE/100 

g) and Plantago lanceolata (93.30 mg GAE/100 g). In the case of acetone extracts leaves 

of Ficus palmata showed significantly higher value (92.00 mg GAE/100 g) followed by 

Silene conoidea (68.00 mg GAE/100 g) and Melilotus indicus (64.69 mg GAE/100 g). All 

other vegetables samples showed phenolic contents ranged from (3.972 mg GAE/100 g) in 

Capsella bursa-pastoris to (63.80 mg GAE/100 g) for Chenopodium album in water 

extracts and (0.717 mg GAE/100 g) in Capsella bursa-pastoris to (47.86 mg GAE/100 g) 
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in Tulipa stellata for their acetone extracts. Jimoh et al. (2011) documented 5.00 to 10.71 

mg tannic acid/g of total phenolics in water and acetone extracts of Sonchus asper and 

Sonchus oleraceous. About .0.333 to 79.00 mg GAE/g of phenolics contents have been 

observed in acetonitrile, ethanolic, methanolic and water extracts of Amaranthus viridis, 

Portulaca oleracea, Origanum vulgare, Rumex tuberosus and Solanum nigrum (Barros et 

al., 2010; Andarwulan et al., 2010; Motamed and Naghibi, 2010; Lako et al., 2007). 

 

3.7.2 Total flavonoids in wild edible fruits and vegetables  

Flavonoids play imparting bright colors to flowers, fruits and berries (Brouillard 

and Dangles, 1993). In addition to their biological, nutraceutical and clinical effects 

(Maimoona et al., 2011), flavonoids including proanthocyanidins are implicated in various 

plant protection mechanisms (Stafford, 1988). These bioactive defense compounds are 

also responsible for plant responses to environmental hazards, such as temperature 

fluctuations (Alonso et al., 2002), air pollution (Gietych and Karolewski, 1993) and 

UVradiation (Tegelberg et al., 2004). Comparative evaluation of flavonoids contents of 

both water and acetone extracts (Figure 118) indicated that water extract of Rosa moschata 

exhibited highest flavonoids contents expressed as rutin equivalent (298.0 mg Rt/100 g), 

followed by Grewia optiva (291.0 mg Rt/100 g) and Berberis lycium (141.2 mg Rt/100 g). 

In the case of acetone extracts Phoenix dactylifera showed maximum concentration (309.8 

mg Rt/100 g) of flavonoids followed by Berberis lycium (171.5 mg Rt/100 g) and Myrsine 

africana (84.40 mg Rt/100 g). In the water extracts of all other fruits flavonoids contents 

ranged from (8.300 mg Rt/100 g) in Diospyros lotus to (113.3 mg Rt/100 g) in Viburnum 

foetens, whereas in acetone extracts they were from (6.500 mg Rt/100 g) in Prunus 

domestica to (83.30 mg Rt/100 g) in Zanthoxylum armatum. Batool et al. (2010) reported 

6.660 quercetin mg/g flavonoids contents in the water extract of Zanthoxylum alatum 

fruits. In the methanolic and acetone extracts of Diospyros mespiliformis, Ficus 

sycomorous, Prunus divaricata, Rubus sanctus and Ziziphus mauritiana flavonoids 

contents were varied from 22.40 to 92.55 mg quercetin/100 g (Motamed and Naghibi, 

2010; Meda et al., 2008).  

Among wild edible vegetables water extract of Origanum vulgare showed highest 

flavonoids contents (242.4 mg Rt/100 g), followed by Ficus palmata (141.53 mg Rt/100 

g) and Ficus carica (103.4 mg Rt/100 g). Origanum vulgare again showed maximum 

concentration (143.0 mg Rt/100 g) of flavonoids contents followed by Amaranthus viridis 

(71.24 mg Rt/100 g) and Bidens bipinnata (64.23 mg Rt/100 g) in their acetone extracts. 
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Jimoh et al. (2011) mentioned 0.630 to 1.090 mg tannic acid/g dry weight total flavonoids 

in water and acetone extracts of Sonchus asper and Sonchus oleraceous, whereas.0.300 to 

44.25 mg GAE/g of total flavonoids contents have been documented in acetonitrile, 

ethanolic, methanolic and water extracts of Amaranthus viridis, Portulaca oleracea, 

Origanum vulgare, Rumex tuberosus and Solanum nigrum (Barros et al., 2010; 

Andarwulan et al., 2010; Motamed and Naghibi, 2010; Lako et al., 2007). In the water 

extracts of all other vegetables flavonoids contents were ranged from (1.420 mg Rt/100 g) 

in Capsella bursa-pastoris to (98.12 mg Rt/100 g) in Pimpinella diversifolia, whereas in 

acetone extracts they flavonoids were from (2.340 mg Rt/100 g) in Capsella bursa-

pastoris to (61.21 mg Rt/100 g) in Ficus palmata. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 118. Flavonoids contents of the wild fruits and vegetables 

 

0

5
0

1
0

0

1
5

0

2
0

0

2
5

0

3
0

0

3
5

0

P. integerrima 

B. lycium

O. dillenii

V. foetens 

D. lotus 

J. regia 

F. carica 

F. glomerata 

F. palmata 

M. alba 

M. laevigata 

M. nigra 

M. africana 

O. ferruginea 

P. dactylifera 

P. sylvestris 

P. granatum 

Z. mauritiana   

Z. nummularia  

Z. oxyphylla 

Z. sativa

Z. spina-christi  

D. indica

P. armeniaca 

P. domestica

P. pashia 

R. brunonii 

R. moshata 

R. ellipticus 

R. ulmifolius 

Z. armatum 

G. optiva 

C. australis 

V. jacquemontii 

V. parvifolia 

Total Flavonoids (mg Rt/100 g, FW)

W
E

A
E

0

5
0

1
0
0

1
5
0

2
0
0

2
5
0

3
0
0

A. hybridus

A. spinosus 

A. viridis 

D. muricata 

D. ramosa 

B. bipinnata 

C. intybus 

L. procumbens 

S. asper 

S. oleraceous 

T. officinale 

B. malabaracum 

C. bursa-pastoris 

N. officinale 

B. variegata 

S. conoidea 

S. media 

C. album 

C. benghalensis 

E. alsinoides 

D. deltoidea 

L. amplexicaule 

O. vulgare 

T. stellata 

M. parviflora 

F. carica 

F. palmata 

O. corniculata 

L. aphaca 

M. polymorpha

M. alba 

M. indicus 

V. faba 

V. sativa 

P. lanceolata 

B. amplexicaulis 

P. aviculare 

R. dentatus 

R. hastatus 

P. quadrifida 

G. aparine 

V. arvensis 

S. nigrum 

P. diversifolia

T. leptophylla 

Total Flavonoids (mg Rt/100 g, FW)

W
E

A
E



Chapter 3             Results and Discussion 

Ethnobotanical and nutraceutical investigation of wild edible fruits & vegetables of Lesser Himalayas 
332 

3.7.3 Total flavonols of wild edible fruits and vegetables  

Flavonols contents in wild edible fruits and vegetables were also expressed as mg 

rutin equivalent/100 g fresh weight as mentioned in Figure 119 indicated that among wild 

edible fruits water extract of Olea ferruginea showed highest value of flavonols contents 

(85.03 mg RT/100 g) followed by Pistacia integerrima (69.46 mg Rt/100 g) and Morus 

laevigata (52.05 mg Rt/100 g), whereas minimum level was observed in Juglans regia 

(0.640 mg Rt/100 g).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 119. Flavonols contents of the wild fruits and vegetables 

 

Acetone extract of Rosa moschata contained maximum flavonols contents (199.6 

mg Rt/100 g), followed by Rosa brunonii (184.8 mg Rt/100 g) and Zanthoxylum armatum 

(168.4 mg Rt/100 g), while minimum level of flavonols was estimated in Duchesnea 
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indica (7.520 mg Rt/100 g). In the case of wild edible vegetables water extract of 

Origanum vulgare showed highest value of flavonols (168.8 mg Rt/100 g) followed by 

Ficus palmata (101.8 mg Rt/100 g) and Melilotus indicus (90.21 mg Rt/100 g), whereas 

lowest level was recorded in Capsella bursa-pastoris (2.160 mg Rt/100 g). Acetone 

extract of Ficus palmata contained maximum flavonol contents (142.6 mg Rt/100 g), 

followed by Amaranthus viridis (138.0 mg Rt/100 g) and Melilotus indicus (132.2 mg 

Rt/100 g), while minimum level of flavonols was estimated in Capsella bursa-pastoris 

(4.180 mg Rt/100 g). According to Jimoh et al. (2011) and Barros et al. (2010) flavonols 

contents varied from 0.004 to 0.780 mg quercetin/g dry weight in acetone, water and 

methanolic extracts of Solanum nigrum, Sonchus asper and Sonchus oleraceous. 

 

3.7.4 Ascorbic acid contents of wild edible fruits and vegetables  

Ascorbic acid contents of wild edible fruits and vegetables were expressed as mg 

ascorbic acid equivalent/100 fresh weight as give in Tables 22 & 23, whereas comparative 

analysis reported in Figure 120 showed that among wild fruits water extracts of Morus 

nigra, Pyrus pashia and Grewia optiva exhibited significant concentration (4.120 mg 

AAE/100 g), (3.770 mg AAE/100 g) and (3.650 mg AAE/100 g) of ascorbic acid contents 

respectively. According to Mahapatra et al. (2012), Ozgen et al. (2009) and Imran et al. 

