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Nowadays, it is generally accepted that medicinal plants play a crucial role in traditional healthcare operations, providing hints to new research fields and in biodiversity protection. However, there is a lack of information on the medicinal uses of plants in many of the interior Himalayan regions. In light of this, the current investigation was initiated in the tribally dominant western Himalayan hinterland. The current study examined five underutilized wild edible plants, namely, Allium rubellum, Berberis chitria, Capsella bursa-pastoris, Stellaria aquatica, and Rheum emodi, for their nutritional qualities, phytochemical analysis, antioxidant activity, and antibacterial activity, which are consumed as food by the Gaddi community of the Bharmour region of the Chamba District, Himachal Pradesh. In this study, the nutritional makeup of these plants was examined in terms of their carbohydrate, protein, sodium, potassium, crude fiber, and fat content. As compared to other investigated species, A. rubellum has the highest nutritional content: carbohydrate (6.93 mg/g), protein (10.18 mg/g), sodium (3.21 mg/g), potassium (16.32 mg/g), and fiber (6.46%). In addition, phenols, amino acids, tannins, terpenoids, carotenoids, and phytate were found to be the least significant phytochemicals in R. emodi, i.e., 4.81 mg/g, 0.594 mg/g, 2.204 mg/g, 1.482 mg/g, 156 µg/g, and 0.680%, respectively. The methanolic extract of these wild edible plants showed significant free radical scavenging activity by using ABTS and DPPH assays. Moreover, the antibacterial activity of the methanolic extract of studied plants based on the present study suggested that R. emodi exhibits a maximum zone of inhibition of 20.8 mm against Escherichia coli, whereas S. aquatica showed a maximum inhibition zone of 19.2 mm against S. aureus. The findings of this study validated that these wild edible plants are an alternate source of medicine and are an abundant source of various phytochemicals like protein, carbohydrates, vitamins, and minerals. These compositions offer dietary benefits, food security, health benefits, and therapeutic advantages. Hence, in the current study, it was analyzed that there is an urgent need for documentation, conservation, characterization, and evaluation of these underutilized plants for their therapeutic purpose and nutritional supplements.
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1 Introduction

One of the major issues in developing countries is the problem of malnutrition. The causes of malnutrition are diverse, and a holistic and multidimensional approach is needed to address it (Obasohan et al., 2020). One way to meet the challenge of food security is by leveraging underutilized wild plants. According to FAO research, approximately 1 billion people in underdeveloped nations rely on edible uncultivated plants (Taylor et al., 2014).

    One of the richest hotspots of biodiversity, the Indian Himalayan region is renowned for its diverse flora, fauna, and ecosystems. Migratory tribes used to live in the remote, high-altitude region of the Northwest Himalayas. Generally, wild food plants partially contribute to their meals and often have a higher amount of nutrients and bioactive compounds that cure several diseases (Vipin & Ashok, 2010; Hegazy et al., 2013; Kalita et al., 2014; Singh et al., 2021b). These reports indicate that plants may have a pool of novel drugs. It is a known fact that, since ancient times, poor people depend on wild edible plants for their food, which not only contribute essential nutrients but also meet the energy requirements of poor, especially tribal communities (Kumar et al., 2021; Singh et al., 2021). Thus, nowadays, there has been a lot of interest among the scientific community to evaluate and explore the potential of natural edibles used by tribes (Dangwal et al., 2014; Seal et al., 2017; Sunil & Sanjeev, 2018; Datta et al., 2019; Kumar et al., 2020; Singh et al., 2022).

Sometimes, human cells are not able to produce the required amount of antioxidants during the time synthetic antioxidants are provided to the human body, which sometimes cause a mutagenic effect and cancer because of its toxic nature (Bendiabdellah et al., 2012). Hence, an alternative safer natural source of antioxidant supplement is required. Positive response has been reported in the case of plant-based antioxidants because they play a vital role in protecting cells without any side effects (Prasad et al., 2010). Therefore, the demand for plant-based antioxidants as food additive is increasing day by day in pharmaceuticals and nutraceuticals.

