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Abstract

:

The aim of this study was to determine the elemental and nutritive values of leaf parts of 10 selected wild medicinal plants, Acer pictum, Acer caecium, Betula utilis, Oxalis corniculata, Euphorbia pilosa, Heracleum lanatum, Urtica dioica, Berberis lycium, Berberis asiaticaand, and Quercus ilex, collected from the high hills of the Chitkul range in district Kinnaur, Western Himalaya. The nutritional characteristics of medicinal plant species were analyzed by using muffle furnace and micro-Kjeldahl methods, and the mineral content in plants was analyzed through atomic absorption spectrometry. The highest percentage of used value was reported in Betula utilis (0.42) and the lowest in Quercus ilex (0.17). In this study, it was found that new generations are not much interested in traditional knowledge of ethnomedicinal plants due to modernization in society. Therefore, there is an urgent need to document ethnomedicinal plants along with their phytochemical and minerals analysis in study sites. It was found that rural people in western Himalaya are dependent on wild medicinal plants, and certain steps must be taken to conserve these plants from extinction in the cold desert of Himalayan region. They are an alternative source of medicine because they contain saponin, alkaloid, and flavonoid etc. as well as minerals. The leaves used for analysis possesses good mineral content, such as Na, N, K, P, Zn, Fe, Cu, Mn, Ca, Mg, and S. Hence, in the current study it was observed that medicinal plants are not only used for therapeutic purposes, but they can also be used as nutritional supplements.
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1. Introduction


Plants are a good source of medicines and play a vital role in ethnic and tribal communities’ survival. Medicinal plants are used in all over the world to treat different types of human and animal diseases. The therapeutic usage of indigenous plant products for ethnomedicinal and nutritional objectives has attracted scientists’ curiosity, motivating them to look for bioactive compounds. Medicinal plants possess essential food components such as carbohydrates, protein, and fat. These components are important for the human body’s requirements and they are used in a different physiological, metabolic, and morphological activities [1,2]. Natural plant-derived products are used in medications, nutritional supplements, and in different healthcare products. Plants play a vital role in the identification of new beneficial medicinal components, and their phytochemical constituents such as antioxidants, hypoglycemic, and hypolipidemic constituents. Plants are often an excellent source of medicines, and many medicines are derived directly or indirectly from plant resources [3,4].



Plants are essential for daily life requirements of human beings, such as food, shelter, fiber, and therapeutic purposes. People in rural areas have preferred herbal medicines for health care. Sometimes in rural regions where conventional medicines are widely available, there has been an increase in interest in natural medications derived from plants and their use. Medicinal plants include a variety of physiologically active components, including minerals and phytochemicals, that show numerous physiological effects on humans [3,4]. The usage of essential oils is attracting significant attention, as these oils are a good source of various bioactive components. They are nowadays chosen over chemical antioxidants because of their antioxidant and antibacterial characteristics, and also due to their generally recognized as safe (GRAS) nature [5,6]. Essential oils are mostly made up of terpenes produced by the mevalonate pathway, which are complex combinations of volatile chemicals found in aromatic plants. Monoterpenes (hydrocarbon and oxygenated monoterpenes) and sesquiterpenes are among these volatile compounds (hydrocarbon and oxygenated sesquiterpenes). The medicinal and antimicrobial properties of angiosperm plants are used to treat constipation, dysentery, malaria, measles, onchocerciasis, stomach pain, yellow fever, and other ailments, while the plant’s slender roots and stem branches are used as munching sticks that are very effective in dental care. The analgesic activity, antibacterial activity, anticataleptic activity, antidiabetic and antihyperlipidemic activity, antifungal activity, antihypercholesterolemic activity, antimicrobial activity, antioxidant activity, diuretic, anti-inflammatory properties, hepatoprotective activity, and neuroprotective activity in Parkinson’s disease are all properties of Ginsenosides plants (Pinales). The determination of physiochemical and biological characteristics, sensory evaluation, and chemical composition analysis are all part of the entire characterization of an essential oil [7,8].



In recent years, there has been a significant increase in interest in botanical sources of natural pharmaceuticals, cosmetics, nutritional supplements, herbal teas, and other health-promoting items [9,10]. Throughout the world medicinal plants have been confirmed to contain essential bioactive compounds that can help to prevent different types of diseases such as cancer, heart disease, and diabetes. Medicinal plants serve a critical role in oral health diseases such as bleeding gums, mouth ulcers, dental caries, gingivitis, and halitosis since they have maximal efficiency or fewer side effects. Secondary metabolites are produced in different ways in different plant species [11,12,13]. Micronutrient and mineral deficiencies in the diet may have long-term negative effects on human health and lead to micronutrient deficiency diseases. Traditionally, all medicinal remedies were made from plants, whether in the form of a sample of plant parts or a more complex form such as crude extract combination. The primary advantage of using plant-derived drugs is that they are generally safer than synthetic substitutes, with significant therapeutic benefits and lower costs [14]. In different parts of India, there has been a growing interest in the study of medicinal plants and their traditional uses over the last few decades. Folk medicines have lost their value to the younger generation in recent years, and many young people are moving to urban areas for education and employment opportunities. Deforestation, environmental degradation, and modernization are currently occurring in the region, putting the country’s rich medicinal plant knowledge at risk. As a result, only the elderly have access to herbal knowledge, and only a small number of people are able to use conventional cures to treat illness. As a result, documenting indigenous people’s ancestral knowledge of traditional plant medicine will address the knowledge gap between ancestors and young folks on medicinal herbs [15].