(2010) ascorbic aicd contents in the fruits of Morus nigra, M. alba, M. laevigata, M. rubra 

and Ziziphus mauritaina varied from 0.400 to 36.01 mg/100 g fresh weight. Barros et al. 

(2010) mentioned 68.04 mg/100 ascorbic acid contents on dry weight basis in the fruits of 

different Rose species. In the case of wild edible vegetables water extracts of Melilotus 

indicus, Silene conoidea and Ficus palmata exhibited significant concentration (2.570 mg 

AAE/100 g), (2.510 mg AAE/100 g) and (2.160 mg AAE/100 g) of ascorbic acid contents 

respectively. Similarly maximum concentration of ascorbic acid was observed in the 

acetone extract of Melilotus indicus (2.110 mg AAE/100 g), followed by Silene conoidea 

(2.050 mg AAE/100 g) and Ficus palmata (1.820 mg AAE/100 g). Capsella bursa-

pastoris once again showed lowest concentration of ascorbic acid in both water and 

acetone extracts (0.150 mg AAE/100 g) and (0.142 mg AAE/100 g) respectively. 

Mostly phytochemicals constituents investigated during present study in wild 

edible fruits and vegetables were found in the range of reported literature, however 

varirations in the chemical composition of wild edible fruits and vegetables were also 

observed which may be due to prevailing environmental conditions, age of the plants at 

collection time and uptake of nutrients from soil.  



Chapter 3             Results and Discussion 

Ethnobotanical and nutraceutical investigation of wild edible fruits & vegetables of Lesser Himalayas 
334 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 120. Ascorbic acid contents of the wild fruits and vegetables 

 

3.7.5 Distribution of the phytochemicals in wild edible fruits and vegetables 

Basic statistical parameters associated with distribution of selected phytochemicals 

(Fresh weight) in wild edible fruits and vegetables of Lesser Himalayas are mentioned in 

Tables 16 & 17. Among wild edible fruits dominant mean levels were shown by total 
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phenolics (AE) > total flavonols (WE) > ascorbic acid (WE) > ascorbic acid (AE).  
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Table 16. Statistical distribution parameters for the phytochemicals (fresh weight) in wild 

edible fruits of Lesser Himalayas 

  

TP 

(WE) 

TP 

(AE) 

TF 

(WE) 

TF  

(AE) 

TFL 

(WE) 

TFL 

(AE) 

AA 

(WE) 

AA 

(AE) 

Min 18.94 8.459 8.330 6.549 0.639 7.518 0.559 0.262 

Max 94.75 183.7 298.0 309.8 85.03 199.6 4.117 3.558 

Mean 61.67 44.12 60.85 47.59 22.98 65.14 1.948 1.139 

Median 65.54 31.73 37.95 30.80 15.81 55.11 1.919 1.083 

SD 23.84 36.56 66.67 55.65 19.66 47.04 0.933 0.674 

SE 4.030 6.179 11.27 9.407 3.324 7.951 0.158 0.114 

Skewness -0.316 1.987 2.655 3.542 1.507 1.334 0.675 1.681 

Kurtosis -1.304 5.200 7.504 14.955 2.071 1.766 -0.007 4.129 

 

Table 17. Statistical distribution parameters for selected phytochemicals (Fresh weight) in 

wild edible vegetables of Lesser Himalayas 

  

TP 

(WE) 

TP 

(AE) 

TF 

(WE) 

TF 

(AE) 

TFL 

(WE) 

TFL 

(AE) 

AA 

(WE) 

AA 

(AE) 

Min 3.872 0.717 1.416 2.345 2.158 4.182 0.154 0.144 

Max 139.9 47.86 242.5 143.0 168.9 142.7 2.567 2.107 

Mean 36.44 12.20 40.43 33.88 25.41 51.55 1.150 1.032 

Median 28.12 9.018 27.39 30.76 14.95 39.52 0.994 0.929 

SD 28.63 10.20 42.99 22.23 30.22 36.06 0.506 0.462 

SE 4.268 1.521 6.409 3.314 4.505 5.376 0.075 0.069 

Skewness 1.661 2.045 2.799 2.814 3.157 1.161 0.950 0.532 

Kurtosis 3.209 4.293 10.65 12.57 11.79 0.468 1.134 -0.386 

Key:  TP. Total phenolics (mg GAE/100 g, FW), TF. Total flavonoids (mg Rt/100 g, FW), TFL. Total 

flavonols (mg Rt/100 g, FW), AA. Ascorbic acid (mg AA/100 g, FW), WE. Water extract, AE. 

Acetone extract, FW. Fresh weight  

 

In the case of wild vegetables dominant mean levels were shown by total flavonols 

in acetone extract (51.55 mg Rt/100 g, FW), total flavonoids in water extract (40.43 mg 

Rt/100 g, FW) and total phenolics in water extract (36.44 mg GAE/100 g, FW), followed 

by total flavonoids in acetone extract (33.88 mg Rt/100 g, FW), total flavonols in water 

extract (25.51 mg Rt/100 g, FW), total phenolics in acetone extract (12.20 mg GAE/100 g, 
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FW),  ascorbic acid in water extract (1.150 mg AA/100 g, FW) and ascorbic acid in 

acetone extract (1.032 mg AA/100 g, FW). The decreasing trend of average phytochemical 

levels in wild edible fruits showed following order total flavonols (AE) > total flavonoids 

(WE) > total phenolics (WE) > total phenolics (AE) > total flavonoids (AE) > total 

flavonols (WE) > total phenolics (AE) > ascorbic acid (WE) > ascorbic acid (AE). 

 

3.7.6 Correlation study of the phytochemicals in wild edible fruits and vegetables 

Correlation coefficients among phytochemicals pairs were calculated to examine 

their inter-relationships in the wild fruits and vegetables samples as shown in the matrix 

(Tables 18 & 19). In the case of vegetables very strong positive correlations were observed 

for following pairs; total phenolics in acetone extract-total flavonoids in acetone extract (r 

= 0.785), ascorbic acid in water extract-ascorbic acid in acetone extract (r = 0.644), total 

flavonols in water extract-ascorbic acid in water extract (r = 0.633), and total phenolics in 

water extract-ascorbic acid in water extract (r = 0.514), whereas, considerably positive 

correlations were noted among total flavonols in water extract-ascorbic acid in acetone 

extract (r = 0.467), total flavonoids in water extract-total flavonols in acetone extract (r = 

0.450) and total phenolics in water extract-total flavonoids in acetone extract (r = 0.406). 

Negative correlation, demonstrating the contrasting distribution, was observed only in 

total phenolics in acetone extract-ascorbic acid in water extract (r = -0.022). All other 

phytochemicals exhibited weak positive relationships.  

Among wild edible vegetables very strong positive correlations were observed for 

following pairs; ascorbic acid in water extract-ascorbic acid in acetone extract (r = 0.930), 

total flavonoids in water extract-total flavonoids in acetone extract (r = 0.807), total 

flavonoids in water extract-total flavonols in water extract (r = 0.799), total flavonoids in 

acetone extract-total flavonols in water extract (r = 0.725), total flavonols in acetone 

extract-ascorbic acid in acetone extract (r = 0.718), total phenolics water extract-ascorbic 

acid acetone extract (r = 0.661), total flavonoids in acetone extract-total flavonols in 

acetone extract (r = 0.657), total phenolics water extract-total flavonols in acetone extract 

(r = 0.649), total phenolics in acetone extract-total flavonoids in water extract (r = 0.643), 

total phenolics in water extract-total flavonoids in water extract (r = 0.632), total phenolics 

in water extract-total flavonoids in acetone extract (r = 0.629),  total phenolics in water 

extract-ascorbic acid in water extract (r = 0.627), total flavonols in acetone extract- 

ascorbic acid in water extract (r = 0.621),  total phenolics in acetone extract-total flavonols 

in water extract (r = 0.584),  total flavonols in water extract- ascorbic acid in acetone 
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extract (r = 0.555), total flavonols in water extract- ascorbic acid in water extract (r = 

0.546), total flavonoids in water extract- total flavonols in acetone extract (r = 0.526), total 

flavonols in water extract-total flavonols in acetone extract (r = 0.522) and total flavonoids 

in water extract-ascorbic acid in acetone extract (r = 0.506). Significant negative 

correlation was not observed among any pair. 

 

Table 18. Correlation coefficient* matrix for phytochemicals in wild edible fruits 

  
TP 

(WE) 
TP 

(AE) 
TF 

(WE) 
TF 

(AE) 
TFL 
(WE) 

TFL 
(AE) 

AA 
(WE) 

AA 
(AE) 

TP (WE) 1.000        

TP (AE) 0.254 1.000       

TF (WE) 0.399 0.229 1.000      

TF (AE) 0.406 0.785 0.277 1.000     

TFL (WE) 0.344 0.029 0.217 0.055 1.000    

TFL (AE) 0.326 0.338 0.450 0.357 0.071 1.000   

AA (WE) 0.514 -0.022 0.333 0.167 0.633 0.134 1.000  

AA (AE) 0.345 0.112 0.069 0.188 0.467 0.060 0.644 1.000 

*Bold r-values are significant at p < 0.01 

 

 

Table 19. Correlation coefficient* matrix for phytochemicals in wild edible vegetables 

  
TP 

(WE) 
TP 

(AE) 
TF 

(WE) 
TF 

(AE) 
TFL 
(WE) 

TFL 
(AE) 

AA 
(WE) 

AA 
(AE) 

TP (WE) 1.000               

TP (AE) 0.447 1.000             

TF (WE) 0.632 0.643 1.000           

TF (AE) 0.629 0.619 0.807 1.000         

TFL (WE) 0.584 0.400 0.799 0.725 1.000       

TFL (AE) 0.649 0.358 0.526 0.657 0.522 1.000     

AA (WE) 0.627 0.092 0.388 0.339 0.546 0.621 1.000   

AA (AE) 0.661 0.317 0.506 0.486 0.555 0.718 0.930 1.000 

*Bold r-values are significant at p < 0.01 

Key:  TP. Total phenolics (mg GAE/100 g, FW), TF. Total flavonoids (mg Rt/100 g, FW), TFL. Total 

flavonols (mg Rt/100 g, FW), AA. Ascorbic acid (mg AA/100 g, FW), WE. Water extract, AE. 