There are many underutilized, less exploited plants that are used by tribal communities. Thus, the goal of the current study was to investigate five plants used by gaddis tribes for their nutritional value, antioxidant capacity, and antibacterial activity. The studied plants were Allium rubellum, Berberis chitria, Capsella bursa-pastoris, Stellaria aquatica, and Rheum emodi (Figure 1). The main aim of this study is to determine their potential as underutilized plants and the possibility of their inclusion in daily diets for the prevention of oxidative stress-related issues. In spite of the traditional use of these plants by tribes, their nutritional value was not studied. Both leaves and bulb of A. rubellum are used as condiments. The plant is also used for a range of common health problems including coughs and cold and skin rashes (Kunkel, 1984; Devi et al., 2014). B. chitria is eaten as a pickle. Berberin is the major alkaloid found in the stem and root of the plant and is known to cure a variety of ailments such as eyes and ear diseases, diabetes, fever, jaundice, stomach disorders, and skin diseases (Khan et al., 2016; Palai, 2022). C. bursa-pastoris has medicinal value and is used to treat edema caused by nephritis and hypertension (Kweon et al., 1996 and Song et al., 2007). About 23 species of Stellaria occur in India in which S. aquatica shoot and leaves are eaten, which are rich in iron (Sharma & Arora, 2012). R. emodi possesses antifungal, antioxidant, anticancer, antimicrobial, healing, and immune-enhancing action and is often known as “the wonder drug” because of its extensive medicinal uses (Bilal et al., 2015).

In addition, the main aim of the study is to determine their potential as underutilized plants and the possibility of their inclusion in daily diets for the prevention of the malnutrition problem and oxidative stress-related issues. Therefore, this study was to ascertain the medicinal and nutritional value of these plants used by tribal people. Moreover, phytochemical profiling was also performed to understand their antioxidant properties. The current study was not documented in the studied region earlier; hence, this study is useful for tribal people in the said region for them to better use these wild plants for nutrition and medicinal purposes.



2 Materials and methods


2.1 Sample collection and preparation

The important characteristics of the five underutilized plants used in the present study are given in Table 1. The plants were collected from the Bharmour region of the Chamba District, Himachal Pradesh. Bharmour stretches from 76° 31’ 35” to 76° 53’ 71” E longitude and from 32° 11’ 35” to 32° 41’ 54” N latitude. Aerial parts of A. rubellum, C. bursa-pastoris, and S. aquatica were collected in the first week of August 2019, whereas leaves of B. chitria and stems of R. emodi were collected in the third week of July 2019 for analysis. Plants were collected, preserved in blotting paper, rinsed with distilled water, and dried in a hot air oven at 40°C. The dried plants were crushed into a fine powder using a mortar and pestle, placed in a glass bottle, and refrigerated at 4°C for use in further phytochemical and nutritional analyses.


Table 1 | Descriptions of the five wild edible plants used by Gaddis.






Figure 1 | Wild edible plants used by Gaddis: (A) Allium rubellum, (B) Berberis chitria, (C) Capsella bursa-pastoris, (D) Stellaria aquatica, and (E) Rheum emodi.





2.2 Extract preparation

For each sample, 2 g of powdered plant parts was soaked in 20 ml of methanol and maintained for 48 h on an orbital shaker. The extract from the filtrate was utilized to test for antioxidant and antibacterial activities after it had been evaporated and dried at 40°C in a water bath.



2.3 Nutritional composition


2.3.1 Carbohydrate estimation

One hundred milligrams of the sample was weighed into a test tube, homogenized with 2 ml of 2.5 N HCl, heated in water for 2 h, and then allowed to cool to room temperature. Plant extract (0.2 ml) was mixed with 500 ml of distilled water and 4 ml of the anthrone reagent. The mixture was heated in a water bath for 5 min before chilling. The UV/visible spectrophotometer at 630 nm determined the green color of the mixture. The glucose calibration curve was used to calculate the sample’s carbohydrate content, with the results represented as 1 g of glucose equivalents per milligram of sample (Johnson et al., 2017). A protein estimate of 500 mg of the material was weighed and pulverized in a 2-ml buffer solution using a pestle and mortar. The supernatant from a centrifuge was used to determine the amount of protein. Three milliliters of copper sulfate reagent was added to 200 µl of supernatant, which was then thoroughly mixed and left to sit for 10 min. After that, 0.5 ml of the Folin–Ciocalteu reagent was added and carefully mixed. The combination in test tubes was kept at room temperature in a dark environment for approximately 30 min. The UV-visible spectrophotometer detected the reaction mixture’s blue color at 660 nm. The bovine albumin serum (BSA) calibration curve was used to estimate the sample’s protein content, and the results were expressed as 1 g of BSA equivalent/mg of sample (Winters & Minchin, 2005).



2.3.2 Sodium and potassium

The potassium and sodium content of plant samples were measured through acid digest by using a flame photometer. A 100-ml flask contained 500 mg of dried plant material. The flask was then pre-digested by being kept in an enclosed place for 6 to 8 h or overnight after receiving 10 ml of pure HNO3. After pre-digestion, 10 ml of concentrated HNO3 and 2–3 ml of HClO4 were added. This was kept on a hot plate for the first hour and then heated to 100°C and then 200°C in an acid-proof chamber with a fume exhaust system. By continuing to heat the acid at the same temperature, the acid content was reduced to roughly 2–3 ml. One hundred milliliters was manufactured following three to four washings in 10–15 ml of distilled water. Using a flame photometer, the solution’s Na+ and K+ concentrations were measured. By graphing the measurements against the Na and K readings, a standard curve was created (Chikhale & Chikhale, 2017).



