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Abstract: (1) Background: Wild Edible Plants (WEPs) are plants that grow without human help, by
simply using the available resources. These types of plants are undervalued, because there is a lack
of knowledge about their bioactive composition and nutritional / functional potential. (2) Scope and
Approach: The main aim of this review is to fully identify the potential uses and importance of WEPs
in certain regions based on (i) their sustainability, because they grow with their own resources, (ii)
their content of bioactive compounds and consequently nutritional and functional value, (iii) their
socio-economic relevance, and (iv) their ability to be useful in the agri-food industry in the short
term. (3) Results: This review found evidence that a consumption of between 100 and 200 g of some
of these WEPs can cover up to 50% of the recommended daily intake of proteins and fiber, being
also a natural source of macro- and micro-minerals. Regarding their bioactive composition, most of
these plants contain phenolic compounds and flavonoids, which determine their antioxidant capacity.
(4) Conclusions: These reported results clearly demonstrate the high potential of the WEPs from a
nutritional, economic and social point of view; although further studies are needed to gather deeper
scientific information about their potential role in the socio-economic sustainability of specific groups
of farmers worldwide.

Keywords: antioxidants; edible flowers; economic value; minerals; principal component analysis;
sugars; total phenol content; flavonoids

1. Introduction

“Wild Edibles” is a term used to describe both plants and animals consumed by
humans. In 1999, the Food and Agriculture Organization of the United Nations (FAO)
described the term wild plants as “those that grow spontaneously in self-maintaining
populations in natural or semi-natural ecosystems and can exist independently of direct
human action” [1]. The FAO estimated in 2016 that as much as ~100 million people
consumed wild edible plants (WEPs) in Europe [2]; this figure highlights the potential
of these plants even currently. The consumption of this type of plants dates back to the
Bronze Age as shown by the remains found in a site in Pefialosa (Jaén, Spain); more than 50
species were identified in this site, including Rumex sp. and Calendula sp. The conclusion
of this ethnobotanical study was that these plants were used as food and/or as flavoring
additives [3]. The importance of these plants is evident from multiple studies conducted
worldwide, such as in Brazil [4], China [5], Ethiopia [6], Guatemala [7], Iceland [8], India [9],
Japan [10], and Tunisia [11]. In Europe, Schulp et al. [12] wrote a review on the identification
of WEPs throughout Europe, finding them in 17 countries. In fact, there are many studies
focusing on the Mediterranean region because it has a great diversity of WEPs, especially
in Greece, Italy, Portugal and Spain. In all of these studies, nutritional potential or bioactive
profiles were reported [2,13-17]. Despite all the studies carried out over the last 10 years,
the full potential of WEPs has still not been fully reached and this is a hot topic that deserves

Foods 2023, 12, 1012. https://doi.org/10.3390/foods12051012

https://www.mdpi.com/journal/foods


https://doi.org/10.3390/foods12051012
https://doi.org/10.3390/foods12051012
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/foods
https://www.mdpi.com
https://orcid.org/0000-0003-3739-8748
https://orcid.org/0000-0002-7163-2975
https://doi.org/10.3390/foods12051012
https://www.mdpi.com/journal/foods
https://www.mdpi.com/article/10.3390/foods12051012?type=check_update&version=2

Foods 2023, 12,1012

20f21

deeper attention by the scientific community considering especially the economy and their
role in the sustainability of rural areas.

These plants may play an important role in environmental sustainability as they grow
wildly and can be used as a functional ingredient to develop new food products. This
sustainable character is persuading more and more consumers, chefs and nutritionists to
introduce WEPs in their dishes and the diets they prescribe. The relevance of this review is
supported by the growing global demand for a change in eating habits, where key new
trends are essential and include: (i) reduction in gasses” emissions, (ii) growth of sustainable
crops, and (iii) greater environmental awareness. An example of this change and this new
trend is the guide that FAO published in 2017 on wild food plants, or current campaigns
for the consumption of edible insects as a new and sustainable source of protein [18].
The future must be more sustainable and WEPs can make a significant contribution to
this change.

2. Scientific Literature Review

To identify interesting scientific publications dealing with the composition and rele-
vance of WEPs, this review was based on the 2020 update of the PRISMA approach [19].
The literature was searched in different databases: (i) Scopus, (ii) FSTA and (iii) ScienceDi-
rect; the keywords used were the following: “wild edible plants”, “WEP”, “edible plants”,
“ruderal plants”, and “wild edible plants food”. Most of the articles that were selected (1999
to 2022) were included in the Journal Citation Reports (JCR). The selection process is shown
in Figure 1. The review is structured in different sections: (i) proximate characterization,
(ii) sugars and organic acids, (iii) mineral content, (iv) fatty acids, (v) phenolic content and
flavonoids, and (vi) economic value of WEPs.

Identification
Database Scopus (n = 50)

Database Sciencedirect (n = 60)
FSTA (n=19)

Other sources (n =8)

Screening

Records marked as ineligible
by automation tools (n =30)

Records removed for other
reasons (n = 14)

Included

Total studies included in review
(n=93)

Figure 1. Diagram of selection of scientific publications.



Foods 2023, 12,1012

30f21

3. Wild Edible Plants, WEPs

This review collects information on 115 WEPs (Table S1, Supplementary Material)
located around the world and belonging to 47 different families. The families with the
highest representation were Asteraceae > Brassicaceae > Fabaceae > Lamiaceae.

4. Proximate Characterization

Proximate analysis is used in foods to estimate the values of energy, moisture, protein,
lipids, water, ash, and carbohydrate in the samples under study. Proteins, lipids and
carbohydrates contribute to the total energy content in an organism, while ash and water
also contribute to the organism mass [20]. Therefore, these determinations are essential
for correct nutritional labelling, whose main objective is to provide data on macro- and
micro-nutrients [21]. Nutritional labelling is regulated in the United States by the Food
and Drugs Administration (FDA) and in the European Union by the European Food Safety
Authority (EFSA). The main values reflected on food labels are: energy, protein, total fat,
saturated fat, total carbohydrate, total sugars and sodium; all are expressed in g, mg or ug
per 100 g [22].

The different parameters of the proximate characterization were compiled and sum-
marized for 47 WEPs. The families with the highest representation in the proximate
characterization were Asteraceae (9) > Lamiaceae (5) > Polygonaceae (4) (Table 1).

The water content or moisture is one of the most important parameters in a plant.
For a plant to produce 1 kg of organic matter, it needs to absorb 500 kg of water, which is
subsequently eliminated by different processes (e.g., transpiration or evaporation) [23]. In
herbaceous plants, the moisture content usually reaches ~90% of the fresh weight, and only
on rare occasions (such as intense water stress conditions) it is below 70%. The functions
of the water content in the plant are essential, because it maintains cell turgor, facilitates
the transport of solutes through the plant, participates in the reduction of CO, through
photosynthesis, and even in the cooling of the leaves during hot hours [24]. The average
moisture content in the WEPs averaged ~80%. It should be noted that, out of the 115 WEP
reviewed, the highest content was found in Silybum marianum (Asteraceae family) when
it reached 93.4 g per 100 g [25,26]; on the contrary, the plant with the lowest moisture
content was Thymus pulegioides (Lamiaceae family) with 47.6 g per 100 g [27]. In WEPs of
the Lamiaceae family, it was observed that moisture values remained between 47.6 and
73.0 g per 100 g; these values were below the average (Table 1).

Studies dealing with 45 out of the 115 studied WEPs (from 24 families), provided
results on ash contents. The two WEPs that showed the highest ash contents were: Blumen
lacera (Asteraceae family) and Hygrophila schulli (Amaranthaceae family) with values of
24.05% and 23.36%, respectively [28]. On the contrary, the family that showed the lowest
ash values was the Polygonaceae, which included four plants (Rumex acetosella, Rumex
induratus, Rumex papillaris, and Rumex pulcher) with values of 1.2, 1.0, 1.0 and 1.9 g per
100 g, respectively [29,30].
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Table 1. Proximate composition reported in wild edible plants, WEPs.

Plant Species Part of Plant Unit Moisture Ash Proteins Fat Carbohydrates Fibre Energy § Reference
Asystasia gangetica (L.) ; % 70214098 17354026  7.84+0.12 2.04 + 0.03 10.63 + 0.23 8144055 92274027 [31]
Achyranthes aspera L. - % 53344+ 058 23264065 1260 +011 1196 +001  1435+014 1689 +034  118.62 =+ 0.06 [31]
Allium ampeloprasum L. Bulbs g/100 g (76'@5’1' 5 080510  17(12-20) (0.1%_155. 2) (12})6;260_9) 42 (3.6-4.7) - [29]

, 78.3 0.79 1.67 0.34 16.6 423
Allium ampeloprasum L. Bulbs /100 g (763-803)  (0.59-0.99) (1.31-2.03) (0.13-0.61) (12.8-19.7) (3.72-4.74) 85 (65-103) [17]
Amaranthus viridis L. - % 5580 £ 023 13314040 1399 +012  140+002  1984+007 6544028  148.02 4028 [31]
Anchusa azurea Mill. Leaves g/100 g - o n 1oas21) 191128 o ) 13(09-1.8) 3.9 (3.5-44) - [29]
Apium nodiflorum (L.) Lag Stems g/100 g (90.%2_'84.0) 17(1.0-33)  16(1.1-2.1) (0.09'_18 19 12(07-21) 2.7 (1.9-3.4) - [29]
Asparagus acutifolius L. Stems g/100 g 84.6 3.8 123 £ 0.0 224+0.1 3.99 +0.33 61.3+0.3 - 371+ 1% [32]

o 85.4 2.23 2.40 0.61 3.56 483
Asparagus acutifolius L. Shoots 8/100g (81.2-885)  (0.93-370)  (1.69-325)  (0.32-0.99) (1.03-4.67) (4.71-6.63) 40 (23-56) [17]

y 87.3 2.68 3.10 0.34 1.71 438
Beta maritima L. Leaves /100 g (754-914)  (2.00-5.60) (1.80-3.91) (0.18-0.70) (0.75-4.30) (3.29-9.50) 31 (16-59) [17]

Beta vulgaris subsp. 84.5 0.24
Beta o108 Leaves g/100 g Usigen) 342056 260836 (1075040 3.6(29-43)  59(39-95) - [29]
Berberis aristata DC. Leaves g/100gdw P 87.44 £ 222 15.46 £ 0.35 19.11 £ 0.78 214 +£0.32 4519 + 0.56 18.10 £ 2.03 - [28]
Blumen lacera (Burm. £, Leaves g/100gdw  7778+£268  2405+069 22524097 0934009  31.82+126  20.68 255 ; [28]
Borago officinalis L. Leaves g/100 g (86.856—'37.3) 24(22-25) 12(1.0-14) (0.1%'_1319) 9.5(9.2-9.7) - 4t [30]
Borago officinalis L Leaves /100 87.2 2351.93-2.91 235 016 9.45 ; 44 (34-50) [17]
& : & g (86.4-88.8) 29 LIoms (1.93-2.91) (0.13-0.19) (7.23-10.7)

Bryonia dioica Jacq. Stems g/100 g dw 829+£23 8.79 £0.01 16.6 + 0.4 151+19 595+ 1.2 - 440 % [32]

o 85.9 1.48 3.97 112 421 460
Bryonia dioica Jacq. Shoots /100 g (70.9-90.8)  (1.00-3.30) (1.00-11.9) (0.10-2.90) (0.80-10.37) (3.40-10.7) 55 (14-141) [17]
Cichorium intybus L. Leaves  g/100gfw? (g 4.886_?7.9) 18(1.7-21)  29(1543) 013 (tr-025)  35(1.847)  61(5.167) 157 (137-180) [25]

A 87.9 1.65 1.83 0.46
Cichorium intybus L. Leaves g/100 g (75.0-94.5) (1.25-2.10) (0.204.30) (Traces—0.92) 3.50 (1.804.7) 3.6 (1.20-6.70) 33 (10-58) [17]
Chondrilla juncea L. Leaves /100 g 87.8 + 0.88 18+ 0.11 1.9 + 0.07 0.5 + 0.04 2.0 + 0.08 5.8 +0.32 19.6 33]
o 83.4 2.41 2.50 0.80 3.58 7.70
Chondrilla juncea L. Leaves 8/100g (659-89.7) (139435  (1.83-6.13) (0.09-1.50) (1.499.69) (4.10-13.4) 44 (22-104) [17]
Cynara cardunculus L. Flowers g/100 g fw 84.94 1.13 3.27 0.15 10.51 5.4 47 [34]
Enhydra fluctuans Lour. - % 6769 +£078  1515+044  800+006  1.10+0.01 9.64+006  1537+021  80.53 +0.16 [31]
Eryihrina variegata L. Leaves g/100gdw 8744 +£222  2015+053 2112+158 1554015  39.63+1.11 1755+ 1.98 : [28]
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Table 1. Cont.