Acetone extract, FW. Fresh weight.   
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3.8 Antioxidant Activity of Wild Edible Fruits and Vegetables 

During the present investigation six diverse types of antioxidant assays including 

DPPH (2,2–diphenyl–1–picrylhydrazyl) scavenging activity, OH- radical scavenging 

activity, H2O2 scavenging activity, Fe(II) ion chelating activity, FRAP (ferric ion reducing 

antioxidant power) and Phosphomolybdenum assay were performed. 

 

3.8.1 DPPH scavenging activity 

The stable radical DPPH has been used widely for the determination of primary 

antioxidant activity of pure antioxidant compounds, fruits and other foods (Wong et al., 

2006). DPPH is a stable free radical at room temperature and accepts an electron or 

hydrogen radical to form a stable diamagnetic molecule. DPPH radical is scavenged by 

antioxidants through the donation of a proton forming the reduced DPPH. The color 

changes from purple to yellow after reduction, which can be quantified by its decrease of 

absorbance at wavelength 517 nm. Radical scavenging activity increased with increasing 

percentage of the free radical inhibition (Huang et al., 2005). DPPH scavenging activity of 

both water and acetone extracts of wild edible fruits and vegetables have been reported in 

Figure 121 which indicated that among wild fruits species water extract of Rosa brunonii 

exhibited highest DPPH scavenging activity (92.51 %), followed by Rosa moshata (91.89 

%) and Vitis jacquemontii (89.31 %), whereas Ficus carica showed lowest activity (12.65 

%). DPPH scavenging activity was ranged from 33.78 % to 88.57 % in the water extracts 

of all other fruits samples. In the case of acetone extract maximum DPPH activity was 

showed by Ziziphus mauritiana (95.16 %), followed by Diospyros lotus (94.63 %) and 

Ziziphus nummularia (94.42 %), whereas minimum activity was observed in the acetone 

extract of Celtis australis (54.11 %). Acetone extracts of all other fruit samples showed 

DPPH activity ranged from 62.21 % to 94.11 %. Batool et al. (2010) mentioned that 

ethnolic extract of Zanthoxylum alatum showed 60.00 % DPPH scavenging activity, 

whereas methonolic extracts of the fruits of Rubus sanctus and Prunus divaricata showed 

21.50 % to 83.27 % DPPH scavenging activity (Motamed et al. 2010).  

In the case of wild vegetables water extract of Oxalis corniculata showed 

maximum DPPH scavenging activity (79.84 %), followed by Solanum nigrum (73.16 %) 

and Melilotus alba (72.90 %), whereas Veronica arvensis showed lowest value (21.50 %). 

DPPH scavenging activity was ranged from 25.50 % to 71.43 % in the water extracts of all  

other fruits samples. The acetone extract of Bauhinia variegata exhibited highest DPPH 
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activity (85.34 %), followed by Bombax malabaracum (81.59 %) and Tulipa stellata 

(74.41 %), whereas minimum activity was observed in the acetone extract of Oxalis 

corniculata (12.95 %). Acetone extracts of all other fruit samples showed DPPH activity 

ranged from 20.90 % to 68.33 %. Jimoh et al. (2011), Jimoh et al. (2010) Motamed et al. 

(2010) and Odhav et al. (2007) mentioned that in acetone, methanol and water extracts of 

Amaranthus spinosus, Amaranthus viridis, Bidens pilosa, Origanum vulgare,Portulaca 

oleracea, Rumex tuberosus, Solanum nigrum, Sonchus asper and Sonchus oleraceous 

DPPH scavenging activity was varied from 56.1 % to 92.90 %.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 121. DPPH scavenging activity of the wild fruits and vegetables 
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3.8.2 Hydroxyl radical scavenging activity 

The hydroxyl radical is the most active in the reactive oxygen species, and it can 

cause most damage to the organism (Balaban et al., 2005). This radical can react with 

array of molecules including proteins, lipids, polypeptides and nuclear acids, to cause 

oxidative damages and cell necrosis or mutations (Klaunig and Kamendulis, 2004; Shi et 

al., 2004). Results of OH- radical scavenging activity of both fruits and vegetables are 

mentioned in Figure 122 which indicated that among wild fruits water extract of Ziziphus 

nummularia showed highest activity (79.70 %) followed by Viburnum foetens (75.9 %) 

and Diospyros lotus (75.3 %), whereas lowest activity was observed in Grewia optiva 

(13.10 %). Water extracts of all other fruits showed OH- activity ranged from 16.10 % to 

72.20 %.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 122. OH- scavenging activity of the wild fruits and vegetables 
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In the case of acetone extracts maximum OH- activity was observed in Prunus 

domestica (79.10 %), followed by Pyrus pashia (76.70 %) and Ziziphus sativa (73.60 %), 

whereas acetone extract of Viburnum foetens exhibited lowest activity (9.800 %). All other 

acetone extracts of wild fruits showed 11.20 % to 72.60 % potential. According to Batool 

et al. (2010) ethnolic extract of Zanthoxylum alatum showed 50.00 % OH- radical 

scavenging activity.  

Results of wild vegetables indicated that water extract of Sonchus oleraceous 

showed highest hydroxyl radical scavenging activity (63.28 %) followed by Chenopodium 

album and Evolvulus alsinoides (57.97 %) each and Medicago polymorpha (55.69 %), 

whereas lowest potential was observed in Cichorium intybus (0.466 %). In the water 

extracts of Bidens bipinnata, Bombax malabaracum, Silene conoidea, Origanum vulgare, 

Ficus palmata, Melilotus alba and Pimpinella diversifolia OH- activity was below 

detection limit. The acetone extract of Dioscorea deltoidea exhibited maximum OH- 

activity (72.24 %), followed by Evolvulus alsinoides (45.77 %) and Melilotus alba (44.48 

%), while acetone extract of Launaea procumbens exhibited lowest activity (2.990 %). 

Results for acetone extracts of Amaranthus viridis, Sonchus asper, Sonchus oleraceous, 

Chenopodium album, Origanum vulgare, Bistorta amplexicaulis Rumex hastatus, Rumex 

dentatus, Veronica arvensis and Solanum nigrum were below detection limit.  

 

3.8.3 Hydrogen peroxide scavenging activity 

Hydrogen peroxide is a weak oxidizing agent and can inactivate a few enzymes 

directly. It can cross cell membranes quickly, and reacts with Fe 2+ and Cu 2+ ions within 

the cell to form hydroxyl radical which may be the origin of many of its toxic effects 

(Miller et al., 1993). H2O2 scavenging activity of wild fruits is mentioned in Figure 123. 

Water extract of Ziziphus spina-christi showed highly significant H2O2 scavenging 

potential (84.18 %) whereas, Grewia optiva exhibited lowest value (9.096 %).  In the 

water extracts of all other fruits H2O2 activity was ranged from 29.20 % to 83.58 % 

(Figure 123). H2O2 scavenging activity was found again highest in the acetone extract of 

Ziziphus spina-christi (77.13 %) and lowest in Phoenix dactylifera 3.929 %, whereas in 

the case of Vitis jacquemontii it was below detection limit (BDL). In all other acetone 

extracts of analyzed fruits samples it was ranged from 12.33 % to 75.24 %.  

H2O2 scavenging activity of wild vegetables is mentioned in Table 29 indicated 

that water extract of Vicia sativa showed highly significant H2O2 scavenging activity 

(97.74 %), followed by Dioscorea deltoidea (87.55 %) and Amaranthus viridis (82.26 %), 
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whereas Lathyrus aphaca exhibited lowest value (8.230 %). In the water extracts of other 

fruits H2O2 activity was ranged from 25.36 % to 80.68 % (Figure 123), but in the case of 

Origanum vulgare and Ficus palmate results were below detection limit. H2O2 scavenging 

activity was found highest in the acetone extract of Dioscorea deltoidea (73.30 %) and 

lowest in Rumex hastatus (9.730 %), whereas in all other acetone extracts of analyzed 

samples values were ranged from 16.70 % to 70.90 %.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 123. H2O2 scavenging activity of the wild fruits and vegetables 
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implicated in many diseases (Halliwell and Gutteridge, 1990). Fe (II) ions chelating 

activity of wild fruits is reported in Figure 124. It was found that water extract of 

Duchesnea indica showed maximum (59.13 %) potential followed by Phoenix sylvestris 

(53.16 %) and Zanthoxylum armatum (50.43 %). Morus laevigata exhibited lowest value 

(10.93 %) while; value for water extract of Morus nigra was below detection limit (Figure 

124). In the case of acetone extract very significant chelating power has been observed in 

Ziziphus spina-christi (44.67 %), Opuntia dillenii (41.08 %) and Ficus glomerata (39.77 

%) respectively, whereas lowest activity was shown by Juglans regia (0.175 %). Batool et 

al. (2010) mentioned 60.00 % Fe+2 chelating activity in the ethanolic extract of 

Zanthoxylum alatum which is similar to that of observed during present investigation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 124. Fe2+ chelating activity of the wild fruits and vegetables 
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Fe (II) ions chelating activity of wild edible vegetables is mentioned in Table 29. It 

was found that water extract of Rumex hastatus showed maximum (94.86 %) potential 

followed by Oxalis corniculata (91.35 %) and Capsella bursa-pastoris (77.30 %). 