The aim of this study was to determine the nutraceutical value and mineral elements of the 10 most commonly used ethnomedicinal plant species from the high hills of the Chitkul range. In the current study, 10 medicinal plants were selected for nutritional analysis because they were used for multiple purposes, such as foraging and edible uses (fruits, condiments, and vegetables). In order to prevent medicinal plant resources from becoming extinct, the current study recommends implementing various management strategies in collaboration with local communities, such as through village administrative councils. The most important aspect is to provide multi-directional awareness and training to local communities of the study region about sustainable plant exploitation. Tribal people reported that due to modernization in society, the new generation is not interested in traditional knowledge, so there is an urgent need to document this traditional knowledge from the study site of the high hills of the Chitkul range before it is lost to the society. As a result, it is essential to evaluate scientific documentation on plant parts collected from the cold desert of western Himalaya for the presence of necessary minerals and proximate composition in order to promote and scientifically confirm their health and ethnomedicinal advantages.




2. Results


Tribal people of the western Himalayan region are completely reliant on forest products to fulfill their daily life requirements such as food, fodder, fuel, shelter and medicines. The results of 10 selected ethnomedicinal plants used by tribal people in the high hills of the Chitkul range in the Kinnaur district were reported, and their nutritional and mineral values were analyzed.



2.1. Ethnobotanical Uses


Tribal people in the western Himalayan region of the high hills of the Chitkul range use 10 preferred ethnomedicinal plants which belong to the same or different families (Table 1). A total of 115 male informants were selected for interview and data collection. The tribal people reported that leaves were found to be the most frequently used part. In this study it was found that the different parts of plants used were found to be fruits (4), leaves (7), bark (1), seeds (1), stems (1), roots (4), and shoots (1).



The medicinal plants used in the study area were found to be Acer pictum and A. caecium, and their leaf and fruit extracts are applied to the skin for treating skin diseases; Betula utilis seeds and leaves are mixed with Cynodon dactylon and used on fractured parts of the body, and the fractured part of the body is covered with the bark of Betula utilis; fresh leaf juice of Oxalis corniculata is used for stomach infections; fresh stem and leaf juice of Euphorbia pilosa is used for jaundice; fresh root juice of Heracleum lanatum is taken internally for the treatment of cough and fever; fresh leaf, root, and shoot juice of Urtica dioica is used in the treatment of wound healing and skin allergies; Berberis lycium fruits are edible and highly nutritious for health and are used as a tonic, and root decoction is given for jaundice; Quercus ilex leaves are used for skin infection; and Berberis asiatica fruits are edible and highly nutritious for health and used as a tonic, and its roots are used in fever and asthma.



Tribal people reported that in the study area these 10 selected plants are easily available from the high hills to low hills of the western Himalayan region and these plants are highly effective for commonly found illnesses of human beings. Skin infections found in the study area include different types of diseses such as abscess, ringworm, acne, antiseptics, laceration, skin inflammation, blemishes, leucoderma, cuts and wounds, etc. The stomach disaeses found in the study region include stomach pain, constipation, dysentery, diarrhoea, and acitdity, etc. These plants are organized in a systematic manner, with botanical names, common names, families, parts used, routes, and ailments treated. Table 2 presents detailed information of these plants. In earlier studies from different parts of Himachal Pradesh it was reported that Betula utilis and Berberis lycium are used to treat different human ailments such as jaundice and wounds [14,15]. The Use value is a quantitative measure for the relative importance of species obtained by calculating the use value, where U is the number of use reports cited by each informant for a given species and n refers to the total number of informants. The highest percentage of used value was found in Betula utiilis (0.42) and lowest in Quercus ilex (0.17).




2.2. Nutrient Composition


The nutrient and phytochemical content were analyzed in 10 selected medicinal plant collected from the high hills of the Chitkul range. The determination of nutritional value in medicinal plants was investigated because they were used for multiple purposes: Berberis aristata, B. lycium fruits are edible, Betula utilis leaf extract is used in bone fracture and its bark is used as condiment, Urtica dioica leaves are used as a vegetable, and Heracleum lanatum, Quercus ilex, Acer pictum, A. caecium, Berberis aristata, B. lycium, Oxalis corniculata, Urtica dioica and Euphorbia pilosa are browsed by livestock in the study region. Betula utilis seeds, leaves and bark are used for skin infection (topically).