Plant Species Part of Plant Unit Moisture Ash Proteins Fat Carbohydrates Fibre Energy § Reference
Foeniculum vulgare Mill. Leaves /100 86.7 - 3.8 - 49 35 48 [35]
3 /100 g
. . 82.4 2.34 2.76 0.42 9.67 3.87
Foeniculum vulgare Mill. Leaves g/100g (729-90.1)  (1.50-241)  (0.60-4.20) (0.08-0.80) (1.40-22.4) (2.70-6.20) 63 (14-130) (171
Glechoma hederacea L. Leaves g/100 g 73.1 £8.05 347 +0.1 1.34 £ 0.00 1.18 £ 0.23 21.0 £0.17 - 99.96 + 0.80 [27]
Humulus lupulus L. Leaves /100 g (8535_-953.2) 14(09-2.0) 43 (3.1-5.1) (0.1%'_28.26) 16(14-18) 52 (43-64) - [29]
85.8 1.35 425 0.37 1.85 485
Humulus lupus L. Shoots 8/100g (85.0-934)  (0.902.01)  (3.13-5.10) (0.10-1.08) (1.40-2.20) (4.35-6.42) 39 (29-55) [17]
Hygrophilla schulli
(Hamilt.) M.R. Almeida Leaves g/100gdw 91234101 23364066 17194149 1924018  4346+042 1407 +£121 - 28]
& S.M. Almeida
Ipomoen aquatica Forssk. - % 69114072 16374067 13824008 219 +0.08 10514008 7444027 11727 +£0.24 [31]
Maloa sylvestris L. Flowers g/100 g 7249 £189  1054+£030 850+ 051 284+£037 78124044 - 37202 £ 2.13 1 [36]
. 81.0 321 3.00 0.56 223 476
Malva sylvestris L. Leaves /100 g (75.7-869)  (2.32-5.44) (0.83-5.70) (0.40-0.76) (1.93-2.44) (4.18-5.34) 35 (23-50) [17]
Mentha pulegium L. Inflorescences  g/100 g 5047+£922 5924009 7124049 2224022 8474+ 059 - 387.44 + 053 1 [37]
Montia fontana subsp. Leaves g/100 g 9147 4+1.18  1.13+0.13 1.76 + 0.14 1.94 + 0.13 1.81 + 055 444 4 0.34 31.48 + 1.18 [38]
amporitana Sennen
Iﬁ’“%tr”m”m officinale Leaves g/Kg 931410 9.4 409 224407 1.43 +0.08 35.6 + 0.9 - 1023 +£15° [39]
Qdenlandia corymbose - % 6028 +040 8344039 10524010  2.16 +0.06 9.08 + 0.37 7264030  97.94 + 0.04 [31]
Origanum vulgare L. Leaves g/100 g 51.82 +£5.11 2.87 £ 0.07 2.28 +0.03 2.81 +0.33 40.22 £0.28 - 195.31 £ 0.96 [27]
Papaver rhoeas L. Leaves g/100 g 91.0 - 29 - 3.1 2.5 36 [35]
88.3 2.50 3.50 0.64 335 440
Papaver rhoeas L. Leaves 8/100g (685-912)  (145-520)  (1.50-5.90) (0.15-1.03) (290-5.30)  (2.50-11.10) 42 (24-78) [17]
Portulaca oleracea L. Leaves % 81.5 28.9 27.8 0.141 - 10.0 - [40]
92.6 1.88 3.00 0.35 1.98 1.20
Portulaca oleracea L. Leaves /100 g (90.0-943)  (1.25-2.95) (2.50-3.50) (0.30-0.40) (1.11-2.70) (0.90-1.80) 25 (19-32) [17]
ge)”"/j,fﬁﬁ“m tridentatum g uers g/100 g 60.8+0.16 2364000 15924060  2.69+ 051 79.03 + 0.74 . 404.01 + 4.05 [41]
Rumex acetosella L. Leaves g/100 g 89.9 +1.01 10.93 £+ 1.06 7.85 = 1.86 2.35+0.28 78.87 +1.50 - 368.03 +3.98% [30]
ﬁ”ﬁﬁmd”mtus Boiss. Leaves g/100 g 9029+ 053  11.07+030  13.54+0.28 3.97 +0.14 71.42 4+ 0.28 - 375.55 4 0.36 1 [30]
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Table 1. Cont.
Plant Species Part of Plant Unit Moisture Ash Proteins Fat Carbohydrates Fibre Energy § Reference
Rumex papillaris Boiss. Leaves /100 g (87.%%910.7) 10(04-13) 24 (1.6-35) (0.2%-_25. 2) 20(1.6-27) 44 (4.0-5.0) - [29]
86.6 0.20
Rumex pulcher L. Leaves g/100 g (87.4-89.2) 1.9 (1.1-3.1) 3.2 (1.9-5.5) (0.10-0.32) 3.3 (1.5-4.5) 4.7 (4-5.2) - [29]
Raphanus raphanistrum L. Leaves g/100 g fw 89.9 £ 0.6 1.58 +0.08 4.04+0.01 0.23 £+ 0.03 4.22 £+ 0.08 - 351+0.1 [42]
. . 84.1 0.09
Scolymus hispanicus L. Leaves g/100 g fw (81.8-92.7) 3.19 (1.7-5.2) 1.8 (0.3-5.3) (0.08-0.11) 34(1.1-9.2) 7.0 (3.1-12.) 167 (53-280) ¥ [25]
Sesbania sesban (L.) Merr. Leaves g/100 g dw 90.13 £ 1.55 18.68 + 0.22 15.65 + 1.10 0.97 + 0.05 49.51 £ 0.72 15.19 + 1.79 - [28]
Silene vulgaris (Moench) Leaves g/100 g (80 e 5) 0.3 3.3 (3.0-3.6) 0.70 34(29-39)  28(26-3.1) ; [43]
Silene vulgaris (Moench) 85.9 1.53 247 0.67 2.32 4.36
Garcke Leaves /100 g (86.6-885)  (0.20-4.33) (1.31-3.60) (0.31-1.31) (1.03-3.90) (2.60-6.63) 34 (17-56) [17]
Silybum marignum (L.) Leaves /100 g fw (92.993_;13.8) 15(1.0-19)  0.6(05-08) 001 (t-003)  11(05-17) 262329 18062261 5
Sonchus asper L. Leaves g/Kg 864.3 £11.2 304 £3.0 325+32 6.8 +0.7 198 £ 1.1 35.6 £22 1110 £ 120 [44]
Sonchus oleraceus L. Leaves g/Kg 872.4 +14.0 299 +1.8 31.7+15 75+09 182+14 325+24 1110 £ 120 [44]
87.6 2.17 2.22 0.60 2.29 3.37
Sonchus oleraceus L. Leaves 8/100g (83.0-91.9)  (1.58-3.00)  (1.11-3.48) (0.20-1.28) (0.94-4.20) (2.60-5.57) 33 (16-56) [17]
88.25 0.29
Sonchus oleraceus L. Leaves g/100 g fw (83.2-91.0) 2.04 (1.6-2.7)  2.22(1.3-3.5) (0.20-0.41) 2.51(0.9-4.2) 4.3 (3.5-5.6) 127 (91-163) ¥ [25]
Sonchus oleraceus L. Leaves g/100 g wb ? 89.3 £+ 3.04 1.5+ 0.01 3.0£0.13 04 +0.01 - 55+0.35 - [45]
Sonchus tenerrimus L. Leaves g/Kg 877.3 +20.8 30.2+1.9 31.8+2.0 52+04 132£18 3.2+ 1.6 935 £ 105 [44]
. 86.2 0.17
Tamus communis L. Leaves g/100 g (84.6-89.0) 1.4 (0.9-2.4) 3.2 (2.5-3.8) (0.10-0.22) 2.2 (1.9-2.7) 4.7 (3.5-6.0) - [29]
. 85.2 1.25 3.13 0.49 5.20 4.35
Tamus communis L. Shoots g/100g (82.0-89.0)  (0.90-2.40)  (2.52-3.85) (0.10-1.28) (1.80-11.7) (3.50-6.00) 46 (25-85) (171
Taraxacum obovatum 83.3 1.57 0.22 3.34 ¥
(Willd.) DC. Leaves g/100gfw 7957867y 2130825 3509 (0190.27) (1.63-539) ~ 701(54-87) 152 (114-205) [25]
Thymus mastichina L. Leaves g/100 g 54.67 £7.03 2.67 £ 0.08 22+05 3.80 £ 0.10 36.64 £+ 0.08 - 189.65 £+ 0.44 [27]
Thymus pulegioides L. Inflorescences g/100 g 47.6 £12.60 4.94 £ 0.62 5.53 £1.40 0.18 £ 0.02 89.35 +1.54 - 381.14 +1.76 % [37]
‘ Lo 87.76 (wet
Vzola’x. Wzttrockzmlm Flowers g/100 g dw matter) 7.92 10.14 1.67 80.27 - 376.67 [4]
Umbilicus rupestris Leaves g/100 g fw 93+1 0.91 4+ 0.01 1.83 4 0.06 0.255 + 0.002 3.90 + 0.03 - 252 +0.1 [46]

(Salisb.) Dandy

ca >+ kea w; ; ; Mean value (minimum-maximum); w = dry weight; ¥ fw = fresh weight; ¢ wb = wet bases.
8 k 1/100g1k 1/100 g d ul<]/1<g¥l<]/100gM lue ( ); P d dry ght; ¥ f fresh ght; ° wb b
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With respect to protein, three WEPs stood out for their high protein content, each
belonging to a different family (Portulacaceae, Asteraceae, and Asparagaceae): Portulaca
oleracea with 27.8 g per 100 g [40], followed by Blumea lacera and Asparagus acutifolius with
22.52 and 22.40 g per 100 g, respectively [28,32]. On the contrary, the plant with the lowest
protein content was Silybum marianum (Asteraceae family), with a protein content as low as
0.6 g per 100 g [25,26].

Fat content was only reported in 47 of the available 115 WEPs. Bryonia dioica (Cucur-
bitaceae family) showed the highest content at 15.1 per 100 g dry weight (Martins et al.,
2011). The family with the highest number of plants (Asteraceae) had, in general, low
contents, reaching its maximum with Silybum marianum and Enhydra fluctuans (1.1 g per
100 g), and its minimum with Scolymus hispanicus (0.09 g per 100 g) [25,26,31].

The scientific literature only provides the carbohydrates content for 46 WEPs out of
the 115 reviewed plants. In this regard, Thymus pulegioides and Mentha pulegium had the
highest content, reaching 89.35 and 84.74 per 100 g, respectively [37]; both plants belong to
the Lamiaceae family. Within this family, plants showed a wide variability in carbohydrate
content, with Thymus pulegioides having the highest value (89.35 g per 100 g), while Glechoma
hederacea had the lowest with 21 g per 100 g [27].