Cichorium intybus exhibited lowest value (0.324 %) while; value for Galium aparine was 

below detection limit (Figure 124). In the case of acetone extract significant chelating 

power has been observed in Dioscorea deltoidea, Dyropteris ramose and Amaranthus 

spinosus (57.68 %, 55.69 %, and 53.81 %) respectively, whereas Fe (II) ions chelating 

activity was found below detection limit in the acetone extracts of Sonchus oleraceous, 

Nasturtium officinale, Commelina benghalensis, Lamium amplexicaule, Origanum 

vulgare, Tulipa stellata, Ficus carica, Lathyrus aphaca, Vicia sativa, Galium aparine and 

Solanum nigrum.  

 

3.8.5 Ferric ion reducing antioxidant power (FRAP) 

FRAP is a simple test to measure antioxidant capability. This method was 

primarily developed to assay plasma antioxidant capacity, but can be used with plant 

extracts too (Gourine et al., 2010). FRAP assay measures the reducing capacity of 

antioxidants against oxidative effects of reactive oxygen species. The anti-oxidative 

activity is estimated by measuring the increase in absorbance caused by the formation of 

ferrous ions from FRAP reagent containing TPTZ (2,4,6-Tri(2-pyridyl)-s-triazine) and 

FeCl3.6H2O. The absorbance is measured at 595 nm (Benzie and Strain, 1996). Results of 

ferric ion reducing antioxidant power (FRAP) of the wild edible fruits are reported in 

Table 30. Water extracts of Pyrus pashia, Olea ferruginea and Celtis australis showed 

highest concentration 108.0 µM GAE/100 g, 93.85 µM GAE/100 g and 90.93 µM 

GAE/100 g respectively (Figure 125), whereas Viburnum foetens exhibited lowest value 

4.350 µM GAE/100 g. In the case of acetone extract maximum activity was observed in 

Rosa moschata (133.7 µM GAE/100 g), followed by Myrsine africana (132.3 µM 

GAE/100 g) and Zanthoxylum armatum (123.3 µM GAE/100 g), while Morus laevigata 

showed lowest concentration (16.12 µM GAE/100 g). According to Meda et al. (2008) 

ferric ion reducing antioxidant power was varied from 3.701 to 18.28 mmol AEAC/100 g 

in acetone and methonolic extracts of Diospyros mespiliformis, Ficus sycomorus and 

Ziziphus mauritiana. Ozgen et a., (2009) documenmted 6.400 to 12.90 µM TE/g potential 

in the fruits of Morus nigra and Morus rubra during FRAP assay.  

Ferric ion reducing antioxidant power (FRAP) of the wild edible vegetables 

mentioned in Tables 31 showed that water extracts of Melilotus indicus, Origanum 
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vulgare and Ficus palmata showed highest concentration 56.55 µM GAE/100 g, 54.04 µM 

GAE/100 g and 41.08 µM GAE/100 g respectively (Figure 125), whereas Chenopodium 

album exhibited lowest value 0.070 µM GAE/100 g. The acetone extract of Bauhinia 

variegata showed maximum value (41.17 µM GAE/100 g), followed by Origanum 

vulgare (34.80 µM GAE/100 g) and Bidens bipinnata (34.19 µM GAE/100 g), while 

Taraxacum officinale showed lowest concentration (1.910 µM GAE/100 g). According to 

Andarwulan et al. (2010) 24.60 µM TE/g potential has been observed in the leaves of 

Portulaca oleracea.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 125. FRAP assay of the wild fruits and vegetables 

 

3.8.6 Phosphomolybdenium complex assay (PM)  

The total antioxidant capacity (TAC) of the samples was measured by 

Phosphomolybdenum method, which is based on the reduction of Mo (VI) to Mo (V) by 

the sample analyte and the successive formation of green phosphate / Mo (V) compounds 

with an utmost absorption at 695 nm (Prieto et al., 1999). The phosphomolybdenum 
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method generally detects antioxidants such as ascorbic acid, some phenolics, tocopherols 

and carotenoids (Miladi and Damak, 2008). Results of Phosphomolybdenum assay was 

expressed as µM AAE/100 g, FW Tables 30. The comparative assessment of both water 

and acetone extracts of wild edible fruits mentioned in Figure 126 indicated that in the 

case of water extracts significant activity was shown by Celtis australis (243.2 µM 

AAE/100 g), followed by Myrsine africana (212.8 µM AAE/100 g) and Grewia optiva 

(183.6 µM AAE/100 g), while Punica granatum showed lowest value (18.29 µM 

AAE/100 g). Acetone extracts of Phoenix dactylifera (375.9 µM AAE/100 g), Myrsine 

africana (374.6 µM AAE/100 g) and Berberis lycium (332.0 µM AAE/100 g) showed 

highest potential, whereas Celtis australis exhibited minimum value (60.50 µM AAE/100 

g). According to Batool et al. (2010) ethnolic extract of Zanthoxylum alatum exhibited 

120.0 µg/mL potential during Phosphomolybdenum assay.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 126. Phosphomolybdenum assay of the wild fruits and vegetables 
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The comparative assessment of both water and acetone extracts of wild vegetables 

mentioned in Figure 126 demonstrated that in the case of water extracts significant 

potential was shown by Melilotus indicus (208.7 µM AAE/100 g), followed by Silene 

conoidea (163.0 µM AAE/100 g) and Origanum vulgare (160.8 µM AAE/100 g) duting 

phosphomolybdenium activity. Water extract of Rumex hastatus showed lowest value 

(0.914 µM AAE/100 g), while in the case of Oxalis corniculata value was below detection 

limit.. Acetone extracts of Bauhinia variegata (173.5 µM AAE/100 g), Polygonum 

aviculare (166.2 µM AAE/100 g) and Origanum vulgare (164.0 µM AAE/100 g) showed 

highest potential, whereas Capsella bursa-pastoris exhibited minimum value (8.500 µM 

AAE/100 g).  

 

3.8.7 Distribution pattern of antioxidant activity in wild edible fruits and vegetables 

Basic statistical parameters related to the distribution of antioxidant activity are 

mentioned in Table 20. In the case of wild fruits, dominant mean levels (164.4 µM 

AAE/100 g, FW) and (119.3 µM AAE/100 g, FW) were shown by PMA both in acetone 

and water extracts respectively, followed by DPPH activity in acetone extract (86.20 %), 

FRAP assay in acetone extract (68.53 µM GAE/100 g, FW), DPPH activity in water 

extract (67.07 %), H2O2 assay in water extract (63.83 %),  OH- activity in water extract 

(56.27 %), FRAP assay in water extract (54.24 µM GAE/100 g, FW), H2O2 assay in 

acetone extract (46.25 %), OH- activity in acetone extract (44.96 %), Fe2+ chelating assay 

in water extract (34.00 %) and Fe2+ chelating assay in acetone extract (22.54 %). The 

decreasing trend of average antioxidant activity in wild edible fruits showed following 

order PMA (AE) > PMA (WE) > DPPH (AE) > FRAP (AE) > DPPH (WE) > H2O2 (WE) 

> OH- (WE) > FRAP (WE) > H2O2 (AE) > OH- (AE) > Fe2+ (WE) > and Fe2+ (AE). 

Among wild vegetables dominant mean levels (85.74 µM AAE/100 g, FW) and 

(67.81 µM AAE/100 g, FW) were shown by Phosphomolybdenium assay (PMA) both in 

acetone and water extracts respectively (Table 21), followed by H2O2 assay in water 

extract (60.31 %), H2O2 assay in acetone extract (58.23 %), DPPH activity in water extract 

(53.50 %), Fe2+ chelating assay in water extract (48.55 %), DPPH activity in acetone 

extract (47.59 %), OH- activity in water extract (35.86 %), Fe2+ chelating assay in acetone 

extract (34.00 %), OH- activity in acetone extract (20.65 %), FRAP assay in water extract 

(18.96 µM GAE/100 g, FW) and FRAP assay in acetone extract (13.82 µM GAE/100 g, 

FW). The decreasing trend of average antioxidant activity in wild edible fruits showed 

following order PMA (AE) > PMA (WE) > H2O2 (WE) > H2O2 > DPPH (WE) > Fe2+ 
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(WE) >DPPH (AE) >OH- (WE) > Fe2+ (AE) > FRAP (WE) > FRAP (AE) (AE). 