In the current study, moisture content was found to be highest in Oxalis corniculata (69.06%) and lowest in Acer pictum (57.95%); ash content was found highest in Quercus ilex (8.3%) and lowest in Oxalis corniculata (4.26%); crude fat was found highest in Berberis asiatica (2.53%) and lowest in Euphorbia pilosa (1.33%); crude fiber was highest in Berberis lycium (30.03%) and lowest in Quercus ilex (20.73%); crude protein was reported highest in Acer pictum (6.57%) and lowest in Oxalis corniculata (4.30%); carbohydrate was found highest in Acer caecium (27.92%) and lowest in Oxalis corniculata (21.10%); neutral detergent fiber was found highest in Acer pictum (59.34%) and lowest in Euphorbia pilosa (48.89%); acid detergent fiber was reported highest in Acer pictum (54.83%) and lowest in Heracleum lanatum (43.07%); alkaloid was found highest in Quercus ilex (0.80%) and lowest in Berberis asiatica (0.30%); flavanoid was found highest in Berberis lycium (0.82%) and lowest in Acer caecium (0.55%); and saponin was reported highest in Heracleum lanatum (2.84%) and lowest in Acer pictum (1.07%) (Table 2).



The quantity and quality of crude protein content found in plant samples are essential for the choice of plant species for nutraceutical significance, plant improvement programs, and systematic classification [16]. In earlier studies by different researchers, protein was determined using the Kjeldahl method. Protein, fats, and carbohydrates are the essential nutrients reported in several studies. Wild plant species are effective foundations of nutrition [17].



Plants are significant for providing energy and nutritional requirements to human beings. The carbohydrates, proteins, and fats are the nutrients found in plants, as well as minerals, play a vital role in creating a healthier organ control system in human beings [18]. The experimental plants will be characterized and standardized using the physicochemical parameters studied. The higher degree of food spoilage is mainly explained by a higher moisture content of in the leaves (75%). The ash content in a food material determines the consistency of the material, identifying it as carbon-free and showing the organic, inorganic, and impurity content found in the sample. The soluble and insoluble minerals in the sample are predicted by the total ash content [19]. In previous studies it was observed that leaf samples are high in carbohydrate content, which helps to retain energy potential, proteins, which are the building blocks of cells, fats, which provide energy and assist in the absorption of fat-soluble vitamins, and crude fiber, which helps in digestion [20].




2.3. Mineral Composition


The analysis for several micro- and macro-elements in the plants indicated that these were present in all plant samples which are responsible for curing different types of diseases. A variety of factors have been attributed to the increasing public interest in herbal remedies, some of which include the high cost and side effects of most modern medications [21]. In the present study, the highest percentage of Na was found in Acer pictum 45 μg/g and lowest in Urtica dioica 17 μg/g; N was found highest in Acer pictum (1.06%) and lowest in Berberis asiatica (0.42%); K was found highest in Quercus ilex 3.17% and lowest in Urtica dioica (1.54%); P was found highest in Heracleum lanatum (0.33%) and lowest in Acer pictum (0.12%). Zn was found highest in Acer pictum (58.71 μg/g) and lowest in Oxalis corniculata 18.03 μg/g; Fe was found highest in Acer pictum 322.38 μg/g and lowest in Oxalis corniculata 161.71 μg/g; Cu was found highest in Acer caecium 69.98 μg/g and lowest in Oxalis corniculata 34.32 μg/g; Mn was found highest in Acer pictum (87.08 μg/g) and lowest in Urtica dioica 46.54 μg/g; Ca was found highest in Acer pictum (77,105 μg/g) and lowest in Urtica dioica (32,987 μg/g); Mg was found highest in Quercus ilex (43,876 μg/g) and lowest in Acer pictum (17,792 μg/g); S was found highest in Quercus ilex (2587 μg/g) and lowest in Acer caecium (1498 μg/g); and Cr was found highest in Heracleum lanatum (6 μg/g) and lowest in Oxalis corniculata (2 μg/g). In different plant species, elemental accumulation depends on various factors such as the type of soil, fertilization method, plant species, and environmental circumstances [22]. The overall study indicated that medicinal plants are a significant source of mineral composition (Table 3).



According to earlier findings in the leaf samples of medicinal plants such as Alternanthera sessilis, the plant has higher content of Fe, Mn, Na, and K, moderate levels of Cu and Zn, and lower content of P. Similarly, in current studies it was found that all medicinal plants used for nutritional and minerals analysis have similar results to Alternanthera sessilis. Maintaining ionic equilibrium necessitates the use of K and Na. This connection between K and Na in foods helps to prevent hypertension [23,24]. In previous reports it was documented that Ca is essential for strong teeth and bones, as well as for structural rigidity to the body, and helps in blood clotting. Mn is required for enzymatic activities and is also essential for the formation of hemoglobin [25]. Cu is used in many enzymes as a structural constituent. Mg is important for energy metabolism, bone formation, and enzymatic action [26]. As compared to other minerals, Cr was found to be moderately poor. It plays a vital role, including the development of muscle and the maintenance of blood glucose in the body [27]. Zn acts as a stimulator in activating beta cells of the pancreas to release insulin and maintains a normal glucose rate. It is required for tissue repair and growth [28]. Fe is required for the production of hemoglobin, the transport of O2, and to increase the body’s immunity [29].



