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Abstract

The present study was conducted in 2021-2023 and recorded a total of 96
species, out of which 56 % were used as vegetables, 30 % as edible fruits
and 7 % as masticatory, spice and condiments. This study also aims to eval-
uate the nutritionally important minerals concentration and phytochemical
constituents of 5 plant taxa, i.e., Sarcochlamys pulcherrima (Roxb.) Gaud.,
Zanthoxylum oxyphyllum Edgew., Smilax perfoliata Lour., Portulaca oleracea
L. and Phlogacanthas thyrsiformis (Hardw.) Mabb. which are widely used in
folk healing practices and folk medicine by the various ethnic communities
of Tinsukia district. The concentration of 5 macro minerals Na, K, Ca, Mg
and P is in the range of 12.5 -18.4, 90.4 -246.9, 140 -214.3, 84.9 - 112.2,23.7 -
41.2 mg/100 g respectively. The ratio of K/Na (5.9:1 to13.4:1), Ca/P (4.1:1 to
9.1:1) and K/(Ca+Mg) (0.11:1 to 0.32:1) are found to be adequate ratios rang-
ing from respectively. Microminerals like Fe, Zn, Cu, Mn and Ni are found in
the range between 5.90 -16.17, 0.41-0.91, 0.13 -0.32, 0.07 -0.27 and 0.07 -
0.17 mg/100 g respectively. Some of the important phytochemicals are also
found to be present in the analyzed plants. The study shows that consump-
tion of these species may be beneficial for maintaining good mineral nutri-
tion among the common people at a minimum cost.
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Introduction

Minerals play a vital role in human nutrition, even though they comprise
only 4-6 % of the human body (1). There are about 30 elements that are nec-
essary to different life forms, which are called essential minerals and are
categorized into 2 groups, namely macro minerals and micro minerals. Cal-
cium (Ca), Magnesium (Mg), Phosphorus (P), Potassium (K), Sodium (Na),
Chlorine (Cl) and Sulfur (S) are called macro minerals or bulk elements,
whereas Iron (Fe), Zinc (Zn), Manganese (Mn), Copper (Cu), Cobalt (Co), lo-
dine (1), Selenium (Se), Molybdenum (Mo) and Chromium (Cr) are micro min-
erals or trace elements. Bulk elements are required relatively in greater
quantities (>100 mg/day) by our body and constitute almost 1 % of body
weight; on the other hand, micro or trace elements, which are required in
minute amounts, constitute <0.01 % of body weight (1). Both bulk and trace
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minerals are vital for normal growth and development and
their deficiency can lead to organ malnutrition and nutri-
ent-deficient disorders. Minerals play significant roles in
many physiological processes, viz., cell division, cell me-
tabolism, energy metabolism and immune responses (2,
3). For example, iron is an essential mineral and a vital
component of proteins involved in oxygen transport and
metabolism. Zinc is an important constituent of over 300
metalloenzymes, such as carboxypeptidase A, carbonic
anhydrase, alkaline phosphatase, alcohol dehydrogenase,
etc., which are involved in several metabolic processes.
Sodium and potassium are essential for nerve impulses as
they constitute the Na+/K+ pump. The sodium and potas-
sium ratio in the diet is also important for controlling
blood pressure as well as maintaining good cardiac health.
The medicinal properties of a plant depend upon the
different phytochemicals present in it. Phytochemicals
generally do not provide nutrition, but they act as protec-
tive compounds that are found in foods of plant origin.
There are several phytochemicals that have significant
medicinal values; phenols, tannins, flavonoids, alkaloids,
saponins, terpenoids, etc., are the most common groups
of phytochemicals that have numerous medicinal values.
Flavonoids are polyphenolic compounds that have strong
natural antioxidants and are effective in preventing oxida-
tive stress-related diseases. Nowadays, nutritionists,
therefore, recommend taking fruits and vegetables regu-
larly in their diet as they are rich sources of natural antioxi-
dants.

