
Abstract
The North-Western Himalayan region (NWHR) spread across Jammu & Kashmir, Himachal Pradesh, and Uttarakhand is a complex 
physiographical region consisting of glacier mountains, cold deserts, hot springs, and dense forests with unique biodiversity. The region 
is characterized by extreme weather, intense UV radiation, and low oxygen partial pressures limiting agriculture. Local communities have 
adapted to these conditions by relying on wild edible plants (WEPs) such as tubers, fruits, berries, and green leafy vegetables (GLVs) for 
nutrition and livelihood. However, in recent years, the consumption of WEPs and associated indigenous knowledge has been rapidly 
declining due to the adaptation of Western lifestyles and processed foods. In this context, the present work was taken up to survey and 
document various WEPs consumed in the NWHR. Nearly, 100 WEPs were recorded and are consumed in the form of curries, soups, sauces, 
cordials, and pickles. These WEPs contain myriad bioactive molecules such as carotenoids, phenolic acids, flavonoids, anthocyanins, 
anthraquinones, and terpenoids with therapeutic applications correlating to their traditional medicinal use. Some common uses of 
WEPs are against inflammation, gastro-intestinal disorders, infection, and hepatoprotection. The study emphasizes the importance of 
conserving and promoting WEPs for food security and potential therapeutic applications.
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Introduction
Nearly 90% of the calories in the human diet come from a few 
plant species, such as rice, wheat, maize, sugarcane, and potatoes, 
with cereals contributing to about 60% of the diet. These crops 
are water-intensive, have a high environmental footprint, and are 
vulnerable to environmental fluctuations and diseases (Dwyer et 
al., 2022). Overreliance on these crops poses a significant threat 
to global nutritional security in the long run. With the global 
population expected to reach 9.7 billion by 2050, there is an urgent 
need to identify alternative crops to ensure nutritional security 
(Wijerathna-Yapa and Pathirana, 2022). Wild edible plants (WEPs) 
play a crucial role in meeting global dietary requirements. WEPs 
are indigenous species that grow and reproduce naturally in their 
habitats without human intervention or cultivation (Motti, 2022). 
They include green leafy vegetables (GLVs), fruits, nuts, berries, 
and tubers gathered from surrounding ecosystems. While 30,000 
edible plants have been identified worldwide, only 7,000 species are 
consistently collected and consumed (Bacchetta et al., 2016). WEPs 
are nutrient-dense and contain a wide range of bioactive molecules 
such as polyphenols, terpenoids, fatty acids, carotenoids, and 
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alkaloids with myriad health benefits (Ray et al., 2020). They 
have been shown to help in recovering from malnutrition, 
including iron deficiency anemia and protein deficiency 
in rural communities (Knez et al., 2023). Additionally, WEPs 
exhibit great genetic diversity, resilience to drought and 
changing climates, and resistance to pathogens and pests 
(Bacchetta et al., 2016; Dwyer et al., 2022). Therefore, WEPs 
have the potential to be a valuable source of future food, 
and there is a critical need to reintroduce them into human 
diets (Motti, 2022; Knez et al., 2023).

Approximately 100 million people from 705 different 
ethnic communities in India rely on WEPs for their livelihood. 
These communities, mainly tribal and rural, produce a 
variety of value-added products from WEPs, such as juices, 
jams, pickles, and wines (Mishra et al., 2021). In India, 1403 
WEPs from 44 families have been identified as commonly 
consumed, with leafy shoots and fruits being the most 
consumed parts (Ray et al., 2020). WEPs are particularly 
prevalent in mountainous regions like the Indian Himalayan 
region (IHR), which is known for its rich biodiversity and 
unique cultural practices centered around agro-pastoralism 
and WEP consumption (Thakur et al., 2017; Hegde et al., 
2023). The North-Western Himalayan region (NWHR) 
spread across Jammu & Kashmir, Himachal Pradesh and 
Uttarakhand is a complex physiographical region consisting 
glacier mountains, cold deserts, hot springs and dense 
forests with unique biodiversity. The region is characterized 
by extreme weathers, intense UV radiation and low oxygen 
partial pressures limiting agriculture. Local communities 
have adapted to these conditions by relying on WEPs for 
nutrition and livelihood. Several authors have reported the 
use of WEPs as a source of bioactive molecules and essential 
nutrients from this region (Thakur et al., 2017; Ray et al., 
2020; Pereira et al., 2020; Hegde et al., 2023). In recent years, 
there has been an overall consensus on the importance of 
WEPs and their conservation and value addition (Mishra 
et al., 2021). Despite the growing recognition of WEPs, 
their consumption, and associated indigenous knowledge 
are declining due to the influence of Western lifestyles 
and processed foods. Further, the region is significantly 
influenced by the tourist population, often creating a 
negative impact on the local ecosystem, especially the food 
and culinary diversity (Pereira et al., 2020). This trend poses 
a threat to biodiversity conservation and the preservation 
of traditional knowledge (Mishra et al., 2021). In this context, 
we aimed to survey and document the understudied lesser-
known genetic resources, i.e., WEPs in the North Western 
Himalayas across different seasons. Information such as the 
diversity of WEPs, plant parts used for edible applications, 
major bioactive molecules, and traditional medicinal uses 
have been recorded through extensive respondent surveys 
among the local populations. The study emphasizes the 
importance of conserving and promoting WEPs for food 

security and potential therapeutic applications. We envisage 
that comprehensive documentation and subsequent 
characterization would validate the traditional uses of these 
WEPs and promote their use as mainstream foods. 

Materials and Methods 
Study Area
The study area encompasses the North Western Himalayas 
comprising politically delineated states viz., Himachal 
Pradesh, Jammu & Kashmir (J&K) and Uttarakhand. 
Geographically the region is spread between 28° 43’-37° 
05’ N latitude and 72° 40’ -81° 02’ E longitude covering 
an approximate area of 33 million ha. The representative 
study locations from each state and their and geographical 
coordinates are presented in Figure 1 and Table 1, 
respectively. The region is characterized with a tropical 
to temperate climate owing to the altitudinal variations 
ranging from 100 m to above 6000 m asl covering sub-
tropical to cold temperate alpine zones. Geologically, the 
region comprises three ranges, the Greater Himalaya, the 
outer Himalaya and the lesser Himalaya. The mean rainfall 
in the region is approximately 800, 1200 and 1500 mm for 
Jammu & Kashmir, Himachal Pradesh and Uttarakhand, 
respectively. However certain regions of NWHR such as the 
Trans-Himalayan zone encompassing areas like Ladakh in 
J&K, Lahaul & Spiti in Himachal Pradesh, and Nelong valley 
of Uttarakhand are considered cold deserts with very low 
annual rainfall (~40 mm) and extreme temperatures ranging 
from -45°C in winters to 40°C in summers. Owing to the wide 
range of climatic conditions, the region is characterized by 
abundant plant diversity, particularly medicinal plants. The 
primary occupation of the tribal communities residing in 
the NWHR region is agro-pastoralism and primarily depends 
on the resources available from surrounding ecosystems. 

Surveys
The work comprised field surveys, interactions with the 
locals of the study sites, data recording, analyses, and 
interpretation of the gathered information. Filed surveys 
were conducted between February 2022 to May 2022 in 
Himachal Pradesh, J&K and between November 2022 to 
January 2023 in Uttarakhand covering summer and winter 
seasons respectively. In the following year (2023), survey and 
data collection were conducted vice-versa, i.e., during winter 
months (Nov-Jan 2023) in Himachal Pradesh and J&K and 
summer months in Uttarakhand (Feb-April 2024). The study 
locations were shortlisted based on earlier reconnaissance 
surveys in a few representative sites. Intensive interviews 
such as door-to-door surveys and fieldwork were conducted 
at these sites (Table 1). Information such as age, gender, 
and literacy were recorded after taking the consent of the 
respondent. Information such as knowledge and use of WEPs 
were collected using structured interviews as described 
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Figure 1: Location maps of study sites in the North Western Himalayan region

Table 1: Details of survey sites in the North Western Himalayan region

S. No. Name of the village State Latitude Longitude Altitude (m) 

1 Keylong Himachal Pradesh 32.5710 77.0320 3080

2 Udaipur Himachal Pradesh 32.7243 76.6651 2743

3 Bhuntar Himachal Pradesh 31.8862 77.1455 2050

4 Balichowki Himachal Pradesh 31.6886 77.2800 2000

5 Mandi Himachal Pradesh 31.7087 76.9320 780

6 Sunder Nagar Himachal Pradesh 31.5299 76.8889 1174

7 Joginder Nagar Himachal Pradesh 31.9912 76.7899 1220

8 Ghumarwin Himachal Pradesh 31.4491 76.7048 700

9 Pangi Himachal Pradesh 32.9882 76.5303 2100

10 Bharmour Himachal Pradesh 32.4428 76.5329 2100

11 Palampur Himachal Pradesh 32.1109 76.5363 1355

12 Panchrukhi Himachal Pradesh 32.0566 76.5647 1053

13 Bhawarna Himachal Pradesh 32.0398 76.4997 1254

14 Mehatpur Himachal Pradesh 31.4078 76.3435 393

15 Kalpa Himachal Pradesh 31.5377 78.2754 2960

16 Chitkul Himachal Pradesh 31.3508 78.4366 3450

17 Haridwar Uttarakhand 29.9457 78.1642 314

18 Ranikhet Uttarakhand 29.6434 79.4322 1869

19 Sauni Uttarakhand 29.6278 79.3543 1679

20 Tarikhet Uttarakhand 29.6141 79.4071 345

21 Haldwani Uttarakhand 29.2183 79.5130 424

22 Kathgodam Uttarakhand 29.2693 79.5441 554

23 Chamba Uttarakhand 30.3455 78.3947 1524

24 Leh Ladakh 34.1526 77.5771 3524
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by Thakur et al. 2017. Besides this, group discussions were 
held with locals in each site consisting mixed population of 
diverse age groups. The information on ethnic cuisines and 
ingredients utilized was primarily obtained from discussions 
with womenfolk while information on the availability of 
the WEPs, and their distribution was obtained from men. 
All the respondents were made aware of the purpose and 
nature of the study and data were recorded upon oral 
consent and agreement. The record of WEPs used by the 
local people such as parts used, and dishes prepared from 
the WEPs were collated based on household surveys (n = 
524). The WEPs were categorized based on the purpose of 
use, such as vegetables, fruits, flavoring agents, raw food, 
and beverages (brew). The data on the usage of WEPs were 
further categorized season-wise viz., WEPs consumed in 
summer, winter, and rainy seasons. The information collated 
was evaluated for taxonomic diversity, species richness, and 
the plant part used for edible purposes (Table 2). The major 
metabolites identified in these WEPs were listed based on 
earlier published reports (Table 3). 

Results
Wild Edible Plants and Their Consumption Pattern
Nearly 100 WEPs were identified to be consumed in the study 
region covering Himachal Pradesh, J&K and Uttarakhand. 
These 100 WEPs belonged to 51 different families; with 
members of Amaranthaceae (n = 8), Polygonaceae (n = 8), 
and Rosaceae (n = 8) being the predominant ones followed 
by Asteraceae members (n = 6). These were followed by 
Fabaceae, Aracaceae, Moraceae, and Eleagnaceae with 4 
species in each of them being consumed. The rest of the 
families contained either one or two plants that are edible 
and consumed across the NWHR. In the majority of the cases, 
leaves and tender shoots (n = 43) was the predominant 
form of consumption as green leafy vegetables (GLVs) 
closely followed by fruits (n = 41), roots and tubers (n = 11), 
flowers and buds (n = 7), seeds (n = 4) and whole plant (n 
= 1) (Figure 2). Some of the common GLVs consumed in 
the NWHR, particularly Himachal Pradesh are Amaranthus 
tricolor, Chenopodium album, Colacasia esculena, Nasturtium 
officinale, Brassica juncea, Zanthoxylum armatum, Urtica 
dioica, Portulaca oleracea, Oxalis latifolia, Rheum austral are 
primarily used in the preparation of curries, sauces (chutney) 
and stuffed flat bread. In Uttarakhand, the following leaves 
are commonly utilized viz., Boerhavia diffusa L., Antidesma 
montanum., Achyranthes aspera L., Polygonum aviculare L., 

in addition to the aforesaid leaves that are consumed in 
Himachal Pradesh. Apart from its use as a food ingredient, 
the leaves of the aforesaid plants are primarily used in 
traditional medicine mainly for gastro-intestinal disorders, 
and for treating ulcers and infections (Thakur et al., 2017). 
In the cold desert regions encompassing, Ladakh, Lahaul, 
and Spiti, a variety of wild leaves are consumed as food, 
medicine, and flavoring agent. C. foliosum, Rumex hastatus, 
R. emodi, and Urtica tibetica are commonly utilized leaves as 
vegetables. Leaves of Allium jacquemontii, Murraya koennigii, 
and Mentha longifolia are used as flavouring agents due 
to the presence of essential oils and aromatic compounds 
(Farzaei et al., 2017). 