2.3.3 Determination of crude fiber

The sample was digested by boiling it in 50 ml of a 1.25% H2SO4 solution for 30 min before being filtered under pressure. The residue was rinsed with hot water three times. Fifty milliliters of a 1.25% NaOH solution was used for the second time throughout the same procedure. After being chilled and dried at 100°C, the final residue was weighed (C1). After 3 h of 550°C heating in a muffle furnace, the crucible was cooled to ambient temperature and weighed once more (C2) (Aina et al., 2012).

The formula used to determine the crude fiber % was

	



2.3.4 Determination of crude fat

Twenty-five milliliters of diethyl ether was used to extract 1 g of the material, which was shaken for 24 h. After filtering, the extract was kept in a beaker that had already been weighed with the ether extract (W1). After being shaken for an additional 24 h and re-equilibrated with 25 ml of diethyl ether, the solution was maintained in the same beaker (W1). After the beaker’s ether was dried in a water bath at 40 to 60°C, it was reweighed (W2) (Unuofin et al., 2017).




2.4 Phytochemicals analysis


2.4.1 Determination of phenols

    One hundred milligrams of the sample was homogenized in 3 ml of methanol and centrifuged at 10,000 rpm for 10 min. The Folin–Ciocalteu reagent was added to the supernatant, and the mixture was left to stand for 2 min. The mixture was then given 1 ml of a 35% Na2CO3 solution before being given 10 ml of distilled water as the final volume. The solution was left at room temperature for about 30 min while the OD against a blank was measured. The amount of phenol in an extract was represented as milligrams of gallic acid equivalents (GAE) per gram (Jing et al., 2015).



2.4.2 Determination of flavonoids

One hundred milligrams of the substance was weighed and centrifuged for 10 min at 10,000 rpm, 2 ml of methanol was added, and the supernatant was collected. Using distilled water, 200 ml of the plant extracts was diluted to 1.5 ml, and 75 ml of 5% NaNO2 was added. After waiting for 5 min, 150 ml of 10% AlCl3 was added to the solution. The reaction mixture was left at room temperature for 5 min. At 510 nm, absorbance was measured against a reagent blank after adding 0.5 ml of 1 M NaOH to it. Results were given in terms of milligrams of rutin equivalents (RE) per gram of sample (Wang et al., 2020).



2.4.3 Determination of ascorbic acid

Ascorbate was recovered by homogenizing 1 g of the material in 4% TCA and creating a final volume of 10 ml using 4% tricarboxylic acid. The supernatant was treated with a tiny amount of activated charcoal, violently mixed, and then left to stand for 10 min after being centrifuged for 10 min at 2,000 rpm. The remaining charcoal was removed by using centrifugation once more. Tricarboxylic acid (4%) was added to 1 ml of supernatant to make 2 ml. Osazones were created by mixing 500 µl of DNPH reagents with two drops of a thiourea solution at a concentration of 10% for 3 h at 35°C; 2.5 ml of 85% H2SO4 was used to dissolve the osazones. Following 30 min of incubation, the absorbance was measured at 540 nm, and the ascorbic acid concentrations were calculated using a standard graph and expressed as ascorbate mg/g (Roe & Kuether, 1943).



2.4.4 Determination of amino acid

Five hundred milligrams of the substance was weighed and then ground in a mortar and pestle with 5 ml of ethanol that contained 80% alcohol; 0.1 ml of the extract was centrifuged with 1 ml of the ninhydrin solution added. The volume was then increased to 2 ml with distilled water, and the tube was heated in a boiling bath for 15 min, followed by completely blending in 5 ml of propanol. After 15 min, the optical density (OD) of the purple color at 570 nm was measured using a spectrophotometer. The concentration of amino acid in the plant sample was determined and expressed as mg/g equivalent of leucine (Stein & Moobe, 1948).



2.4.5 Determination of tannin

A sample weighing 100 mg was homogenized with 3 ml of methanol and centrifuged for 10 min at 10,000 rpm before collecting the supernatant. After combining 1 ml of the extract with 0.5 ml of Folin’s phenol reagent, the mixture was allowed to sit for 10 min at room temperature before being mixed with 5 ml of 35% Na2CO3. The blue hue of the reaction mixture was picked up by the UV-visible spectrophotometer at 640 nm. Tannin content was assessed using a calibration curve for gallic acid, and the results were presented as mg/g of gallic acid equivalent (Moore & Stein, 1948).