Mineral malnutrition is a widespread health prob-
lem, particularly in developing countries. It is responsible
for some chronic degenerative diseases. For example, Ane-
mia caused by a deficiency in iron is one of the health is-
sues worldwide, affecting nearly 30 % of the world's popu-
lation (4). It is quite common among women in developing
countries. Calcium deficiency is also quite common lead-
ing to the disorder osteoporosis. Hitherto, many wild vege-
tables are found to have excellent sources of minerals as
well as other micronutrients. These vegetables are rich in
vital minerals and contain several organic phytochemicals
that enhance health quality, keep a well-balanced diet and
act as protective against diseases such as diabetes, can-
cer, metabolic syndrome and cardiovascular diseases and
also improve risk factors related to these diseases in our
body (5, 6). Globally various ethnic communities using sev-
eral wild plants as vegetables, spices, folk healing practic-
es and traditional medicine. Apart from this, they use
many wild plant species to prepare traditional beverages.
Due to increasing populations and rapid urbanization in
many developing countries, cultivated land is declining
greatly. Hence, wild vegetables play an important part as
an alternative to cultivated vegetables for improving hu-
man dietary deficiencies. As stated by FAO (Food and Agri-
cultural Organization), at least one billion people are be-
lieved to use wild food in their diet because of its im-
portant medicinal value. In several states, numerous types
of edible wild plants are exploited from the forest vegeta-
tion as sources of food by different ethnic communities. In
Ghana alone, about a total of 300 plant species were con-

sumed as wild vegetables and fruits (7). Nutritionally, Un-
conventional Food Plants (UFPs) are equivalent to or even
superior to cultivated ones and have the medicinal signifi-
cance of which some of the species still remain (8). There-
fore, analysis of their chemical constituents, nutritional
value and medicinal properties is necessary for their vital
roles in disease inhibition and treatment.

The Northeastern states of India share an interna-
tional border with neighbouring countries viz., Myanmar,
Bangladesh, Nepal and Bhutan and home to many indige-
nous communities with more than 150 ethnic groups,
speaking a variety of languages and dialects (9). States
viz., Arunachal Pradesh, Meghalaya, Mizoram and Naga-
land are largely inhabited by diverse indigenous communi-
ties and States viz., Assam, Manipur, Tripura and Sikkim
are inhabited by people of numerous religious-like, Hin-
dus, Christians and Muslims and a mixture of local tribes
and communities. The dominant indigenous community in
Assam includes Adivasi, Bodo, Garo, Mishing, Moran, Mo-
tok, Nepali, Rabha, Singpho, Sonowal, Sonowal Kachari,
Tai Ahom, Tai-Phake etc., Tinsukia district is one among
the 34 districts in the state of Assam, India. The dis-
trict shares a long boundary on the north, east and south
sides with 3 districts of Arunachal Pradesh which are
Changlang, Siang, Lohit and Lower Dibang Valley. Though
the districts share a boundary with Arunachal Pradesh, the
export and import trade plays a vital role in the area. A
huge number of local tribal vendors from both states fre-
quently come to trade different varieties of wild plants in
the market of the Tinsukia district. The peoples of these
regions are very rich and unique in traditional knowledge;
they have used a variety of wild plants in their daily lives
from the immemorial period. However, there is limited
information on the mineral composition as well as the oth-
er nutrient components of wild vegetables. Therefore, the
present study attempted to evaluate the ethnobotanical
knowledge and the mineral composition and screening of
phytochemicals of a few selected wild medicinal plants of
the Tinsukia District of Assam.

Materials and Methods
Study Area

The study was carried out in Tinsukia district of Assam,
India, located at 27° 29' 20.58" N latitude and 95° 21' 35.71" E
longitude. It shares boundaries with three districts of Aru-
nachal Pradesh (viz. Lower Dibang Valley, Namsai and
Changlang) in the northern, eastern and southern parts. In
the north-western and south-western parts, it shares with
Dhemaji and Dibrugarh district of Assam respectively. Tin-
sukia has an enormous number of forest reserves. The dis-
trict has a total forest area of about 917.31 sq. km, which
includes one Biosphere Reserve, 2 National Parks, 2 Wild-
life Sanctuaries and 35 Reserve Forests. Different commu-
nities such as Moran, Motok, Bengali, Adivasi, Sonowal
Kachari, Tai Ahom, Marwari, Nepali, Singpho, Bihari, etc.
are the inhabitants of the district. A limited number of
minor tribes, like Tai Phake, Khamyang, Nocte, etc., are
also scattered in the district (Fig. 1).
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Fig. 1. Map of the study area.