The next form of WEP widely consumed are fruits and 
berries. These are consumed raw or cooked as vegetables 
or converted into a variety of products such as juices, 
jams, sauces, and pickles. Among wild fruits and berries, 
Aegle marmelos, Artocarpus lacucha, Berberis sp. (B. aristate, 
B. asiatica) DC., Cornus capitata, Diospyros lotus, Ficus 
auriculata, Ficus palmata (Wild Figs), Myrica esculenta, Morus 
alba, Physalis peruviana, Punica granatum, Pyrus pashia, 
Ribes alpestere, Rubus sp. (R. elipticus, R. niveus), Prunus 
sp. (P. americana, P. mira), Hippophae rhamnoides are few 
popular wild edible fruits from the NWHR. Among these 
fruits, seabuckthorn (H. rhamnoides), apricot (P. americana), 
pomegranate (P. granatum), and bael (A. marmelos) are 
valued highly owing to their medicinal properties (Bachheti 
et al. 2023). 

Following leaves and fruits, tubers and roots are another 
important form of consumption of WEPs. Tubers of Colacasia 
esculenta, Pueraria tuberosa, Typhonium diversifolium, 
Arisaema speciosum, Dioscorea sp. (D. bellophyla, D. bulbifera, 
D. oppositifolia) are a few commonly consumed tubers. They 
are primarily used as vegetables for stuffing breads and 
used as curries and pickles. Apart from these, aerial parts of 

25 Kargil Ladakh 34.5539 76.1349 2676

26 Kathua Jammu & Kasmir 32.3863 75.5173 393

27 Kartholi Jammu & Kasmir 32.6380° 74.9342° 340

28 Bari Brahmana Jammu & Kasmir 32.6365° 74.9141° 340

29 Ghagwal Jammu & Kasmir 32.5122 75.2129 370

Figure 2: Statistics of different plant part used
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several WEPs are primarily used as vegetables mainly curries. 
Flowers constitute a significant component of traditional 
foods in NWHR. The major seasonal flowers consumed are 
Bauhinia variegeta, B. purpurea, Rhodeodendron arboreum, 
Viola odorata, and Bombax ceiba. Bauhinia sp. (B. variegeta 
and B. purpurea) is used in the preparation of snacks (fritters) 
and stuffed flat breads. In addition, they have been used 
for treating infections and boosting immunity (Hegde et 
al., 2023). Rhododendron sp. is used for the preparation of 
sauces and squash, cordial, and consumed during summers. 
They are primarily used as coolant and possess significant 
commercial value providing livelihood to the locals (Singh 
and Chatterjee, 2022). V. odorata flowers are dried and 
used as tea and preparation for decoction while B. ceiba 
flowers are used as a source of natural color and used for 
the treatment of anemia, haematuria, and hemorrhoids 
(Jain et al., 2009). 

Apart from Angiosperms, fiddlehead fern, Diplazium sp. 
(D. esculentum and D. maximum) are used as an important 
vegetable in the rainy season in Himachal Pradesh and 
Uttarakhand. The tender stalks of the fern are consumed 
as vegetables and used in curry preparations. Although 
not a plant, the locals consider it a plant (Sareen et al. 2021). 
Likewise, wild edible mushrooms, Morchella esculenta 
(Gucchi) and Termitomyces sp. (T. heimii and T. microcarpus) 
are commonly used as vegetables and preparation of curries 
across Himachal Pradesh, Uttarakhand and J&K (Atri et al., 

2019). A snapshot of various wild edibles distributed in the 
NWHR is presented in the Figure 3. 

Bioactive Molecules from WEPs
Apart from their use as vegetables and raw foods, WEPs 
possess excellent bioactive properties owing to the presence 
of myriad bioactive molecules. The major class of bioactive 
molecules are phenolic acids, flavonoids, anthocyanins, 
terpenoids, carotenoids, anthraquinones, phenylethanoids 
and phenylpropanoids (Bhatt et al., 2017; Bachheti et 
al., 2023; Hegde et al., 2023). The list of major classes of 
metabolites reported in the WEPs is presented in Table 3. 
The GLVS are a rich source of micronutrients, particularly 
iron, zinc and magnesium, and carotenoids, primarily lutein 
and beta carotene (Sarkar et al., 2023). Fruits and berries 
are primarily rich sources of polyphenols. Some commonly 
detected metabolites in wild edible fruits from NWHR are 
3-O-caffeoylquinic acid, 5-O-caffeoylquinic acid. Quercetin-
3-O-glucoside, p-coumaric acid, 3-p-coumarylquinic acid, 
kaempferol glycosides, isorhamnetin, myricetin, catechins, 
gallic acid, and apigenin glucosides (Hegde et al., 2023; 
Bachheti et al., 2023). These polyphenols have been 
attributed with a wide range of bioactive properties viz., 
antioxidant, anti-inflammatory, hypocholesterolaemia and 
cardioprotective, and anti-cancerous (Pereira et al., 2020). 
Some high-value and commercially important molecules 
from WEPs in NWHR are quercetin-3-O-glucoside from 

Figure 3: Photographs of wild edible plants consumed in North Western Himalayan region
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Table 2: Wild edible plants (WEPs) consumed in the North Western Himalayan Region

S. No. Botanical name Local name Family Part used Method of consumption

Himachal Pradesh

Summer season

1 Rhododendron arboreum 
Sm.

Buransh Ericaceae Flower Chutney, juices and cordial

2 Bauhinia variegeta L. Kachnar Fabaceae Buds and flowers Fritters and kachru (Stuffed Indian 
flat bread)

3 Cordia dichotoma Forst. Lasura Boraginaceae Raw fruits Vegetable, pickle

4 Amaranthus viridis L. Chulai Amaranthaceae Leaf Leafy vegetable, curries

5 Ficus palmata Forssk Fegra Moraceae Fruit Ripe fruit, Vegetable curries

6 F. auriculata Lour. Taryambal Moraceae Fruit Ripe fruit, Vegetable curries 

7 Artocarpus lacucha Buch.-
Ham.

Dheu Moraceae Fruit Ripe fruit, Vegetable curries 

8 Viola odorata L. Banfsa Violaceae Flower Flavouring agent to tea

9 Sechium edule (Jacq.) 
Swartz

Lonku Cucurbitaceae Fruit Vegetable curries

10 Fagopyrum dibotrys 
(D.Don) Hara

Kathu Polygonaceae Leaf and seeds Leafy Vegetable curries

11 Morchella esculenta (L.) 
Pers.

Gucchi Morchellaceae Arial part Vegetable curries

12 Aegle marmelos Correa. Bael or wood apple Rutaceae Fruit Ripe fruit, marmalade

13 Berberis aristata DC. Kasmale Berberidaceae Fruit Ripe fruit

14 Carissa spinarum L. Garne or Conkerberry Apocynaceae Fruit Ripe fruit

15 Morus alba L. Wild toot or Shehtoot Moraceae Fruit Ripe fruit, chutney

16 Myrica esculenta Buch-
Ham. Ex D. Don Kaphal Myricaceae Fruit Ripe fruit

17 Phyllanthus emblica L. Amla Phyllanthaceae Fruit Ripe fruit, chutney, juice and pickle 

18 Rubus ellipticus Sm. Aakhe or Yellow 
Himalayan Raspberry Rosaceae Fruit Ripe fruit

19 Ziziphus mauritiana Lamk. Ber or Indian Jujube Rhamnaceae Fruit Ripe fruit

20 Fragaria indica Andr. Wild Strawberry Rosaceae Fruit Ripe fruit, juice

21 Prunus armeniaca L. Apricot Rosaceae Fruit Ripe fruit, juice and jam 

22 B. asiatiica Roxb. ex DC. Indian/Asian Barberry Berberidaceae Fruit Ripe fruit

23 Crataegus pentagyna 
Waldst. & Kit. ex Willd Black Fruit Hawthorn Rosaceae Fruit Ripe fruit

Rainy season

24 Colocasia esculenta (L.) 
Schott

Patrode Araceae Leaf Patrode, leafy vegetable curry

25 Diplazium esculentum 
(Retz.) Sw.

Lungru Athyriaceae Fern Vegetable curry

26 Portulaca oleracea L. Kulfa Portulacaceae Twigs Leafy vegetable curry

27 Termitomyces microcarpus 
(Berk. & Broome) R. Heim, 
Mem.

Tatmor/Bhatoliyan Lyophyllaceae Arial Part Vegetable curry, pickle

28 Crataegus songarica K. 
Koch Van-Sangli or Ramjag Rosaceae Fruit Ripe fruit

29 Elaeagnus umbellate 
Thumb. Chinder Elaeagnaceae Fruit Ripe fruit

30 Pyrus pashia Buch.-Ham 
ex D.Don Kainth Rosaceae Fruit Ripe fruit, pickle and marmalade
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31 Ribes alpestre Wall. ex. 
Decne.

Chalendra or Asian 
gooseberry Grossulariaceae Fruit Ripe fruit

32 Rubus niveus Thunb. Akhe or Hill Raspberry Rosaceae Fruit Ripe fruit

33 Viburnum mullaha Buch.-
Ham ex. D. Don

Ghenu or Himalayan 
Viburnum Adoxacea Fruit Ripe fruit

34 Corylus jacquemontii 
Decne. Himalayan Hazelnut Betulaceae Fruit Nuts, oil extraction

35 Murraya koennigii L. Gandhelu or Metha 
Neem Rutaceae Fruit Ripe fruit

36 Elaeagnus umbellate 
Thunb. Ghain, Chindar Elaeagnaceae Fruit Ripe fruit

Winter season

37 Brassica juncea L. Mustard Leaf Brassicaceae Leaf Leafy vegetable curry, fritters and
kachru (stuffed indian flat bread)

38 Chenopodium album L. Bathua Amaranthaceae Twigs Leafy vegetable curry, fritters and
kachru (stuffed indian flat bread)

39 Momordica dioica Roxb. Ban Karela Cucurbitaceae Fruit Vegetable curry

40 Colocasia esculenta (L.) 
Schott

Colocasia tubers Araceae Tuber Vegetable curry and pickle

41 Cornus capitata Wall. ex 
Roxb.

Tharbal or Himalayan 
strawberry tree Cornaceae Fruit Ripe fruit

42 Diospyros lotus L. Amlook or Date plum Ebenaceae Fruit Ripe fruit

43 Physalis peruviana L. Rasbhary Solanaceae Fruit Ripe fruit

44 Pinus gerardiana Wall. ex 
D.Don Neoza Pinaceae Fruit Nuts, oil extraction

45 Punica granatum L. Wild Pomegranate 
(Darhu) Punicaceae Fruit Chutney

46 Prunus mira Koehne. Pit Aaru (Smooth Pit 
peach) Rosaceae Fruit Ripe fruit and jam

47 Solanum nigrum L. Kali Makoi or Black 
Nightshade Solanaceae Fruit Ripe fruit

48 Olea ferruginea Royle Indian Olive Oleaceae Fruit Ripe fruit

49 Flacourtia indica (Burm. 
f.) Merr.

Indian Plum or 
Governor’s plum Salicaceae Fruit Ripe fruit

Uttarakhand

Summer season

50 Achyranthes aspera L. Chaff- flower Amaranthaceae Leaf, seed Leafy vegetable curry

51 Elaeagnus latifolia L. Khasi Cherry or Bastard 
oleaster Elaeagnaceae Fruit Ripe fruits

52 Bombax ceiba L. Semal Bombacaceae Flower Vegetable curry and chutney

53 Agave americana Linn. Ramban Asparagaceae Shoots Vegetable curry

54 Asparagus filicinus Buch.-
Ham.ex D.Don

Kairua Asparagaceae Shoots Vegetable curry

55 Dioscorea bulbifera Linn. Genthi Dioscoreaceae Tuber Vegetable curry and pickle

56 Urtica dioica L. Bichchu ghas Urticaceae Leaf Leafy vegetable curry

Winter season

57 Bauhinia purpurea L. Khair-wal Fabaceae Flower, buds and 
fruit

Flower and buds as vegetable curry 
Ripe fruit

58 Boerhavia diffusa L. Punarnava Nyctaginaceae Leaf Leafy vegetable curry
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59 Polygonum aviculare L. Jhangar/Wild 
Buckwheat