The content of dietary fiber was only found for 36 WEPs. The WEPs that stood out for
their high fiber content were Blumea lacera (20.68 g per 100 g dw) and Berberis aristata (18.10 g
per 100 g dw), belonging to the Asteraceae and Berberaceae families, respectively [28]. In
general, the fiber content of the Laminaceae and Brassicaceae plants was not analyzed and
thus was not reported [27,37,39,42].7

Energy is calculated from the determination of food macro-nutrients including protein,
fiber, carbohydrates, fat and alcohol [47]. Nowadays, part of society is willing to have a
balanced diet, but unfortunately, most consumers, due to their lifestyle, replace traditional
diets with diets high in sugars and refined fats, which leads to large caloric intakes; these
diets result in increased incidence of coronary heart disease, strokes, type II diabetes, and
obesity [48,49]. However, in the USA the actual daily intake for men is 2800 kcal per day
and for women 20002200 kcal per day, which are comparable to the 2030 kcal that a person
2 m tall and 88 kilos should ingest, this value being the highest of those established for men
and women by the FAO [50]. This difference in daily kilocalories shows a gap between
the ideal intake and that which is averaged in countries such as the USA. Energy data was
only available for 28 WEPs out of the 115 plants reviewed. The plant with the highest
energy value was Bryonia dioica with 440 kcal per 100 g dw [32]. Regarding families, the
Polygonaceae showed high contents, for instance, Rumex acetosella and Rumex induratus
with 368 and 376 kcal per 100 g dw, respectively [30].

5. Sugars and Organic Acids
5.1. Sugars

The role of the sugars, which are generated through the photosynthesis process, in
plants is fundamental; they are the main source of carbon and energy for the plants, and
participate in the plant metabolism control, for example participating in multiple biological
processes, from embryogenesis to plant senescence [51,52]. Sugars can be classified into
monosaccharides, disaccharides, and polysaccharides. Apart from the biological impor-
tance of sugars in plants, it is necessary to highlight their importance in the health of
humans. Sugars are the main source of energy for multiple metabolic processes, as well as
making a necessary contribution for cells to stay alive [53].

Sugar contents of 22 WEPs (from 16 families) are summarized in Table 2. In general,
the predominant sugars were fructose, glucose and sucrose. It should be noted that, of the
three main sugars, glucose was that with the highest total content in all 22 plants, followed
by fructose and subsequently sucrose.
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Table 2. Sugars reported in wild edible plants, WEPs.
Plant Species Part of Plant Unit Sugars Reference
Fructose Glucose Sucrose

Asparagus acutifolius L. Stems g/100 g dw 249 +0.13 1.98 & 0.04 427 £0.12 [32]
Borago officinalis L. Leaves g/100 g dw 0.14 £ 0.03 0.58 &= 0.06 1.52 +0.13 [30]
Bryonia dioica Jacq. Stems g/100 g dw 3.45 £ 0.08 2.97 £0.09 0.572 £ 0.014 [32]
Chenopodium ambrosioides L. Leaves g/100 g dw 0.24 +0.01 0.46 = 0.01 143 £0.12 [54]
Foeniculum vulgare Mill. Leaves g/100 g fw 0.49 £ 0.05 0.76 = 0.12 0.04 £ 0.00 [55]
Glechoma hederacea L. Leaves g/100 g fw 0.15 £ 0.01 0.08 £ 0.02 0.40 £ 0.06 [27]
I\H/folfr’z}yf”m stoechas (L.) Stems g/100gdw  1024+004  059+002  184+0.09 [56]
Malva sylvestris L. Flowers g/100 g dw 8.72 £0.14 7.36 £0.13 2.74 £ 0.05 [36]
Mentha pulegium L. Inflorescences  g/100 g dw 239+ 0.11 3.37 £0.22 4.62+0.28 [37]
Montia fontana subsp. Leaves g/100gdw 076 +0.17 1.00+£002 0444005 [30]
amporitana Sennen

Nasturtium officinale R. Br. Leaves mg/kg 1104 £ 31 696 + 20 233 + 51 [39]
Origanum vulgare L. Leaves g/100 g fw 0.19 £ 0.01 0.58 £ 0.01 0.30 £ 0.00 [27]
Portulaca oleracea L. Leaves mg/100 g fw 290 (202-352) ¥ 81.25 (59-118)  161.5 (75-271) [57]
ge)"";fﬁz”m tridentatum Flowers /100 g dw 3.49 +0.11 119 + 0.05 0.58 + 0.03 [41]
Rubus ulmifolius Schott Flowers g/100 g dw 1.66 £0.21 2.23+0.19 1.34 £0.15 [56]
Rumex acetosella L. Leaves g/100 g dw 0.60 &= 0.00 0.73 £0.01 0.21 £ 0.07 [30]
g”lﬁft’”d”mt“s Boiss. Leaves g/100gdw 171 0.09 126+£020 125031 [30]
Raphanus raphanistrum L. Leaves g/100 g fw 0.153 £0.004  0.348 £ 0.003 - [42]
Tamus communis L. Leaves g/100 g dw 3.83 £0.13 1.80 £0.14 0.695 + 0.05 [32]
Thymus mastichina L. Leaves g/100 g fw 0.45 1+ 0.01 097 £0.11 0.02 4= 0.00 [27]
Thymus pulegioides L. Inflorescences  g/100 g dw 0.22 £ 0.00 0.33 £ 0.03 1.06 + 0.02 [37]
Umbilicus rupestris Leaves g/100 g fw - - 0.082 £ 0.002 [46]

(Salisb.) Dandy

¥ Mean value (minimum-maximum).

The most commonly studied plant family regarding sugars was Lamiaceae with five
plants. Regarding fructose, the WEPs that had the highest content were Malva sylvestris (Mal-
vaceae family) and Tamus communis (Dioscoraceae family), with 8.72 and 3.83 g/100 g dw,
respectively [32,36]. Malva sylvestris also showed the highest glucose content at 7.35 g/100 g
dw [36]. The sucrose concentration in these 22 WEPs was mainly dominated by two plants:
Mentha pulegium, which had 4.62 g/100 g dw, and Asparagus acutifolius with a sucrose
concentration of 4.27 g/100 g dw [32,37].

5.2. Organic Acids

At a general level, organic acids are weak acids, which can be classified mainly by
four criteria: (i) nature of the carbon chain (aliphatic, aromatic, etc.); (ii) saturation or
unsaturation properties; (iii) substituted or unsubstituted characteristics; and (iv) number
of functional groups. Acids play an essential role in the physiology of plants, partici-
pating in processes such as pH regulation, balancing the redox potential cells, the Krebs
cycle, or even in organoleptic properties such as color, taste and aroma of both fruits and
vegetables [58-60].

Three organic acids (oxalic, malic and shikimic) were mainly found in WEPs, and
especially in four families: Asteraceae, Brassicaceae, Crassulaceae, and Portulacaceae
(Table S2).

One of the most representative organic acids in the Asteraceae family is oxalic acid [25,26],
which show a high content in six plants of this family [61]. Being a small group of plants in
which organic acids were determined, a PCA (Principal Component Analysis) was carried
out to understand these results in a visual way (Figure 2). The values can be found in
Table S2. PCA showed a high percentage of correlation (92.08%) among organic acids
and WEPs, being able to differentiate three groups. In the first cluster, malic acid was
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associated with Raphanus raphanistrum (Brassicaceae family); the second cluster was based
on the association of oxalic acid with Sonchus oleraceus (Asteraceae family); while in the
third group both oxalic acid and shikimic acid were associated with Hymenonema graecum
(Asteraceae family).

Biplot (axis F1 and F2: 92.08 %)

Malic
A

R. raphanistrum

1 S. oleraceus
T °

U. rupestris U. picroides " Oxalic
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b —+
T. officinale R picroides

°
P. echioides

A
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F1(57.96 %)
Figure 2. Principal Component Analysis (PCA) of organic acids present in wild edible plants, WEPs.

In this way, the highest contents of malic acid were reported in Raphanus raphanistrum
and Sonchus oleraceus (580 and 415 mg/100 g, respectively) [42,61]. The WEPs in which
the highest amounts of oxalic acid were found, in decreasing order were: Hymenonema
graecum > Sonchus oleraceus > Raphanus raphanistrum, with concentrations between 972 and
706 mg/100 g [42,61]. Regarding shikimic acid, two plants stood out for their contents:
Hymenonema graecum and Sonchus oleraceus, with 244 and 166 mg/100 g, respectively; the
other WEPs where this acid was found had values of below 100 mg/100 g [61].

6. Mineral Elements

The Mediterranean diet is considered by many experts as one of the best in the world
at a nutritional level, and one of its main strengths is the contribution of minerals and
vitamins [62]. In body composition, minerals represent fourth place in abundance, reaching
values of up to 6.1% of the body weight for a person of 65 kg [50]. This importance of
minerals for the human body determines health problems due to mineral deficiency; in
this way, key elements which are often linked to deficiency are iron, zinc, and iodine. Iron
deficiency can affect as many as 18% of the world’s children under 5 years of age, along
with pregnant women [63]. In addition, zinc and iodine affect 17% and 28% of the world’s
population, respectively [63]. According to Zeece [64], the main source of minerals is the
soil, because from there it passes to plants and through the food chain to humans. The
daily intake of minerals establishes the recommended intake for each of these elements; in
Table S3, it is possible to find these values according to the Food & Drug Administration
(FDA) [65].

Principal Component Analysis (PCA) (Figure 3) was carried out after adjusting all
values in a common unit, mg/100 g fw. PCA showed a total percentage of correlation
(70.13%) among minerals contents and WEPs. Mineral composition was reported only for
17 of the 115 plants (from 10 families) covered in this review. In this way, most of the plants
which had their mineral profile analyzed (n = 7) belonged to the Asteraceae family. The
macro-elements identified were calcium (Ca), magnesium (Mg), potassium (K), and sodium
(Na); while the micro-elements were copper (Cu), iron (Fe), manganese (Mn), and zinc (Zn).
In Table S4 [25,34,35,38,57,66-68], values for the contents of these minerals can be found.
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Figure 3. Principal Component Analysis of minerals present in wild edible plants, WEPs.

Regarding Figure 3, three different groups can be easily observed. On the one hand,
Ca was isolated from the entire group of minerals as not being associated with any plant.
The first group contained the highest number of minerals (Cu, Fe, Mn, Mn, and Zn). The
second and third groups were linked to K and Na, respectively.

Calcium was not associated with any specific WEPs, although Foeniculum vulgare
was that with the highest content of this mineral, followed by Chondrilla juncea (341 and
301 mg/100 g, respectively) [25,35].

The first group was mainly associated with two plants: Chondrilla juncea and Malva
sylvestris. Regarding Cu and Mn, the WEPs that had the highest simultaneous contents,
were Chondrilla juncea (0.43 and 0.97 mg/100 g, respectively) followed by Malva sylvestris
(0.33 and 0.76 mg/100 g, respectively); although the WEP that had the highest Mn content
was Montia fontana with 1.08 mg/100 g [38]. Regarding Fe, Mg, and Zn, Malva sylvestris
had the highest contents (5.82, 715 and 1.98 mg/100 g, respectively) compared to Chondrilla
juncea (3.97, 40.80 and 1.63 mg/100 g, respectively) [25]. In the second group, K was
exclusively associated with Scolymus hispanicus, the content of which was much higher
than in the rest of the WEPs (1040 mg/100 g) [25,26]. In the third group, Na was exclu-
sively associated with Beta maritima, containing the highest concentration of this mineral,
171 mg/100 g) [66].

The mineral values clearly demonstrated that many WEPs have a high nutritional
value, for example, Chondrilla juncea, which can provide almost 50% of the recommended
daily intake of Cu after consumption of 200 g of the plant. Montia fontana, with its Mn
content, could also cover approximately 50% of the recommended daily amount after
consumption of 200 g (Table S3) [65].