Method

An extensive field survey was carried out from 2021 to 2023
with the help of local people of the area who have
knowledge of wild plants from different villages and re-
gional markets of the district.

Villagers were interviewed using a standardized
questionnaire format, which involved personal and group
discussions. During the time of collection, detailed infor-
mation about the uses of wild edible plant species was
recorded. The collected specimens were identified by con-
sulting relevant literature (10-13). Herbarium specimens
were prepared following standard methods of plant taxon-
omy and stored in the Raw Drug and Herbarium
(NEIAFMRH) of North Eastern Institute of Ayurveda and
Folk Medicine Research (NEIAFMR), located in the
Pasighat, Arunachal Pradesh. To analyze the mineral pro-
file of a few ethnomedicinal plants. Few plants viz. Sar-
cochlamys pulcherrima (Roxb.) Gaud., Zanthoxylum oxy-
phyllum Edgew., Smilax perfoliata Lour., Portulaca
oleracea L. and Phlogacanthus thyrsiformis (Hardw.) Mabb.
were selected based on their repeated uses in preparing
different traditional medicines and traditional food prepa-
ration.

Raw sample preparation

The freshly collected vegetable plants were cleaned with
water and allowed to dry. The moisture was then blotted
with tissue paper. The non-edible parts were removed and

discarded while the edible parts were chopped into small
pieces. It was then dried in a shady, well-ventilated room
at an ambient temperature for 7-10 days. Thus, the pre-
pared samples were considered as raw samples.

Analysis of minerals

To analyze the minerals content (viz. Ca, P, Mg, Na, K, Fe,
Zn, Cu, Mn and Ni), each dried sample was weighed. Ashes
of each dried sample were obtained by incinerating in a
muffle furnace at 550 ° C (14). A triple acid mixture (HCI-
HNOs-H.S0,) in the ratio of (1:2:4) was used to digest the
calcined ash for each sample to dryness. 2 N HNO; was
used to dissolve the residue, while Whatman-42 filter pa-
per was used to filter the insoluble portion. The filtrate
was collected (50 mL) and preserved for metals analysis.
Atomic Absorption Spectrophotometer (Perkin Elmer Ana-
lyst 200) was used to measure the concentration of Ca, Mg,
Fe, Zn, Cu, Mn and Ni while flame photometry was em-
ployed to analyse Na and K. By colorimetric method, P was
analyzed using molybdovanadate reagent (15).

Analysis of Phytochemicals

The presences of phytochemical constituents (phenols,
tannins, flavonoids, alkaloids, saponins and terpenoids)
were analyzed using standard methods (14, 16, 17).

Statistical analysis

All the data of mineral analysis are expressed as mean +
SDs (n=3). The comparisons between the mean values are
tested at a level of P <0.05.
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Results and Discussion
Ethnobotanical records

The majority of fringe villages of the ethnic community,
viz., Moran, Motok, Adivasi, Tai Ahom, Sonowal Kachari,
Nepali and Singpho, of the district, are dependent on for-
est resources for their day-to-day life requirements such as
food, fodder, fuel, shelter, medicines and sociocultural
aspects. The present study recorded a total of 96 species
belonging to 71 genera under 48 families. Out of 96 spe-
cies, 58 were used as vegetables, 31 as edible fruits, 7 spe-
cies as spices and condiments and 8 species were used as
Masticatory (Fig. 2, 3). In the present study, 5 species were

Stem

leaves

Roots/ Rhizome

Fig. 2. Ven diagram showing the use of different vegetative parts of plants.

Inflorescence Flower

Fruits

Fig. 3. Ven diagram showing the use of different reproductive parts of plants.

selected to evaluate the nutrition and phytochemical con-
stituents based on their uses in multipurpose uses by eth-
nic communities of the Tinsukia district. The systematic
documentation with their ethnobotanical information was
recorded and listed in Supplementary Table 1. Among the
51 families recorded, the 5 families Araceae with 7 genera,
Amaranthaceae with genera, Arecaceae with 4 genera,
Clusiaceae with 4 genera and Solanaceae with 4 represent
the dominant family in the study area (Fig. 4). It also rec-
orded that most of the fruit parts of the species were used
as edible parts in the area (Fig. 5-7).