Polygonaceae Twigs Leafy vegetable curry

60 Pueraria tuberosa DC. Bilikand Fabaceae Tuber Vegetable curry

Rainy season

61 Antidesma montanum 
Blume

Amli Phyllanthaceae Leaves and fruit Chutney and pickle

62 Costus speciosus (Koen ex. 
Retz) Sm.

Keu Costaceae Tuber Vegetable curry

63 Phytolacca sp. Jarag twigs Phytolaccaceae Twigs Leafy vegetable curry

64 Arisaema speciosum Mart. Bankh Araceae Tuber Vegetable curry

65 Chaerophyllum villosum 
Wall. Ex DC.

Ganziadi Apiaceae Rhizome Vegetable curry

66 Dioscorea glabra Roxb. Tarur Dioscoreaceae Arial root yam Vegetable curry

67 Typhonium diversifolium 
Wall. Ex Schott

Rugi Araceae Tuber Vegetable curry

Jammu & Kashmir

Summer season

68 Allium cepa var. proliferum Tree Onion/Praan 
Praand

Amaryllidaceae Shoots, bulb Flavouring agent and vegetable

69 Celosia argentea L. Moval Amaranthaceae Leaf Flavouring agent

70 Malva sylvestris Linn. Soochal Malvaceae Leaf Leafy Vegetable curry

71 Nasturtium officinale R. Br. Nagbabur Brassicaceae Leaf Leafy Vegetable curry

72 Orobanche alba steph. Subzgul Orobanchaceae Whole plant Vegetable 

73 Polygonum alpinum All. Tsokladar Polygonaceae Leaf Leafy Vegetable curry

74 Taraxacum officinale 
Weber

Hand Daisy family 
Asteraceae

Leaf Leafy Vegetable curry

Rainy season

75 Amaranthus retroflexus L. Ganhaar/Redroot 
pigweed 

Amaranthaceae Seeds Flavouring agent

76 Amaranthus spinosus Linn. Charleree Amaranthaceae Leaf Leafy vegetable curry

77 Angelica glauco Edgew. Chorak Apiaceae Twigs and roots Flavouring agent and leafy 
vegetables

78 Commelina benghalensis 
Linn.

Chura Commelinaceae Leaf Leafy vegetable curry

79 Medicago sativa Linn. Ispit Fabaceae Leaf Leafy vegetable curry

80 Polygonum aviculare Linn. Endrani Polygonaceae Leaf Leafy vegetable curry

81 Solanum nigrum Linn. Kainkothi Solanaceae Leaf Leafy vegetable curry

Ladhak

Summer Season

82 Saussurea gossypiphora 
D.Don.

Ldums Asteraceae Leaf Leafy vegetable curry

83 Capparis spinosa L. Kabra Capparaceae Leaf and fruit Leafy vegetable curry and pickle

84 Chenopodium foliosum 
Asch.

Sneou Amaranthaceae Leaf Flavouring agent

85 Sedum ewersii Ledeb. Churuppa Crassulaceae Twigs Leafy vegetable curry

86 Polygonum chinensis L. Jangli Palak Polygonaceae Leaf Leafy vegetable curry

87 Allium prezewalskianum 
Regel.

Wild onion Amaryllis Shoots and bulb Flavouring agent and vegetable 
curry

88 Artemisia brevifolia Wall. 
ex DC.

Kamchu Asteraceae Leaf Flavouring agent
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89 Mentha longifolia (L.) 
Huds.

Pholoing Lamiaceae Leaf Flavouring agent

90 Hippohae spp. Chharma or 
Seabuckthorn Elaeagnaceae Fruit, Leaf Ripe fruit, chutney, juice and 

decoction

Rainy season

91 Carum carvi L. Caraway/Ambuk 
Konsnyot 

Apiaceae Leaf, seed Flavouring agent

92 Chenopodium botrys L. Sagani Amaranthaceae Leaf Leafy vegetable curry

93 Arnebi euchroma (Royle ex 
Benth.) I.M.Johnst. A

Troma Boraginaceae Roots Vegetable curry

94 Crepis tectorum L. Remang Asteraceae Twigs Leafy vegetable curry

Winter season

95 Fagopyrium esculentum 
Moench

Tyat/Kuttu Polygonaceae Leaf Leafy vegetable curry

96 Rheum emodi Wall Lachu Polygonaceae Leaf Leafy vegetable curry

97 Lactuca sativa L. Dums Asteraceae Leaf Leafy vegetable curry and flavouring 
agent

98 Raphanus sp. Lobuk Brassicaceae Leaf Chuney, pickle

99 Lactuca dolichophylla 
Kitam.

Khala Asteraceae Leaf Leafy vegetable curry

100 Oxyria digya (L.) Hill Lamanchu Polygonaceae Leaf Leafy vegetable curry and eaten 
fresh

Bauhinia variegeta (Hegde et al., 2023) cyanidin-3-O-
glucoside from Rhododendron arboreum (Sendri et al., 2022), 
berberine from B. asiatica and B. aristata (Chander et al., 
2017), naphthoquinone (shikonin) from Arnebia euchroma 
(Kumar et al., 2021) polyunsaturated fatty acid such as alpha-
linolenic acid and carotenoids from Hippophae rhamnoides 
(Wani et al., 2016), apigenin derivatives from Mentha 
longifolia (Farzaei et al., 2017), betalins from Amaranthus sp. 
(A. tricolor and A. viridis) (Hussain et al., 2018). The structure 
of a few important bioactive metabolites identified in the 
WEPs distributed across the NWHR is presented in Figure 4.
The motivation behind the consumption of WEPs among 
locals could be directly correlated with the lifestyle and 
environmental conditions they live in. High-altitude 
regions, specifically the cold desert regions of NWHR such 
as Ladakh, Lahaul, and Spiti are characterized by extreme 
cold climate, high UV irradiation, and hypobaric hypoxia 
(Bharti et al., 2017). Such harsh living conditions are known 
to induce severe oxidative stress in the body and lead 
to the accumulation of reactive oxygen species (ROS) 
(Aranda-Rivera et al., 2022).  Oxidative stress is associated 
with several pathological conditions such as inflammation, 
neurological disorders, and cancer (Aranda-Rivera et al., 
2022). Several WEPs that are consumed in NWHR have been 
reported to counter oxidative stress owing to the presence 
of aforesaid bioactive molecules. For example, the widely 
consumed stinging nettle (U. dioica), and seabuckthorn (H. 

rhamnoides) contain strong antioxidants such as quercetin-
3-O-glucoside, alpha-linolenic acid, β-carotene offering 
strong radioactive protection (Wani et al., 2016). Similarly, 
other polyphenols such as apigenin and rutin derivatives 
are known to enhance endogenous antioxidant systems in 
the body and protect against radiation-induced damage 
(Choi et al., 2014). The presence of antioxidant polyphenols in 
almost all the WEPs suggests the importance of these WEPs 
in maintaining the health of the locals. Certain medicinal 
herbs unique to cold desert regions have been used by the 
locals such as the leaves and shoots of Rhodiola heterodonta, 
Potentilla ansernia, and Hippophae sp. for the preparation 
of brews and tea (Chen et al., 2023). Rhodiola contains 
phenylethanoids and phenylpropanoid metabolites such 
as salidroside and aromatic molecules such as tyrosol that 
have been reported to possess neuroprotective functions 
under hypoxic conditions (Li and Chen, 2017).

Challenges and Future Prospects in the Consumption 
of WEPs in NWHR
Although the WEPs play an important role in the subsistence 
of the local people, their consumption prevalence and 
traditional knowledge behind their utilization are slowly 
declining due to several reasons. One of the major factors 
affecting the continued consumption of WEPs among 
locals is urbanization and adaptation to modern lifestyle. 
In addition, the availability of packaged food and high 
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Table 3: Major metabolites and bioactive molecules

S. No. Latin name of the 
WEP Major metabolites Bioactive molecules References

1 Rhododendron 
arboreum Sm.

Flavonoids, flavonoid glycoside, 
organic compounds

Quercetin-3-rhamnoside, Rutin, Coumaric acid, naringenin 
and taxifolin

Kumar et al. 2019

2 Bauhinia variegeta 
L.

Flavonoid glycosides Kaempferol-3-O-glucosyl-7-O-glucoside, kaempferol-3-O-
rutinoside,
kaempferol-3-O-glucoside, kaempferol-3-O-robinoside, 
quercetin-3-Orhamnoside,
quercetin-3-O-glucosyl-7-O-glucoside, and quercetin-
3-O-rutinoside, apigenin, myricetin,
and luteolin

Hegde et al. 2023

3 Cordia dichotoma 
Forst.

Flavonoids polyphenols, 
tannins, and alkaloids

Kaempferol, quercetin and isorhamnetin Raghuvanshi et al. 
2022

4 Amaranthus viridis 
L.

Flavonoids, carotenoids, organic 
compunds

β-carotene and lutein, Kaempferol, kaempferol 3-O-β-
glucoside, kaempferol 3-O-β-diglucoside, kaempferol-3-O-
arabinoglucoside, quercetin, quercetin 3-O-xylosylglucoside, 
quercetin-3- O rhamnoglucoside, 2,4-Di-tert-butylphenol, 
Dioctyl phthalate

Poonia and 
Upadhayay, 2015

5 Ficus palmata 
Forssk

Alkaloids, tannins, flavonoids, 
terpenoids, cardiac glycosides

NR Joshi et al. 2014

6 F. auriculata Lour. Alkaloids,
Saponins, glycosides, 
phytosterol, resins, phenols, 
tannins, diterpenes,
Flavonoids

Quercetin, epigallocatechin Mehra and 
Tandon, 2021

7 Artocarpus lacucha 
Buch.-Ham.

Flavonoids, phenols, saponins, 
tannins and coumarins

Kaempferol, Rutin, Quercetin, Luteolin7Oglucoside Pertiwi et al. 2024

Figure 4: Major bioactive molecules in present in the WEPs distributed in the North Western Himalayan region
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8 Viola odorata L. Phenylpropanoids, 
stigmastanes, fatty alcohols, 
fatty acid and fatty acid ester

Eugenol, gamma-sitosterol, tetradecanoic acid, hexadecanoic 
acid, octacosanol, Octadecanoic acid, methyl ester

Jasim et al. 2018

9 Sechium edule 
(Jacq.) Swartz

Phenolic acid, flavonoids, 
alkaloids

Hydrobenzoic acids (galic, protocatechuic, syringic, 
p-hydroxybenzoic),  hydroxycinnamic acid (cafeic, 
ferulic, p-coumeric, clorogenic), flavones, apigenin, 
Flavanonols (quercetin, myricetin, rutin) flavonones 
(naringenine), cucurbitane α-Amyrin, cycloartenol, β-amyrin, 
24-methylenecycloartanol

Gavia-García et al. 
2023

10 Fagopyrum dibotrys 
(D.Don) Hara

Flavonoids, phenols, terpenes, 
steroids, triterpenoids

Quercetin, rutin, catechins, catechin, epicatechin, benzoic 
acid, 3,4-dihydroxy benzoic acid, gallic acid, succinic acid, 
syringic acid, ferulic acid, glutinone,
glutinol, 3α,21β-dihydroxy-olean-12-ene, olean-12-ene-
3β,7β,15α,28-tetraol, ursolic acid, 3α-hydroxy-urs-12,15-dien,
hecogenin, β-sitosterol, N-butanol-β-d-furan 
methylglycoside, n-butyl-β-d-fructopyronoside, 
β-daucosterol,
daucosterol

Zhang et al. 2021

11 Morchella esculenta 
(L.) Pers.

Flavonoids, phenolic 
compounds, steroids

Flavones, flavonoids, quercetin, benzoic acid, cinnamic acid, 
gallic acid, phydroxybenzoic acid, Phydroxybenzoic acids, 
Protocatechuic acid, Vanillic acid, Sterol, Ergosterol

Singh et al. 2022

12 Aegle marmelos 
Correa.

Polyphenols, coumarins
Tannins, alkaloids, pectin, 
phenolic acids, organic acids, 
flavonoids, tocopherols, 
carotenes

Alloimperatorin, zanthotoxol, imperatorin, xanthotoxol, 
isoimperatorin, umbelliferone, marmelide, scopoletin, 
marmelosin, scopolentin, marmesin, psoralen-a, 
scoparone, marmin, methyl ether, psoralen, 
4,7,8-trimethoxyfuroquinoline,
Skimminianine, aegelenine, halfordinol, aegeline, ethyl 
cinnamate,
aegelinosides A, ethyl cinnamamide, aegelinosides 
B, dictamine, fragrine, gallic acids, p-coumaric acid, 
2,3-dihydroxy benzoic acid, vanillic acid, chlorogenic acid, 
rutin

Sharma et al. 2022

13 Berberis aristata DC. Alkaloids, berberine, palmatine, 
columbamine, quercetin

Berberamine, Aromoline, Jatrorrhizine, Oxyberberine, 
Tetrahydropalmatine, Oxycanthine, Lupeol, Oxycanthine

Jahan et al. 2022

14 Carissa spinarum L. Polyphenols, flavonoids Syringic acid, Resveratrol, Chlorogenic acid, Epicatechin, 
Myricetin, Quercetin, Luteolin, Apigenin