Therefore, it is essential to explore the traditional knowledge of the indigenous medicinal plants and to conduct pharmacological studies to find out their nutritive and therapeutic belonging [30,31,32]. The nutritional significance of plant species is measured by their content of carbohydrates, proteins, fats, oils, vitamins, minerals, and water, which are responsible for growth in flora and fauna species. The fats, protein, and carbohydrates are vital nutrients for life expectancy. The quantity and quality of proteins in the plants are important for the selection of plant species for nutritive significance [33,34]. Varying ecological circumstances can severely impact the quantities of essential plant elements. The ash percentage is a reflection of the mineral contents preserved in that plant species. The moisture percentage differs in plant species, dependent on the environment and physiology of the plants. Moisture percentage depends on the environmental circumstances such as temperature, humidity, harvest time, and type of weather as well as storage conditions.





3. Discussion


In this view, the study aimed to evaluate the nutritional, phytochemical, and mineral composition of selected medicinal plants for therapeutic uses from the cold desert of Western Himalaya. The presence of phytochemical ingredients that have a specific physiological action on the human body make these plants effective for both treating and curing human ailments. Medicinal plants are used to make pharmaceuticals either alone or in combination, and they can also be utilized as a source of raw materials for other medications [35]. Due to the fact that mineral elements make up a small amount of the total composition of most plant materials and of total body weight, they are extremely important physiologically, notably in the body’s metabolism. Apart from organic substances, it is now well documented that a few trace elements play an important role in overall health and disease prevention. Several investigations have found elemental content in plant extracts that we eat as herbal health supplements or medicine. These elements are found in different amounts in various sections of the plants, particularly in the roots, seeds, and leaves, which are consumed as well as utilized as a therapeutic substance [36,37]. Biochemical processes in the human body are affected by macro and trace elements. The metabolism is influenced by active ingredients of medicinal plants, such as metabolic products of plant cells and a number of mineral elements [38]. Some minerals are still chelated with organic ligands, making them accessible to the body [39]. Mineral element determination in plants is critical since the concentration and type of minerals affect the quality of many food items [40]. In this approach, not only must the absolute quantity of minerals in edible sections of plants be assessed, but these minerals must also be in bioavailable forms for the organism. Scientists and nutritionists have begun to believe in the physiological value of elements in animal health [41]. Minerals are needed by living organisms and can prevent the occurrence of certain ailments. Minerals are found in considerable amounts in some plants; their existence and quantity are determined by the plant’s family, history, and phytochemical characteristics [42]. The existence of a variety of phytochemical and elemental compositions contributes to the plant’s medicinal efficacy. As a result, it is critical to look into the phytoconstituents, components, and vitamin supplements found in medicinal plants in order to determine their therapeutic potential. Plants are a rich source of all of the components that humans require. Medicinal plants have been used in therapeutics and as nutritional supplements since before recorded history but have risen rapidly in recent years [43]. In the current study, ash, crude protein, and carbohydrate content in Berberis asiatica was found to be 6.33% 5.21%, and 17.36%; in Beberis lycium ash, crude protein, and carbohydrate content was found to be 5.40%, 5.84%, and 27.23%; but a study performed in the South Waziristan area of Pakistan on Berberis lycium, ash, crude protein, and carbohydrate content was found to be 7.75%, 7.67%, and 46.99%. Ash content was found highest in Berberis lycium at 7.75% in the study performed in the South Waziristan area of Pakistan, but in our study ash content was found to be less, at 6.33%. It was observed that crude protein percentage was high in our study as compared to the study performed in the South Waziristan area of Pakistan but carbohydrate percentage was high in the study performed in the South Waziristan area of Pakistan as compared to our study. Overall study of the literature showed that the nutrient analysis was within the range of other studies. The marked difference from the other reported value could be associated with several attributes such as season and maturity stage of the foliage used for analysis [44]. Because ashing removes all of the organic material in the sample, ash contains inorganic plant components. Ash is also a sign of a plant’s high digestibility [45]. The presence of fiber is importance to human health because fibers are easily digested [46]. Dietary fiber is required for efficient digestion and waste removal. It has been shown to lower blood cholesterol, as well as the risk of coronary heart disease, hypertension, constipation, diabetes, and breast cancer [47]. The qualitative or quantitative measurement of mineral elements found in plants is essential. Mineral elements are also required in trace amounts for the efficient functioning of human systems, as well as for healthy development and growth [48]. The amount of mineral components in plants is highly dependent on soil abundance, especially fertility intensity [49]. Calcium is one of the minerals that are thought to play a role in fruit storage quality [50]. Calcium is the most abundant mineral in the bones and is required for a variety of cellular functions, including neuron and muscle function, hormone responses, blood clotting, and cellular death [51]. Calcium is required for the maintenance of healthy bones, teeth, and blood [52,53]. The most well-known element in the biological system is iron. It has a diverse set of biological roles. In the metabolic process, iron plays a particular role. Iron’s involvement in the body is firmly linked to hemoglobin and oxygen transmission from the lungs to tissue cells [54]. The most common dietary shortfall in humans is iron insufficiency [55]. Antimicrobial, antioxidant, anti-stress, and nutrigenomic effects on the development of immunity have made phytochemicals appealing for use as growth promoters in animal production [56]. In vitro and animal model studies, flavonoids have been shown to have anti-inflammatory, anticarcinogenic, antioxidant, antibacterial, antithrombotic, antiviral, hepatoprotective, and antiallergic effects [57]. According to previous research, a mixture of saponin-containing plants enriched with polyphenol improved weight gain when compared to those given antibiotics and growth promoters, implying that the saponin mixture could be used as an alternative to antibiotics and growth promoters in livestock production [58]. In earlier studies, different medicinal plants, such as B. lyceum, have been shown to contain a number of bioactive chemicals. Berberine, an alkaloid-like compound, has been identified as the most abundant among all Berberis species. Many researchers have reported on the isolation and characterization of berberine and other alkaloids such as jatrorrhizine, palmatine, berbamine, karakoramine, berbamunine, chenabine, and Sitosterol. Some phytochemicals found in B. lyceum fruit include anthocyanin, carotene, and ascorbic acid. The phytochemicals obtained from Berberis species are used to treat different ailments such as Jaundice [59]. In Urtica dioica the volatile compounds and the major ubiquitous primary metabolites, carbohydrates, aminoacids, organic acids and fatty acids have been identified in different parts. In addition, the secondary metabolites belonging to the classes of terpenoids, phenolics and flavonoids have been reported in addition to choline, the compound responsible for urticaria [60]. Sitosterol, betulin, betulic acid, oleanolic acid, acetyloleanolic acid, lupeol, lupenone, methyl betulonate, methyl betulate, and a novel triterpenoid karachic acid are all found in the bark of Betula utilis. This plant also contains leucocyanidin and polymeric leucoanthocyanidins [61]. In the northwestern Himalayan region, a high diversity of ethnobotanical plants are present, and as such, it is recommended that future phytochemical and mineral analysis should be performed on the plants species which have not been reported upon earlier from the study region. This study found that the leaves of the 10 selected plants are a good source of phytochemicals and minerals, suggesting that they could be a source of beneficial pharmaceuticals. Because these plants have a significant amount of readily available phyto-constituents and minerals, they can be used to replenish nutrients that are scarce or unavailable.