 

 

Table 20. Statistical distribution parameters for antioxidant activity in wild edible fruits 

 Min Max Mean Median SD SE Skewness Kurtosis

DPPH (WE) % 12.65 92.51 67.07 67.44 19.54 3.302 -0.852 0.345 

DPPH (AE) % 54.11 95.16 86.2 90.11 9.659 1.633 -1.721 2.999 

OH- (WE) % 13.08 79.75 56.27 64.12 17.59 2.973 -1.05 0.279 

OH- (AE) % 9.838 79.05 44.96 45.49 21.45 3.626 -0.218 -1.185 

H2O2 (WE) % 9.096 84.18 63.83 67.79 17.38 2.938 -1.315 1.651 

H2O2 (AE) % 3.929 77.13 46.25 50.67 19.97 3.424 -0.375 -0.823 

Fe2+ (WE) % 10.92 59.13 34.00 36.43 11.83 2.029 -0.277 -0.188 

Fe2+ (AE) % 0.175 44.67 22.54 24.83 13.63 2.305 -0.228 -1.332 

FRAP (WE) 4.35 108 54.24 58.27 25.02 4.229 -0.096 -0.397 

FRAP (AE) 16.12 146.3 68.53 60.43 34.47 5.827 0.669 -0.336 

PMA (WE) 18.29 243.2 119.8 131.09 55.46 9.374 -0.099 -0.519 

PMA (AE) 60.5 497.9 164.4 116.5 106.9 18.07 1.364 1.412 

Key: WE. Water extract, AE. Acetone extract, FRAP (µM GAE/100 g, FW), PMA. (µM AAE/100 g, FW) 

 

 

Table 21. Statistical distribution parameters for antioxidant activity in wild edible 

vegetables 

 Min Max Mean Median SD SE Skewness Kurtosis

DPPH (WE) % 27.9 79.84 53.3 58.21 19 2.832 -1.975 6.33 

DPPH (AE) % 12.95 85.34 47.59 47.74 15.39 2.294 0.195 0.282 

OH- (WE) % 0.455 63.28 35.86 37.25 15.19 2.465 -0.239 -0.621 

OH- (AE) % 2.985 72.24 20.65 13.28 16.44 2.861 1.172 1.298 

H2O2 (WE) % 8.226 97.74 60.31 60.75 15.54 2.370 -0.754 2.840 

H2O2 (AE) % 9.730 73.31 58.23 60.62 11.61 1.730 -2.711 9.311 

Fe2+ (WE) % 3.243 94.86 48.55 52.7 22.83 3.441 -0.379 -0.284 

Fe2+ (AE) % 0.117 57.68 34.00 35.87 16.11 2.893 -0.587 -0.576 

FRAP (WE) 0.065 56.55 18.96 19.53 14.52 2.165 0.441 -0.027 

FRAP (AE) 0.852 41.17 13.82 11.95 9.688 1.444 1.006 0.575 

PMA (WE) 0.914 208.7 67.81 64.53 45.04 6.791 0.782 1.252 

PMA (AE) 8.5 173.5 85.74 79.24 42.78 6.377 0.294 -0.804 

Key: WE. Water extract, AE. Acetone extract, FRAP (µM GAE/100 g, FW), PMA. (µM AAE/100 g, FW) 
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3.8.8 Correlation study of antioxidant activity in wild edible fruits and vegetables 

Correlation coefficients among antioxidant activity were calculated to examine 

their inter-relationships in the wild fruits samples as shown in the matrix (Table 22). Very 

strong positive correlations were observed for following pairs; FRAP assay in acetone 

extract-PMA assay in acetone extract (r = 0.695), FRAP assay in water extract-PMA assay 

in water extract (r = 0.674), OH-   activity in water extract- H2O2 activity in water extract (r 

= 0.609), whereas, considerably positive correlations were found among OH-   activity in 

acetone extract- Fe2+ chelating activity in acetone extract (r = 0.495) and FRAP assay in 

water extract- PMA assay in acetone extract (r = 0.472). Negative correlation, 

demonstrating the contrasting distribution, were also observed in between different pairs; 

DPPH activity in acetone extract-PMA assay in water extract (r = -0.467), H2O2 activity in 

acetone extract- Fe2+ chelating activity in water extract (r = -0.396) and DPPH activity in 

acetone extract-FRAP assay in water extract (r = -0.311). All other phytochemicals 

exhibited weak positive or weak negative relationships. 

 

Table 22. Correlation coefficient* matrix for antioxidant activities in wild edible fruits 

 
DPPH 

(WE) 

DPPH 

(AE) 

OH-  

(WE) 

OH-  

(AE)

H2O2  

(WE) 

H2O2  

(AE) 

Fe2+ 

(WE)

Fe2+ 

(AE)

FRAP 

(WE) 

FRAP 

(AE) 

PMA 

(WE) 

PMA 

(AE) 

DPPH (WE) 1.000            

DPPH (AE) 0.120 1.000           

OH-  (WE) 0.340 0.138 1.000          

OH-  (AE) 0.122 -0.107 -0.078 1.000         

H2O2  (WE) 0.390 0.155 0.609 0.118 1.000        

H2O2 (AE 0.107 -0.202 0.142 0.241 0.345 1.000       

Fe2+ (WE) 0.464 0.247 0.047 -0.064 0.124 -0.396 1.000      

Fe2+ (AE) 0.062 0.128 0.084 0.495 0.256 0.465 0.053 1.000     

FRAP (WE) 0.113 -0.311 -0.036 0.339 0.296 0.161 0.151 0.234 1.000    

FRAP (AE) 0.191 0.206 0.114 -0.213 0.290 -0.276 0.456 0.084 0.446 1.000   

PMA  (WE) -0.265 -0.467 -0.079 0.124 0.065 0.027 -0.132 -0.076 0.674 0.306 1.000  

PMA  (AE) 0.058 0.032 0.288 0.089 0.273 -0.207 0.150 0.122 0.472 0.695 0.463 1.000

* Bold r-values are significant at p < 0.01 

 

In the case of wild edible vegetables (Table 23) very strong positive correlations 

were observed for following pairs; FRAP assay in acetone extract-PMA assay in acetone 

extract (r = 0.817), FRAP assay in water extract-PMA assay in acetone extract (r = 0.589), 

DPPH activity in water extract- OH-   activity in water extract (r = 0.535), OH- activity in 
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acetone extract- Fe2+ chelating activity in water extract (r = 0.524), DPPH activity in water 

extract- Fe2+ chelating activity in water extract (r = -0.508), FRAP assay in water extract- 

FRAP assay in acetone extract (r = -0.508). Negative correlations were also observed in 

between different pairs; H2O2 activity in acetone extract-FRAP assay in acetone extract (r 

= -0.459), OH- activity in acetone extract- FRAP assay in acetone extract (r = -0.352) and 

Fe2+ chelating activity in water extract- PMA assay in water extract (r = -0.309. All other 

phytochemicals exhibited weak positive or weak negative relationships.  

 

Table 23. Correlation coefficient* matrix for antioxidant activities in wild edible 

vegetables 

 
DPPH 

(WE) 

DPPH 

(AE) 

OH-  

(WE) 

OH-  

(AE)

H2O2  

(WE) 

H2O2  

(AE) 

Fe2+ 

(WE)

Fe2+ 

(AE)

FRAP 

(WE) 

FRAP 

(AE) 

PMA 

(WE) 

PMA 

(AE) 

DPPH (WE) 1.000            

DPPH (AE) 0.124 1.000           

OH-  (WE) 0.535 0.178 1.000          

OH-  (AE) 0.419 0.224 0.405 1.000         

H2O2  (WE) 0.021 0.031 0.254 0.296 1.000        

H2O2 (AE -0.096 -0.098 -0.160 0.239 -0.057 1.000       

Fe2+ (WE) 0.508 -0.131 0.524 0.330 0.287 -0.327 1.000      

Fe2+ (AE) 0.110 0.483 -0.123 0.359 -0.174 0.157 0.024 1.000     

FRAP (WE) 0.253 0.410 0.208 0.055 -0.204 -0.048 -0.157 0.056 1.000    

FRAP (AE) 0.220 0.226 0.133 -0.352 0.020 -0.459 0.056 -0.139 0.508 1.000   

PMA  (WE) 0.288 0.273 0.136 0.157 -0.260 0.255 -0.309 0.003 0.753 0.408 1.000  

PMA  (AE) 0.204 0.309 0.231 -0.243 -0.126 -0.461 0.032 -0.078 0.589 0.817 0.483 1.000

* Bold r-values are significant at p < 0.01 

 

3.8.9 Correlation study of phytochemicals and antioxidant activity in wild edible 

fruits and vegetables 

Correlation coefficients among phytochemicals and antioxidant activity of wild 

edible fruits and vegetables were calculated to examine their inter-relationships as 

mentioned in the matrix (Tables 24 & 25). Among wild fruits very strong positive 

correlations were observed for following pairs; ascorbic acid contents in acetone extract-

FRAP assay in water extract (r = 0.779), total phenolics in acetone extract-FRAP assay in 

acetone extract (r = 0.715), total flavonoids in acetone extract-PMA assay in acetone 

extract (r = 0.688), total flavonoids in acetone extract-FRAP assay in acetone extract (r = 

0.657), ascorbic acid contents in water extract-FRAP assay in water extract (r = 0.642), 
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ascorbic acid contents in water extract-PMA assay in water extract (r = 0.627), total 

flavonols in acetone extract-FRAP assay in acetone extract (r = 0.608), total phenolics  in 

acetone extract-PMA assay in acetone extract (r = 0.600), total phenolics in water extract-

FRAP assay in water extract (r = 0.559) and total phenolics in extract-PMA assay in water 

extract (r = 0.519). Negative correlation, demonstrating the contrasting distribution, were 

also observed in between different pairs; total flavonols in water extract-DPPH activity in 

acetone extract (r = -0.503), total flavonoids in water extract- H2O2 activity in water 

extract (r = -0.373) and ascorbic acid contents in water extract - OH-   activity in water 

extract (r = -0.368).  All other relationships between phytochemicals and antioxidant 

activity were either weak positive or weak negative. 