Nazareth et al. 
2021

15 Morus alba L. Flavonoids, polyphenol, 
anthocyanins, terpenes, 
carotenoids, and alkaloid

Quercetin (Quercetin 3- O -rutinoside,  Quercetin 
3-O-glucoside, Quercetin3-O-galactoside), Kaempferol 
(Kaempferol 3-O-glucoside, and Kaempferol 3-O-rutinoside), 
Guinic acid, Rutin, Catechin, Cyandin-3-glucoside, 
Chlorogenic acid, Gallic acid, Ferulic acid, p-coumaric acid, 
o-coumaric acid, Cinnamic acid, and Caffeic acid

Zhou et al. 2022

16 Myrica esculenta 
Buch-Ham. Ex D. 
Don

Tanins, phenolic acid, flavonoids, 
terpens, triterpenoids, steroids

Catechin, Gallic acid, Chlorogenic
Acid, Coumaric acids, Gallic acid, Ferulic acid, 1-ethyl-4-
methylcyclohexane, Myo-inositol, methyl-d-lyxofuranoside, 
2-furancarboxyaldehyde,
2,5-furandionedihydro-3-methylene, furfural, oxirane

Kabra et al. 2019

17 Phyllanthus emblica 
L.

Phenolic acids, flavonoids,
Tannins, alkaloids

Hydroxybenzoic acids (4-hydroxybenzoic
acid, coumaric acid, gallic acid, protocatechuic acid, syringic 
acid, vanillic acid, flavonols, flavones, flavanones, and flavan-
3-ols, Kampferol, quercetin, apigenin, luteolin, myricetin, 
ellagitannins, Ellagic acid, phyllantine and phyllantidine

Gul et al. 2022

18 Rubus ellipticus Sm. Polyphenols, flavonoids, 
anthocyanins, tannins, 
terpenoids

Quercetin, rutin, Quercetin 3-O-glucuronide, Phloridzin, 
Epicatechin, Epigallocatechin, Chrysin,  Cyanidin, 
Pelargonidin, Malic acid, Ellagic acid, Chlorogenic acid, 
Citric acid, Ascorbic acid, Quinic acid, m-Coumaric acid, 
p-Coumaric acid, β-Carotene
Gallic acid, Catechin

Lamichhane et al. 
2023
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19 Ziziphus mauritiana 
Lamk.

Cyclopeptid alkaloids, sterols, 
flavonoid, terpenoids

Berberine, quercetin, kaempferol, sitosterol, stig-masterol, 
lanosterol, diosgenin, 2α-aldehydo-A (1)-norlup-20(29)-
en-27, 28-dioic acid (zizyberanal acid), Zizyberanone, 
Zizyberanalic acid, Ursolic acid, Colubrinic acid, Alphitolic 
acid, 3-O-cis-p-coumaroyl alphitolic acid, 3-O-trans-
pcoumaroyl alphitolic acid, Betulinic acid, Betulonic acid, 
3-O-cis-pcoumaroyl maslinic acid, 3-O-trans-p-coumaroyl 
maslinic acid, Oleanolic acid, Oleanonic acid,
Quercetin 3-O-rutinoside, Quercetin 3-O-robinobioside, 
Quercetin 3-O-galactoside, Quercetin 3-O-glucoside, 
Quercetin 3-O-rhamnoside, Quercetin 3-O-pentosylhexoside, 
Q u e r c e t i n  3 - O - 6 - m a l o ny l g l u c o s i d e ,  Q u e r c e t i n 
3-O-malonylglucoside, Luteolin 7-O-6-malonylglucoside, 
Luteolin 7-O-malonylglucoside, Myricetin 3-O-galactoside, 
Naringenin triglycoside

Prakash et al., 2021

20 Fragaria indica 
Andr.

Phenolics, phenolic acid, 
flavonoids, tannins, ellagic 
acid, glycoside, flavonols, 
proanthocynidins and benyl 
derivatives

NR Bahukhandi et al. 
2023

21 Prunus armeniaca L. Organic acid, carotenoids, 
polyphenols, carotenoids, 
polysachharides

β-carotene, β-cryptoxanthin, γ-carotene, Lycopene, 
Chlorogenic, Neochlorogenic acids, Catechin, Epicatechin, 
Rutin, Pectin

Erdogan-Orhan 
and Kartal, 2011

22 Berberis asiatiica 
Roxb. ex DC.

Alkaloids, tannins, flavonoids,
Terpenoids, sterols

Berberine,  Berbamine,  Palmatine,  Columbamine, 
Jatrorrhizine, and Oxyacanthine

Semwal et al. 2023

23 Crataegus 
pentagyna Waldst. 
& Kit. ex Willd

Phenolics, proanthocyanidins 
flavonoid glycosides,

Quercetin, Isoquercetin, Rutin, Hyperoside, Epicatechin, 
Chlorogenic acid, Protocatechuic acid,
gallic acid, caffeic acid, and chlorogenic acid,
coumaric acid, chlorogenic acid, caffeic acid, ferulic 
acid, quercetin 3-O-glucoside (isoquercetin), quercetin, 
quercetin 3-O-rutinoside (rutin), (-)-epicatechin, kaempferol 
3-O-glucoside, hyperoside, apigenin, cyanidin 3-O-glucoside, 
luteolin and procyanidins B1 and B2

Taleghani et al. 
2024

24 Colocasia esculenta 
(L.) Schott

Alkaloid, flavonoid, tannin, 
glycoside

Tarin, Vicenin-2, iso-vitexin, iso-vitexin 3’-O-glucoside, vitexin 
X’-O-glucoside, iso-orientin, orientin-7-O-glucoside, luteolin 
7-O-glucoside

Sharma et al. 2020

25 Diplazium 
esculentum (Retz.) 
Sw.

Alkaloids, flavonoids, glycosides, 
phenolic, tannins, terpenoids, 
steroids

Pentadecanoic acid, β-sitosterol, neophytadiene, α-linolenic 
acid, methylpalmitate, diisobutylphthalate, phytol and 10,12 
hexadecadien-1-ol

Semwal et al. 2021

26 Portulaca oleracea 
L.

Flavonoid, alkaloids, terpenoids, 
fatty acid

Kaempferol, apigenin, luteolin, myricetin, and quercetin, 
N-trans-feruloyltyramine, dopa, dopamine, noradrenaline, 
omega-3 fatty acids

Iranshahy et al. 
2017

27 Termitomyces 
microcarpus (Berk. 
& Broome) R. Heim, 
Mem.

Phenolic compounds, flavonoids Tannic acid and gallic acid, gentisic acid, and
protocatechuic acid, pyrogallol vanillic acid, syringic acid, 
pcoumaric acid, caffeic acid, ferulic
acid, cinnamic acid, myricetin, kaempferol, quercetin,

Mitra et al. 2016

28 Crataegus 
songarica K. Koch

Phenols, flavonoids, 
anthocyanin

NR Gania et al. 2014

29 Elaeagnus 
umbellate Thumb.

Polyphenols, anthocyanins Lycopene, lutein, phytoene, phytofluene, β-cryptoxanthin, 
β-carotene, and α-cryptoxanthin

Gamba et al. 2020

30 Pyrus pashia Buch.-
Ham ex D.Don

Sterols, triterpines ꞵ-sitosterols, β-sitosterol-3-D glucoside, Lupeol Ali and Juyal, 2018

31 Ribes alpestre Wall. 
ex. Decne.

Flavonoids NR Sun et al. 2021

32 Rubus niveus 
Thunb.

Polyphenols, flavonoids NR Moreno-Medina et 
al. 2018

33 Viburnum mullaha 
Buch.-Ham ex. D. 
Don

Polyphenols, flavonoid Acetyl salicyclic acid, Clorogenic acid, Dihydroquercetin, 
Dihydrorobinetin, Dihydromyricetin, 2-isoprenylemodin, 
Rutin, Cosmosiin hexaacetate, Pectolinarin, Eriodictyol, 
Iriginol hexaacetate, Theaflavin, Epicatechin-pentaacetate, 
Lomatin, Peucenin

Singh et al. 2017



Sharma et al.  Wild Edible Plants of North Western Himalayas

Indian Journal of Plant Genetic Resources    416      37(3) 404-424

34 Corylus 
jacquemontii 
Decne.

Tannins, carotenoids, 
polyphenols

Apigenin, Dimethyl ellagic acid, Quercetin rhamnoside, 
Quercetin hexoside, Kaempferol rhamnoside

Kumar et al. 2016

35 Murraya koennigii L. Flavonoids, phenolics, organic 
acid

Chlorogenic acid, Catechin, Rutin, Myricetin Aroor et al. 2023

36 Elaeagnus 
umbellate Thunb.

Polyphenols, organic acids, 
monoterpenes,

Limonene, phellandrene, sabinene, terpinene, terpinolene
citric, malic, oxalix, quinic, succinic, and tartaric

Gamba et al. 2020

37 Brassica juncea L. Phenolic acids, flavonoids and 
glucosinolates, carotenoids

Sinigrin, Glucoiberin, progoitrin, glucoraphanin, gluconapin, 
4-hydroxyglucobrassicin, glucoerucin, glucobrassicin, 
4 -methox yglu cobra ss ic in ,  g lu conastu r t i in ,  and 
neoglucobrassicin, β-carotene, lutein, violaxanthin, and 
neoxanthin

Frazie et al. 2017

38 Chenopodium 
album L.

Flavonoids Kaempferol, kaempferol 3-O-βglucoside, kaempferol 3-O-β-
diglucoside, kaempferol-3-Oarabinoglucoside, quercetin, 
quercetin 3-O-xylosylglucoside, and quercetin-3- O 
rhamnoglucoside

Poonia and 
Upadhayay, 2015

39 Momordica dioica 
Roxb.

Alkaloids, steroids, triterpenoids, 
saponins

Momordicin, lectins, 𝛽-sitosterol, saponin glycosides, ursolic 
acid, hederagenin, oleanolic acid, 𝛼-spinasterol, stearic 
acid, gypsogenin, momodicaursenol, 3𝛽-o-benzoyl11-oxo-
ursolic acid, 3𝛽-o-benzoyl-6-oxo-ursolic acid, and 3o-𝛽-D-
glucuronopyranosyl gypsogenin

Talukdar and 
Hossain, 2014

40 Colocasia esculenta 
(L.) Schott

Polyphenols, polysaccharides 1-O-feruloylD-glucoside, 3, 5-DiCQ acid, vitexin, isovitexin, 
cyanidin-3-glucoside, luteolin-7-O-rutinoside, vicenin-2; 
caffeic acid, cyanidin-3-rhamnoside, chlorogenic acid, 
quercetin and hyperoside, Tarin, taro-4-I polysaccharide, taro 
polysaccharides 1 and 2 (TPS-1/TPS-2), A-1/B-2 α-amylase 
inhibitors, monogalactosyldiacylglycerols (MGDGs), and 
digalactosyldiacylglycerols (DGDGs)

Ribeiro et al. 2020

41 Cornus capitata 
Wall. ex Roxb.

Anthocyanin, flavonoid, 
phenolic acid, triterpenoid

NR Badoni et al. 2024

42 Diospyros lotus L. Polyphenols, flavonoids Gallic acid, Catechin, Epicatechin Chlorogenic, Vanillic acid, 
Caffeic acid, Syringic, p-coumaric acid, Ferulic acid, Salicylic 
acid, sinapic acid, Quercetin-3-glucoside, Protocatechuic 
acid, Myricetin, 3,4-dihydroxybenzoic acid, Quercetin, 
4-hydroxybenzoic acid, Salicylic acid, and Resveratrol

Hassan et al. 2022

43 Physalis peruviana 
L.

Phenolic acids, flavones, 
flavonols, flavanones, 
orthodipheols, anthocyanins

Campesterol, β-sitosterol, Stigmasterol Puente et al. 2010

44 Pinus gerardiana 
Wall. ex D.Don

Phenolic acid,
Phytosterol

Lycopene, Catechin, Oleic acid, Campesterol, Oleic acid, 
Gallocatechin, Linolenic acid, β-sitosterol

Singh et al. 2021

45 Punica granatum L. Flavonoids, phenolic acids, 
ellagitannins, gallotannins

Apigenin, Tricetin, Luteolin, Kaempferol, Quercetin, Myricetin, 
Gallic acid, Ellagic acid, Ellagic acid pentoside, Ellagic acid- 
arabinoside, Ellagic acid rhamnoside, Brevifolincarboxylic 
acid, p- coumaric acid, Galloyl-HHDP-glucoside, Digalloyl-
glucoside

Yisimayili and 
Chao, 2022

46 Prunus mira 
Koehne.

Flavonoids NR Ying et al. 2019

47 Solanum nigrum L. Polyphenols, alkaloid 4 steroidal alkaloid glycosides, Solamargine, Solasonine, α 
and β- solanigrine

Wang et al., 2017

48 Olea ferruginea 
Royle

Polyphenols, quinones, 
flavonoids,
Catechins, coumarins, 
terpenoids

NR Bachheti et al. 
2014

49 Flacourtia indica 
(Burm. f.) Merr.

Organic acid, flavonoids Caffeic acid, ferulic acid and p-coumaric acid Ndhala et al. 2007
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50 Achyranthes aspera 
L.