4. Material and Methods


4.1. Study Site


The current survey was carried out in the high hills of the Chitkul range in the Kinnaur district of Himachal Pradesh, India. The tribal people of the the Chitkul range are dependent on forests for their daily requirements. Extensive field visits were undertaken in the study site to collect ethnobotanical data during 2017 to 2019 (Figure 1). During this period, the average temperature of the study site of the Kinnaur district ranges in the months of June and July was found to be between 16 to 20 °C.




4.2. Ethnobotanical Data Collection


The information on medicinal plants used to treat human diseases was collected through direct observations and interviews with elderly native people who have a wealth of traditional knowledge. The medicinal plant specimens collected from the high hills of Chitkul were identified from B.S.I. Dehradun, Uttrakhand. The tribal people of the study site collected plants based on their ethnomedicinal value. The phytochemical study was performed on 10 selected medicinal plants including Acer pictum, A. caecium, Betula utilis, Oxalis corniculata, Euphorbia pilosa, Heracleum lanatum, Urtica dioica, Berberis lycium, Quercus ilex and Berberis asiatica reported from the high hills of the Chitkul range. The proximate composition of minerals and nutrients in these plants was analyzed.




4.3. Determination of Nutrients


4.3.1. Sample Preparation


The collected leaf samples were washed through 0.1% HgCl2 for several minutes and then dried. The dried samples were powdered and stored in pre-cleaned polyethylene bottles until the analysis started. The elemental analysis was performed at C.P.R.I, Shimla. Dried leaf in powder form was used for analysis through AAS. The nutritional analysis was performed at Shoolini University, Solan, Himachal Pradesh, India. The nutritional analysis of 10 selected ethnomedicinal plants from the high hills of the Chitkul range was expressed as mean ± SE of three replicates.




4.3.2. Determination of the Moisture


A clean container was oven-dried at 105 °C for 1 h, and then cooled and weighed (W1). A dry leaf sample weighing 2 g (W2) was placed into the container and oven-dried at 105 °C. The sample was then cooled in a desiccator and weighed (W3) [59].


  Moisture   ( % ) =   W 2 − W 3   W 2 − W 1   × 100  



(1)








4.3.3. Determination of Ash


A porcelain crucible was dried at 105 °C for 1 h, and then cooled and weighed (W1). The 2 g of ground leaf sample was placed in the crucible, after which it was again weighed (W2). The crucible with plant samples was ashed first at 250 °C for an hour, followed by ashing at 550 °C for five hours in a muffle heating system. The leaf sample was then cooled in a desiccator and weighed again (W3) [59].


  Ash   ( % ) =   w 2 − w 3   w 2 − w 1   × 100  



(2)








4.3.4. Determination of Crude Fat


The 5g powdered sample was extracted in 100 mL diethyl ether and shaken it for 24 h in an orbital shaker. The ether extract was collected in a previously weighed beaker (W1). The filtrate was collected in the same beaker after it was equilibrated with 100 mL diethyl ether and again shaken for 24 h (W1). The ether was dried in an oven at 40–60 °C after being concentrated to dryness in a steam bath, and then the beaker was reweighed (W2) [62].