B edible fruit
Masticatory

M vegetables
M Spices and condiments

Fig. 4. Pie diagram of the types of plants used.

3 |

Fig. 5. Five dominant families of the study area.
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Fig. 6. A. Bambusa balcooa, B. Amorphophallus bulbifer, C. Colocasia esculenta, D. Diplazium esculentum; E. Garcinia cowa, F. Garcinia morella, G. Portulaca

oleracea, H. Sarcochlamys pulcherrima.
Minerals and Phytochemical Analysis

Some of the nutritionally important alkali metals, alkaline
earth metals and transition metals are estimated. The
analysis of the macro-mineral present in edible plants is
listed in Table 1. Macro-mineral content of these medici-
nal/edible plants was significantly different (P<0.05). The

concentration of sodium in raw vegetables ranges from

12.5 mg/100 g (P. oleracea) to 18.4 mg/100 g (X. oxyphyl-
lum). Whereas another study reports are on the amounts
of sodium in P. oleracea 55 mg/100 g respectively (18) and
also reported (7.17 mg/100 g) (19). Sodium concentration
is comparatively low in the vegetables. Consumption of a

Plant Science Today, ISSN 2348-1900 (online)
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Fig. 7. A. Flacourtia jangomas, B. Musa balbisiana, C. Phlogacanthus thyrsiformis, D. Phlogacanthus curviflorus, E. Smilax perfoliata, F. Zanthoxylum oxyphyllum.

Table 1. Concentration of macro-elements present in the raw wild vegetables (mg/100 g).
Plant samples Na K Ca Mg P
Sarcochlamys pulcherrima (Roxb.) Gaud. 16.9+1.4° 117.4+10.1° 240.2+£3.1° 85.7+3.4° 23.7+£1.6°
Smilax perfoliata Lour. 14.7+0.8° 114.3+£12.3° 363.1+2.1° 84.9£8.5° 289+1.1°
Portulaca oleracea L. 12.5+2.1¢ 138.8+7.7¢ 172.5+1.1¢ 112.2£10.5¢ 41.2+1.2¢
Phlogacanthus thyrsiformis (Roxb. ex Hardw.) Mabb. 15.2+2.7¢ 90.4 +37.8¢ 143.7+1.2° 102.2+8.2¢ 27.3+2.1°

Zanthoxylum oxyphyllum Edgew. 18.4+0.6° 146.9£10.2° 2143+2.3° 106.3+2.1° 25.1+0.7°

All data are the means + SD of triplicate experiment (n=3). Mean values in a column with different letters are significantly different at P<0.05

https://plantsciencetoday.online
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low-sodium diet is very necessary to maintain good health.
Excess intake of sodium results in high blood pressure,
potassium deficiency, liver and kidney disease, etc. and it
may also cause heart disease due to improperly balanced
potassium (20). The potassium content of the selected
plant samples is higher than that of the sodium content
which is essential in diet to regulate blood pressure. The
potassium contents of raw samples of Phlogacanthus thyr-
siformis and Zanthoxylum oxyphyllum ranged from  90.4
mg/100 g to 246.9 mg/100 g. Potassium accelerates several
reactions, including protein synthesis, nerve transmission
and contraction of muscles. Insufficient consumption of
nutritional potassium may also increase the risk of several
heart and blood vessel problems (21).