2.4.6 Determination of terpenoids

One hundred milligrams of the sample was homogenized in 2 ml of methanol. After 10 min of centrifuging at 10,000 rpm, the supernatant was recovered. One hundred milliliters of supernatant received 3 ml of chloroform addition. A reddish-brown precipitate appeared after the mixture was allowed to remain at room temperature for 1.5 to 2 h in the dark. Without disturbing the precipitate, the supernatant of the reaction mixture was decanted. Three milliliters of 95% methanol was added and then the mixture was aggressively vortexed to ensure that all of the precipitate is thoroughly combined with the methanol; 95% methanol was used to calculate the 538-nm absorbance in relation to a blank. Linalool served as the benchmark for estimation. The terpenoid concentration was calculated using the linalool calibration curve, and the results were expressed as linalool equivalents (mg/g) (Ghorai et al., 2012).



2.4.7 Determination of tocopherol

The sample was gently dissolved in 0.1 N sulfuric acid with 100 mg of the sample, allowed to stand at room temperature the next day, and then filtered. Before centrifuging, 1.5 ml of xylene was added to 1.5 ml of tissue extract. After combining 1.0 ml of the 2,2-pyridyl reagent and 1.0 ml of the separated xylene layer, the OD was measured at 460 nm. Initially, 0.33 ml of FeCl3 was added to the blank and thoroughly mixed. The test and standard were read at 520 nm against the blank after 15 min. The tocopherol content was determined using the tocopherol calibration curve, and the results were given in tocopherol equivalents (mg/g) (Rosenberg, 1945).



2.4.8 Determination of carotenoids

The method used by Zakaria et al. (1979) to estimate the carotenoid content was also followed in the present study. Five grams of the sample should be saponified for approximately 30 min at 37°C in a shaking water bath after the alcoholic KOH has been extracted. Saponified extract was added to a different funnel containing 10–15 ml of petroleum ether to dissolve the carotenoid pigments. The bottom aqueous layer was moved to a different separating funnel while the petroleum ether extract containing the carotenoid pigments was transferred to an amber-colored bottle. Petroleum ether was used to repeatedly extract the aqueous phase in a similar manner until it was colorless. A small amount of sodium sulfate was added to the petroleum ether layer to eliminate turbidity after the aqueous layer was removed. The absorbance at 450 nm was measured using a spectrophotometer and petroleum ether as a control (Zakaria et al., 1979).



2.4.9 Determination of alkaloid

Omoruyi et al. (2012) method was used to determine the amount of alkaloids. Twenty-five milliliters of 10% acetic acid in ethanol was used to dissolve 1 g of it. For 2 h, it was covered and left to stand. The mixture was filtered, and the filtrate was heated while being reduced to one-fourth of its initial volume. Until precipitation, drops of concentrated NH4OH were added to the extract. The mixture continued to resolve after being filtered and washed with mild NH4OH. The accumulated precipitate was dried and weighed (Omoruyi et al., 2012).

The following formula was used to determine alkaloid content:

	



2.4.10 Determination of phytate

A flask containing 50 ml of 2% HCl and 1 g of the weighted sample was incubated for 2 h before being filtered. Twenty-five milliliters of the solution and 5 ml of 0.3% ammonium thiocyanate were added to a 250-ml flask to serve as an indicator; 53.5 ml of distilled water was added to give the mixture some acidity. It was titrated using a typical FeCl2 solution (0.00195 g of Fe/ml) until a brownish yellow color emerged (Damilola et al., 2013). Phytate content was calculated as:

	




2.5 Antioxidant activity


2.5.1 The 2,2-azinobis (3-ethylbenzthiazoline)-6-sulfonic acid assay

The antioxidant activity [2,2-azinobis (3-ethylbenzthiazoline)-6-sulfonic acid (ABTS)] of wild food plants was measured. Solutions for potassium persulfate and ABTS (7 mM) were made in 100 ml of methanol (2.45 mM). In order to create free radicals, these two solutions were completely combined and left in the dark all night. The OD at 745 nm was set to 0.76 and the stock solution was diluted to roughly 3 ml (control solution). A solution of 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) was dissolved in 2 ml of the test sample and maintained at 25°C for 15 min. The optical density (OD) of the combination was calculated using a spectrophotometer at a wavelength of 745 nm. OD was determined after preparing various ascorbic acid dilutions using the same process (positive control) (Re et al., 1999).



