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ABSTRACT: Green vegetables are a crucial source of essential nutrients in the human
diet. In West Bengal, their consumption increases during the winter. Evaluating the min-
eral profiles of these commonly consumed vegetables is necessary for potential health
implications. This study aimed to quantify zinc (Zn), chromium (Cr), cadmium (Cd),
manganese (Mn), and calcium (Ca) in nine vegetables commonly consumed in West
Bengal. Samples collected from diverse regions of West Bengal were washed, dried, and
homogenized before being subjected to minerals quantification using atomic absorption
spectroscopy. Significant variations in mineral profiles were observed across the vegeta-
bles. Lablab purpures was the richest source of Ca (1019 mg/kg), Brassica oleracea var. gon-
gylodes had the highest concentration of Zn (53.85 mg/kg), Phaseolus vulgaris had the
highest Mn content (149.55 mg/kg), Beta vulgaris had the highest concentration of Cd
(1.5 mg/kg), and B. oleracea showed the highest concentration of Cr (24.2 mg/kg). Our
results indicate that vegetables grown in West Bengal are generally safe for consumption;
however, variations in mineral concentrations exist depending on the specific vegetable
type and region. Further research is needed to understand the factors affecting mineral
accumulation and identify potential mitigation strategies.
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1. INTRODUCTION

Green vegetables are key components of a nutritious diet,
as they are rich in carbohydrates, fats, proteins, vitamins (A,
C, and K), and minerals (iron, calcium, and potassium),
which are crucial for bodily functions (Abbasi et al., 2013;
Sahu and Dalai, 2020). Their high fiber content supports
digestion and promotes gut health. Green vegetables contain
both essential and nonessential trace elements. Essential trace
elements, although needed in minute amounts, are crucial
for our bodies to function correctly. In contrast, nonessential
trace elements have no known biological role and can even
be harmful in excess. Mineral’s contamination poses serious
health risks, including developmental issues, organ damage,
chronic diseases, and even cancer. Similar risks have been
reported in previous studies on metal uptake in plants under
different environmental and soil conditions (Butnariu et al.,
2015). Therefore, understanding the concentrations of these
elements in commonly consumed vegetables is crucial for
assessing dietary intake and potential health risks.

Zinc (Zn), chromium (Cr), manganese (Mn), and calcium
(Ca) are essential nutrients vital for human health, while cad-
mium (Cd) is a toxic heavy metal with no known biological
function. Zinc supports immune function, wound healing,
and cell growth (Beach et al., 1981); chromium aids blood
sugar regulation; manganese acts as a cofactor for enzymes
involved in metabolism and antioxidant defense; and calcium
is essential for bone health, muscle function, and neural trans-
missions. Both the deficiency and excess of these essential ele-
ments can cause various health problems (Wessels, 2015). For
instance, high zinc intake can interfere with copper absorp-
tion, while excess manganese can cause neurological symp-
toms. Cadmium exposure, primarily through contaminated
food (Taiwo et al., 2021) and smoking (Zhang et al., 2019),
can cause damage to the kidneys and bones. Maintaining a
balanced diet rich in fruits, vegetables, and whole grains is
generally sufficient to meet the daily requirements for these
essential elements. Unfortunately, excessive use of inorganic
fertilizers can lead to heavy metal accumulation in vegetables,
posing potential health risks (Sagagi et al., 2022). Therefore,
examining the mineral profiles of locally grown vegetables
is essential to assess their nutritional quality and potential
health risks.

Recent studies have analyzed the nutrient composition of
conventional green vegetables consumed in northeast India
(Chandra et al., 2016). In West Bengal, green vegetables are
an integral part of the diet, especially during the winters when
there is an abundance of fresh produce. This includes a wide
range of lesser-known seasonal greens, such as onion (bulb),
cabbage (Leaves), kohlrabi (bulb) and cauliflower (flowering
head), radish (root), beet (bulb), Immature Pods of winged
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beans, bitter gourd (fruit), and many more. Table 1 summa-
rizes the common and regional names, phytoconstituents, and
pharmacological activities of some winter greens commonly
consumed in West Bengal. These vegetables are illustrated in
Figure 1.