Ca (Calcium) plays an essential role in the growth
and healthy upkeep of bones, teeth, body muscles and
blood. It is abundantly found to be present in the study
plant samples ranging from 140 mg/100 g (Sarcochlamys
pulcherrima) to 214.3 mg/100 g (Zanthoxylum oxyphyllum).
Strong teeth and bones are outcomes of an adequate
source of calcium (Ca). It also results in good healthy skin,
helps in regulating cardiovascular functions and blood
pressure levels, supports the breakdown of iron and is
mandatory for appropriate cell division (22, 23). The
plant's sample of magnesium ranges from 84.9 mg/100 g
(Smilax perfoliata) to 112.2 mg/100 g (Portulaca oleracea).
Nutritional deficiency of Mg (Magnesium) is associated
with coronary heart disease (CHD) (22); Regular consump-
tion of these wild vegetables can prevent coronary heart
disease as all these wild vegetables are main sources of Mg
(Magnesium). The amount of Phosphorus (P) in wild vege-
tables ranges from 23.7 mg/100 g (Sarcochlamys pulcher-
rima) to 41.2 mg/100 g (Portulaca oleracea). Phosphorus
(P) plays a major role in the growth and development and
improves the body tissue. In addition, with calcium and
magnesium, Phosphorus (P) is also necessary for appropri-
ate growth and development of bones in newborns and
children (23). Several researchers have reported that
Macrominerals and trace elements useful in the diet were
found to have higher content in wild species than in

domesticated ones. Reports are on a high content of K
in Sanguisorba minor Scop. (24). In addition, it was also
reported that comparable results for Ca*, Mg, Fe?*, Cu®,
Mn?" and Zn? are in domesticated S. minor plants (25).

The content of K/Na, Ca/P and K/(Ca+Mg) present in
wild vegetables/medicinal plants samples were listed in
Table 2. The ratio of K/Na in our body is of major concern
to stop high blood pressure besides for normal mainte-
nance of proteins throughout growth (26). Nutritionists
suggest a dietary K: Na ratio > 5:1 to continue optimal
health (27). The rate for all wild vegetables ranged from
5.9:1 (Phlogacanthus thyrsiformis) to 13.4:1 (Zanthoxylum
oxyphyllum). Wholly these vegetables are found to have
suitable levels of K/Na ratios and hence, intake of these
vegetables may regulate hypertension. The Ca/P ratio of
fresh vegetables Portulaca oleracea and Smilax perfoliata
ranges from 4.1:1 to 9.1:1. The Ca/P ratios of the studied
wild vegetables are somewhat higher than the required
amount of intestinal absorption of Ca and phosphorus(P).
Foods containing a high value of K/ (Ca + Mg) ratio (= 2.2
expressed in meq) are susceptible to hypomagnesemia, a
condition of electrolyte disbalance where the level of Mg is
low in the blood (28). The findings show that the value of
the K/ (Ca + Mg) ratio is less than the susceptible range.
The resultant values range from 0.11:1 (Smilax perfoliata)
to 0.32:1 (Zanthoxylum oxyphyllum).

The analysis for micro-mineral content of wild vege-
tables is listed in Table 3. The mineral contents of these
selected plant samples were significantly different
(P<0.05). The volume of iron in these selected plant sam-
ples ranges from 5.90 mg/100 g (Smilax perfoliata) to
16.17 mg/100 g (Portulaca oleracea), which shows equiva-
lences to maximum values reported from leafy vegetables
(4). Usual consumption of these wild vegetables can stop
iron deficiency. The ratio range of zinc in these wild vege-
tables’ ranges from 0.41 mg/100 g (Sarcochlamys pulcher-
rima) to 0.91 mg/100 g (Zanthoxylum oxyphyllum). The lev-
el of zinc studied in these vegetables compares favorably
with the value reported for some other green leafy vegeta-

Table 2. Concentration of micro-elements present in the raw wild vegetables (mg/100 g).

Plant Samples Fe Zn Cu Ni Mn
Sarcochlamys pulcherrima (Roxb.) Gaud. 15.41+1.112 0.41+0.11° 0.21+0.02° 0.14+0.01° 0.27+0.10°
Smilax perfoliata Lour. 5.90 £0.64° 0.54 £0.03% 0.13£0.00¢ 0.07+£0.02° 0.15+0.01°
Portulaca oleracea L. 16.17 £1.12° 0.81+0.11° 0.14+0.01¢ 0.17 +£0.00¢ 0.07+0.01°
Phlogacanthus thyrsiformis (Roxb. ex Hardw.) Mabb. 7.20+1.50¢ 0.68 +0.08¢ 0.21+0.01° 0.11+0.02° 0.22+0.01¢
Zanthoxylum oxyphyllum Edgew. 11.40+1.16° 0.91+0.11° 0.32+0.01° 0.11+0.012 0.13+0.01°

All data are the means + SD of triplicate experiment (n=3). Mean values in a column with different letters are significantly different at P<0.05.