7. Fatty Acids

Of the 115 WEPs evaluated in this review, only 43 (from 21 families) had FA profiles
published; the most commonly studied families regarding FAs were: Asteraceae (8) >
Lamiaceae (5) > Polygonaceae (4) > Brassicaceae (3). As can be seen in Table 3, the most
representative FAs in WEPs were palmitic, oleic, linoleic, and linolenic acids.
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Table 3. Fatty acids reported in wild edible plants, WEPs.
C16:0 C18:1 C18:2 C18:3
Plant Species Part of Plant Unit (Palmitic (Oleic Aci d) (Linoleic (Linolenic = Reference
Acid) Acid) Acid)
Allium ampeloprasum Bulbs % 26424030 7394042 53454027 nd [67]
Anchusa azurea Mill. Leaves % 10.45 £+ 0.62 2.20 £+ 0.00 12.16 £0.11  64.74 +0.23 [69]
ép;bi’gg”‘)dﬂomm Stems % 16294096  3.33+0.02 2460 +0.77  43.46 + 0.08 [70]
Asparagus acutifolius Stems % 175402 4944035  445+13 23.7 4+ 0.9 [32]
L
Bellis perennis L. Aerial parts % 1.5 - 5.1 13.6 [71]
Beta maritima L. Leaves Y% 11.03 £0.15 3.51 £0.01 2128 +£0.04 57.80+0.03 [70]
Borago officinalis L. Leaves Y% 12.03£0.70  2.08 +£0.20 950+125 1226 +1.90 [30]
Bryonia dioica Jacq. Stems Y% 13.5+£03 1.52 +0.09 6.39 £ 0.16 70.3 £ 0.1 [32]
Cichorium intybus L. Leaves % 10.64 £+ 0.63 1.61 £ 0.04 21.14 +£0.06  60.45 £ 0.41 [70]
Chenopodium o
ambrosioides L. Leaves Yo 14.16 £ 0.03 6.90 £ 0.12 19.23 £0.12 4854 +0.13 [54]
Chondrilla juncea L. Leaves % 12.96 £+ 047 191 £ 0.01 19.92 £ 0.17 56.27 £0.13 [70]
Daucus carota L. Roots % tr - 1.0 - [71]
Diplotaxi id . o
(LI.F)’ ]ojgzxzs erucoudes Aerial parts Yo 18.23 342 3931 % . [11]
Diplotaxis virgat o
(Clgv‘?)“glé virgata Flowers % 14.35 - 36.01% - [11]
Rocniculum vulgare Leaves % 20154009 43542037 2325+£007 4355+£040  [55]
Glechoma hederacea L. Leaves % 12.23 £0.23  35.12 +0.27 8.15 £+ 0.08 27.87 + 0.20 [27]
ge;liﬁroyesrﬁ“"”h‘” Stems % 13244016 6154079 2567+008 22794186  [56]
Humulus lupulus L. Leaves Y% 19.52 + 0.61 1.88 £ 0.10 29.72 £0.85  38.16 £+ 0.02 [70]
Malva sylvestris L. Flowers % 9.79 + 1.07 3.31 £ 042 1196 £ 042  67.79 + 0.96 [36]
Mentha pulegium L. Inflorescences Y% 1482 £0.09 577+020 1627 +0.33 37.00 £ 0.35 [37]
Montia fontana subsp. Leaves % 1722+ 106 2374038 18714045 5557 + 0.80 [30]
amporitana Sennen
Origanum vulgare L. Leaves % 495+ 0.10 5.08 £0.01 2322 +014 62.34 £ 0.04 [27]
Papaver rhoeas L. Leaves % 9.66 + 0.39 1.36 + 0.00 16.53 £ 0.01 64.98 £+ 0.07 [70]
Portulaca oleracea L Leaves % 247 124 288 23.6 [57]
: ° (23.4-269) ¥  (9.7-15.1) (25.1-32.9)  (17.9-28.4)
Pterospartum o
tridentatum (L.) Willk. Flowers Yo 14.84+0.83 9224+1.09 1959 +0.67 29.50 + 1.98 [41]
umex acetosella L. eaves o . . . . . . . .
R lla L L % 11.23 £0.73 343 +£0.32 20.18 £ 048 51.34 £141 [30]
Rumex induratus o
Boiss. & Rgut ' ' Leaves Yo 9.36 £0.71 2.20 + 0.05 13.76 £0.01  58.84 +£1.03 [30]
frﬁ‘giﬁxe ﬁ‘;wllms Boiss. Leaves % 11204032 5804014 22794019 51.77 +0.14 [70]
Rumex pulcher L. Leaves Y% 9.30 + 0.11 4.22 +0.01 17.03 £ 0.16  62.97 £0.03 [70]
Raphanus mg/100
raphanistrum L. Leaves o 1 252 +23 24+03 24 +2 171 + 16 [42]
Sambucus nigra L. Aerial parts % tr - 16.1 2.6 [71]
Scolymus hispanicus L. Leaves % 20.65£0.85 641+0.07 2644 +026 30.55 4 0.23 [70]
Silene vulgaris o 13.5 224 54.5
(Moench) Garcke Leaves e (131-151)  24@127)  (189044)  (51.2-56.9) [43]
Silybum marianum (L) 1 eayes %  2869+1.60 386+010 31.01+063 21604025  [70]
Sonchus oleraceus L. Leaves % 10.43 £ 0.70 0.92 +£0.10 13.78 + 0.61 nd [70]
Tamus communis L. Leaves Y% 17.0+ 0.7 751 +0.18 42.0£0.3 275+04 [32]
(T{}\;ﬁfgc)”ggbmt”m Leaves % 11.834+0.09 324+0.01 17.64+0.08 5853 +0.23 [70]
Thymus mastichina L. Leaves Y% 10.22 +0.20 9.82 + 0.18 11.83 £ 0.06  45.65 £ 0.55 [27]
Thymus pulegioides L. Inflorescences Y% 16.70 £022 11.40+0.10 1298 +£0.52  36.69 £ 0.25 [37]
V. x Wittrockiana Flowers gg(/ji,\(;)% 36.41 8.27 32.30 nd [4]
Umbilicus rupestris o 0.641 &+
(Salisb.) Dandy Leaves Yo 10.6 £ 0.8 0.002 18.3 + 0.6 62 +2 [46]

¥ Linoleic acid C18: 2 y Linolelaidic acid C18:2; nd = not detected; tr = trace; ¥ Mean value (minimum-maximum);

£ dw = dry weight; T fw = fresh weight.
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Linolenic acid was by far the FA with the highest percentage in most plants, showing
in eight of these 42 plants a percentage above 60%; the list of plants in decreasing order of
abundance was as follows: Bryonia dioica Jacq. (70.3%) > Malva sylvestris (67.8%) > Papaver
rhoeas (65.0%) > Anchusa azurea (64.7%) > Rumex pulcher (63.0%) > Origanum vulgare (62.3%)
> Umbilicus rupestris (62.0%) > Cichorium intybus (62.0%) [27,32,46,56,70]. It is important to
highlight that this compound was present in a wide range of families.

Linoleic acid was the second most abundant FA, highlighting its importance in WEPs,
especially in Allium ampeloprasum (53.5%) > Asparagus acutifolius (44.5%) > Tamus com-
munis (42.0%) [32,67,72]; these plants belong to the Amaryllidaceae, Asparagaceae and
Dioscoreaceae families, respectively.

Another of the most representative FAs, palmitic acid, was present in all the WEPs
analyzed. The WEP that obtained the highest value in palmitic acid was Viola x wittrockiana
(Violaceae family) with 36.41 g/100 g dw [4]. Silybum marianum (Asteraceae), Allium
ampeloprasum (Amaryllidaceae) and Portulaca oleracea (Portulaceae) had values of 28.7%,
26.4% and 24.7%, respectively [57,67,70,72].

Regarding oleic acid, the highest content was found in Glechoma hederacea with
35.1% [27], followed by Portulaca oleracea with 12% [57]; whilst, the WEP with the lowest
content of oleic acid was Umbilicus rupestris (0.6%) [46].

In general, the main FAs identified in WEPs were linolenic and linoleic acids. On the
other hand, it should be noted that palmitic acid was identified in all plants, although at
lower concentrations.

8. Phenolic Content and Flavonoids

Phenolic compounds are the most abundant secondary metabolites in plants, helping
in various functions of great importance, such as pigmentation, growth, and/or resis-
tance to pathogens, also playing a fundamental role in maintaining redox homeostasis of
cells [73-75]. Apart from the importance in the physiology of plants themselves, it has been
clearly demonstrated that these compounds have antioxidant activity, anti-inflammatory
effects, help in the reduction of oxidative stress, and can even help in the prevention of
tumors [76-79].

In the references evaluated in this review, instudying up to 115 WEPs (from 47 families),
the total phenolic contents (TPC) were provided for 100 plants; for 51 plants, the total flavonoids
content (TFC) was also provided (Table 4) [5,30,32,36,39,42,46,54,56,57,67,69,72,80,81]. Regard-
ing TPC and TFC, the most commonly studied families were Asteraceae (17) > Brassicaceae
(7) > Fabaceae (6) = Lamiaceae (6). These analyses were performed by HPLC [31,54,81-84]
and spectrophotometric method [4,5,28,30,32,36,37,39,41,56,57,67,69,72,80].

Table 4. Total phenolic content (TPC) and total flavonoids content (TFC) in wild edible plants.

Plant Species Part of Plants Unit TPC TPC Unit TFC TFC Reference

Asystasia gangetica (L.) ) mg GAE/g de §

T Anderson T 91.797 £ 0.295 mg RE/g de 20.132 £ 0.093 [31]
Achyranthes aspera L. - mg GAE/gde  74.831 & 0.243 mg RE/g de 20.793 £ 0.122 [31]
E“Lg;rﬁlt”m conyzoides Flowers mg GAE/g 463 +0.52 - - [81]
Allamanda cathartica L. Flowers mg GAE/g 416 +£0.11 - - [81]
Allium ampeloprasum L. Bulbs mg GAE/g 5.70 & 0.62 mg CE/g?° 0.86 + 0.5 [67]
Amaranthus viridis L. - mg GAE/gde  50.700 & 0.079 mg RE/g de 19.970 & 0.252 [31]
Anagallis arvensis (L.) Aerial parts mg GAE/g 27.54 £0.92 mg QE/g* 26.15 £ 0.85 [84]

148.62
. mg GAE/g . 84.81

Anchusa azurea Mill. Leaves extract. (146.62¥150.62) mg CE/g extract. (80.78-88.84) [72]
Apium nodiflorum mg GAE/g

(L) Lag. Leaves oxtract. 80.47 4= 4.41 mg CE/g extract. 4548 = 1.61 [69]
Asparagus acutifolius L. Stems mg GAE/g 624 + 28 mg CE/g extract. 57.8 24 [32]

extract.
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Table 4. Cont.