Alkaloids, saponins, tannins, 
flavonoids, glycosides, steroids, 
Phenolic acids

27-cyclohexyheptacosan-7-ol, 16-hydroxy-26-methyl 
heptacosan-2-one, 17-pentatriacontanol, Isobetanin and 
betanin, eupatorin, chrysin, quercetin and kaempferol, 
6-prenyl apigenin, bisdesmosidic saponin, sapogenin, 
β-sitosterol and spinasterol, gallic acid, vanillic acid, ferulic 
acid, isoferulic acid, protocatechuic acid, syringic acid, 
salicylic acid, gentisic acid, p-coumaric acid, trans-cinnamic 
acid, p-hydroxybenzoic acid, chlorogenic acid, sinapic acid 
and caffeic acid

Raju et al. 2022

51 Elaeagnus latifolia 
L.

Terpenoids, Triterpenoids, 
Anthraquinones

NR Bachheti et al. 
2014

52 Bombax ceiba L. Flavonoids, alkaloids, phenolic 
acid, xanthones

Kaempferol, isorhamnetin, quercetin, and herbacetin

Scopolamine, protocatechuic acid, esculetin, isomangiferin, 
mangiferin, isovitexin, vitexin, rutin, chlorogenic acid, methyl 
chlorogenate, vanillic acid, quercetin, fraxetin, palmitic acid, 
ethyl palmitate, β-sitosterol

Yasien et al. 2022

53 Agave americana 
Linn.

Phenols, flavonoids, 
phytosterols, and saponins

Quercetin, isorhamnetin, kaempferol, glycosylated derivates 
ellagic acid glycoside, Apigenin, p-coumaric acid, puerarin, 
Cantala-saponin-1

Bermúdez-Bazán 
et al. 2021

54 Asparagus filicinus 
Buch.-Ham.ex 
D.Don

Saponins and flavonoids Filicinin A and B, Filiasparoside A and B, Aspafilioside C, 
Aspafilisine, kaempferol, quercetin, and rutin

Sobhy et al. 2022

55 Dioscorea bulbifera 
Linn.

Naphthofurans, Flavonoids, 
Steroids and steroid derivative

Diosbulbin, Daucosterol, ꞵ-sitosterol, Kaempferol-3,5-
dimethylether, Caryatin, Myricetin, Kaempferol, Diosgenin, 
Quercetin, Stigmasterol, Pennogenin

Kundu et al. 2021

56 Urtica dioica L. Flavonoids, Phenolic acids Amentoflavone, apiin, apigenin, apigenin 7-O-b-D-glucoside, 
baicalin, baicalein, catechin, epicatechin, epigallocatechin 
gallate, chrysoeriol, genestein, isorhamnetin, kaempferol, 
keampferol 3-O-b-D-glucoside,
luteolin, luteolin 7-O-b-D-glucoside, myrecetin, naringenin, 
quercetin, quercetin 3-O-b-D-glucoside, quercetin 3-O-b-D-
galactoside, rutin, vitexin, Gallic acid, vanillic acid, syringic 
acid, protocatechuic acid, gentisic acid, Cinnamic acid, 
caffeic acid, p-coumaric acid, ferulic acid, chlorogenic acid, 
sinapic acid

Devkota et al. 2022

57 Bauhinia purpurea 
L.

Flavonoids and phenolic 
compounds

Flavone glycosides, dimeric flavonoids, 6-butyl-3-hydroxy 
flavanone, amino acids, phenyl fatty ester, lutine and 
β-sitosterol, B. purpurea lectin (in seeds)

Negi et al. 2012

58 Boerhavia diffusa L. Tannins, flavonoids, alkaloids, 
glycosides, steroids, terpenoids, 
phenolic compounds

Quercetin 3-O-(2”-rhamnosyl)-robinobioside
D-pinitol, fructofuranose, β-d-glucopyranose,

Juneja et al. 2020

59 Polygonum 
aviculare L.

Flavonol glucuronides Myricetin 3-O-β-D-glucuronide, quercetin 3-O-β-D-
glucuronide, isorhamnetin 3-O-β-D-glucuronide and 
kaempferol 3-O-βD-glucuronide

Granica et al. 2013

60 Pueraria tuberosa 
DC.

Alkaloids, carbohydrates, 
steroids, glycosides, tannins, 
terpenoids, flavonoids, 
coumarins and anthocyanidins

Puerarin, daidzein, genistein, phytosterols (ꞵ-sitosterol, 
stigmasterol, p-coumaric acid, arachidonic acid, eicosanoic 
acid, hexadecanoic acid, tetracosanoid acid,

Maji et al. 2014

61 Antidesma 
montanum Blume

Tannins, polyphenols, 
flavonoids, saponins and steroid 
glycosides

9- oc tadecenoic  acid,  n-hexadecanoic  acid,  and 
9,12-octadecadienoic acid, carpusin, geraniin, antidesmin 
A, lupeolactone

Ismail et al. 2019

62 Costus speciosus 
(Koen ex. Retz) Sm.

Alkaloids, glycosides, steroids, 
phenolics, flavonoids, tannins, 
terpenoids, and saponins

Curcumin, curcuminoids, aliphatic hydroxyl ketones, 
triterpenes, starch mucilage, oxa-acid, fatty acid, abscisic 
acid, corticosteroids, tigogenin

Maji et al. 2020

63 Phytolacca sp. Saponin, flavones, phytosterols Esculentosides, phytolaccosides, cochliophilin A and 
α-spinasterol

Bailly, 2021

64 Arisaema 
speciosum Mart.

NR NR

65 Chaerophyllum 
villosum Wall. Ex 
DC.

Phenolic compounds, 
monoterpenes

Carvacrol methyl ether, thymol methyl ether, myristicin, 
γ-terpinene, p-cymene

Joshi, 2013
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66 Dioscorea glabra 
Roxb.

Steroidal saponins, flavonoid, 
polyphenols, allantoin

Rutin, quercetin Wang et al. 2023

67 Typhonium 
diversifolium Wall. 
Ex Schott

NR NR

68 Allium cepa var. 
proliferum

Flavonoid, organosulfur 
compounds, polyphenols and 
organic acids

Kuwanon K, ferulic acid, rhamnazin, leucopelargonidin and 
xanthomicrol

Zhou et al. 2020

69 Celosia argentea L. Phenols, flavonoids, 
anthocyanins, diterpenes, 
saponins, cyclic-peptides, 
phenols, tannins

Isoflavones, latlancuayin, lutin, epigallocatechin, gallic 
acid, caffeic acid, rosmarinic acid, quercetin, triterpenoid 
saponins (celosin A-G, celosin I-II and celosin H-J, cristatain), 
Cycpeptide (morodin, celogentin A –K and celogenamide A)

Thorat, 2018

70 Malva sylvestris 
Linn.

Flavonoids, terpenoid, phenols, 
coumarin

Gossypetin 3-sulphate-8-O-ꞵ-D-glucoside (gossypin), 
hypolaetin 3′-sulphate, 3-O--dglucopyranosyl-8-O-ꞵ-

D-glucuronopyranoside, hypolaetin 4′-methyl ether 
8-O-ꞵ - D-glucuronopyranoside,  hypolaetin 8-O-ꞵ -

D- glucuronopyranoside,  isoscutel larein 8- O -ꞵ - D-
glucuronopyranoside, malvone, 4-hydroxybenzoicacid, 
4-methoxybenzoicacid, 4-hydroxy-3-methoxybenzoicacid, 
2-hydroxybenzoic acid, 4-hydroxy-2-methoxybenzoic 
acid, 4-hydroxybenzyl alcohol, 4-hydroxydihydrocinnamic 
acid,  4-hydroxy-3methoxydihydrocinnamic acid, 
4-hydroxycinnamic acid, ferulic acid, tyrosol, 7-hydroxy-
6methoxycoumarin (scopoletin) and 5,7dimethoxycoumarin

Gasparetto, 2012

71 Nasturtium 
officinale R. Br.

Alkaloids, flavonoids, saponins, 
terpenoids/steroids, glycosides, 
tannins, glucosinolates

Gluconasturtin, gallic acid derivative, ferrullic acid derivative, 
proanthocynidin B1, p-coumaric acid derivative, apigenin, 
phydroxybenzoic acid, sinapic acid, p-coumaric acid, 
caftaric acid, quercetin-3- (cafferoyldiglucoside)-7glucoside, 
kaempferol-3-(caffeoyl diglucoside)- 7-rhamnoside, 
caffeoylmalic acid, coumaric acid derivative, β-carotene, 
2-phenylethyl isothiocyanate, 4-phenylbutyl isothiocyanate, 
pulegone, sec-butyl isothiocyanate

Al-Snafi, 2020

72 Orobanche alba 
steph.

Terpenoids, organic acids and 
their derivatives

Linalool, geraniol, nerol, (Z)-iso-citral, geranylacetate, neral, 
neryl acetate, p-menthone, Pinocamphone, limonene, 
γ-terpinene, p-cymene, 1,8-cineol, α-copaene, Isobornyl-
2-methyl-butyrate, δ-cadinene, Trans-caryophyllene, 
β-bourbonene, Caryophyllene oxide, Manool, Linoleic acid, 
Linolenic acid, Hexadecanoic acid, Palmitic acid, Myristic acid,

Shi et al. 2020

73 Polygonum alpinum 
All.

Flavonoids Quercetin 3-O-arabinofuranoside, quercetin 3-O-ꞵ-
glucuronopyranoside, quercetin 3-O-a-rhamnopyranosyl 
( 1→ 6 ) - b - g l u c o p y r a n o s i d e ,  q u e r c e t i n  3 - O -ꞵ -
galacturonopyranoside, quercetin 3-O-ꞵ-glucopyranoside, 
kaempferol 3-O-b-galactopyranoside, quercetin 3-O-ꞵ-
galactopyranoside, and myricetin 3-O-ꞵ-galactopyranoside

Demirezer et al. 
2006

74 Taraxacum 
officinale Weber

carotenoids; flavonoids, 
phenolic acids, sesquiterpene 
lactones, sterols, triterpenes

Quercetin, chrysoeriol, luteolin-7-glucoside, cafeic 
acid, chlorogenic acid, chicoric acid, taraxinic acid, 
taraxacoside, 11β,13-dihydrolactucin, ixerin D, taraxacolide-
O-β-glucopyranoside, taraxasterol, β-sitosterol, stigmasterol, 
α-amyrin

Napoli and 
Zucchetti, 2021

75 Amaranthus 
retroflexus L.

Flavonoids, alkaloids, 
sesquiterpenes, phenolic acids, 
O-prenylated phenylpropanoids

Rutin and quercetin, amaranthine, ferulic acid, 
umbelliferone apigenin, boropinic acid, 4 
-geranyloxyferulic acid (GOFA), 7-isopentenyloxycoumarin, 
auraptene, and umbelliprenin

Fiorito et al. 2017

76 Amaranthus 
spinosus Linn.

Betalains, hydroxycinnamates, 
saponins, steroids and 
flavonoids

Rutin,  quercet in,  amaranthine,  isoamaranthine, 
hydroxycinnamates, quercetin and kaempferol glycosides, 
7-p-coumaroyl, apigenin, 4-O-β-D-glucopyranoside, 
α-xylofuranosyl uracil, β-D-ribofuranosyl adenine and 
β-sitosterol glucoside

Tanmoy et al. 2014

77 Angelica glauco 
Edgew.

Terpene hydrocarbons, 
coumarins, phthalides

ɑ-phellandrene, ꞵ-pinene, thujene, ꞵ-caryophyllene, 
γ-terpinene, ꞵ-bisabolene, germacrene D, trans-carveol, 
ꞵ-caryophyllene oxide, nerolidol, decursin, decursinol 
angelate, bergapten, phthalides ((E)- and (Z)-ligustilides, 
(Z)-butylidene phthalide

Kumar et al. 2022
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78 Commelina 
benghalensis Linn.