2.5.2 2,2-Diphenyl-1-picrylhydrazyl assay

The antioxidant activity [2,2-diphenyl-1-picrylhydrazyl (DPPH)] of wild food plants was evaluated. Twenty milligrams of DPPH was dissolved in 100 ml of methanol (stock solution) to create DPPH solution. The OD at 515 nm (control solution) of 3 ml of this solution was fixed at 0.75. For the creation of stock solutions, 5 mg of each extract was dissolved in 5 ml of methanol. A solution of 2 ml of DPPH was combined with about 2 ml of each dilution, and the mixture was then maintained in the dark for 15 min. In all of the experiments used for the comparative study, ascorbic acid served as a standard antioxidant component (Barros et al., 2007). Using the equation, the percentage of DPPH that extracts inhibited was determined.




2.6 Antibacterial activity


2.6.1 Collection of test organisms

The bacterial strains used in this experiment were Staphylococcus aureus (MTCC 96) and Escherichia coli (MTCC 82). These strains go through 14–16 h of incubation at 37°C while being cultured in nutrient broth.



2.6.2 Antibacterial activity of plants extract

To assess each plant extract’s antibacterial properties, the disc diffusion method was performed (Razmavar et al., 2014). Upon reaching a final concentration of 50 L/disc, the plant extract leftovers (100 mg) were dissolved in 1 ml of 10% DMSO before being applied to sterile filter paper discs (8 mm in diameter). Filter paper discs were loaded with 10 µl of streptomycin as a positive control. After being kept at 4°C in the refrigerator for 2 h to allow plant extracts to diffuse, the plates were incubated at 35°C for 24 h. By using a measuring scale, the occurrence of inhibitory zones was determined, and the extract’s antibacterial activity was demonstrated.




2.7 Statistical analysis

GraphPad Prism® 5.2 was used for the statistical analysis. The means of two species were compared using the least significant difference (LSD) at the 5% level. Three replicates’ worth of data (mean ± SD) were analyzed using a two-way ANOVA and then a Bonferroni multiple comparison post-test.




3 Results

Methanol extracts from A. rubellum, B. Chitria, C. bursa–pastoris, S. aquatica, and R. emodi retain a percentage yield of 24.00%, 24.82%, 15.33%, 22.60%, and 17.33%, respectively. Variation in percentage yield of plants was observed, which might be due to the composition of different phytochemicals in plants.


3.1 Nutritional composition

The nutritional composition of the five wild edible plants studied is presented in Table 2. Among all the species studied, A. rubellum was highly rich in carbohydrates, proteins, sodium, potassium, and crude fiber compared to the other four species. The minimum amount of these nutrients was found in R. emodi. The carbohydrates were found to be highest in A. rubellum (6.936 ± 0.175 mg/g) and lowest in R. emodi (4.681 ± 0.177 mg/g); protein content was found to be highest in A. rubellum (10.183 ± 0.153 mg/g) and lowest in R. emodi (2.320 ± 0.235 mg/g); sodium was found to be highest in A. rubellum (3.212 ± 0.359 mg/g) and lowest in R. emodi (0.553 ± 0.150 mg/g); potassium was found to be highest in A. rubellum (16.325 ± 1.139 mg/g) and lowest in R. emodi (5.776 ± 0.108 mg/g); crude fiber was found to be highest in A. rubellum (6.466%) and lowest in R. emodi (2.566%); crude fat content was found to be highest in B. chitria and lowest in C. bursa-pastoris. B. chitria was 2.14 times higher as compared to C. bursa-pastoris. Wild species of plants are well known for their nutritional value. The selection of plant species for systematic classification, plant improvement initiatives, and nutraceutical relevance depends on the amount and quality of crude protein content discovered in plant samples (Nisar et al., 2018). In earlier studies, it was shown that leaf samples have significant levels of crude fiber, which support digestion; proteins, which serve as the building blocks of cells; and lipids, which offer energy and help with the assimilation of fat-soluble vitamins (Aberoumand, 2011).


Table 2 | Allium rubellum, Berberis chitria, Capsella bursa-pastoris, Stellaria aquatica, and Rheum emodi nutritional content.