  Crude   fat   ( % ) =      Weight   of   flask   with   fat    −    weight   of   empty   flask     Weight   of   original   sample    × 100  



(3)








4.3.5. Determination of Crude Fiber


A dried leaf sample (2 g) was processed with 100 mL of 1.25% H2SO4 for half an hour and filtered with pressure. The remaining residue was then washed with hot water. This process was repeated on the residue by using 100 mL of 1.25% NaOH sol. The remaining filtrate was dried at 100°C and weighed (C1). It was subsequently incinerated in a muffle furnace at 550 °C for 5 h and then reweighed (C2) [59].


  Crude   fiber   ( % ) =   C 2 − C 1    Weight   of   original   sample    × 100  



(4)








4.3.6. Determination of Crude Protein


Crude protein was determined by the Kjeldahl method [59].


  Crude   protein   ( % ) =    (   mL   standard   acid    ×    N   of   acid   )    −    (   mL   blank    ×    N   of   base   )    −    (   mL   std   base    ×    N   of   base   )  × 1 : 4007    Weight   of   sample   in   grams    × 100  



(5)




where, N = normality, and percentage of crude protein was obtained by multiplying the nitrogen value by a factor of 6.25%. Crude protein = Nitrogen in sample × 6.25.




4.3.7. Determination of Carbohydrate


The carbohydrate content was calculated by subtracting the total crude protein, crude fiber, ash, and lipid from the total dry matter [59].



Carbohydrate (%) = 100 − (% Moisture + % Ash + % Crude Fat + % Crude Fiber + % Crude Protein).




4.3.8. Neutral Detergent Fiber


NDF was calculated using the following formula [60].


  NDF   ( % ) =    (   Weight   of   crucible  +  Fiber   content   )  −  Weight   of   empty   cricible     Weight   of   sample    × 100  



(6)








4.3.9. Acid Detergent Fiber


ADF was calculated using the following formula [60].


  ADF   ( % ) =    Weight   of   crucible  +  Fiber   content     Weight   of   sample    × 100  



(7)









4.4. Determination of Phytochemicals


4.4.1. Alkaloid


A total of 5 g of dried leaf extract was weighed and mixed with 200 mL of 10% acetic acid in ethanol. The mixture was covered and left for 4 h. This mixture was filtered and the filtrate was concentrated on a water bath to a quarter of the initial volume. The concentrated NH4OH was added to the extract until precipitation was completed. The solution was then washed with dilute NH4OH and filtered. The residue collected was dried and weighed and the alkaloid content was determined [59].


  Alkaloid   ( % ) =    Weight   of   precipitate     Weight   of   original   sample    × 100  



(8)








4.4.2. Flavonoid


The 10 g leaf plant powder was extracted repetitively with 100 mL of 80% aqueous methanol each for 3 days. The whole solution was later filtered through Whatman filter paper. The obtained filtrate was then transferred into a crucible and evaporated to dryness in a water bath and weighed to a constant weight. The weight obtained gave the estimation of flavonoids content in the plant leaf sample [61].


  Flavonoid   ( % )      Weight   of   dried   sample     Weight   of   original   sample  × 1   × 100  



(9)








4.4.3. Saponin


The 5 g of dried leaf powder was added to 50 mL of 20% ethanol, kept on a shaker for 30 min and then heated in a water bath at 55 °C for 4 h. The mixture was filtered through Whatman filter paper. The collected residue was re-extracted with another 200 mL of 20% aq. ethanol. The filtrates were combined and reduced to 40 mL in a water bath at 90 °C. The concentrate was transferred into a separating funnel, 20 mL of diethyl ether (C2H5)2O was added, and strongly shaken. The ether layer, which was the upper layer, was discarded and the aqueous layer was retained in a beaker. The retained layer was re-introduced into a separating funnel and 60 mL of n-butanol was added and vigorously shaken. The C₄H₁₀O extract upper layer was retained while the bottom layer was discarded. The C₄H₁₀O layer was washed twice with 10 mL of 5% aqueous sodium chloride. The remaining solution was collected and heated to evaporation in a water bath, then dried to constant weight at 40 °C in an oven [59].


  Saponin   ( % ) =    Weight   of   residue     Weight   of   original   sample    × 100  



(10)









4.5. Determination of Minerals (N, P, K, Ca, Cu, Fe, Zn, Na, Cr, Mn, Mg, and S)


4.5.1. Sample Collection and Preparation


The collected leaf samples were washed with deionized water and then spread on a sheet of paper for air drying. The dried samples were crushed and stored in a dry and dark place at room temperature in polythene bags for further mineral analysis.




4.5.2. Mineral Analysis


In the present study, nutrient analysis of P, K, Ca, Cu, Fe, Zn, Na, Cr, Mn, Mg, and S in leaf samples was analyzed through AAS after digestion of the leaf sample [62].Nitrogen in different leaf samples was analyzed through the Kjeldahl method [62].





4.6. Statistical Analysis


Data was examined with SPSS Version 20.0. Results were determined as Mean ± SE of three repeat determinations.