Plant Species Part of Plants Unit TPC TPC Unit TFC TFC Reference
Asparagus acutifolius L. Leaves mgv(\]:VAV%I/kg 43.1 mg QE/kg ww 2262.9 [83]
Bahuinia purpurea L. Flowers mg GAE/g 6.14 £0.30 - - [81]
Beta maritima L. Leaves mgxi‘:f‘t/ 8 61914751  mgCE/gextract.  21.55+ 0.87 [72]
Berberis aristata DC. Leaves mg GAE/gdw  135.56 +3.26 mg QE/g dw 82.05 £ 0.78 [28]
Bidens pilosa L. Flowers mg GAE/g 8.12 +£ 041 - [81]
BDlg’"e“ lacera (Burm. ) Leaves mg GAE/gdw 9523 +1.35 mg QE/g dw 59.87 + 0.93 [28]
g‘z”b“x malabaricum Flowers mg GAE/g 3.88 +0.17 - - [81]
Borago officinalis L. Leaves me S\g\]’i/ kg 64.0 mg QE/kg ww 189.4 [83]
E\Zﬁ‘gl”w”ea spectabilis Flowers mg GAE/g 6.87 +0.23 - - [81]
Brassica campestris L. Flowers mg GAE/g 3.32 £ 0.09 - - [81]
Brunfelsia acuminata
(Pohl) Benth. Flowers mg GAE/g 4.08 £0.25 - - [81]
Bryonia dioica Jacq. Stems mgxiii/g 258 £+ 22 mg CE/g extract. 181+£1.2 [32]
Calliandra
haematocephala Hassk. Flowers mg GAE/g 14.43 + 0.71 - - [81]
Camellia japonica L. Flowers mg GAE/g 5.14 £0.29 - - [81]
Chaenomeles sinensis
(Thouin) Koehne Flowers mg GAE/g 13.93 £ 0.34 - - [81]
Chrysanthemum
coronarium L. Flowers mg GAE/g 3.76 £0.29 - - [81]
Chrysanthemum
morifolium Ramat Flowers mg GAE/g 3.75+0.11 - - [81]
Cichorium intybus L. Leaves mg CAE/kg 158.6 mg QE/kg ww 1066.0 [83]
Chenopoditm Leaves mg GAE/100 0203341225  mg CE/g extract. 76827 + 1070 [54]
ambrosioides L. g dw
Chondrilla juncea L. Leaves mgxiii/g 37.66 = 2.44 mg CE/g extract. 743 £0.28 [72]
Dianthus caryophyllus L. Flowers mg GAE/g 5.50 £ 0.28 - - [81]
Dianthus chinensis L. Flowers mg GAE/g 5.27 + 0.25 - - [81]
Diplotaxis erucoides DC. Leaves ms SVA“]]E/ kg 48.7 mg QE/kg ww 2876.7 [83]
Enhydra fluctuans Lour. - mg GAE/gde  70.338 & 0.103 mg RE/g de 21.759 + 0.039 [31]
Erythrina variegata L. Leaves mg GAE/gdw  170.33 £ 2.18 mg QE/g dw 53.42 £1.23 [28]
Erythrina variegata L. Flowers mg GAE/g 3.90 £0.29 - - [81]
Foeniculum vulgare Mill. Leaves mﬁgﬁg{iﬁi 42.16 £0.98 mg CE/g extract. 9.724+0.70 [69]
Gerbera jamosenii Bolus
ex Hook f. Flowers mg GAE/g 4.89 £0.15 - - [81]
Gladiolus x hybridus
C Morren Flowers mg GAE/g 2.30 £0.23 - - [81]
Glechoma hederacea L. Leaves mg GAE/g 196.61 + 6.09 mgCE/g 95.02 £2.73 [80]
Helianthus annuus L. Flowers mg GAE/g 1.86 £0.22 - - [81]
Helichrysum stoechas
(L) Moench Inflorescences mg GAE/g 184.42 4+ 0.35 mgCE/g 34.75 £ 0.83 [56]
Hibiscus rosa-sinensis L. Flowers mg GAE/g 6.80 £ 0.63 - - [81]
Humulus lupulus L. Leaves mg GAE/ 55.83 +£1.34 mg CE/ 9.56 + 0.65 [69]

hill g hull i i i i
Hygrophilla schulli
(Hamilt.) M.R.Almeida Leaves mg GAE/gdw  148.05 +3.21 mg QE/g dw 87.12 £ 0.86 [28]

& S.M.Almeida
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Table 4. Cont.

Plant Species Part of Plants Unit TPC TPC Unit TFC TFC Reference
Impatiens walleriana
Hook £, Flowers mg GAE/g 7.62 £0.16 - - [81]
Ipomoea aquatica Forssk. - mg GAE/gde  45.449 £ 0.130 mg RE/g de 13.941 + 0.040 [31]
Ipomoea cairica (L.) } ;
Sweet Flowers mg GAE/g 1.77 £0.13 [81]
Iris japonica Thunb. Flowers mg GAE/g 0.63 £+ 0.03 - - [81]
Jasminum nudiflorum Flowers mg GAE/g 3.08 4 0.09 - - [81]
Lindl
{ZZ;W miegerrima Flowers mg GAE/g 17.22 + 0.77 - - [81]
Lantana camara L. Flowers mg GAE/g 3.50 £ 0.08 - - [81]
Ligustrum sinense Lour. Flowers mg GAE/g 6.22 £0.11 - - [81]
Lilium brownii FE.Br. ex
Miellez Flowers mg GAE/g 1.27 £0.13 - - [81]
i/’['i’ﬁ"”l”m sinuatum (L.) Flowers mg GAE/g 34.17 + 1.17 - - [81]
Loropetalum chinense
var. rubrum Yieh Flowers mg GAE/g 11.46 +0.26 - - [81]
Magnolia soulangeana
Soul.-Bod. Flowers mg GAE/g 5.30 £ 0.22 - - [81]
Malva sylvestris L. Flowers mgxfr‘zi/ &  38645+854 mgCE/gextract.  210.81 4 7.99 [36]
g‘l,wmcus arboreus Flowers mg GAE/g 312+ 041 - - [81]
Matthiola incana (L) Flowers mgGAE/g 170 +0.08 - - [81]
Mentha pulegium L. Inflorescences mgx?r‘:i/ 8 33169+19.63 mgCE/gextract.  139.85 + 1.27 [37]
Montia fontana L. Leaves mfxfr‘:‘i/ & 7553+ 7.05 mgCE/gextract.  16.67 + 0.62 [69]
Nasturtium officinale . g GAE/kg
R Br. Aerial parts extract 87 £2 g CE/kg extract 361 [39]
gffggl“”d”’ corymbosa - mgGAE/gde 47.184+0060  mgRE/gde 15848 +0.125 [31]
Oncidium varicosum
Lindl. Flowers mg GAE/g 4.46 + 0.40 - - [81]
Origanum vulgare Inflorencences ~ mg GAE/g 36858 4 18.18 mg CE/g 224.15 + 0.96 [80]
subsp. virens
Orostachys fimbriata
(Turcz.) A. Berger Flowers mg GAE/g 12.36 +0.43 - - [81]
fgﬁ?”thus fragrans Flowers mgGAE/g  16.00 £ 0.57 : : [81]
papver corymbosa DC. Flowers mg GAE/g 2.20 4+ 0.07 - - [81]
Papaver rhoeas L. Leaves mgx(;’r‘:i/ & 25.86+352 mgCE/gextract.  12.00 + 0.46 [72]
Pelargonium hortorum
LH. Bailey Flowers mg GAE/g 25.68 £ 1.02 - - [81]
Phaseolus vulgaris L. Flowers mg GAE/g 1.86 £0.10 - - [81]
Platydocon grandiflorus
(Jacq.) A.DC. Flowers mg GAE/g 4.57 £0.28 - - [81]

mg GAE/g 12.89 .

Portulaca oleracea L. Leaves extract. (7.65-20.1) mg CE/g extract. 1.76 (0.12-5.30) [57]
Pterospartum mg CIAE/g
tridentatum (L.) Willk. Flowers oxtract, 52342 £36.09 mgQE/g extract. 58.12 +5.78 [41]
ﬁlr‘fdpf“’le’” is indica (L.) Flowers mg GAE/g 7.97 £ 0.29 - - [81]
Rhododendron simsii Flowers mg GAE/g 6.75 + 0.22 - - [81]

Planch
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Plant Species Part of Plants Unit TPC TPC Unit TFC TFC Reference
Rhoco discolor (L'Her.) Flowers mg GAE/g 2.56 + 0.05 - - [81]
Hance
Rubus ulmifolius Schott ~ Flowers mBOAR/E 257894328  mgCE/gextract 17245+ 3.42 [56]
Rumex acetosella L. Leaves mgx(t;rift:/g 141.58 £ 3.67 mg CE/g extract. 67.91 + 3.02 [30]
Rumex induratus Boiss. Leaves mg GAE/g 11708 £254 mgCE/gextract.  89.78 + 2.81 [30]
& Reut. extract.

Rumex papillaris Boiss. Leaves mgGAE/E 101184417  mgCE/gextract. 3949 + 326 [72]

& Reut. extract.

Rumex pulcher L. Leaves mgxct;ricEt:/g 73.44 £5.32 mg CE/g extract. 26.14 £ 0.87 [72]

Salvia splendens Sellow

ex Roem. & Schult. Flowers mg GAE/g 2.57 £0.07 - - [81]

iji‘r’”m sesban (L) Leaves mg GAE/gdw  167.66 237  mgQE/gdw 97.16 + 1.38 [28]

Silene vulgaris (Moench) Leaves mg GAE/g 26724163 mgCE/gextract.  21.65+ 553 [69]

Garcke extract.

Silybum marianun (L.) Leaves mg GAE/g 372+036  mgCE/gextract. 1134027 [72]

Gaertn. extract.

Sinapis incana (L.) Maly Leaves ms Sv‘évE/ kg 92.2 mg QE/kg ww 1364.7 [83]

Sinapis nigra (L.) mg CAE/kg

W.D.J.Koch Leaves ww 443 mg QE/kg ww 1545.6 [83]

Sonchus oleraceus L. Leaves mgxiii/g 51.33 £1.75 mg CE/g extract. 14.83 £ 0.98 [72]

Sophora viciifolia Hance Flowers mg GAE/g 1438 £ 87 mg RE/g dry 237.2 +103 5]
dry extract extract

Strelitzia reginae Banks

ox Aiton Flowers mg GAE/g 9.40 £ 0.58 - - [81]

Tamus communis L. Leaves mgxfr‘:i/ 8 4951 +£407 mgCE/gextract.  9.33 + 1.44 [69]

Taraxacum obovatum mg GAE/g

(Willd.) DC. Leaves extract. 58.26 £ 0.90 mg CE/g extract. 30.03 + 0.66 [72]

Thymus mastichina L. Inflorescences mg GAE/g 165.29 + 1.11 mgCE/g 83.85 £ 1.42 [80]

Thymus pulegioides L. Inflorescences mgxfr‘:ft/ & 21049 +21.16 mgCE/gextract.  128.24 % 6.00 [37]

Viola x Wittrockiana Flowers mg GAE/g 6.08 - - [4]

Wedelia trilobata (L.)

Hitche. Flowers mg GAE/g 3.85 £ 0.03 - - [81]

]g"g”g ia japonica (L) Flowers mg GAE/g 111 +0.03 - - [81]

Zantedeschia acthiopica Flowers mg GAE/g 3.07 £ 0.07 - - [81]

(L.) Spreng

¥ Mean value (minimum-maximum); ¥ GAE = gallic acid equivalents; § RE = rutin equivalents; ® CE = catequin
equivalents; £QE = quercetin equivalent; 1 CAE = caffeic acid equivalent; CIAE = chlorogenic acid equivalents.

The WEP with the highest TPC was Tamus communis reaching 404 mg GAE/g, this
plant being the only from the Diocoreaceae family [82]. Regarding the Asteraceae family
(17 WEPs), the TPC ranged between 1.1 mg GAE/g (Youngia japonica) to 184 mg GAE/g
(Helichrysum stoechas) [81,82]. It is necessary to highlight that the Polygonaceae family,
although only data for four plants was available, showed values above the average, ranging
between 73.44 mg GAE/g (Rumex pulcher) and 142 mg GAE/g (Rumex acetosella) [30,72].

Data regarding TFC (mg EC/g) were found for 31 WEPs, with Origanum vulgare
(Laminaceae family) and Malva sylvestris (Malvaceae family) having the highest values at
224 and 211 mg CE/g, respectively [36,80]. Regarding the 7 WEPs whose flavonoids content
was expressed in mg RE/g, the highest flavonoids content was shown by Sophora viciifolia
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(Fabaceae family) with values of 237 mg rutin/g dry extract [5]. On the other hand, of the 6
WEPs whose flavonoids content was expressed in mg of quercetin, three stood out for their
high content: Sesbania sesban (Fabaceae family) > Hygrophila schulli (Acanthaceae family) >
Berberis aristata (Berberidaceae family) (97.16, 87.12 and 82.05 mg QE/g, respectively) [28].
Diplotaxis erucoides (Brassicaceae family) and Asparagus acutifolius (Asparagaceae family)
showed the highest content of flavonoids expressed in mg QE/kg WW, at 2877 and 2263,
respectively [83].

These data show the great importance of the WEPs due to their bioactive composition,
and also their great diversity, with so many families represented.

9. Economic Value of Wild Edible Plants (WEPs)

Nowadays, a fundamental aspect in society is the economy and its linkage with
sustainability is essential. Therefore, the economic value of WEPs must be highlighted
and studied, in which edible flowers can play a key role; they can be prepared for sale
in different formats, such as fresh, dried, or even candied. This variability together with
the color of these flowers makes them highly attractive and a good business proposition
within the flowers market. Globalization and online marketing have created an emerging
market for this type of product worldwide. The sale of these flowers is usually in punnets
of between 6 and 15 flowers, depending on the type of flower and the season. The price of
these punnets also depends on the type of flower, but is usually between 8 and 17 euros,
some of them reaching approximately 40 euros [85-88]. In recent years, haute cuisine has
valued this type of flowers, either as a decoration on dishes, or in search of new flavors,
aromas or appearance. One of the best restaurants in the world is “Mugaritz” with two
Michelin stars and directed by Andoni Luis Aduriz; this restaurant has been innovative
and pioneering when it comes to basing its dishes on wild plants, also using edible flowers.