3.2 Phytochemicals analysis

Phytochemicals analysis of the five wild edible plants studied is shown in Table 3. In general, substantial variability was observed for phytochemicals tested in the five species. The highest phenol content was observed in B. chitria and the lowest was observed in R. emodi. Phenol and flavonoid content were higher in B. chitria (14.219 ± 0.11 mg/g and 4.991 ± 0.221 mg/g, respectively). The lowest phenol and flavonoid content was found in R. emodi, which is approximately 4.815 ± 0.599 mg/g and 1.571 ± 0.359mg/g, respectively. Ascorbic acid content was found the highest in R. emodi (4.157 ± 0.424 mg/g) and the lowest in C. bursa-pastoris (0.389 ± 0.185 mg/g). Amino acid content was found to be 5.85 times higher in A. rubellum (3.475 ± 0.180 mg/g) in comparison with R. emodi (0.594 ± 0.123 mg/g). Tannin content was found to be the highest in C. bursa-pastoris (3.594 ± 0.229 mg/g) and the lowest in A. rubellum (1.991 ± 0.260 mg/g). It was 81% higher in C. bursa-pastoris than in A. rubellum. The order of presence of tannin was C. bursa-pastoris >B. chitria > R. emodi > S. aquatica > A. rubellum. The highest terpenoid content was found in B. chitria (6.291 ± 0.202 mg/g) and the lowest was found in R. emodi (1.482 ± 0.178 mg/g). Terpenoid content ranged between 1.482 ± 0.178 mg/g and 6.291 ± 0.202 mg/g in the five studied species. Carotenoids content was observed to be 61% higher in A. rubellum (251.603 ± 0.781 µg/g) than in R. emodi (156.21 ± 0.196 µg/g). Tocopherol content was found to be the highest in S. aquatica (14.603 ± 0.39µg/g) and was 6.12 times higher in B. chitria (2.387 ± 0.419 µg/g). The highest alkaloids content was found in R. emodi (1.271%) and the lowest was found in A. rubellum (0.366%) and was 3.47 times higher. The alkaloids, in general, were low in quantity in tested species and it varied between 0.36% and 1.27%. However, phytate content was the highest in A. rubellum (1.491%) and the lowest in R. emodi (0.680%). However, interestingly, the content of crude fats among the five species showed no significant variation (Tables 2, 3). It was observed that there was a significant difference among all the five species for protein, potassium, crude fiber, phenols, ascorbic acid, amino acid, terpenoids, carotenoids, and tocopherol contents. Elements accumulate differently in different plant species depending on factors like the kind of soil, plant species, fertilization technique, and environmental conditions (Bengtsson et al., 2003). On the basis of overall studies, we conclude that these plants are a good source of mineral composition.


Table 3 | Phytochemical compositionof Allium rubellum, Berberis chitria, Capsella bursa-pastoris, Stellaria aquatica, and Rheum emodi.





3.3 Antioxidant activity

Radical scavenging activity in the five species studied, using DPPH radical and ABTS radical, is shown in Table 4. The highest antioxidant activity was observed in R. emodi because it has the lowest IC50 value (1.512 µg/ml), and S. aquatica showed the lowest antioxidant activity because it has a high IC50 value evaluated by the ABTS assay. Again, through the DPPH assay, the highest antioxidant activity was found in R emodi because it has the lowest IC50 value (2.816 µg/ml). However, the IC50 of the positive control (ascorbic acid) was 0.6 µg/ml and 0.8 µg/ml with ABTS and DPPH, respectively. Our results indicate significant antioxidant in all the five extracts, whose IC50 ranged from 1.5 µg/ml to 6.5 µg/ml in the ABTS assay and 2.8 µg/ml to 9.6 µg/ml in the DPPH assay.


Table 4 | IC50 (µg/ml) of antioxidant assay of ABTS and DPPH in the collected wild edible plants.





3.4 Antibacterial activity

The antibacterial activity of the methanolic extract of the five wild edible plants is presented in Table 5. Maximum zone of inhibition was found in R. emodi (20.133 ± 0.152 mm) and the lowest was found in A. rubellum (13.33 ± 0.493 mm) against E. coli. Zone of inhibition was observed the highest in S. aquatica (19.2 ± 0.305 mm) and the lowest in C. pastoris (14.5 ± 0.173 mm) against S. aureus. Results of antibacterial activity of the five plant extracts suggested that S. aureus was the resistant strain to plant extracts compared to E. coli. The main contributors to the antimicrobial mode of action of plant extracts are phenolic chemicals, which cause microbial membrane breakdown, cytoplasmic leakage, and cytoplasmic component coagulation; adapt anti-quorum sensing activity; and interfere with microbial cellular metabolism (Chandra et al., 2017). Here, studies revealed that each of the five test plant extracts included powerful substances that aided in the antimicrobial activity. The activity of the bioactive chemicals that give plant extracts their medicinal value, their methods of action, and other potential advantages of employing extracts should be thoroughly studied.


Table 5 | Antibacterial activity of Allium rubellum, Berberis chitria, Capsella bursa-pastoris, Stellaria aquatica, and Rheum emodi.