Polyphenols, flavonoids, tannins, 
and alkaloids

Salicylic acid, p-coumaric acid, 8-hydroxyquinoline, caffeic 
acid, quinolones, catechol, resorcinol, tannic acid, chlorogenic 
acid n-octacosanol, n-triocotanol, stigmasterol, campesterol, 
hydrocyanic acid, beta-sitosterol and campesterol

Ghosh et al. 2019

79 Medicago sativa 
Linn.

Saponins, flavonoids Triterpenic pentacyclic glycosides, zanhic acid, medicagenic 
acid, glucuronic acid, glycosides apigenin, luteolin, 
chrysoeriol, tricin and methyltricetin, medicarpin, 
melilotocarpan E, isoflavane millepurpan

Rafińska et al. 2017

80 Polygonum 
aviculare Linn.

Flavonoids Quinic acid, quercitrin, myricetin, epicatechin, ellagic acid, 
kaempferol, iso-rhamnetin

Pawłowska et al. 
2023

81 Solanum nigrum 
Linn.

Alkaloids, flavonoids, tannins, 
saponins, glycosides, coumarins, 
phytosterols

Solamargine, Solasonine, α and β- solanigrine, tigogenin, 
solasodine, solanine, sapogenin, diosgenin, tigogenin, 
solanidin, uttronin A, uttroside-A

Saleem et al. 2009

82 Saussurea 
gossypiphora 
D.Don.

Steroids, tannins, flavonoids, 
phenolics, saponins

Apigenin and luteolin Mishra et al. 2021

83 Capparis spinosa L. Flavonoid, polyphenol, alkaloids Leaves: Rutin and quercertin
Fruit: Capparine A, capparine B, flazin, guanosine, 1H-indole-
3-carboxaldehyde, 4-hydroxy-1H-indole-3-carboxaldehyde, 
apigenin, kaempferol, thevetiaflavone, capparisine A, 
capparisine B, capparisine C, Tetrahydroquinoline acid

Zhang and Ma 
2018

84 Chenopodium 
Foliosum Asch.

Phenolic compounds, 
monoterpenoid, 
sesquiterpenoids

Limonene, α-terpinene, γ-isomer, p-cymene, Carvacrol, 
thymol, α-pinene, camphor, β-caryophyllene

Kokanova-
Nedialkova et al. 
2009

85 Sedum ewersii 
Ledeb.

NR NR

86 Polygonum 
chinensis L.

Flavonoids, anthraquinones, 
phenylpropanoids, 
proanthocyanidines, coumarin, 
phenolic compound

1,2-benzenedicarboxylic acid, squalene, mono(2-ethylhexyl) 
ester, 8-methyloctahydrocoumarin

Ezhilan and 
Neelamegam, 
2012

87 Allium 
prezewalskianum 
Regel.

NR NR

88 Artemisia brevifolia 
Wall. ex DC.

Phenolic acids, flavonoids c chlorogenic acid, caffeic acid, coumaric acid, catechin and 
picein

Nataraj et al. 2022

89 Mentha longifolia 
(L.) Huds.

Flavonoids, ester 
flavonoid, phenol, 
monoterpene, terpenoid

Apigenin-7-o-glucoside, Luteolin 7-o-glucoside, Iso-
orientin Eriodictyol-7-rutinoside, Rosmarinic acid, Tricetin 
3′-o-glucoside 5′-o-rhamnoside, Carvone, 1,8- cineole, 
Pulegone, Menthol, Menthone, Piperitenone oxide, Sabinene

Farzaei et al. 2017

90 Hippohae 
rhamnoides L.

Phenolics, flavonols glycosides Aglycones quercetin, Isorhamnetin, Myricetin, Kaempferol, 
I-3-O-glucoside-7-O-rhamnoside, I-3-O-rutinoside, I-3-
O-β-sophoroside-7-O-α-rhamnoside, I-3-Oglucoside, 
Q-3-O-glucoside, Q-3-Orutinoside, Q-3-O-sophoroside-7-
O-rhamnoside

Wani et al. 2016

91 Carum carvi L. Flavonoids Carvacrol, Carvone, α-pinene, limonene, γ-terpinene, linalool, 
carvenone, and p-cymene

Sachan et al. 2016

92 Chenopodium 
botrys L.

Terpenes Camphor, δ-3-carene, fenchone, linalool, menthone, 
nerol, β-pinene, pulegone, terpineol-4 and thujone) and 
sesquiterpenes (β-elemene, elemol and β-eudesmol)

Morteza, 2015

93 Arnebi euchroma 
(Royle ex Benth.) 
I.M.Johnst. A

Naphthoquinone, purpurin Shikonin, alkannin, shikometabolin H, epoxyarnebinol, and 
iso-hexyl-naphthopurpurin

Chawla, 2021

94 Crepis tectorum L. NR NR

95 Fagopyrium 
esculentum Moench

Flavonoids, phenolic 
compounds, fagopyritols, 
triterpenoids,

Rutin, quercetin, orientin, vitexin, isovitexin, isoorientin, 
(´)-Epicatechin, (´)-epicatechin-3-O-p-hydroxybenzoate, 
(´)-epicatechin-3-O-(3,4-di-Omethyl)-gallate, (+)-catechin-
7-O-glucoside, phenylpropanoids, olean-12-en-3-ol, urs-
12-an-3-ol

Jing et al. 2016
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96 Rheum emodi Wall Anthraquinone 1,8-dihydroxyanthraquinones, rhein, aloe emodin, emodin, 
emodin glucosides, chrysophanol glucosides, Sulfemodin 8 
O Glucoside, chrysophanol and physcion, Revandchinone 
1, 2,3,4

Zargar et al. 2011

97 Lactuca sativa L. Organic acids, alkaloids, 
terpenoids, phenolic 
compounds

Hydroxybenzoic, hydroxycinnamic acid, glycosylated 
quercetin, luteolin, lactucin, apigenin

Yang et al. 2018

98 Raphanus sp. NR NR

99 Lactuca 
dolichophylla 
Kitam.

NR NR

100 Oxyria digyna (L.) 
Hill

Flavonol 5, 7, 3’-trihydroxy-4-methoxyflavanone-7-O-(2»-O-beta 
-D-glucopyranosyl)-alpha -L-rhamnopyranoside and 5, 
7, 2’, 3’, 4’-pentahydroxyflavone-8-C-glucopyranoside, 
Vitexin, Orientin, Hesperidin, Quercetin-3-O-beta-D-
glucopyranoside and Stigmasterol

Ahmad et al. 2022

revenue through the cultivation of cash crops have resulted 
in a significant reduction in the utilization of WEPs, rather 
than the inclination (Thakur et al., 2017). Upon survey, it was 
observed that locals were more inclined towards the sale of 
the WEPs for hard cash instead of consuming themselves, 
similar to the observation of Thakur et al. 2017; Chacha et al. 
2022. From a scientific standpoint of view, the lack of ex-situ 
conservation, domestication strategies, and management 
practices would endanger the continued availability of 
WEPs. However, there is an urgent need to promote the 
domestication of underutilized WEPs owing to several 
benefits they offer, namely reduced carbon footprint in 
their production owing to lower fertilizer inputs, climate 
and pest resilience, multiutility use of single crop as food, 
fodder, fibre, and fuel. 

Strategies for Introducing WEPs into Mainstream 
Agriculture
Although there is very limited knowledge of the conservation 
strategies for WEPs, efforts are being made towards their 
domestication to bring more diversity to our diet. Some 
potential strategies for domestication could be (i) captive 
cultivation of endangered WEPs and reintroducing them 
in natural populations, (ii) intercropping with cash crops, 
(iii) identification of soil microorganisms that promote 
WEP’s growth and introducing them in their domestication, 
(iv) introducing drought resilient WEPs in degraded and 
dry lands and other novel environments, (v) use of new 
generation techniques such as high throughput phenomics, 
next generation sequencing, genome-wide association 
studies (GWAS), interactome big data analysis and machine 
learning for understanding the behaviour of WEPs under 
stress environments and utilizing the data for domestication 
process (Krug et al., 2023).

Conclusion
The present work reiterates the importance of WEPs in 
bringing dietary diversity to humans. Dependence on fewer 
number of crops have resulted in significant volatility in crop 

yields impacting economies on a global scale. In addition, 
the high environmental footprints and vulnerability to pest 
and pathogenic attacks make these crops unsustainable 
for the future. Underutilized WEPs can offer a sustainable 
alternative to these crops and NWHR possess a great 
diversity of WEPs. In the present study, nearly 100 WEPs 
were identified and characterized for their consumption 
pattern season-wise in the NWHR. Green leafy vegetables 
and fruits were the predominant forms of WEP consumption. 
The health benefits derived from these WEPs are discussed 
through their phytochemical composition, polyphenols 
and terpenoids were the predominant class of molecules 
present across the groups responsible for their bioactive 
properties. The WEP consumption and environmental 
conditions such as that of cold desert regions are highly 
correlated. There is an urgent need for devising strategies to 
domesticate these WEPs. Use of novel technologies such as 
high throughput phenomics, next generation sequencing, 
genome wide association studies (GWAS), interactome big 
data analysis and machine learning would augment the 
conservation strategies for these unique WEPs. Introduction 
of underutilized genetic resources such as WEPs would 
enhance the regional food security and improve the health 
and well-being of the population. 

Acknowledgments
The authors thank the Department of Science and 
Technology for funding under the Science and Heritage 
Research Initiative (SHRI) vide DST/TDT/SHRI-11/2021 (G).  

References
Ahmad I, L Milella and G Alotaibi (2022) Oxyria digyna: A 

review on the nutritional value, phytochemistry and 
ethnopharmacology. PHYTONutrients:02-16.

Ali M and D Juyal (2018) A review on pharmacognostical and 
phytochemical evaluation of Pyrus pashia Buch-Ham ex D. 
Don. The Pharm. Innov. 7(5, Part C): 186.

Al-Snafi AE (2020) A review on Nasturtium officinale: A potential 
medicinal plant. IOSR J. Pharm.10(9): 33-43.

Aranda-Rivera A K, A Cruz-Gregorio, YL Arancibia-Hernández, EY 



Sharma et al.  Wild Edible Plants of North Western Himalayas

Indian Journal of Plant Genetic Resources    421      37(3) 404-424

Hernández-Cruz and J Pedraza-Chaverri (2022) RONS and 
oxidative stress: An overview of basic concepts. Oxygen 
2(4): 437-478.

Aroor MS, V Dadwal, R Joshi and M Gupta (2023) Metabolomic 
approach for phytochemical assessment of Murraya koenigii 
fruits during different maturity stages. Heliyon 9(8).

Asghari F, H Ghanbari, H Moghimi, N Takzaree, H Nekounam and 
R Faridi-Majidi (2021) Study on the Chemistry Identification 
and Assessment of Antioxidant and Antibacterial Activity of 
the Biologically Active Constituents from the Roots of Arnebia 
Euchroma for Promising Application in Nanomedicine and 
Pharmaceutical. Biointerface Res. Appl. Chem. 12: 3735-3751.

Atri NS, YP Sharma, S Kumar S and Mridu (2019) Wild edible 
mushrooms of North West Himalaya: Their nutritional, 
nutraceutical, and sociobiological aspects. Microbial 
Diversity in Ecosystem Sustainability and Biotechnological 
Applications: Volume 2. Soil & Agroecosystems: 533-563.

Bacchetta L, F Visioli, G Cappelli, E Caruso, G Martin, E Nemeth, 
G Bacchetta, G Bedini, A Wezel, TV Asseldonk and LV 
Raamsdonk (2016) A manifesto for the valorization of wild 
edible plants. J. Ethnopharmacol. 191: 180-187.

Bachheti A, RK Deepti Bachheti, A Singh, M Zebeaman, Y Hunde and 
A Husen (2023) Bioactive constituents and health promoting 
compounds of underutilized fruits of the northern Himalayas 
of India: a review. Food Prod. Process. Nutr. 5(1): 24.

Badoni S, D Rawat, AK Mahato, NS Jangwan, GM Ashraf, A 
Alexiou, HO Tayeb, BS Alghamdi, M Papadakis and MF Singh 
(2024) Therapeutic Potential of Cornus Genus: Navigating 
Phytochemistry, Pharmacology, Clinical Studies, and 
Advanced Delivery Approaches. Chem Biodivers. e202301888.

Bahukhandi A, DC Attri, T Mehra and ID Bhatt (2023) Fragaria spp. 
(Fragaria indica, Fragaria nubicola). In Himalayan Fruits and 
Berries. Academic Press.183-196.

Bailly C (2021). Medicinal properties and anti-inflammatory 
components of Phytolacca (Shanglu). Digit. Chin. Med. 
4(3):159-69.

Bermúdez-Bazán M, GA Castillo-Herrera, JE Urias-Silva, A 
Escobedo-Reyes and M Estarrón-Espinosa (2021) Hunting 
bioactive molecules from the Agave genus: An update on 
extraction and biological potential. Mol. 26(22):6789.

Bharti VK, A Giri, P Vivek and S Kalia (2017) Health and productivity 
of dairy cattle in high altitude cold desert environment of 
Leh-Ladakh: A review. Indian J. Anim. Sci. 87(1): 3-10.

Bhatt V, S Sharma, N Kumar, U Sharma, and B Singh (2017) 
Simultaneous quantification and identification of flavonoids, 
lignans, coumarin and amides in leaves of Zanthoxylum 
armatum using UPLC-DAD-ESI-QTOF–MS/MS. J. Pharm. 
Biomed. Anal. 132: 46-55. 