Apart from this direct way of selling edible flowers, there are also lollipops with edible
flowers inside, or crystallized. The price range is between 21 and 60 euros [85].

Other ways in which these plants contribute their economic value is through disclo-
sure through books. In 2004, the book “Clorofilia” by Andoni Luis Aduriz was released,
where information was collected on 50 wild plants, their flowering calendar, taxonomic
information and recipes [89]. Another informative book on wild plants and herbs was
published by the Basque Culinary Center, which contains detailed information on 180
varieties of wild plants/herbs from a botanical and culinary point of view [90].

So far, we have studied the entire market for WEPs, either directly or through other
sources; however, for many families these plants are their livelihood. In the study by
Mokria et al. [91], the need to promote strategic plans at the national level in Ethiopia
for the sustainable use and domestication of these plants is highlighted. This would aim
at socio-economic improvement and to help in achieving one of the SDG targets (2. End
hunger and malnutrition). In northeast India, WEPs are critical to the survival of ethnic
communities. A survey was conducted among 30 local vendors and 550 households.
The results were overwhelming, registering, in consumption or sale, five wild edible
mushrooms and 158 wild plants (78.8% of them being edible). In most households, wild
plants influenced family income, accounting for between 5 and 75% of family income. All
these results clearly demonstrated the importance of these wild plants for the subsistence
and survival of many rural communities [92].

Not only are these plants important in ethnic communities, but the study carried
out by Matsuura [93] showed their importance for the Japanese population. This study
indicated that, in rural areas near Fukushima, it is not possible to harvest WEPs or edible
mushrooms, which precludes a complete diet full of all the essential traditional products.
The results concluded that the collection rate should remain very low for a few years within
aradius of between 12 and 30 km from Fukushima (Kawauchi village, where the study was
carried out) due to safety reasons. These data show the importance in these communities
for their livelihood.
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With all these data, the economic importance of WEPs is evident, being essential for
many families around the world to survive.

10. Conclusions

The topic of this review is a step into the future, because developing countries are fac-
ing a serious problem, the fast growth of their population and the consequent increase food
needs/availability. Furthermore, in many rural communities it is a necessity, because WEPs
are not only a food but a way of earning a living. WEPs are a natural source of minerals,
vitamins, fiber, and antioxidants, and at the same time they are inexpensive, as they are
not cultivated. Therefore, they are a real alternative in trying to reduce this gap between
food production and demand, especially to produce natural and sustainable food additives,
such as flavorings and aromas. In addition, the food industry could take advantage of the
properties of WEPs to develop nutritional, organic, and sustainable foods. Nevertheless,
more research is needed to go beyond just their composition information (which is the most
commonly found in the scientific databases for this type of plant); information on their
technological and functional properties is needed to include them in industrial processes.
Toxicological studies are also needed to determine their activities (e.g., anti,-mutagenic,
etc.). Thus, a deep investigation into WEPs is needed to start developing commercial
products based on these inexpensive and sustainable plants/ingredients. Sustainability,
nutrition, and the agri-food industry converge around these plants.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/foods12051012/s1, Table S1: List of Wild Edible Plants, WEPs;
Table S2: Organic acids content in Wild Edible Plants, WEPs; Table S3: Daily value of minerals
recommended by Food & Drug Administration (FDA); Table S4: Mineral elements in Wild Edible
Plants, WEP’s. [25,34,35,38,42,46,57,61,66-68]

Author Contributions: Conceptualization: J.C.-V.,, EB., FH. and A.A.C-B.; writing—original draft
preparation: ].C.-V.; writing—review and editing: J.C.-V., EB., EH. and A.A.C.-B.; supervision: F.H.
and A.A.C.-B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Heywood, V. Use and Potential of Wild Plants in Farm Households. FAO Farm Systems Management Series 15. 1999. Available
online: https://www.fao.org/3/W8801E/w8801e00.htm#toc_00 (accessed on 3 October 2022).

2. Bacchetta, L.; Visioli, F.; Cappelli, G.; Caruso, E.; Martin, G.; Nemeth, E.; Bacchetta, G.; Bedini, G.; Wezel, A.; van Asseldonk, T.;
et al. A manifesto for the valorization of wild edible plants. . Ethnopharmacol. 2016, 191, 180-187. [CrossRef] [PubMed]

3. Pefa-Chocarro, L. Agricultura y alimentacion vegetal en el poblado de la Edad del Bronce de Pefialosa (Bafios de la Encina, Jaén).
Complutum 2000, 11, 209-219.

4. Da Silva, L.A; Fischer, S.Z.; Zambiazi, R.C. Proximal composition, bioactive compounds content and color preference of Viola x
Wittrockiana flowers. Int. J. Gastron. Food Sci. 2020, 22, 100236. [CrossRef]

5. Tai, Z;Cai, L; Dai, L.; Dong, L.; Wang, M.; Yang, Y.; Cao, Q.; Ding, Z. Antioxidant activity and chemical constituents of edible
flower of Sophora viciifolia. Food Chem. 2011, 126, 1648-1654. [CrossRef]

6.  Berihun, T.; Molla, E. Study on the Diversity and Use of Wild Edible Plants in Bullen District Northwest Ethiopia. J. Bot. 2017,
2017, 8383468. [CrossRef]

7. Turreira-Garcia, N.; Theilade, I.; Meilby, H.; Serensen, M. Wild edible plant knowledge, distribution and transmission: A case
study of the Achi Mayans of Guatemala. J. Ethnobiol. Ethnomed. 2015, 11, 52. [CrossRef]

8.  Svanberg, I; Egisson, S. Edible wild plant use in the Faroe Islands and Iceland. Acta Soc. Bot. Pol. 2012, 81, 233-238. [CrossRef]

9. Dewanjee, S.; Dua, T.K,; Sahu, R. Potential anti-inflammatory effect of Leea macrophylla Roxb. leaves: A wild edible plant. Food
Chem. Toxicol. 2013, 59, 514-520. [CrossRef]

10. Chen, B,; Qiu, Z. Consumers’ Attitudes towards Edible Wild Plants: A Case Study of Noto Peninsula, Ishikawa Prefecture, Japan.
Int. |. For. Res. 2012, 2012, 872413. [CrossRef]

11. Salah, N.B.; Casabianca, H.; Jannet, H.B.; Chenavas, S.; Sanglar, C.; Fildier, A.; Bouzouita, N. Phytochemical and Biological

Investigation of Two Diplotaxis Species Growing in Tunisia: D. virgata & D. erucoides. Molecules 2015, 20, 18128-18143. [CrossRef]


https://www.mdpi.com/article/10.3390/foods12051012/s1
https://www.mdpi.com/article/10.3390/foods12051012/s1
https://www.fao.org/3/W8801E/w8801e00.htm#toc_00
http://doi.org/10.1016/j.jep.2016.05.061
http://www.ncbi.nlm.nih.gov/pubmed/27321281
http://doi.org/10.1016/j.ijgfs.2020.100236
http://doi.org/10.1016/j.foodchem.2010.12.048
http://doi.org/10.1155/2017/8383468
http://doi.org/10.1186/s13002-015-0024-4
http://doi.org/10.5586/asbp.2012.035
http://doi.org/10.1016/j.fct.2013.06.038
http://doi.org/10.1155/2012/872413
http://doi.org/10.3390/molecules201018128

Foods 2023, 12,1012 18 of 21

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Schulp, C.J.E.; Thuiller, W.; Verburg, PH. Wild food in Europe: A synthesis of knowledge and data of terrestrial wild food as an
ecosystem service. Ecol. Econ. 2014, 105, 292-305. [CrossRef]

Clemente-Villalba, J.; Ariza, D.; Garcia-Garvi, ]. M.; Sanchez-Bravo, P.; Noguera-Artiaga, L.; Issa-Issa, H.; Hernandez, F.; Carbonell-
Barrachina, A.A. Characterization and potential use of Diplotaxis erucoides as food ingredient for a sustainable modern cuisine
and comparison with commercial mustards and wasabis. Eur. Food Res. Technol. 2020, 246, 1429-1438. [CrossRef]

Corréa, R.C.G.; Di Gioia, F; Ferreira, I.C.ER.; Petropoulos, S.A. Wild greens used in the Mediterranean diet. In The Mediterranean
Diet, 2nd ed.; Preedy, V.R., Watson, R.R., Eds.; Academic Press: Cambridge, MA, USA, 2020; pp. 209-228.

Fratianni, A.; D’Agostino, A.; Niro, S.; Bufano, A.; Paura, B.; Panfili, G. Loss or Gain of Lipophilic Bioactive Compounds in
Vegetables after Domestic Cooking? Effect of Steaming and Boiling. Foods 2021, 10, 960. [CrossRef] [PubMed]

Guarrera, PM.; Savo, V. Perceived health properties of wild and cultivated food plants in local and popular traditions of Italy: A
review. J. Ethnopharmacol. 2013, 146, 659-680. [CrossRef]

Tardio, J.; Sanchez-Mata, M.d.C.; Morales, R.; Molina, M.; Garcia-Herrera, P.; Morales, P.; Diez-Marqués, C.; Fernandez-Ruiz, V,;
Camara, M.; Pardo-de-Santayana, M.; et al. Ethnobotanical and Food Composition Monographs of Selected Mediterranean Wild
Edible Plants. In Mediterranean Wild Edible Plants: Ethnobotany and Food Composition Tables; Sdnchez-Mata, M.d.C., Tardio, J., Eds;
Springer: New York, NY, USA, 2016; pp. 273-470.

Comission on Genetic Resources for Food and Agriculture (FAO). Voluntary Guidelines for the Conservation and Sustainable Use of
Crop Wild Relatives and Wild Food Plants; Food and Agriculture Organization of the United Nations (FAO): Rome, Italy, 2017.
Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Syst. Rev. 2021, 10, 89.
[CrossRef] [PubMed]

Thangaraj, P. Proximate Composition Analysis. In Pharmacological Assays of Plant-Based Natural Products; Springer International
Publishing: Cham, Switzerland, 2016; pp. 21-31.

Melini, V.; Melini, F. Compositional and nutritional analysis. In Innovative Food Analysis; Galanakis, C.M., Ed.; Academic Press:
Cambridge, MA, USA, 2021; pp. 1-39.

Cunningham, J.; Sobolewski, R. Food composition databases for nutrition labelling: Experience from Australia. J. Food Compos.
Anal. 2011, 24, 682-685. [CrossRef]

Chrispeels, M.]J.; Morillon, R.; Maurel, C.; Gerbeau, P.; Kjellbom, P.; Johansson, I. Aquaporins of plants: Structure, function,
regulation, and role in plant water relations. In Current Topics in Membranes; Academic Press: Cambridge, MA, USA, 2001; Volume
51, pp. 277-334.

Giménez, C.; Gallardo, M.; Thompson, R.B. Plant-Water Relations. In Reference Module in Earth Systems and Environmental Sciences;
Elsevier: Amsterdam, The Netherlands, 2013.