5. Conclusions


The study revealed that medicinal plants in the study area are rich in phytochemicals and mineral content. The medicinal plants have a wide range of potential applications in the manufacture of new drugs, nutraceuticals, and healthcare products. The medicinal plants comprise a variety of pharmacologically active phytochemicals that have been used to treat different types of diseases. These medicinal plant species are used to treat both minor illnesses (cough, cold, fever, and skin infections) and major illnesses (asthma and jaundice). The ability to determine element concentrations in plants offers many possibilities for therapeutic applications. In the study region, rural people have significant traditional knowledge of medicinal plants for treating a variety of human and animal disease. During interaction with tribal people, they reported that the new generation is not much interested in traditional knowledge due to modernization in society, so proper documentation of medicinal plants is needed from the study site. Further research should be carried out in order to describe the photochemistry that may be helpful for new drug development.
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Figure 1. Satellite map showing study site. 
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Table 1. Ethnomedicinal plants used by tribal people in the study site.
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	Sr. No.
	Botanical Name
	Family
	Ethnobotanical Origin
	Habit
	Common Name
	Pats Used
	Flowering and Fruiting Months
	Routes of Administration
	Ailment Treated
	Used Value





	1
	Acer pictum Thunb.
	Sapindaceae
	Korea, Japan, Mongolia, Russia
	Tree
	Kandal
	Leaves, Fruits
	April-October
	Topical
	Leaf and fruit extracts are applied to the skin.
	0.24



	2
	Acer caecium Wall. Ex D.Don
	Sapindaceae
	Pakistan, India, Nepal, China
	Tree
	Kandal
	Leaves, Fruits
	April-October
	Topical
	Leaf and fruits extracts are applied to the skin.
	0.21



	3
	Betula utilis D.Don
	Betulaceae
	India, Bhutan, Afghanistan
	Tree
	Bhojpatra
	Seeds, Leaves, Bark
	May-October
	Topical
	Seeds and leaves are mixed with Cynodon dactylon and a paste prepared and used on fractured parts of the body, which are then covered with the bark of Betula utilis. Bark extract is used in wounds.
	0.42



	4
	Oxalis corniculata L.
	Oxalidaceae
	America, India, Mexico
	Herb
	Amrul
	Leaves
	April-October
	Oral
	Fresh juice of fresh leaves is used for stomach infections.
	0.33



	5
	Euphorbia pilosa L.
	Euphorbiaceae
	India, Siberia, Mongolia
	Herb
	Duddhi
	Stem, Leaves
	November-April
	Oral
	Fresh juice of stem and leaves is used for jaundice.
	0.36



	6
	Heracleum lanatum Michx.
	Apiaceae
	India, America, Bangladesh, China, Nepal, Israel, Bhutan
	Herb
	Patrala
	Roots
	June-July
	Oral
	Fresh juice of roots is taken internally for the treatment of cough and fever.
	0.34



	7
	Urtica dioica L.
	Urticaceae
	Africa, Australia, America, India
	Herb
	Bichhu Bootii
	Leaves, Roots, Shoots
	June-October
	Oral
	Fresh juices of leaves, roots, and shoots are used for wound healing and skin allergy.
	0.26



	8
	Berberis lycium Royle
	Berberidaceae
	India, Nepal, Afghanistan, Bangladesh, Pakistan
	Shrub
	Kashmal
	Fruits, Roots
	March-July
	Oral
	Fruits are used as a tonic. Roots decoction is given for jaundice.
	0.39



	9
	Quercus ilex L.
	Fagaceae
	India, Germany, Italy, Spain, Austria, Greece, Netherland
	Shrub
	-
	Leaves
	September- October
	Topical
	Leaves are used for skin allergies.
	0.17



	10
	Berberis asiatica Roxb. ex. DC
	Berberidaceae
	Asia, Europe, America
	Shrub
	Kashmal
	Fruits, Roots
	March-July
	Oral
	Fruits are edible and highly nutritious for health, so are used as a tonic. Root decoction is given for fever and asthma.
	0.40
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Table 2. Proximate and phytochemical composition of medicinal plants’ leaves collected from study site. Individual readings (n = 3) were averaged and are presented with ±SE.
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	Sr. No.
	Species Name
	Moisture%
	Ash %
	Crude Fat %
	Crude Fiber %
	Crude Protein %
	Carbohydrate%
	NDF %
	ADF %
	Alkaloid %
	Flavanoid%
	Saponin%





	1
	Acer pictum Thunb.
	57.95 ± 0.31
	6.13 ± 0.23
	1.97 ± 0.06
	27.63 ± 0.42
	6.57 ± 0.05
	27.82 ± 0.34
	59.34 ± 0.36
	54.83 ± 0.41
	0.56 ± 0.03
	0.74 ± 0.02
	1.07 ± 0.06



	2
	Acer caecium Wall. Ex D.Don
	58.2 ± 0.43
	6.93 ± 0.17
	2.28 ± 0.09
	26.93 ± 0.33
	4.99 ± 0.07
	27.92 ± 0.29
	57.44 ± 0.38
	49.61 ± 0.35
	0.39 ± 0.02
	0.55 ± 0.02
	1.85 ± 0.08