Chacha JS, CE Ofoedu, RA Suleiman, TJ Jumbe, and KBM Kulwa 
(2022) Underutilized fruits: Challenges and constraints for 
domestication. In Future Foods:133-150.

Chander V, JS Aswal, R Dobhal, and DP Uniyal (2017) A review 
on Pharmacological potential of Berberine; an active 
component of Himalayan Berberis aristata. J. Phytopharmacol. 
6(1): 53-58.

Chawla K, R Mopuri, AK Sharma and P Kumar (2021) Arnebia 
euchroma. In Himalayan Medicinal Plants. 27-4. Academic 
Press.

Chen A, X Feng, B Dorjsuren, C Chimedtseren, TA Damda, and C 
Zhang (2023) Traditional food, modern food and nutritional 

value of Sea buckthorn (Hippophae rhamnoides L.): A review. 
J. Future Foods. 3(3): 191-205.

Choi JS, MN Islam, MY Ali, EJ Kim, YM Kim, and HA Jung (2014) 
Effects of C-glycosylation on anti-diabetic, anti-Alzheimer’s 
disease and anti-inflammatory potential of apigenin. Food 
Chem. Toxicol. 64: 27-33.

Demirezer LO, A Kuruüzüm-Uz, Z Guvenalp and H Süleyman 
(2006) Bioguided Fractionation of Polygonum alpinum and 
Isolation and Structure Elucidation of Active Compounds. 
Pharmaceutical biology. 44(6):462-6.

Devkota HP, KR Paudel, S Khanal, A Baral, N Panth, A Adhikari-
Devkota, NK Jha, N Das, SK Singh, DK Chellappan and K 
Dua (2022) Stinging nettle (Urtica dioica L.): Nutritional 
composition, bioactive compounds, and food functional 
properties. Mol. 27(16):5219.

Di Napoli A and P Zucchetti (2021) A comprehensive review of the 
benefits of Taraxacum officinale on human health. Bull. Natl. 
Res. Cent. 45(1): 110.

Dwyer W, C.N. Ibe and S.Y. Rhee (2022) Renaming Indigenous crops 
and addressing colonial bias in scientific language. Trends 
Plant Sci. 27(12):1189-1192.

Erdogan-Orhan I and M Kartal (2011) Insights into research on 
phytochemistry and biological activities of Prunus armeniaca 
L.(apricot). Food Res. Int. 44(5):1238-43.

Ezhilan BP, and R Neelamegam (2012) GC-MS analysis of 
phytocomponents in the ethanol extract of Polygonum 
chinense L. Pharmacognosy research. 4(1): 1.

Farzaei MH, R Bahramsoltani, A Ghobadi, F Farzaei and F Najafi 
(2017) Pharmacological activity of Mentha longifolia and its 
phytoconstituents. J. Tradit. Chin. Med. 37(5): 710-720.

Fiorito S, F Epifano, R Palmisano, S Genovese and VA Taddeo (2017) 
A re-investigation of the phytochemical composition of the 
edible herb Amaranthus retroflexus L. J. Pharma. Biomed. 
Analysis. 143:183-7.

Frazie MD, MJ Kim, KM Ku (2017) Health-promoting phytochemicals 
from 11 mustard cultivars at baby leaf and mature stages. 
Mol. 22(10):1749.

Gamba G, D Donno, MG Mellano, I Riondato, M De Biaggi, D 
Randriamampionona and GL Beccaro (2020) Phytochemical 
characterization and bioactivity evaluation of autumn 
olive (Elaeagnus umbellata Thunb.) pseudodrupes as 
potential sources of health-promoting compounds. Appl. 
Sci. 10(12):4354.

Ganie SA, TA Dar, B Zargar, R Hamid, O Zargar, PA Dar, SU Abeer, 
A Masood, S Amin and MA Zargar (2014) Antioxidant and 
hepatoprotective effects of Crataegus songarica methanol 
extract. J. Environ Pathol, Toxicol Oncol. 33(2).

Gasparetto JC, CA Martins, SS Hayashi, MF Otuky, R Pontarolo (2012) 
Ethnobotanical and scientific aspects of Malva sylvestris L.: a 
millennial herbal medicine. J. Pharm. Pharmacol. 64(2):172-89.

Gavia-García G, J Rosado-Pérez, TL Arista-Ugalde, I Aguiñiga-
Sánchez, E Santiago-Osorio and VM Mendoza-Núñez (2023) 
The consumption of Sechium edule (chayote) has antioxidant 
effect and prevents telomere attrition in older adults with 
metabolic syndrome. Redox Report. 28(1):2207323.

Ghosh P, A Dutta, M Biswas, S Biswas, L Hazra, SK Nag, S Sil and 
S Chatterjee (2019) Phytomorphological, chemical and 
pharmacological discussions about Commelina benghalensis 
Linn. (Commelinaceae): A review. J. Pharm. Innov. 8(6):12-8.

Granica S, ME Czerwińska, B Żyżyńska-Granica and AK Kiss (2013) 



Sharma et al.  Wild Edible Plants of North Western Himalayas

Indian Journal of Plant Genetic Resources    422      37(3) 404-424

Antioxidant and anti-inflammatory flavonol glucuronides 
from Polygonum aviculare L. Fitoterapia. 91:180-8.

Gul M, ZW Liu, R Rabail, F Faheem, N Walayat, A Nawaz, MA Shabbir, 
PE Munekata, JM Lorenzo and RM Aadil (2022) Functional and 
nutraceutical significance of Amla (Phyllanthus emblica L.): a 
review. Antioxidants. 11(5):816.

Hassan AM, O Zannou, H Pashazadeh, A Ali Redha and I Koca 
(2022) Drying date plum (Diospyros lotus L.) fruit: Assessing 
rehydration properties, antioxidant activity, and phenolic 
compounds. J. Food Sci. 87(10):4394-415.

Hegde AS, S Gupta, P Kumari, R Joshi and V Srivatsan (2023). 
Wild Edible Flowers of Western Himalayas: Nutritional 
Characterization, UHPLC-QTOF-IMS-Based Phytochemical 
Profiling, Antioxidant Properties, and In Vitro Bioaccessibility 
of Polyphenols. ACS Omega. 8(43): 40212-40228.

Hussain EA, Z Sadiq and M Zia-Ul-Haq (2018) Betalains: biomolecular 
aspects. London: Springer International Publishing.

Iranshahy M, B Javadi, M Iranshahi, SP Jahanbakhsh, S Mahyari, 
FV Hassani and G Karimi (2017) A review of traditional uses, 
phytochemistry and pharmacology of Portulaca oleracea L. 
J. ethnopharmacol. 205:158-72.

Ismail N, NH Azmi, SN Mastuki, N Saad, AF Razis (2019) Antidesma 
montanum: Biochemistry and Bioactive Compounds. Wild 
Fruits: Composition, Nutritional Value and Products. 359-65.

Jahan F, SS Alvi and MH Islam (2022) Berberis aristata and its 
secondary metabolites: Insights into nutraceutical and 
therapeutical applications. Pharm. Res.-Modern Chinese 
Medicine. 5:100184.

Jain V, SK Verma, and SS Katewa (2009) Myths, traditions and fate 
of multipurpose Bombax ceiba L.-An appraisal.

Jasim SF, NN Baqer and EA Alraheem (2018) Detection of 
phytochemical constituent in flowers of Viola odorata by 
gas chromatography-mass spectrometry. Asian J Pharm Clin 
Res. 11(5):262-9.

Jing R, HQ Li, CL Hu, YP Jiang, LP Qin, and CJ Zheng (2016) 
Phytochemical and pharmacological profiles of three 
Fagopyrum buckwheats. Int. J. Mol. Sci. 17(4): 589.

Joshi RK (2013) Root essential oil composition of Chaerophyllum 
villosum Wall. ex DC. from Uttarakhand, India. Am. J. Essent. 
Oil. 1(1):34-6.

Joshi Y, AK Joshi, N Prasad and D Juyal (2014) A review on Ficus 
palmata (wild himalayan fig). J Phytopharmacol. 3(5):374-377.

Juneja K, R Mishra, S Chauhan, S Gupta, P Roy and D Sircar (2020) 
Metabolite profiling and wound-healing activity of Boerhavia 
diffusa leaf extracts using in vitro and in vivo models. J. Trad. 
Complement Med. 10(1):52-59.

Kabra A, N Martins, R Sharma, R Kabra and US Baghel (2019) Myrica 
esculenta Buch.-Ham. ex D. Don: a natural source for health 
promotion and disease prevention. Plants. 8(6):149.

Knez M, M Ranić, and M Gurinović (2023) Underutilized plants 
increase biodiversity, improve food and nutrition security, 
reduce malnutrition, and enhance human health and well-
being. Let’s put them back on the plate! Nutr. Rev. nuad103.

Kokanova-Nedialkova Z, P Nedialkov and S Nikolov (2009) The 
genus Chenopodium: phytochemistry, ethnopharmacology 
and pharmacology. Pharmacog. Rev. 3(6):280.

Krug AS, EBM Drummond, DL Van Tassel, and EJ Warschefsky (2023) 
The next era of crop domestication starts now. Proceedings 
of the National Academy of Sciences. 120(14): e2205769120.

Kumar A, P Kumar, R Koundal and VK Agnihotri (2016) Antioxidant 

properties and UPLC–MS/MS profiling of phenolics in 
jacquemont’s hazelnut kernels (Corylus jacquemontii) and 
its byproducts from western Himalaya. JFST. 53:3522-3531.

Kumar V, S Suri, R Prasad, Y Gat, C Sangma, H Jakhu and M Sharma 
(2019) Bioactive compounds, health benefits and utilization 
of Rhododendron: a comprehensive review. Agriculture & 
Food Security. 8:1-7.

Kumar A, S Shashni, P Kumar, D Pant, A Singh, and RK Verma (2021) 
Phytochemical constituents, distributions and traditional 
usages of Arnebia euchroma: A review. J. Ethnopharmacol. 
271: 113896.

Kumar P, V Rana and AN Singh (2022) Angelica glauca Edgew–a 
comprehensive review. J. Appl. Res. Med. Aromatic Plants. 
31:100397.

Kundu BB, K Vanni, A Farheen, P Jha, DK Pandey and V Kumar 
(2021) Dioscorea bulbifera L.(Dioscoreaceae): A review of its 
ethnobotany, pharmacology and conservation needs. S. Afr. 
J. Bot. 140:365-74.

Lamichhane A, G Lamichhane and HP Devkota (2023) Yellow 
Himalayan Raspberry (Rubus ellipticus Sm.): Ethnomedicinal, 
Nutraceutical, and Pharmacological Aspects. Mol. 28(16):6071.

Li H and C Chen (2017) Inhibition of autophagy enhances 
synergistic effects of Salidroside and anti-tumor agents 
against colorectal cancer. BMC Complement Altern. Med. 
17: 1-9.

Maji AK, S Pandit, P Banerji and D Banerjee (2014) Pueraria tuberosa: 
a review on its phytochemical and therapeutic potential. Nat. 
Prod. Res. 28(23):2111-2127.

Maji P, DG Dhar, P Misra and P Dhar (2020) Costus speciosus (Koen 
ex. Retz.) Sm.: Current status and future industrial prospects.  
Ind. Crops Prod. 152:112571.

Mehra N and S Tandon (2021) Traditional uses, phytochemical and 
pharmacological properties of Ficus auriculata: A review. 
JDDT. 11(3):163-169.

Mishra A, SL Swamy, TK Thakur, R Bhat, A Bijalwan, and A Kumar 
(2021) Use of wild edible plants: Can they meet the dietary 
and nutritional needs of indigenous communities in Central 
India. Foods, 10(7): 1453.

Mishra AP, S Saklani, V Parcha, M Nigam and HD Coutinho (2021) 
Antibacterial activity and phytochemical characterisation 
of Saussurea gossypiphora D. Don. Arch. Microbiol. 203:5055-
5065.

Mitra P, NC Mandal and K Acharya (2016) Mycochemicals 
and antioxidant activity of polyphenol-rich fraction of 
Termitomyces microcarpus. Int. Food Res. J. 23(6).

Moreno-Medina BL, F Casierra-Posada and J Cutler (2018) 
Phytochemical composition and potential use of Rubus 
species. Gesunde Pflanzen. 70(2).

Morteza SK (2015). A Review on Chenopodium botrys L.: traditional 
uses, chemical composition and biological activities. Pharm. 
Biomed. Res. 1(2):1-9.

Motti R (2022) Wild edible plants: A challenge for future diet and 
health. Plants. 11(3): 344.

Nataraj N, M Hussain, M Ibrahim, AE Hausmann, S Rao, S Kaur, 
J Khazir, BA Mir, and SB Olsson (2022) Effect of altitude 
on volatile organic and phenolic compounds of Artemisia 
brevifolia Wall ex Dc. from the Western Himalayas. Front. 
Ecol. Evol. 10: 864728.