 

 

Table 24. Correlation coefficient* matrix for phytochemicals and antioxidant activity in 

wild edible fruits 

  

TP 

(WE) 

TP 

(AE) 

TF 

(WE) 

TF 

(AE) 

TFL 

(WE) 

TFL 

(AE) 

AA 

(WE) 

AA 

(AE) 

DPPH (WE) -0.122 0.184 -0.140 -0.004 -0.290 0.084 -0.330 0.144 

DPPH (AE) -0.238 0.180 -0.205 -0.082 -0.503 0.158 -0.318 -0.199 

OH-  (WE) -0.322 0.100 -0.279 -0.005 -0.331 0.148 -0.368 -0.042 

OH-  (AE) -0.103 -0.281 -0.061 -0.194 -0.069 -0.333 0.286 0.312 

H2O2  (WE) -0.105 0.163 -0.373 0.089 -0.142 0.226 -0.111 0.197 

H2O2 (AE) -0.132 -0.194 -0.159 -0.279 0.024 -0.028 0.057 0.057 

Fe2+  (WE) 0.075 0.324 -0.118 0.269 -0.135 0.169 -0.297 0.251 

Fe2+ (AE) -0.031 0.210 -0.205 0.051 -0.140 -0.181 0.086 0.191 

FRAP (WE) 0.559 0.256 0.132 0.351 0.450 0.169 0.642 0.779 

FRAP (AE) 0.453 0.715 0.254 0.657 0.098 0.608 0.108 0.305 

PMA  (WE) 0.519 0.091 0.356 0.379 0.478 0.195 0.627 0.357 

PMA  (AE) 0.273 0.600 0.243 0.688 -0.052 0.352 0.221 0.283 

*Bold r-values are significant at p < 0.01 

Key:  TP. Total phenolics (mg GAE/100 g, FW), TF. Total flavonoids (mg Rt/100 g, FW), TFL. Total 

flavonols (mg Rt/100 g, FW), AA. Ascorbic acid (mg AA/100 g, FW), FRAP (µM GAE/100 g, 

FW), PMA. Phosphomolybdenium assay (µM AAE/100 g, FW), WE. Water extract, AE. Acetone 

extract, FW. Fresh weight 
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Table 25. Correlation coefficient* matrix for phytochemicals and antioxidant activity in 

wild edible fruits 

 

TP 

(WE) 

TP 

(AE) 

TF 

(WE) 

TF 

(AE) 

TFL 

(WE) 

TFL 

(AE) 

AA 

(WE) 

AA 

(AE) 

DPPH (WE) 0.166 0.184 0.083 0.079 0.075 0.263 0.221 0.250 

DPPH (AE) 0.081 0.318 0.148 -0.030 0.127 0.063 0.264 0.286 

OH-  (WE) 0.025 0.142 -0.014 0.176 0.051 0.258 0.212 0.306 

OH-  (AE) 0.053 -0.178 -0.220 -0.463 -0.075 -0.213 0.223 0.176 

H2O2  (WE) -0.249 -0.069 -0.339 -0.134 -0.579 0.021 -0.217 -0.128 

H2O2 (AE) -0.077 -0.659 -0.114 -0.194 0.097 -0.074 0.254 0.084 

Fe2+  (WE) -0.245 0.025 -0.286 -0.212 -0.412 -0.018 -0.214 -0.104 

Fe2+ (AE) -0.137 0.010 0.058 -0.408 0.047 -0.363 0.055 0.049 

FRAP (WE) 0.460 0.600 0.617 0.493 0.599 0.497 0.564 0.643 

FRAP (AE) 0.547 0.754 0.558 0.673 0.267 0.648 0.279 0.474 

PMA  (WE) 0.587 0.276 0.551 0.504 0.670 0.627 0.807 0.795 

PMA  (AE) 0.623 0.758 0.559 0.666 0.430 0.690 0.515 0.680 

* Bold r-values are significant at p < 0.01 

Key:  TP. Total phenolics (mg GAE/100 g, FW), TF. Total flavonoids (mg Rt/100 g, FW), TFL. Total 

flavonols (mg Rt/100 g, FW), AA. Ascorbic acid (mg AA/100 g, FW), FRAP (µM GAE/100 g, 

FW), PMA. Phosphomolybdenium assay (µM AAE/100 g, FW), WE. Water extract, AE. Acetone 

extract, FW. Fresh weight. 

 

In the case of wild edible vegetables very strong positive correlations were 

observed for following pairs; ascorbic acid contents in water extract-PMA assay in water 

extract (r = 0.805), Ascorbic acid in acetone extract-PMA assay in water extract (r = 

0.795), total phenolics in acetone extract-PMA assay in acetone extract (r = 0.758), total 

phenolics in acetone extract -FRAP assay in acetone extract (r = 0.754), total flavonols in 

acetone extract-PMA assay in acetone extract (r = 0.690), ascorbic acid contents in 

acetone extract-PMA assay in acetone extract (r = 0.680), total flavonoids in acetone 

extract and FRAP assay in acetone extract (r = 673), total flavonols in water extract-PMA 

assay in water extract (r = 0.670), total flavonoids in acetone extract-PMA assay in 

acetone extract (r = 0.666), total flavonols in acetone extract-FRAP assay in acetone 

extract (r = 0.648) ascorbic acid in acetone extract and FRAP in water extract (r = 0. 643), 

total flavonols in acetone extract-FRAP assay in water extract (r = 0.627), total phenolics 
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in water extract-PMA assay in acetone extract (r = 0.623), total flavonoids in water 

extract-FRAP assay in water extract (r = 0.617), total phenolics in acetone extract-FRAP 

assay in water extract (r = 0.600). Negative correlation, representing the contrasting 

distribution, were also observed in between different pairs; total phenolics in acetone 

extract- H2O2 activity in acetone extract (r = -0.659), total flavonols in water extract- H2O2 

activity in water extract (r = -0.579) and total flavonols contents in water extract - OH- 

activity in acetone extract (r = -0.463). 

 

3.8.10  Correlation study of nutrients, phytochemicals and antioxidant activity of 

wild edible fruits and vegetables 

Correlation coefficients among nutrients, phytochemicals and antioxidant activity 

of wild edible fruits and vegetables were carried out to study their inter-relationships as 

shown in the matrix (Tables 26 & 27). In the case of fruit samples significantly highest 

positive correlation was observed in; crude fibres- Fe2+ chelating activity in water extract 

(r = 0.535), followed by Dry matter-FRAP assay in water extract (r = 0.492), crude fibres-

FRAP assay in acetone extract (r = 0.485), Dry matter-FRAP assay in water extract (r = 

0.472) and Dry matter-ascorbic acid contents in acetone extract (r = 0.447). Negative 

correlations, representing the contrasting distribution, were observed in; moisture 

contents-total phenolics in water extract (r = -0.492), moisture contents-FRAP assay in 

water extract (r = -0.472), crude proteins- H2O2 activity in water extract (r = -0.451), 

energy value- Fe2+ chelating activity in water extract (r = -0.451) and moisture contents-

ascorbic acid contents in acetone extract (r = -0.447). All other relationships between 

nutrient, phytochemicals and antioxidant activity were found either weak positive or weak 

negative.  

In the majority of cases dry matter content of wild vegetables showed (Table 27) 

very strong positive correlations with phytochemicals and antioxidant activity; Dry matter-

AA in acetone extract (r = 0.790), Dry matter-AA in water extract (r = 0.705), Dry matter-

PMA in water extract (r = 0.668), Dry matter-total flavonoids in water extract (r = 0.616), 

Dry matter-total flavonols in acetone extract (r = 0.599), Dry matter-total flavonols in 

water extract (r = 0.541), Dry matter-FRAP in water extract (r = 0.529), Dry matter-total 

flavonoids in acetone extract (r = 0.523), Dry matter-total phenolics in water extract (r = 

0.511) and Dry matter-PMA in acetone extract (r = 0.494), whereas, significantly positive 

correlations were also noted among carbohydrates-FRAP in water extract (r = 0.449) and 

carbohydrates-DPPH in water extract (r = 0.407). Negative correlations, representing the 
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contrasting distribution, were mostly showed by moisture contents with AA in water 

extract, AA in acetone extract, PMA in water extract, total flavonols in acetone extract, 

total flavonols in water extract and FRAP in water extract (r = -0.790), (r = -0.705), (r = -

0.668), (r = -0.599), (r = -0.541) and (r = -0.529) respectively. All other relationships 

between nutrient, phytochemicals and antioxidant activity were found either weak positive 

or weak negative. 

 

Table 26. Correlation coefficient* matrix for nutrients, phytochemicals and antioxidant 

activity of wild edible fruits 

* Bold r-values are significant at p < 0.01 

Key: TP. Total phenolics (mg GAE/100 g, FW), TF. Total flavonoids (mg Rt/100 g, FW), TFL. Total flavonols (mg 

Rt/100 g, FW), AA. Ascorbic acid (mg AA/100 g, FW), FRAP (µM GAE/100 g, FW), PMA. Phosphomolybdenium 

assay (µM AAE/100 g, FW), FW. Fresh weight, WE. Water extract, AE. Acetones extract, MC. Moisture content, DM. 

Dry matter, CP. Crude proteins, CF. Crude fats, Carb. Carbohydrates, Fib. Fibers, EV. Energy value.  