	3
	Betula utilis D.Don
	65.33 ± 0.32
	5.53 ± 0.38
	2.2 ± 0.08
	26.83 ± 0.43
	5.29 ± 0.05
	22.05 ± 0.28
	58.48 ± 0.4
	47.77 ± 0.37
	0.53 ± 0.02
	0.7 ± 0.01
	1.53 ± 0.06



	4
	Oxalis corniculata L.
	69.06 ± 0.41
	4.26 ± 0.31
	1.42 ± 0.08
	29.96 ± 0.27
	4.3 ± 0.08
	21.1 ± 0.28
	53.51 ± 0.32
	47.97 ± 0.43
	0.36 ± 0.02
	0.62 ± 0.02
	1.92 ± 0.08



	5
	Euphorbia pilosa L.
	62.84 ± 0.41
	4.6 ± 0.34
	1.33 ± 0.06
	20.86 ± 0.49
	4.34 ± 0.06
	27.09 ± 0.26
	48.89 ± 0.35
	44.87 ± 0.42
	0.52 ± 0.02
	0.69 ± 0.02
	2.42 ± 0.09



	6
	Heracleum lanatum Michx.
	65.03 ± 0.29
	5.3 ± 0.26
	1.47 ± 0.06
	25.06 ± 0.34
	3.38 ± 0.07
	27.13 ± 0.26
	49.64 ± 0.27
	43.07 ± 0.5
	0.73 ± 0.02
	0.76 ± 0.02
	2.84 ± 0.05



	7
	Urtica dioica L.
	61.83 ± 0.37
	4.73 ± 0.32
	1.37 ± 0.05
	26.06 ± 0.34
	4.74 ± 0.04
	24.47 ± 0.28
	48.95 ± 0.33
	43.24 ± 0.37
	0.42 ± 0.03
	0.65 ± 0.02
	2.32 ± 0.06



	8
	Berberis lycium Royle
	64.66 ± 0.43
	6.33 ± 0.26
	2.24 ± 0.06
	30.03 ± 0.24
	5.84 ± 0.05
	27.23 ± 0.24
	57.92 ± 0.44
	49.16 ± 0.41
	0.67 ± 0.02
	0.82 ± 0.02
	1.99 ± 0.07



	9
	Quercus ilex L.
	66.78 ± 0.47
	8.3 ± 0.2
	1.59 ± 0.09
	20.73 ± 0.33
	5.74 ± 0.06
	21.38 ± 0.31
	56.96 ± 0.43
	53.53 ± 0.36
	0.8 ± 0.02
	0.59 ± 0.02
	1.97 ± 0.09



	10
	Berberis asiatica Roxb. ex. DC
	65.3 ± 0.43
	5.4 ± 0.32
	2.53 ± 0.04
	25.23 ± 0.33
	5.28 ± 0.1
	17.86 ± 0.22
	54.94 ± 0.45
	52.1 ± 0.35
	0.3 ± 0.02
	0.56 ± 0.02
	2.82 ± 0.07
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Table 3. Mineral’s composition in some selected foliage leaves from the study site.
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	Sr. No.
	Fodder Species
	Na μg/g
	N %
	K %
	P%
	Zn (μg/g)
	Fe (μg/g)
	Cu (μg/g)
	Mn (μg/g)
	Ca (μg/g)
	Mg (μg/g)
	S (μg/g)
	Cr (μg/g)





	1
	Acer pictum Thunb.
	45
	1.06
	1.87
	0.12
	58.71
	322.38
	64.67
	87.08
	77,105
	17,792
	1576
	3



	2
	Acer caecium Wall. Ex D.Don
	40
	0.98
	2.03
	0.19
	45.78
	228.52
	69.98
	72.98
	70,314
	20,987
	1498
	3



	3
	Betula utilis D.Don
	37
	0.84
	2.23
	0.2
	42.83
	241.7
	59.67
	76.67
	72,567
	23,276
	2187
	3



	4
	Oxalis corniculata L.
	20
	0.67
	1.87
	0.21
	18.03
	161.71
	34.32
	56.55
	67,347
	17,865
	2398
	2



	5
	Euphorbia pilosa L.
	23
	0.71
	1.56
	0.3
	28.89
	179.08
	40.43
	52.78
	64,675
	25,897
	1789
	3



	6
	Heracleum lanatum Michx.
	25
	0.56
	2.32
	0.33
	34.56
	215.97
	46.76
	61.34
	60,542
	31,778
	2198
	6



	7
	Urtica dioica L.
	17
	0.77
	1.54
	0.21
	45.87
	194.65
	41.98
	46.54
	32,987
	29,832
	2487
	3



	8
	Berberis lycium Royle
	21
	0.81
	2.15
	0.2
	49.34
	189
	58.87
	54.87
	39,876
	20,651
	2298
	3



	9
	Quercus ilex L.
	24
	0.47
	3.17
	0.22
	54.78
	248.04
	54.45
	61.56
	41,768
	43,876
	2587
	5



	10
	Berberis asiatica Roxb. ex. DC
	19
	0.42
	2.34
	0.26
	50.23
	182.02
	50.1
	56.98
	43,988
	23,456
	2476
	3
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