4 Discussion

A major portion of the Gaddis’ tribe food while migrating is made up of plant resources, which is rich in carbohydrates, proteins, fats, and fiber. The current study examined five neglected wild food plants’ nutritional, phytochemical, antioxidant, and antibacterial properties, i.e., A. rubellum, B. chitria, C. bursa-pastoris, S. aquatica, and R. emodi consumed by the Gaddis tribe. These wild plants are the cheapest source of food and have medicinal properties. Polar solvent methanol was used as a solvent for the extraction of plants metabolites because it is reported that polar solvents are more effective in extracting bioactive metabolites (Al-Mansoub et al., 2014). It was observed that there was a large variability in content of parameters studied except for fats in different species. The nutrient analysis was within the range of prior research, according to an overall examination of the literature. The significant variation from the other stated value may be due to a number of factors, including the season and level of plant maturity used for the analysis. It was seen that the nutritional value of A. rubellum was better than the other species. The antioxidant and antibacterial activity of R. emodi was higher than that of the other studied species.

Carbohydrates are known to be a major and indispensable source of energy in metabolic processes (Ogungbenle & Omosola, 2015). A. rubellum has the highest carbohydrate content compared to other species, indicating that it is a good energy supplier. In one of the studies, 130 g of carbohydrates has been recommended for human consumption (Datta et al., 2019), while in the present study, it varied between 4.6 and 6.9 mg/g in the five species. It implies that in order to meet the daily human requirement, more than 200 g of those dried plants need to be consumed. Similarly, proteins constitute an essential and pivotal component for living organisms. The rich protein content in A. rubellum, C. bursa-pastoris, and S. aquatica potentially offers essential dietary supplements. Both carbohydrate and protein content were higher in the studied species compared to the wild plants consumed as vegetables (Hassan & Umar, 2006). Excess fat is also not good for the health as it is a cause of aging, cancer, and cardiovascular diseases (Blessing et al., 2011). In our studies, all the species had low crude fat, indicating that these species are effective in preventing certain diseases. The amount of crude fat was similar to that found in Drymeria cordata and Blumea lanceolaria (0.54%) wild edible plants consumed by the Bodos tribes of Assam (Brahma et al., 2014). The presence of high fiber in food is considered good for digestion and reduces illnesses associated with metabolic conditions (Ikewuchi & Ikewuchi, 2008). A. rubellum and C. bursa-pastoris had high amounts of crude fibers compared to other studied species, indicating that these plants help to reduce disease better than the other species studied. However, if fiber content is high, it might interfere with how well some minerals are absorbed like iron (López and Martos, 2004).

Protein, carbohydrate, and fat are the three important components of food that provide energy. It is a known fact that 1 g of carbohydrate and protein yields 4 kcal of energy while an equal amount of fat yields 9 kcal of energy (Mandario et al., 2019). The energy content of the studied species can be determined by multiplying values obtained for carbohydrate, protein, and fat by 4, 4, and 9, i.e., 144, and adding up these values. It is evident that S. aquatica had a maximum energy amounting to 7,029.5 kcal/g, followed by A. rubellum (6,671.9 kcal/g) and the least was in R. emodi (1,385.5 kcal/g). The energy content in B. chitria and C. bursa-pastoris was nearly half that of S. aquatica.

For the physical and mental growth of humans, sodium and potassium play an important role besides being essential components of teeth, bone, blood, and muscle (Zoroddu et al., 2019). In contrast to potassium, which is required due to its diuretic properties, sodium aids in the transfer of metabolites. It has been reported that 0.03 to 1.2 mg/g of sodium can be found in cultivated vegetables and fruits (Walid et al., 2012). However, in the present study, it ranged between 0.55 and 3.21 mg/g, the highest amount being in A. rubellum. Similarly, the potassium content was high in our studied plants. Sodium-to-potassium ratio is considered to be important in controlling hypertension and arteriosclerosis. In literature, it has been reported that Na enhances blood pressure while K decreases blood pressure (Saupi et al., 2009). In our studies, this ratio was 5.0 for A. rubellum, 5.9 for C. bursa-pastoris, 11.4 for R. emodi, 12.1 for B. chitria, and 13.7 for S. aquatica. In contrast, high ratios were observed in Amaranthus virdis (32.4), Achyranths aspera (67.0), and Phyllanthus emblica (45.0) in one study (Sundriyal & Sundriyal, 2001). However, they also reported a low ratio in tomato (11.3) and papaya (11.5).

Phenols and flavonoids are secondary metabolites and have scavenging capabilities (Williams et al., 2004). In contrast to the 3.3 mg/g and 2.5 mg/g of phenols found in Euphorbia thymiafolia and Pouzolzia hirta, two edible plants from the Western Himalayas (Prasad & Chandra, 2018), in our studies, phenol concentration ranges from 4.8 to 14.2 mg/g.