Table 3. K/Na, Ca/P and P/ (Ca+ Mg) ratio of the wild vegetables.

Plant Samples

K/Na (wt/wt)

Ca/P (wt/wt)

K/ (Ca + Mg) (meq/meq)

Sarcochlamys pulcherrima (Roxb.) Gaud.

Smilax perfoliata Lour.

Portulaca oleracea L.

Phlogacanthus thyrsiformis (Roxb. ex Hardw.) Mabb.

Zanthoxylum oxyphyllum Edgew.

6.9 59 0.21
1.7 9.1 0.11
111 4.1 0.19
5.9 52 0.15
13.4 8.5 0.32

meq= (mg/atomic weight) x valency.
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bles (26, 29). Zinc is one of the most important mineral
nutrients and is necessary for the proper function of over
200 enzymatic reactions in the body (7). The copper level
of the vegetable’s ranges from 0.13 mg/100 g (S. perfoliata)
to 0.32 g/100 g (X. oxyphyllum). Values for manganese for
these vegetables range from 0.07 mg/100 g (P. Oleracea) to
0.27 mg/100 g (S. pulcherrima). Copper and manganese are
essential for humans because they exhibit a wide range of
biological functions, such as components of enzymatic
and redox systems (30). Nickel is an important trace ele-
ment that plays its role as a co-enzyme in different en-
zymes such as urease. The amount of Ni in these vegeta-
bles’ ranges from 0.07 mg/100 g (Smilax perfoliata) to 0.17
(Portulaca oleracea).

The phytochemical screenings of the investigated
vegetables are summarized in Table 4. Phenols, alkaloids,
tannins and flavonoids are present in all the samples. Sap-
onin is absent in Smilax perfoliata and Phlogacanthus thyr-
siformis. Only Smilax perfoliata and Portulaca oleracea are
found to have terpenoids. Phenols, tannins and flavonoids
are good natural antioxidants and the presence of these
phytochemicals proves that they have medicinal val-
ues. The results of the mineral content of the targeted wild
vegetables in the study are comparable with the mineral
content of common cultivated vegetables. The mineral
content of some common vegetables in India was reported
(31) is listed in Table 5; Fe concentration was found to be
higher, whereas content of K was found to be lower in our
targeted wild vegetables compared to the common culti-
vated vegetables. Concentrations of other minerals were
comparable with the commonly cultivated green leafy
vegetables.

anaemia. Instead of having plant resources, there are cer-
tain gaps in documentation and analysis of chemical con-
stituents of the unconventional species; therefore, de-
tailed scientific studies are required to establish the me-
dicinal value.
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Table 4. Minerals concentration of some common green vegetables (Results are expressed as mg/100g of edible portion).

Name of the vegetables Na K Ca Mg P Fe Cu
Cabbage (green) 14.98 233 51.76 17.99 30.15 0.35 0.03
Lettuce 17.53 279 56.76 43.22 44.1 2.73 0.14
Spinach 42.5 625 82.9 86.97 32.59 2.95 0.17
Amaranth leaves (green) 16.08 572 330 194 73.22 4.64 0.21
Table 5. Phytochemicals identified in wild vegetables.
Samples Phenols Alkaloids Saponins Tannins Flavonoids Terpenoids
Sarcochlamys pulcherrima (Roxb.) Gaud. + + + + +
Smilax perfoliata Lour. + + - + + +
Portulaca oleracea L. + + + + + +
Phlogacanthus thyrsiformis (Roxb. ex Hardw.) Mabb. + + - + +
Zanthoxylum oxyphyllum Edgew. + + + + +
+ Present; - Absent.
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References

The ethnobotanical plants are good sources of minerals.
Together with vital nutrients, wild vegetables provide a
wide range of bioactive substances that have a major posi-
tive impact on both illness prevention and health promo-
tion. Additionally, they are important in preventing various
metabolic and age-related illnesses. The present study
reveals that the majority of plants are rich in K, Ca, Mg, P,
Fe and Zn and are rich in iron concentration. Regular con-
sumption of such vegetables can help treat iron deficiency