 

 MC  DM CP CF Carb Fib Ash EV 

TP (WE) -0.492 0.492 0.212 0.176 -0.275  0.203 -0.069 -0.039 

TP (AE) -0.220 0.220 -0.277 -0.216 -0.084  0.310 0.095 -0.394 

TF (WE) -0.280 0.280 0.270 -0.142 -0.148  0.184 0.140 -0.255 

TF (AE) -0.246 0.246 -0.204 -0.216 -0.112  0.280 0.341 -0.406 

TFL (WE) -0.392 0.392 0.041 0.151 -0.134  0.114 -0.247 0.042 

TFL (AE) -0.127 0.127 -0.071 -0.023 -0.291  0.398 0.107 -0.343 

AA (WE) -0.300 0.300 -0.075 -0.028 0.154 -0.149 -0.084 0.112 

AA (AE) -0.447 0.447 -0.296 0.085 -0.052  0.134 -0.201 -0.023 

DPPH (WE) -0.005 0.005 -0.301 -0.024 0.042  0.053 -0.048 -0.050 

DPPH (AE) 0.214 -0.214 -0.074 -0.024 -0.053  0.145 -0.213 -0.098 

OH-  (WE) 0.141 -0.141 -0.379 0.016 0.225 -0.190 -0.053 0.167 

OH-  (AE) 0.093 -0.093 -0.198 -0.151 0.391 -0.400 0.203 0.190 

H2O2  (WE) -0.101 0.101 -0.451 0.151 0.119 -0.096 -0.172 0.195 

H2O2  (AE 0.312 -0.312 -0.368 0.026 0.329 -0.320 -0.155 0.290 

Fe2+ (WE) -0.093 0.093 -0.026 0.008 -0.433  0.535 0.229 -0.451 

Fe2+ (AE) 0.276 -0.276 -0.399 -0.104 0.257 -0.196 0.192 0.061 

FRAP (WE) -0.472 0.472 -0.319 -0.067 0.075  0.039 -0.034 -0.068 

FRAP (AE) -0.339 0.339 -0.229 -0.093 -0.270  0.485 -0.028 -0.436 

PMA (WE) -0.311 0.311 -0.044 -0.182 0.172 -0.112 0.083 -0.039 

PMA (AE) -0.255 0.255 -0.362 -0.333 0.175  0.054 0.162 -0.276 
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Table 27. Correlation coefficient* matrix for nutrients, phytochemicals and antioxidant 

activity of wild edible vegetables 

 MC DM CP CF Carb Fib Ash EV 

TP (WE) -0.511 0.511 -0.070 -0.017 0.196 -0.154 -0.211 0.246 

TP (AE) -0.293 0.293 -0.350 0.034 0.385 0.076 -0.344 0.255 

TF (WE) -0.616 0.616 -0.235 -0.012 0.319 -0.004 -0.318 0.261 

TF (AE) -0.523 0.523 -0.230 -0.006 0.254 -0.127 -0.114 0.156 

TFL (WE) -0.541 0.541 -0.194 0.014 0.270 -0.110 -0.218 0.239 

TFL (AE) -0.599 0.599 -0.205 -0.082 0.314 -0.197 -0.215 0.253 

AA (WE) -0.705 0.705 -0.224 -0.115 0.283 -0.118 -0.161 0.160 

AA (AE) -0.790 0.790 -0.262 -0.136 0.343 -0.153 -0.204 0.207 

DPPH (WE) -0.292 0.292 -0.398 0.101 0.407 -0.009 -0.287 0.269 

DPPH (AE) -0.240 0.240 -0.090 -0.146 0.277 -0.071 -0.369 0.300 

OH-  (WE) -0.252 0.252 -0.153 -0.083 0.107 0.031 0.010 -0.047 

OH-  (AE) -0.227 0.227 -0.225 -0.172 0.387 -0.372 -0.224 0.321 

H2O2  (WE) -0.017 0.017 -0.089 -0.314 0.042 -0.140 0.215 -0.196 

H2O2  (AE -0.108 0.108 0.226 -0.124 -0.205 -0.086 0.180 -0.140 

Fe2+ (WE) 0.114 -0.114 -0.237 0.050 0.147 0.037 0.011 -0.014 

Fe2+ (AE) -0.047 0.047 0.142 -0.371 -0.023 -0.107 -0.017 -0.019 

FRAP (WE) -0.529 0.529 -0.335 -0.032 0.449 -0.067 -0.398 0.353 

FRAP (AE) -0.441 0.441 -0.271 -0.063 0.322 -0.026 -0.242 0.195 

PMA (WE) -0.668 0.668 -0.209 0.028 0.363 -0.148 -0.373 0.390 

PMA (AE) -0.494 0.494 -0.315 -0.055 0.327 0.099 -0.264 0.154 

* Bold r-values are significant at p < 0.01  

Key: TP. Total phenolics (mg GAE/100 g, FW), TF. Total flavonoids (mg Rt/100 g, FW), TFL. Total 

flavonols (mg Rt/100 g, FW), AA. Ascorbic acid (mg AA/100 g, FW), FRAP (µM GAE/100 g, FW), PMA. 

Phosphomolybdenium assay (µM AAE/100 g, FW), FW. Fresh weight, WE. Water extract, AE. Acetones 

extract, MC. Moisture content, DM. Dry matter, CP. Crude proteins, CF. Crude fats, Carb. Carbohydrates, 

Fib. Fibers, EV. Energy value 

 

3.8.11 Correlation study of metals, phytochemicals and antioxidant activity of wild 

edible fruits and vegetables  

Correlation coefficients among metals, phytochemicals and antioxidant activity of 

wild edible fruits and vegetables were calculated to examine their inter-relationships as 

shown in Tables 28 & 29. Among wild fruits strong positive correlations were observed 

for following pairs; Ca-total flavonols contents in acetone extract (r = 0.435), K-OH- 
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activity in water extract (r = 0.372), Ca-OH- activity in water extract (r = 0.368), Pb-DPPH   

activity in water extract (r = 0.347) and Sr-PMA in water extract (r = 0.334). Negative 

correlations, demonstrating the contrasting distribution, were also observed in between 

different pairs; Sr-DPPH   activity in acetone extract (r = -0.508), Pb-total flavonols 

contents in water extract (r = -0.476), Cu-PMA assay in acetone extract (r = -0.428) and 

Na-total flavonols contents in acetone extract (r = -0.380). All other relationships between 

metals, phytochemicals and antioxidant activity were either weak positive or weak 

negative.  

 

 

Table 28. Correlation coefficient* matrix for metals, phytochemicals and antioxidant 

activity in wild edible fruits 

 Ca Mg Na K Sr Fe Zn Cu Mn Li Co Cr Cd Pb 

TP (WE) -0.142 -0.023 -0.026 -0.061 0.112 0.073 0.209 -0.117 0.173 -0.177 -0.007 0.015 -0.199 -0.192

TP (AE) 0.012 -0.279 -0.257 0.048 -0.124 -0.251 -0.150 0.084 -0.189 -0.107 -0.091 -0.044 -0.171 -0.030

TF (WE) -0.035 -0.028 -0.139 -0.077 0.010 -0.262 0.172 -0.018 -0.159 -0.198 -0.242 -0.154 -0.162 -0.090

TF (AE) -0.100 -0.129 -0.174 0.113 0.050 -0.208 -0.041 0.071 -0.205 -0.153 -0.037 -0.099 -0.050 0.003

TFL (WE) -0.088 -0.153 -0.112 -0.158 0.235 -0.058 0.026 -0.249 -0.109 0.191 0.258 -0.037 -0.210 -0.476

TFL (AE) 0.435 0.006 -0.380 0.136 -0.007 -0.328 0.009 0.020 -0.123 -0.001 0.164 0.054 -0.083 -0.074

AA (WE) -0.167 -0.230 -0.170 -0.134 0.077 -0.087 0.010 -0.245 -0.085 0.093 0.036 0.025 -0.280 -0.271

AA (AE) -0.081 -0.196 -0.008 -0.300 0.164 -0.119 -0.165 -0.060 0.030 0.252 0.098 0.260 -0.218 -0.137

DPPH (WE) 0.154 -0.222 0.092 -0.181 0.264 -0.157 -0.319 0.135 -0.009 0.138 -0.121 0.276 -0.167 0.347

DPPH (AE) 0.080 -0.177 -0.139 0.170 -0.508 -0.164 -0.131 0.151 0.063 -0.138 0.076 0.040 0.120 0.289

OH-  (WE) 0.368 -0.155 -0.112 0.372 -0.167 -0.194 -0.257 -0.085 -0.357 -0.162 -0.079 -0.337 -0.049 -0.042

OH-  (AE) -0.157 0.030 0.174 -0.184 0.031 -0.010 -0.113 -0.227 0.073 0.204 0.074 0.211 -0.056 0.200

H2O2  (WE) 0.197 -0.166 0.028 0.151 -0.003 -0.075 -0.295 -0.058 -0.114 0.102 0.237 0.054 0.092 0.234

H2O2  (AE -0.010 0.082 -0.154 0.102 0.089 -0.165 -0.159 -0.277 -0.165 0.123 -0.036 0.021 -0.027 0.271

Fe2+ (WE) 0.194 0.091 0.052 0.031 0.113 -0.141 -0.091 0.061 0.053 -0.041 0.158 0.189 0.047 0.124

Fe2+ (AE) -0.084 0.072 0.048 0.146 -0.190 -0.131 -0.127 -0.218 -0.152 0.009 0.154 0.079 0.015 0.259