    Similarly, in one of the studies, flavonoid content as reported in Amaranthus retroflexus, Chaerophyllum byzantinum, and Ornithogalum umbellatum (Prasad & Chandra, 2018) are in agreement with our studied species. In our study, 50% inhibition of ABTS and DPPH radicals (IC50) by the methanolic extract in different species ranged from 1.5 to 6.5 µg/ml and 2.8 to 9.6 µg/ml, indicating potential antioxidant activity in these plants. The IC50 value of the DPPH assay was found to be higher than the ABTS assay, which showed that all these species have more antioxidant activities. Additionally higher phenolic content obtained than flavonoids showed more antioxidant activity as phenols have a higher redox potential and can absorb and neutralize free radicals (Jimoh et al., 2011). Flavonoids are also referred to as a natural constituent of plants and show antioxidant activity through a scavenging or chelating process (Pourmorad et al., 2006). The presence of ascorbic acid (0.38 to 4.15 mg/g) and tocopherol (2.3 to 14.6 µg/g) in wild plants is considered to be sufficient to play a role in deactivating and absorbing free radicals (Islary et al., 2016). Tannins have a reputation for treating cancer and ulcerated tissues. Among the five species studied, it varied from 1.9 to 3.5 mg/g, which are in range to the species (Hegazy et al., 2013). In one study, it has been reported that 13.2 mg/g of terpenoid in Pueraria tuberose was consumed by the tribes of Maharashtra, while in our studied species, it was found to be quite low (1.4 to 6.2 mg/g) (Ojewumi et al., 2021); this might be due to climatic and seasonal variations. Terpenoids are known for their flavor due to their aromatic quality, and in the studied species, low amounts of terpenoids indicate that these species lack aroma and will have no potential effect on human behavior. Similarly, consumption of high alkaloid-containing food is not good for the health as high alkaloid causes damage to muscles, blood vessels, and other soft tissues (Gemede & Ratta, 2014). It was found to be low in all the five species, which justifies the use of these plants as food by Gaddis. Alkaloids and phytate are both regarded as being antinutritional (Samtiya et al., 2020). The amount of phytate in the studied five species ranged between 0.68% and 1.49%. It has been found that the amount of phytate in wild edible plants Portulaca oleracea and Solanum indicum is 0.82% and 0.69%, respectively (Aberoumand & Deokule, 2009). In one of the studies, it has been found that 1%–16% of phytate taken reduces the bioavailability of minerals with time (Oke, 1969). However, by boiling, soaking, and heating, alkaloid and phytate concentrations in food can be reduced (Ekop & Eddy, 2005). The antibacterial activity of the methanolic extract of the five studied species revealed that the extract inhibited E. coli growth comparatively more than S. aureus. The results are in line with that reported in wild edible plants Datura stramonium, Ricinus communis, and Calotropis gigantean (Jain et al., 2010). The range of inhibition was also almost the same as that reported here. In one study, it has also been found that the ethanolic extract of Catunargam spinosa was effective against E. coli and Klebsiella pneumoniae (Anand et al., 2017).

Previous research indicates that major chemical constituents like number of anthraquinone (such as emodin) occur in R. emodi. Reports suggest that anthraquinone derivatives show proof of antimicrobial, antifungal, anti-Parkinson’s, immuno-enhancing, antiproliferative, antiviral, and antioxidant activities (Zargar et al., 2011). It is reported that 3-hydroxy-methyl furan is a major chemical constituent present in S. aquatica, which is effective against fistula and piles (Li, 1973; Kameoka et al., 1978). Furthermore, ADMET analysis revealed that both compounds exhibited drug-like behavior. As a result, it is possible that these could be used as a natural antioxidant and as a safe compound for the treatment of a variety of diseases. More research, such as the identification and extraction of reliable specific antioxidant and antimicrobial compounds, is needed and suggested for its broad-spectrum application, in order to validate the specific activity.



5 Conclusion

With the advancement of modern techniques, it has become possible to screen the nutritional composition, phytochemical, natural antioxidant, and antimicrobial potential of wild edible plants to feed the next generation. In addition, natural antioxidants have the capacity to improve food quality and stability and to act as nutraceuticals to terminate free radical chain reaction in biological systems, and thus may provide additional health benefits to consumers. The current investigation showed that the five edible plants are rich in proteins, carbohydrates, fibers, fats, phenols, flavonoids, etc., which help maintain normal body functions and provide protection against oxidative stress. Thus, it should be emphasized how crucial it is to preserve traditional ethnomedical knowledge before this rich resource is lost. Lastly, the present study records wild species with therapeutic potentials, which should be explored further for pharmacological studies due to their immense potential.
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