Garcia-Herrera, P.; Sdnchez-Mata, M.C.; Camara, M.; Fernandez-Ruiz, V.; Diez-Marqués, C.; Molina, M.; Tardio, J. Nutrient
composition of six wild edible Mediterranean Asteraceae plants of dietary interest. J. Food Compos. Anal. 2014, 34, 163-170.
[CrossRef]

Sanchez-Bel, P.; Romojaro, A.; Egea, L; Pretel, M.T. Wild edible plants as potential antioxidant or nutritional supplements for
beverages minimally processed. LWT Food Sci. Technol. 2015, 62, 830-837. [CrossRef]

Barros, L.; Carvalho, A.; Ferreira, I. From famine plants to tasty and fragrant spices: Three Lamiaceae of general dietary relevance
in traditional cuisine of Tras-os-Montes (Portugal). LWT Food Sci. Technol. 2011, 44, 543-548. [CrossRef]

Alam, M.K;; Rana, Z.H.; Islam, S.N.; Akhtaruzzaman, M. Comparative assessment of nutritional composition, polyphenol profile,
antidiabetic and antioxidative properties of selected edible wild plant species of Bangladesh. Food Chem. 2020, 320, 126646.
[CrossRef]

Garcia-Herrera, P. Plantas Silvestres de Consumo Tradicional en Espafia: Caracterizacion de su Valor Nutricional y Estimacion de su
Actividad Antifiingica; Universidad Complutense de Madrid: Madrid, Spain, 2014.

Pereira, C.; Barros, L.; Carvalho, A.M.; Ferreira, I.C.ER. Nutritional composition and bioactive properties of commonly consumed
wild greens: Potential sources for new trends in modern diets. Food Res. Int. 2011, 44, 2634-2640. [CrossRef]

Datta, S.; Sinha, B.K.; Bhattacharjee, S.; Seal, T. Nutritional composition, mineral content, antioxidant activity and quantitative
estimation of water soluble vitamins and phenolics by RP-HPLC in some lesser used wild edible plants. Heliyon 2019, 5, e01431.
[CrossRef]

Martins, D.; Barros, L.; Carvalho, A.M.; Ferreira, . C.ER. Nutritional and in vitro antioxidant properties of edible wild greens in
Iberian Peninsula traditional diet. Food Chem. 2011, 125, 488-494. [CrossRef]

Ranfa, A.; Maurizi, A.; Romano, B.; Bodesmo, M. The importance of traditional uses and nutraceutical aspects of some edible
wild plants in human nutrition: The case of Umbria (central Italy). Plant Biosyst. 2014, 148, 297-306. [CrossRef]

Gostin, A.-L; Waisundara, V.Y. Edible flowers as functional food: A review on artichoke (Cynara cardunculus L.). Trends Food Sci.
Technol. 2019, 86, 381-391. [CrossRef]

Trichopoulou, A.; Vasilopoulou, E.; Hollman, P.; Chamalides, C.; Foufa, E.; Kaloudis, T.; Kromhout, D.; Miskaki, P; Petrochilou, I;
Poulima, E.; et al. Nutritional composition and flavonoid content of edible wild greens and green pies: A potential rich source of
antioxidant nutrients in the Mediterranean diet. Food Chem. 2000, 70, 319-323. [CrossRef]

Barros, L.; Carvalho, A.M.; Ferreira, .C.ER. Leaves, flowers, immature fruits and leafy flowered stems of Malva sylvestris: A
comparative study of the nutraceutical potential and composition. Food Chem. Toxicol. 2010, 48, 1466-1472. [CrossRef]


http://doi.org/10.1016/j.ecolecon.2014.06.018
http://doi.org/10.1007/s00217-020-03501-3
http://doi.org/10.3390/foods10050960
http://www.ncbi.nlm.nih.gov/pubmed/33924885
http://doi.org/10.1016/j.jep.2013.01.036
http://doi.org/10.1186/s13643-021-01626-4
http://www.ncbi.nlm.nih.gov/pubmed/33781348
http://doi.org/10.1016/j.jfca.2010.07.002
http://doi.org/10.1016/j.jfca.2014.02.009
http://doi.org/10.1016/j.lwt.2014.06.017
http://doi.org/10.1016/j.lwt.2010.07.008
http://doi.org/10.1016/j.foodchem.2020.126646
http://doi.org/10.1016/j.foodres.2011.05.012
http://doi.org/10.1016/j.heliyon.2019.e01431
http://doi.org/10.1016/j.foodchem.2010.09.038
http://doi.org/10.1080/11263504.2013.770805
http://doi.org/10.1016/j.tifs.2019.02.015
http://doi.org/10.1016/S0308-8146(00)00091-1
http://doi.org/10.1016/j.fct.2010.03.012

Foods 2023, 12,1012 19 of 21

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Fernandes, A.S.F; Barros, L.; Carvalho, A.M.; R. Ferreira, L.C.F. Lipophilic and hydrophilic antioxidants, lipid peroxidation
inhibition and radical scavenging activity of two Lamiaceae food plants. Eur. J. Lipid Sci. Technol. 2010, 112, 1115-1121. [CrossRef]
Tardio, J.; Molina, M.; Aceituno-Mata, L.; Pardo-de-Santayana, M.; Morales, R.; Fernandez-Ruiz, V.; Morales, P.; Garcia, P.; Camara,
M.; Sanchez-Mata, M.C. Montia fontana L. (Portulacaceae), an interesting wild vegetable traditionally consumed in the Iberian
Peninsula. Genet. Resour. Crop Evolut. 2011, 58, 1105. [CrossRef]

Pinela, J.; Barreira, ].C.M.; Barros, L.; Antonio, A.L.; Carvalho, A.M.; Oliveira, M.B.P.P; Ferreira, I.C.ER. Postharvest quality
changes in fresh-cut watercress stored under conventional and inert gas-enriched modified atmosphere packaging. Postharvest
Biol. Technol. 2016, 112, 55-63. [CrossRef]

Alu’datt, M.H.; Rababah, T.; Alhamad, M.N.; Al-Tawaha, A.; Al-Tawaha, A.R.; Gammoh, S.; Ereifej, K.I; Al-Karaki, G.; Hamasha,
H.R,; Tranchant, C.C.; et al. Herbal yield, nutritive composition, phenolic contents and antioxidant activity of purslane (Portulaca
oleracea L.) grown in different soilless media in a closed system. Ind. Crops Prod. 2019, 141, 111746. [CrossRef]

Pinela, J.; Barros, L.; Carvalho, A.M.; Ferreira, L.C.ER. Influence of the drying method in the antioxidant potential and chemical
composition of four shrubby flowering plants from the tribe Genisteae (Fabaceae). Food Chem. Toxicol. 2011, 49, 2983-2989.
[CrossRef] [PubMed]

Iyda, J.H.; Fernandes, A.; Ferreira, FED.; Alves, M.J.; Pires, T.; Barros, L.; Amaral, J.; Ferreira, I. Chemical composition and bioactive
properties of the wild edible plant Raphanus raphanistrum L. Food Res. Int. 2019, 121, 714-722. [CrossRef] [PubMed]

Alarcén, R;; Ortiz, L.T.; Garcia, P. Nutrient and fatty acid composition of wild edible bladder campion populations [Silene vulgaris
(Moench.) Garcke]. Int. J. Food Sci. Technol. 2006, 41, 1239-1242. [CrossRef]

Guil-Guerrero, J.L.; Giménez-Giménez, A.; Rodriguez-Garcia, I.; Torija-Isasa, M.E. Nutritional composition of Sonchus species (S.
asper L, S. oleraceus L and S. tenerrimus L). ]. Sci. Food Agric. 1998, 76, 628-632. [CrossRef]

Panfili, G.; Niro, S.; Bufano, A.; D’Agostino, A.; Fratianni, A.; Paura, B.; Falasca, L.; Cinquanta, L. Bioactive Compounds in Wild
Asteraceae Edible Plants Consumed in the Mediterranean Diet. Plant Foods Hum. Nutr. 2020, 75, 540-546. [CrossRef]

Harumi Iyda, J.; Fernandes, A.; Calhelha, R.C.; Alves, M.J.; Ferreira, FED.; Barros, L.; Amaral, J.S.; Ferreira, .C.ER. Nutritional
composition and bioactivity of Umbilicus rupestris (Salisb.) Dandy: An underexploited edible wild plant. Food Chem. 2019, 295,
341-349. [CrossRef]

Mennella, I. Energy Balance and Body Weight Control. In Encyclopedia of Food Security and Sustainability; Ferranti, P., Berry, EM.,
Anderson, ].R., Eds.; Elsevier: Oxford, UK, 2019; pp. 374-377.

Tilman, D.; Clark, M. Global diets link environmental sustainability and human health. Nature 2014, 515, 518-522. [CrossRef]
Willett, W.; Rockstrém, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.; Wood, A.;
et al. Food in the Anthropocene: The EAT-Lancet Commission on healthy diets from sustainable food systems. Lancet 2019, 393,
447-492. [CrossRef]

Latham, M.C. Composicion corporal, funciones de los alimentos, metabolismo y energia. In Nutricion Humana en el Mundo en
Desarrollo; Food and Agriculture Organization of the United Nations (FAO): Rome, Italy, 2002; Volume Alimentacién y nutricion.
Li, L.; Sheen, J. Dynamic and diverse sugar signaling. Curr. Opin. Plant Biol. 2016, 33, 116-125. [CrossRef]

Shah, D.; Sajjad, N.; Ali, R.; Nazir, N.; Hassan, S.; Shah, S. Sugar Regulates Plant Growth and Development Under In Vitro
Conditions. In Plant Signaling Molecules; Khan, M.LR., Reddy, P.S., Ferrante, A., Khan, N.A., Eds.; Woodhead Publishing: Sawston,
UK, 2019; pp. 257-268.

Cowan, J.W.,; Sakr, A.H.; Shadarevian, S.B.; Sabry, Z.I. Composition of edible wild plants of lebanon. J. Sci. Food Agric. 1963, 14,
484-488. [CrossRef]

Barros, L.; Pereira, E.; Calhelha, R.C.; Duefias, M.; Carvalho, A.M.; Santos-Buelga, C.; Ferreira, .C.F.R. Bioactivity and chemical
characterization in hydrophilic and lipophilic compounds of Chenopodium ambrosioides L. |. Funct. Foods 2013, 5, 1732-1740.
[CrossRef]

Barros, L.; Carvalho, A.M.; Ferreira, .C.ER. The nutritional composition of fennel (Foeniculum vulgare): Shoots, leaves, stems and
inflorescences. LWT Food Sci. Technol. 2010, 43, 814-818. [CrossRef]

Barros, L.; Oliveira, S.; Carvalho, A.M.; Ferreira, I.C.ER. In vitro antioxidant properties and characterization in nutrients and
phytochemicals of six medicinal plants from the Portuguese folk medicine. Ind. Crops Prod. 2010, 32, 572-579. [CrossRef]
Petropoulos, S.A.; Karkanis, A.; Fernandes, A.; Barros, L.; Ferreira, LC.ER.; Ntatsi, G.; Petrotos, K ; Lykas, C.; Khah, E. Chemical
Composition and Yield of Six Genotypes of Common Purslane (Portulaca oleracea L.): An Alternative Source of Omega-3 Fatty
Acids. Plant Foods Hum. Nutr. 2015, 70, 420—426. [CrossRef] [PubMed]

Chahardoli, A.; Jalilian, F.; Memariani, Z.; Farzaei, M.H.; Shokoohinia, Y. Analysis of organic acids. In Recent Advances in Natural
Products Analysis; Sanches Silva, A., Nabavi, S.F,, Saeedi, M., Nabavi, S.M., Eds.; Elsevier: Amsterdam, The Netherlands, 2020; pp.
767-823.

Igamberdiev, A.U.; Bykova, N.V. Role of organic acids in the integration of cellular redox metabolism and mediation of redox
signalling in photosynthetic tissues of higher plants. Free Rad. Biol. Med. 2018, 122, 74-85. [CrossRef]

Vallarino, J.G.; Osorio, S. Organic Acids. In Postharvest Physiology and Biochemistry of Fruits and Vegetables; Yahia, EM., Ed.;
Woodhead Publishing: Sawston, UK, 2019; pp. 207-224.