FRAP (WE) 0.012 -0.244 -0.173 -0.155 0.240 -0.141 -0.126 -0.321 -0.028 0.060 0.076 0.166 -0.251 -0.081

FRAP (AE) 0.159 -0.261 -0.280 -0.005 -0.094 -0.265 0.001 -0.067 -0.062 -0.011 0.111 0.067 -0.259 -0.134

PMA (WE) 0.059 -0.180 -0.242 0.068 0.334 -0.242 0.043 -0.428 -0.337 -0.154 -0.143 -0.215 -0.332 -0.335

PMA (AE) 0.225 -0.341 -0.185 -0.001 -0.137 -0.279 -0.102 -0.216 -0.141 -0.111 -0.017 -0.157 -0.157 -0.077

* Bold r-values are significant at p < 0.01 
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Table 29. Correlation coefficient* matrix for metals, phytochemicals and antioxidant 

activity in wild edible vegetables 

 Ca Mg Na K Sr Fe Zn Cu Mn Li Co Cr Cd Pb 

TP (WE) -0.286 0.225 -0.151 0.118 -0.285 -0.275 0.012 -0.285 -0.155 -0.049 0.205 -0.127 -0.011 -0.125

TP (AE) -0.193 0.069 -0.032 0.012 -0.166 -0.345 -0.033 0.061 -0.042 -0.049 0.050 -0.131 -0.060 -0.116

TF (WE) -0.246 0.011 -0.164 -0.010 -0.288 -0.159 -0.064 -0.317 0.009 -0.058 0.063 -0.145 -0.018 -0.154

TF (AE) -0.092 0.250 -0.014 0.145 -0.152 -0.233 0.124 -0.165 0.108 -0.203 0.063 -0.080 -0.096 -0.086

TFL (WE) -0.203 -0.011 -0.087 -0.021 -0.190 -0.128 -0.120 -0.449 -0.025 -0.128 -0.024 -0.097 0.032 -0.105

TFL (AE) 0.012 0.257 0.102 -0.110 0.014 -0.285 0.266 -0.177 -0.019 -0.046 -0.037 0.092 0.098 -0.007

AA (WE) -0.054 -0.042 -0.024 -0.124 0.072 -0.148 -0.088 -0.286 -0.151 0.061 0.164 0.255 0.276 0.121

AA (AE) -0.015 -0.024 -0.035 -0.143 0.110 -0.273 -0.064 -0.243 -0.148 0.031 0.100 0.236 0.236 0.097

DPPH (WE) 0.018 0.135 0.140 -0.188 0.199 -0.193 0.218 0.173 -0.048 -0.003 -0.204 0.140 0.036 0.111

DPPH (AE) 0.047 -0.263 -0.217 -0.312 0.138 -0.148 -0.261 -0.080 -0.230 0.288 0.046 0.151 -0.071 0.075

OH-  (WE) 0.329 -0.114 0.361 -0.342 0.420 -0.090 0.140 0.215 -0.065 0.110 -0.329 0.151 -0.048 0.088

OH-  (AE) -0.036 -0.208 -0.026 -0.132 0.196 -0.102 -0.304 0.027 -0.315 0.073 0.001 0.215 0.094 -0.012

H2O2  (WE) 0.270 0.082 0.236 -0.139 0.308 -0.121 0.121 0.302 0.167 0.163 -0.124 0.125 -0.206 -0.044

H2O2  (AE 0.091 -0.112 -0.143 -0.156 0.104 0.078 -0.134 -0.378 0.009 -0.017 -0.105 0.192 0.141 0.015

Fe2+ (WE) 0.224 0.077 0.206 -0.186 0.329 0.023 0.220 0.497 0.042 0.037 -0.192 0.098 -0.068 0.132

Fe2+ (AE) -0.219 -0.268 -0.266 -0.020 0.057 0.052 -0.311 -0.184 -0.051 0.197 0.299 0.278 0.296 0.230

FRAP (WE) -0.004 -0.157 0.069 -0.263 0.052 -0.324 -0.184 -0.185 -0.073 0.043 -0.049 0.121 0.199 -0.029

FRAP (AE) -0.048 0.165 -0.039 -0.008 -0.089 -0.322 0.172 0.028 -0.020 0.003 0.176 0.009 0.020 -0.129

PMA (WE) -0.115 0.056 -0.034 -0.081 -0.058 -0.387 -0.061 -0.308 -0.212 0.013 0.122 0.190 0.286 -0.096

PMA (AE) -0.106 0.124 -0.003 -0.019 -0.017 -0.247 0.152 0.023 0.012 0.012 0.134 0.039 -0.045 0.038

* Bold r-values are significant at p < 0.01 

 

In the case of wild edible vegetables (Table 29) significant positive correlations 

were observed for following pairs; Cu-Fe2+ activity in water extract (r = 0.497), Sr-OH-   

activity in water extract (r = 0.420), Na-OH-   activity in water extract (r = 0.361), Ca-OH- 

activity in water extract (r = 0.329), Sr-H2O2 activity in water extract (r = 0.308) and Cu-

H2O2 activity in water extract (r = 0.302). Negative correlations, were also observed in 

between different pairs; Fe-PMA assay in water extract (r = -0.387), Cu-H2O2 activity in 

acetone extract (r = -0.378) and Fe-total phenolics in acetone extracts (r = -0.345). All 

other relationships were either weak positive or weak negative. 
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3.9 Salient Findings 

Following are the major findings that emerged from the present study: 

 The tradition of using wild edible plants is still alive in the populace of Lesser 

Himalayas, but sweeping changes in the way of their existence have strictly eroded 

knowledge relating to the utilization and management of wild food resources, 

which needs to be studied before it is too late.  

 Present work indicated that patterns of wild edible plant usage depend mainly on 

socio-economic factors rather than climatic conditions or wealth of flora. 

 Use reports and citations of the majority of wild edible plants, demonstrated that 

there is a common cultural heritage in the investigated areas regarding the gathered 

food plants, because most of the quoted taxa are the same and their cultural worth 

is comparable.  

 Cultural values, fads and flavor preference are the factors influencing the 

consumption or rejection of wild plants. 

 Highest cultural importance index (CI) was calculated for Morus nigra, Morus 

alba, Olea ferruginea, Berberis lycium and Pyrus pashia among wild edible fruits 

and for Ficus carica, Ficus palmata, Bauhinia variegata and Solanum nigrum 

among the vegetables. 

 Among wild fruits, Juglans regia, Opuntia dillenii, Ziziphus nummularia, Berberis 

lycium, Pistacia integerrima, Phoenix dactylifera and in wild vegetbales 

Cichorium intybus, Launaea procumbens, Tulipa stellata, Dyropteris ramosa, 

Sonchus oleraceous and Lathyrus aphaca exhibited highest nutritional potential. 

These plants can contribute appreciably to the nutrient requirement of the 

consumers and should be used as nutrient supliments to other main sources.  

 In the case of selected metals, highest average levels were observed for K, 

followed by Ca, Mg, Na, Fe and Mn while lowest levels were noted for Li, Cd and 

Cr in the fruit and vegetable samples.  

 Correlation study showed random variation of the metals in fruits and vegetables. 

 Many species of wild edible fruits and vegetables were investigated first time for 

their phytochemical constituents and antioxidant potential including Pistacia 

integerrima, Viburnum foetens, Myrsine africana, Olea ferruginea, Phoenix 

dactylifera, Pyrus pashia, Rosa brunonii, Ziziphus oxyphylla, Ziziphus sativa, 

Duchesnea indica, Rubus ellipticus, Grewia optiva, Celtis australis, Vitis 
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jacquemontii, Vitis parvifolia among the wild fruits, and Digeria muricata, 

Dyropteris ramosa, Taraxacum officinale, Bombax malabaracum, Capsella bursa-

pastoris, Bauhinia variegata, Silene conoidea, Commelina benghalensis, Evolvulus 

alsinoides, Dioscorea deltoidea, Lamium amplexicaule, Tulipa stellata, Oxalis 

corniculata, Lathyrus aphaca, Melilotus alba, Melilotus indicus, Vicia faba, Vicia 

sativa, Bistorta amplexicaulis, Polygonum aviculare, Portulaca quadrifida, 

Galium aparine, Veronica arvensis, Pimpinella diversifolia and Torilis leptophylla 

in the case of wild edible vegetables.  

 Significantly higher phytochemical contents and antioxidant activities were noted 

in Phoenix dactylifera, Juglans regia, Rosa moshata, Pistacia integerrima, Morus 

nigra and Pyrus pashia among the fruits, whereas in case of the vegetables 

considerable values were recorded in Origanum vulgare, Amaranthus viridis, Ficus 

palmata, Silene conoidea, Melilotus indicus and Bauhinia variegata.  

 Phytochemical contents revealed a significant correlation with most of the 

antioxidant activities. 

 Principal component analysis manifested significant anthropogenic contamination 

of the metals in the wild edible fruits and vegetables.  

 Various groups of fruits and vegetables were shown by cluster analysis (CA) based 

on their chemical composition.  

 Antioxidant potential of the fruits and vegetables was found to be dependent on 

their phytochemical contents as well as metal levels. 

 Most of the wild edible plant species in the study areas have no protection, but 

acquisition of economic benefits such as genetic improvement of existing crops 

from their wild ancestors and nutritional requirement from these wild edibles might 

promote local people’s interest in the conservation and maintenance of these 

important and threatened species.  

 Further exploration is still required in the investigation of essential and toxic 

components in conventional food resources; pharmacological applications; dieatry 

requirements; skills training in farming, income generation; biotechnological 

techniques to improve yields; new methods for after harvest protection and worth 

of value added products.  
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