1. Ozcan M. Mineral content of some plants used as condiments in
Turkey. Food Chem. 2004;84:437-40. https://doi.org/10.1016/
S0308-8146(03)00263-2

2. Speech M, Pineau A, Ballereau F. Minerals trace elements and
related biological variables in athletes and during physical ac-
tivity. Clin Chim Acta. 2001;312:1-11.https://doi.org/10.1016/
S0009-8981(01)00598-8

3. Demling RH, MA DeBiasse. Micronutrients in critical illness.
Crit Care Clin. 1995;11:651-73. https://doi.org/10.1016/s0749-

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1016/S0308-8146(03)00263-2
https://doi.org/10.1016/S0308-8146(03)00263-2
https://doi.org/10.1016/S0009-8981(01)00598-8
https://doi.org/10.1016/S0009-8981(01)00598-8
https://doi.org/10.1016/s0749-0704(18)30057-5

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

0704(18)30057-5

Kumara M, Gupta S, Lakshmi A, Prakash J. Iron bioavailability in
green leafy vegetables cooked in different utensils. Food Chem.
2004;86:217-22.
https://doi.org/10.1016/j.foodchem.2003.08.017

Kawashima LM, Soares LMV. Mineral profile of raw and cooked
leafy vegetables consumed in southern Brazil. J Food Compost
Anal. 2003;16:605-11. https://doi.org/10.1016/S0889-1575(03)
00057-7

Ulger TG, Songur AN, Girak O, Cakiroglu FP. Role of vegetables in
human nutrition and disease prevention. In: Asaduzzaman, Md.
Asao T., editors. Vegetables - Importance of Quality Vegetables
to Human Health. Intechopen; 2018. pp-8-32. https://
doi.org/10.5772/intechopen.70972

Aberoumand A, Deokule SS. Determination of element profile of
some wild edible plant. Food Anal Methods. 2009;2:116-19.
https://doi.org/10.1007/s12161-008-9038-z

Edmonds J, Chweya J. Black nightshades, Solanum nigrum L.
and related species. Promoting the conservation and use of
underutilized and neglected crops. 15. Institute of Plant Genet-
ics and Crop Plant Research, Gatersleben/International Plant
Genetic Resources Institute, Rome, Italy; 1995.

Dutta BK, Dutta PK. Potential of ethnobotanical studies in North
East India: An overview. Indian J Tradit Knowl. 2005;4(1):7-14.

Hooker JD. The flora of British India. Vols. 1-7. Reeve and Co.,
London; 1872-97.

Kanjilal UN, Kanjilal PC, Das A, De RN, Bor NL. Flora of Assam.
Vols.1, 2, 3,4, 5. Government Press, Shillong; 1934-40.

Barooah C, Ahmed I. Plant diversity of Assam: a checklist of
Angiosperms and Gymnosperms. Assam Science, Technology
and Environment Council, Guwahati. 2014.

Borthakur SK, Baro D, Bawri, Boro A. Flora of BTAD (Bodoland
Territorial Area Districts, Assam) Vol. I, II, lll, IV. EBH Publishers
(India); 2018.

Mace MD. Histochemical localization of phenols in healthy and
diseased tomato roots. Phytopathol. 1963;16:915-25. https://
doi.org/10.1111/j.1399-3054.1963.tb08367.x

AOAC. Official methods of analysis of the Association of Analyti-
cal Chemists, Washington, DC; 1999

Harborne JB. Phytochemical methods, London. Chapman and
Hall, Ltd. 1973;49-188.

Raaman N. Qualitative phytochemical screening, phytochemi-
cal techniques. New India Publishing Agency, New Delhi.
2006;19-24.

Duke JA, Ayensu ES. Medicinal plants of China. Reference Publi-
cation, Michigan. 1985; pp 390-91.