Petropoulos, S.A.; Fernandes, A.; Tzortzakis, N.; Sokovic, M.; Ciric, A.; Barros, L.; Ferreira, .C.ER. Bioactive compounds content
and antimicrobial activities of wild edible Asteraceae species of the Mediterranean flora under commercial cultivation conditions.
Food Res. Int. 2019, 119, 859-868. [CrossRef]


http://doi.org/10.1002/ejlt.201000368
http://doi.org/10.1007/s10722-011-9749-7
http://doi.org/10.1016/j.postharvbio.2015.10.004
http://doi.org/10.1016/j.indcrop.2019.111746
http://doi.org/10.1016/j.fct.2011.07.054
http://www.ncbi.nlm.nih.gov/pubmed/21816201
http://doi.org/10.1016/j.foodres.2018.12.046
http://www.ncbi.nlm.nih.gov/pubmed/31108800
http://doi.org/10.1111/j.1365-2621.2006.01187.x
http://doi.org/10.1002/(SICI)1097-0010(199804)76:4&lt;628::AID-JSFA997&gt;3.0.CO;2-U
http://doi.org/10.1007/s11130-020-00842-y
http://doi.org/10.1016/j.foodchem.2019.05.139
http://doi.org/10.1038/nature13959
http://doi.org/10.1016/S0140-6736(18)31788-4
http://doi.org/10.1016/j.pbi.2016.06.018
http://doi.org/10.1002/jsfa.2740140707
http://doi.org/10.1016/j.jff.2013.07.019
http://doi.org/10.1016/j.lwt.2010.01.010
http://doi.org/10.1016/j.indcrop.2010.07.012
http://doi.org/10.1007/s11130-015-0511-8
http://www.ncbi.nlm.nih.gov/pubmed/26510561
http://doi.org/10.1016/j.freeradbiomed.2018.01.016
http://doi.org/10.1016/j.foodres.2018.10.069

Foods 2023, 12,1012 20 of 21

62.

63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.
90.

Mesias, M.; Seiquer, I.; Delgado-Andrade, C. The Mediterranean diet and mineral composition. In The Mediterranean Diet, 2nd ed.;
Preedy, V.R., Watson, R.R., Eds.; Academic Press: Amsterdam, The Netherlands, 2020; pp. 151-163.

Shankar, A.H. Mineral Deficiencies. In Hunter’s Tropical Medicine and Emerging Infectious Diseases, 10th ed.; Ryan, E.T., Hill, D.R,,
Solomon, T., Aronson, N.E., Endy, T.P,, Eds.; Elsevier: London, UK, 2020; pp. 1048-1054.

Zeece, M. Vitamins and minerals. In Introduction to the Chemistry of Food; Zeece, M., Ed.; Academic Press: Amsterdam, The
Netherlands, 2020; pp. 163-212.

U.S. Food & Drugs Administration (FDA). Interactive Nutrition Facts Label; FDA: Silver Spring, MD, USA, 2020.

Guerrero, J.L.G.; Madrid, P.C.; Isasa, M.E.T. Mineral elements determination in wild edible plants. Ecol. Food Nutr. 1999, 38,
209-222. [CrossRef]

Garcia-Herrera, P.; Morales, P.; Fernandez-Ruiz, V.; Sanchez-Mata, M.C.; Camara, M.; Carvalho, A.M.; Ferreira, I.C.E.R.; Pardo-
de-Santayana, M.; Molina, M.; Tardio, J. Nutrients, phytochemicals and antioxidant activity in wild populations of Allium
ampeloprasum L., a valuable underutilized vegetable. Food Res. Int. 2014, 62, 272-279. [CrossRef]

Disciglio, G.; Tarantino, A.; Frabboni, L.; Gagliardi, A.; Giuliani, M.M.; Tarantino, E.; Gatta, G. Qualitative characterisation of
cultivated and wild edible plants: Mineral elements, phenols content and antioxidant capacity. Ital. . Agron. 2017, 12, 383-394.
[CrossRef]

Morales, P.; Carvalho, A.M.; Sanchez-Mata, M.C.; Camara, M.; Molina, M.; Ferreira, . C.ER. Tocopherol composition and
antioxidant activity of Spanish wild vegetables. Genet. Resour. Crop Evolut. 2012, 59, 851-863. [CrossRef]

Morales, P; Ferreira, I.C.; Carvalho, A.M.; Sanchez-Mata, M.C.; Camara, M.; Tardio, ]. Fatty acids profiles of some Spanish wild
vegetables. Food Sci. Int. 2012, 18, 281-290. [CrossRef]

Marrelli, M.; Russo, N.; Chiocchio, L; Statti, G.; Poli, F.; Conforti, F. Potential use in the treatment of inflammatory disorders and
obesity of selected wild edible plants from Calabria region (Southern Italy). S. Afr. J. Bot. 2020, 128, 304-311. [CrossRef]
Morales, P; Ferreira, .C.ER.; Carvalho, A.M.; Sanchez-Mata, M.C.; Camara, M.; Ferndandez-Ruiz, V.; Pardo-de-Santayana, M.;
Tardio, ]. Mediterranean non-cultivated vegetables as dietary sources of compounds with antioxidant and biological activity.
LWT Food Sci. Technol. 2014, 55, 389-396. [CrossRef]

Granato, D.; Santos, ].S.; Maciel, L.G.; Nunes, D.S. Chemical perspective and criticism on selected analytical methods used to
estimate the total content of phenolic compounds in food matrices. TrAC Trends Anal. Chem. 2016, 80, 266-279. [CrossRef]
Kotton, A.; Diugosz-Grochowska, O.; Wojciechowska, R.; Czaja, M. Biosynthesis Regulation of Folates and Phenols in Plants. Sci.
Horticult. 2022, 291, 110561. [CrossRef]

Noreen, H.; Semmar, N.; Farman, M.; McCullagh, ].5.0. Measurement of total phenolic content and antioxidant activity of aerial
parts of medicinal plant Coronopus didymus. Asian Pac. ]. Trop. Med. 2017, 10, 792-801. [CrossRef] [PubMed]

Cerda-Bernad, D.; Valero-Cases, E.; Pastor, J.-].; Frutos, M.]. Saffron bioactives crocin, crocetin and safranal: Effect on oxidative
stress and mechanisms of action. Crit. Rev. Food Sci. Nutr. 2020, 62, 1-18. [CrossRef]

Liu, G.; Zhu, W.; Zhang, J.; Song, D.; Zhuang, L.; Ma, Q.; Yang, X,; Liu, X.; Zhang, ].; Zhang, H.; et al. Antioxidant capacity of
phenolic compounds separated from tea seed oil in vitro and in vivo. Food Chem. 2022, 371, 131122. [CrossRef]

Radiinz, M.; Hackbart, H.C.D.S.; Bona, N.P,; Pedra, N.S.; Hoffmann, J.E,; Stefanello, EM.; Da Rosa Zavareze, E. Glucosinolates
and phenolic compounds rich broccoli extract: Encapsulation by electrospraying and antitumor activity against glial tumor cells.
Colloids Surf. B Biointerfaces 2020, 192, 111020. [CrossRef]

Villela-Castrejon, J.; Antunes-Ricardo, M.; Gutiérrez-Uribe, ]J.A. Bioavailability and anti-inflammatory activity of phenolic acids
found in spray-dried nejayote after its in vitro digestion. J. Funct. Foods 2017, 39, 37-43. [CrossRef]

Barros, L.; Heleno, S.A.; Carvalho, A.M.; Ferreira, .C.ER. Lamiaceae often used in Portuguese folk medicine as a source of
powerful antioxidants: Vitamins and phenolics. LWT Food Sci. Technol. 2010, 43, 544-550. [CrossRef]

Li, A.-N,; Li, S,; Li, H.-B.; Xu, D.-P,; Xu, X.-R.; Chen, F. Total phenolic contents and antioxidant capacities of 51 edible and wild
flowers. J. Funct. Foods 2014, 6, 319-330. [CrossRef]

Pinela, J.; Carvalho, A.M.; Ferreira, I.C.ER. Wild edible plants: Nutritional and toxicological characteristics, retrieval strategies
and importance for today’s society. Food Chem. Toxicol. 2017, 110, 165-188. [CrossRef]

Salvatore, S.; Pellegrini, N.; Brenna, O.V.; Del Rio, D.; Frasca, G.; Brighenti, F.; Tumino, R. Antioxidant Characterization of Some
Sicilian Edible Wild Greens. J. Agric. Food Chem. 2005, 53, 9465-9471. [CrossRef]

Saleem, H.; Zengin, G.; Ahmad, I.; Htar, T.T.; Naidu, R.; Mahomoodally, M.E.; Ahemad, N. Therapeutic propensities, phytochemi-
cal composition, and toxicological evaluation of Anagallis arvensis (L.): A wild edible medicinal food plant. Food Res. Int. 2020,
137,109651. [CrossRef] [PubMed]

Innoflower. Innoflower—Flores Comestibles. Available online: https:/ /www.innoflower.com/ (accessed on 9 June 2022).
Shopify Inc. Petit Ingredient. Available online: https://www.petiteingredient.com.au/ (accessed on 9 June 2022).

Flower Girl NYC. Available online: http://www.flowergirlnyc.com/ (accessed on 9 June 2022).

Fine Food Specialist Limited. Fine Food Specialist. Available online: https://www.finefoodspecialist.co.uk/ (accessed on 9
June 2022).

Andoni Luis Aduriz. Clorofilia; IXO Editorial: San Sebatian, Spain, 2004.

Basque Culinary Center. Silvestre; Planeta: Barcelona, Spain, 2022.


http://doi.org/10.1080/03670244.1999.9991578
http://doi.org/10.1016/j.foodres.2014.03.004
http://doi.org/10.4081/ija.2017.1036
http://doi.org/10.1007/s10722-011-9726-1
http://doi.org/10.1177/1082013211427798
http://doi.org/10.1016/j.sajb.2019.11.029
http://doi.org/10.1016/j.lwt.2013.08.017
http://doi.org/10.1016/j.trac.2016.03.010
http://doi.org/10.1016/j.scienta.2021.110561
http://doi.org/10.1016/j.apjtm.2017.07.024
http://www.ncbi.nlm.nih.gov/pubmed/28942828
http://doi.org/10.1080/10408398.2020.1864279
http://doi.org/10.1016/j.foodchem.2021.131122
http://doi.org/10.1016/j.colsurfb.2020.111020
http://doi.org/10.1016/j.jff.2017.09.058
http://doi.org/10.1016/j.lwt.2009.09.024
http://doi.org/10.1016/j.jff.2013.10.022
http://doi.org/10.1016/j.fct.2017.10.020
http://doi.org/10.1021/jf051806r
http://doi.org/10.1016/j.foodres.2020.109651
http://www.ncbi.nlm.nih.gov/pubmed/33233230
https://www.innoflower.com/
https://www.petiteingredient.com.au/
http://www.flowergirlnyc.com/
https://www.finefoodspecialist.co.uk/

Foods 2023, 12,1012 21 of 21

91. Mokria, M.; Gebretsadik, Y.; Birhane, E.; McMullin, S.; Ngethe, E.; Hadgu, K.M.; Hagazi, N.; Tewolde-Berhan, S. Nutritional and
ecoclimatic importance of indigenous and naturalized wild edible plant species in Ethiopia. Food Chem. Mol. Sci. 2022, 4, 100084.
[CrossRef] [PubMed]

92. Chaudhury, G.; Basumatari, M.; Darji, C.B.; Ahmed, A.F; Borah, D.; Sah, RK,; Devi, A.; Hazarika, N.; Dutta, G. Economic
significance of wild bioresources to rural communities in the Eastern Himalayan state of Assam, Northeast India. Trees For. People
2021, 5, 100102. [CrossRef]

93. Matsuura, T. Assessment of potentially reusable edible wild plant and mushroom gathering sites in eastern Fukushima based on
external radiation dose. J. Environ. Radioact. 2021, 227, 106465. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.fochms.2022.100084
http://www.ncbi.nlm.nih.gov/pubmed/35415697
http://doi.org/10.1016/j.tfp.2021.100102
http://doi.org/10.1016/j.jenvrad.2020.106465

	Introduction 
	Scientific Literature Review 
	Wild Edible Plants, WEPs 
	Proximate Characterization 
	Sugars and Organic Acids 
	Sugars 
	Organic Acids 

	Mineral Elements 
	Fatty Acids 
	Phenolic Content and Flavonoids 
	Economic Value of Wild Edible Plants (WEPs) 
	Conclusions 
	References