Nazareth MS, SV Shreelakshmi and NP Shetty (2021) Identification 
and characterization of polyphenols from Carissa spinarum 



Sharma et al.  Wild Edible Plants of North Western Himalayas

Indian Journal of Plant Genetic Resources    423      37(3) 404-424

fruit and evaluation of their antioxidant and anti-quorum 
sensing activity. Curr. Microbiol. 78(4):1277-1285.

Ndhlala AR, A Kasiyamhuru, C Mupure, K Chitindingu, MA Benhura 
and M Muchuweti (2007) Phenolic composition of Flacourtia 
indica, Opuntia megacantha and Sclerocarya birrea. Food 
chem. 103(1):82-7.

Negi BS, BP Dave and YK Agarwal (2012) Evaluation of antimicrobial 
activity of Bauhinia purpurea leaves under in vitro conditions. 
Ind. J. Micro. 52:360-365.

Pawłowska KA, M Kryżman, C Zidorn, K Pagitz, D Popowski and S 
Granica (2023) HPLC-DAD-MS3 fingerprints of phenolics of 
selected Polygonum taxa and their chemometric analysis. 
Phytochem. 208:113605.

Pereira AG, M Fraga-Corral, P García-Oliveira, C Jimenez-Lopez, C 
Lourenço-Lopes, M Carpena, P Otero, P Gullón, MA Prieto, 
and J Simal-Gandara (2020) Culinary and nutritional value 
of edible wild plants from northern Spain rich in phenolic 
compounds with potential health benefits. Food & function. 
11(10): 8493-8515.

Pertiwi D, R Hartati, E Julianti and I Fidrianny (2024) Antibacterial 
and antioxidant activities in various parts of Artocarpus 
lacucha Buch. Ham. ethanolic extract. Biomedical Reports. 
20(4):1-11.

Poonia A, A Upadhayay (2015) Chenopodium album Linn: review of 
nutritive value and biological properties. JFST. 52:3977-3985.

Prakash O, S Usmani, R Singh, N Singh, A Gupta and A Ved 
(2021) A panoramic view on phytochemical, nutritional, 
and therapeutic attributes of Ziziphus mauritiana Lam.: A 
comprehensive review. Phytother. Res. 35(1):63-77.

Puente LA, CA Pinto-Muñoz, ES Castro and M Cortés (2011) Physalis 
peruviana Linnaeus, the multiple properties of a highly 
functional fruit: A review. Food Res. Int. 44(7):1733-1740.

Rafińska K, P Pomastowski, O Wrona, R Górecki and B Buszewski 
(2017) Medicago sativa as a source of secondary metabolites 
for agriculture and pharmaceutical industry. Phytochem. 
Letters. 20:520-539.

Raghuvanshi D, K Sharma, R Verma, D Kumar, H Kumar, A Khan, 
M Valko, SY Alomar, SH Alwasel, E Nepovimova and K Kuca 
(2022) Phytochemistry, and pharmacological efficacy of 
Cordia dichotoma G. Forst.(Lashuda): A therapeutic medicinal 
plant of Himachal Pradesh. Biomed Pharmacother. 153:113400.

Raju SK, S Kumar, P Sekar, M Murugesan and M Karthikeyan, A 
Elampulakkadu, M Arthanari (2022) A comprehensive review 
on phytochemistry of Achyranthes aspera Linn.: An Indian 
medicinal plant. World J. Adv. Res. Rev.14(2):057-067.

Ray A, R Ray, and E. A. Sreevidya (2020) How many wild edible 
plants do we eat—their diversity, use, and implications for 
sustainable food system: an exploratory analysis in India. 
Front. Sustain. Food Syst.4: 56.

Ribeiro Pereira P, E Bertozzi de Aquino Mattos, AC Nitzsche 
Teixeira Fernandes Correa, M Afonso Vericimo and 
V Margaret Flosi Paschoalin (2020) Anticancer and 
Immunomodulatory Benefits of Taro (Colocasia esculenta) 
Corms, an underexploited tuber crop. Int. J. Mol Sci. 22(1):265

Sachan AK, DR Das, and M Kumar (2016) Carum carvi-An important 
medicinal plant. J. Chem. Pharm. Res. 8(3): 529-533.

Saleem TM, C Chetty, S Ramkanth, M Alagusundaram, K 
Gnanaprakash, VT Rajan and S Angalaparameswari (2009). 
Solanum nigrum Linn.-A review. Phcog. rev. 3(6):342.

Sareen B, A Bhattacharya, and V Srivatsan (2021) Nutritional 

characterization and chemical composition of Diplazium 
maximum (D. Don) C. Chr. JFST. 58: 844-854.

Sarkar T, M Salauddin, S Roy, R Chakraborty, M Rebezov, MA 
Shariati, M Thiruvengadam, and KRR Rengasamy (2023) 
Underutilized green leafy vegetables: frontier in fortified 
food development and nutrition. Crit. Rev. Food Sci. Nutr. 
63(33): 11679-11733.

Semwal P, S Painuli, KM Painuli, G Antika, TB Tumer, A Thapliyal, 
WN Setzer, M Martorell, MM Alshehri, Y Taheri and SD Daştan 
(2021) Diplazium esculentum (Retz.) Sw.: ethnomedicinal, 
phytochemical, and pharmacological overview of the 
Himalayan ferns. Oxid Med Cell Longev. 2021(1):1917890.

Semwal P, S Painuli, A Jamloki, A Rauf, MM Rahman, A Olatunde, 
HA Hemeg, T Abu-Izneid, S Naz, S Punia Bangar and JM 
Lorenzo (2023) Himalayan wild fruits as a strong source of 
nutraceuticals, therapeutics, food and nutrition security. 
Food Rev. Int. 39(9):6500-6536.

Sendri N, S Singh, V Bhatt, P Bhatt, and P Bhandari (2022) 
Valorization of red cabbage pomace for stabilization of 
anthocyanins in Rhododendron arboreum. Ind. Crops Prod., 
187: 115371.

Sharma S, R Jan, R Kaur and CS Riar (2020) Taro (Colocasia esculenta). 
Antioxidants in vegetables and nuts-properties and health 
benefits. 341-353.

Sharma N, Radha, M Kumar, B Zhang, N Kumari, D Singh, D 
Chandran, T Sarkar, S Dhumal, V Sheri and A Dey (2022) 
Aegle marmelos (L.) correa: an underutilized fruit with high 
nutraceutical values: a review. Int. J. Mol. Sci. 23(18):10889.

Shi R, C Zhang, X Gong, M Yang, M Ji, L Jiang, M Leonti, R Yao, 
M Li (2020) The genus Orobanche as food and medicine: 
An ethnopharmacological review. J. Ethnopharmacol. 
263:113154.

Singh H, MK Lily, and K Dangwal (2017). Viburnum mullaha D. DON 
fruit (Indian cranberry): A potential source of polyphenol 
with rich antioxidant, anti-elastase, anti-collagenase, and 
anti-tyrosinase activities. Int. J. Food Propert. 20(8):1729-1739.

Singh G, D Kumar and AK Dash (2021) Pinus gerardiana Wallichex. 
D. Don.-a review. Phytomedicine Plus. 1(2):100024.

Singh S and S Chatterjee (2022) Value chain analysis of 
Rhododendron arboreum squash ‘buransh’as a non-timber 
forest product (NTFP) in Western Himalayas: Case study 
of Chamoli district, Uttarakhand in India. Trees, Forests and 
People. 7: 100200.

Singh S, G Sharma, P Kaushik, V Kala, G Yadav and V Arya (2022) 
Morchella esculenta L.: A Systematic Update on Chemical 
Components, Biological Activities and Commercial 
Significance. The Indian Ecological Society. 49(3):1103-1112.

Sobhy Y, M Mady, S Mina and Y Abo-zeid (2022) Phytochemical 
and Pharmacological Values of Two Major Constituents of 
Asparagus Species and Their Nano Formulations: A Review. 
J. Adv. Pharm. Res. 6(3):94-106.

Sun Q, N Wang, W Xu and H Zhou (2021) Genus Ribes Linn.
(Grossulariaceae): A comprehensive review of traditional uses, 
phytochemistry, pharmacology and clinical applications. J. 
Ethnopharmacol. 276:114166.

Taleghani A, S Eghbali, R Moghimi and M Mokaber-Esfahani 
(2024) Crataegus pentagyna willd. Fruits, leaves and roots: 
phytochemicals, antioxidant and antimicrobial potentials. 
BMC Complementary Medicine and Therapies. 24(1):126.



Sharma et al.  Wild Edible Plants of North Western Himalayas

Indian Journal of Plant Genetic Resources    424      37(3) 404-424

Talukdar  SN and MN H oss ain (2014)  Phy to chemical , 
phytotherapeutical and pharmacological study of Momordica 
dioica. Evidence‐Based Complementary and Alter. Med. 
2014(1):806082.

Tanmoy G, M Arijit, S Tanushree, S Jagadish and MT Kumar 
(2014) Pharmacological actions and phytoconstituents 
of Amaranthus spinosus Linn: a review. Int. J. Pharmacogn. 
Phytochem. Res. 6:405-413.

Thakur D, A Sharma, and SK Uniyal (2017) Why they eat, what they 
eat: patterns of wild edible plants consumption in a tribal 
area of Western Himalaya. J. Ethnobiol. Ethnomed. 13: 1-12.

Thorat BR (2018) Review on Celosia argentea L. Plant Res. J. 
Pharmacog. Phytochem. 10(1):109-119.

Wani TA, SM Wani, M Ahmad, M Ahmad, A Gani, and F A Masoodi 
(2016) Bioactive profile, health benefits and safety evaluation 
of sea buckthorn (Hippophae rhamnoides L.): A review. Cogent 
food agric. 2(1): 1128519.

Wang Y, L Xiang, X Yi and X He (2017) Potential anti-inflammatory 
steroidal saponins from the berries of Solanum nigrum 
L.(European Black Nightshade). J. Agric. Food Chem. 
65(21):4262-4272.

Wang Z, S Zhao, S Tao, G Hou, F Zhao, S Tan and Q Meng (2023) 
Dioscorea spp.: Bioactive compounds and potential for the 
treatment of inflammatory and metabolic Diseases. Mol. 
28(6):2878.

Wijerathna-Yapa K and R Pathirana (2022) Sustainable agro-food 
systems for addressing climate change and food security. 
Agriculture. 12 (10):1554.

Yang X, S Wei, B Liu, D Guo, B Zheng, L Feng, Y Liu, FA Tomás-
Barberán, L Luo and D Huang (2018) A novel integrated 
non-targeted metabolomic analysis reveals significant 
metabolite variations between different lettuce (Lactuca 

sativa. L) varieties. Hortic. Res.: 5.
Yasien S, MM Iqbal, M Javed, MA Alnuwaiser, S Iqbal, Q Mahmood, 

EB Elkaeed, AA Dera, H Alrbyawi, RA Pashameah and 
E Alzahrani (2022) Comparative evaluation of various 
extraction techniques for secondary metabolites from 
Bombax ceiba L. flowering plants along with in vitro anti-
diabetic performance. Bioengineering. 9(10):486.

Ying H, J Shi, S Zhang, G Pingcuo, S Wang, F Zhao, Y Cui and X Zeng 
(2019) Transcriptomic and metabolomic profiling provide 
novel insights into fruit development and flesh coloration 
in Prunus mira Koehne, a special wild peach species. BMC 
plant biology. 19:1-6.

Yisimayili Z and Z Chao (2022) A review on phytochemicals, 
metabolic profiles and pharmacokinetics studies of the 
different parts (juice, seeds, peel, flowers, leaves and bark) of 
pomegranate (Punica granatum L.). Food Chem. 395:133600.

Zargar BA, MH Masoodi, B Ahmed, and SA Ganie (2011) 
Phytoconstituents and therapeutic uses of Rheum emodi 
wall. ex Meissn. Food Chem. 128(3): 585-589.

Zhang H and ZF Ma (2018) Phytochemical and pharmacological 
properties of Capparis spinosa as a medicinal plant. Nutr. 
10(2):116.

Zhang LL, Y He, F Sheng, YF Hu, Y Song, W Li, J Chen, J Zhang and 
L Zou (2021) Towards a better understanding of Fagopyrum 
dibotrys: a systematic review. Chinese Medicine. 16:1-18.

Zhou QY, X Liao, HM Kuang, JY Li and SH Zhang (2022) LC-MS 
metabolite profiling and the hypoglycemic activity of Morus 
alba L. Extracts. Mol. 27(17):5360.

Zhou Y, C Li, B Feng, B Chen, L Jin and Y Shen (2020) UPLC-ESI-MS/MS 
based identification and antioxidant, antibacterial, cytotoxic 
activities of aqueous extracts from storey onion (Allium cepa 
L. var. proliferum Regel). Food Res. Int. 130:108969.