Ali Aberoumand. Nutritional evaluation of edible Portulaca

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

oleracea as plant food. Food Anal Methods. 2009;2:204-07.
https://doi.org/10.1007/s12161-008-9049-9

Tanase CM, Griffin P, Koski KG, Cooper MJ, Cockell KA. Sodium
and potassium in composite food samples from the Canadian
total diet study. J Food Compos. 2011;24:237-43. https://
doi.org/10.1016/j.jfca.2010.07.010

Naismith DJ, Braschi A. The effect of low-dose potassium sup-
plementation on blood pressure in apparently healthy volun-
teers. Brazilian J Food Technol. 2003;90:53-60. https://
doi.org/10.1079/BJN2003861

Barminas JT, Charles M, Emmanuel D. Mineral composition of
non-conventional leafy vegetables. Plant Foods Hum Nutr.
1998;53:29-36. https://doi.org/10.1023/A:1008084007189

Pirhofer-Walzl K, Seegaard K, Hagh-Jensen H, Eriksen J, Sander-
son MA, Rasmussen J, Rasmussen J. Forage herbs improve
mineral composition of grassland herbage. Grass Forage
Sci. 2011;66:415-23. https://doi.org/10.1111/j.1365-
2494.2011.00799.x

Lenzi A, Orlandini A, Bulgari R, Ferrante A, Bruschi P. Antioxidant
and mineral composition of three wild leafy species: A compari-
son between microgreens and baby greens. Foods. 2019;8:487.
https://doi.org/10.3390/foods8100487

Akubugwo IE, Obasi NA, Chinyere GC, Ugbogu AE. Nutritional
and chemical value of Amaranthus hybridus L. leaves from Afi-
kpo, Nigeria. Afr J Biotechnol. 2007;6(24):2833-39. https://
doi.org/10.5897/AJB2007.000-2452

Guerrero JLG, Martinez JJG, Isasa MET. Mineral nutrient compo-
sition of edible wild plants. J Food Compost Anal. 1988;11:322-
28. https://doi.org/10.1080/03670244.1999.9991578

Murray MT, Pizzorno J. The encyclopedia of healing food. Simon
and Schuster, UK; 2010

Marten GC, Andersen RN. Forage nutritive value and palability of
12 common annual weeds. Crop Science. 1975;111:827-37.

Gupta S, Lakshmi AJ, Manjunath MN, Prakash J. Analysis of
nutrient and antinutrient content of underutilized green leafy
vegetables. LWT- Food Sci Technol. 2005;38:229-45.https://
doi.org/10.1016/j.lwt.2004.06.012

Ozcan MM, Akbulut M. Estimation of minerals, nitrates and ni-
trite contents of medicinal and aromatic plants used in spices,
condiments and herbal tea. Food Chem. 2007;106:852-58.
https://doi.org/10.1016/j.foodchem.2007.06.045

Longvah T, Ananthan R, Bhaskarachary K, Venkaiah K. Indian
food composition tables. National Institute of Nutrition, Indian
Council of Medical Research, Department of Health Research
Ministry of Health and Family Welfare, Government of India.
2017;112-37.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1016/s0749-0704(18)30057-5
https://doi.org/10.1016/j.foodchem.2003.08.017
https://doi.org/10.1016/S0889-1575(03)00057-7
https://doi.org/10.1016/S0889-1575(03)00057-7
https://doi.org/10.5772/intechopen.70972
https://doi.org/10.5772/intechopen.70972
https://doi.org/10.1007/s12161-008-9038-z
https://doi.org/10.1111/j.1399-3054.1963.tb08367.x
https://doi.org/10.1111/j.1399-3054.1963.tb08367.x
https://doi.org/10.1007/s12161-008-9049-9
https://doi.org/10.1016/j.jfca.2010.07.010
https://doi.org/10.1016/j.jfca.2010.07.010
https://doi.org/10.1079/BJN2003861
https://doi.org/10.1079/BJN2003861
https://doi.org/10.1023/A:1008084007189
https://doi.org/10.1111/j.1365-2494.2011.00799.x
https://doi.org/10.1111/j.1365-2494.2011.00799.x
https://doi.org/10.3390/foods8100487
https://doi.org/10.5897/AJB2007.000-2452
https://doi.org/10.5897/AJB2007.000-2452
https://doi.org/10.1080/03670244.1999.9991578
https://doi.org/10.1016/j.lwt.2004.06.012
https://doi.org/10.1016/j.lwt.2004.06.012
https://doi.org/10.1016/j.foodchem.2007.06.045