Allium cepa L. (onion) is a widely cultivated vegetable val-
ued for its culinary uses and health benefits. In regions like
West Bengal, both the onion bulb and vegetables are con-
sumed. Studies have shown that A. cepa L. has antioxidant,
anti-inflammatory, and antimicrobial properties, attributed
to bioactive compounds like flavonoids, sulfur compounds,
and phenolic acids (Bibi et al., 2022). Nemtinov et al. (2020)
analyzed the mineral composition of A. cepa L. leaves and
reported the presence of essential minerals such as iron, cop-
per, zinc, and molybdenum. Beta vulgaris L. (beetroot) is val-
ued for its sweet, edible root and highly nutritious leaves. It is
a rich source of betalains (pigments responsible for its vibrant
color), flavonoids, polyphenols, steroids, vitamins, and min-
erals, and exhibits antioxidant, anti-inflammartory, anticancer,
hepatoprotective, nephroprotective, and wound healing ben-
efits (Schmidt et al., 1994; Sulakhiya et al., 2016). Raphanus
sativus (radish) is a globally cultivated cruciferous vegetable
with edible roots and leaves. R. sativus leaves and roots are
used in traditional medicine for their potential anticancer,
antimicrobial, and antiviral properties (Pérez Gutiérrez and
Perez, 2004), attributed to bioactive compounds like gluco-
sinolates, flavonoids, and phenolic acids

Beta vulgaris L.
(beetroot)

Allium cepa L.
(onian)

Raphanus sativus
(radish)

(”»;)
St

Brassica oleracea

Brassica oleracea var. Brassica oleracea var.

botrytis (cauliflower) {wild cabbage) gongylodes (kohlrabi)
_’_‘ A"\ .

Phaseolus vulgaris
(common bean)

Momordica charantia
(bitter gourd)

Lablab purpureus
(Indian beans)

Figure 1. Winter-grown vegetables commonly consumed in

West Bengal, India.
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Brassica oleracea (wild cabbage) includes many common
cultivars, such as kale, cabbage, and collard greens, recognized
for their potential health benefits. Their rich phytochemical
profile includes glucosinolates, phenolic compounds, and
vitamins (Lee et al., 2017; Stansell et al., 2018).

These vegetables are good sources of minerals such as
iron, nickel, zinc, manganese, copper, calcium, and selenium
(Cdmara-Martosa et al., 2021). B. oleracea var. gongylodes
(kohlrabi) has both edible stems and leaves, with high min-
eral content and potential health benefits. Sassi et al. (2020)
reported significant antioxidant and antibacterial activities
in kohlrabi leaves, attributed to compounds like chlorogenic
acid, catechol, and epicatechins. B. oleracea var. botrytis (cau-
liflower) is recognized for its edible flower heads that have
anticancer, anti-inflammatory, and antioxidant properties (Le
et al., 2020; Salehi et al., 2021; Sousa et al., 2008).

Phaseolus vulgaris (common bean) is an herbaceous annual
plant known for its edible seeds and pods, but its leaves are
also edible. Several studies have reported that common bean
landraces are rich in essential elements like iron, calcium,
magnesium, selenium, and zinc (Akond et al., 2011; Celmeli
et al., 2018), although copper, molybdenum, and potassium
are also present (Bella et al., 2016). Lablab purpureus, com-
monly known as Indian bean or hyacinth bean, is a legume
with a long history of use as both a food and traditional
medicine. It is recognized for its potential pharmacological
activities, including antioxidant, anti-inflammatory, and anti-
diabetic effects, which are attributed to its rich phytochemical
profile that includes phenolic compounds, flavonoids, tan-
nins, saponins, and alkaloids (Bhat et al., 2022). In addition,
Lablab purpureus is known to be a good source of iron, zinc,
and calcium. Momordica charantia (bitter gourd) is a tropi-
cal vine cultivated for its edible fruit, which has antioxidant,
antidiabetic, anticancer, and antiviral properties (Lin et al.,
2011). Bakare et al. (2010) reported the presence of various
vitamins (A, E, folic acid, cyanocobalamin, and ascorbic acid)
and minerals (potassium, sodium, calcium, zinc, magnesium,
iron, manganese, and copper) in M. charantia leaves.

Understanding the nutrient profiles and potential contam-
ination of commonly consumed winter vegetables is crucial
for food safety and promoting healthy dietary habits in a spe-
cific region. However, no comprehensive study has reported
the mineral composition of multiple winter-grown vegetables
from West Bengal in a single dataset. Previous nutritional
assessments in other Indian regions (Olaiya et al., 2015)
and similar heavy metal profiling in vegetables from Nigeria
(Emurotu et al., 2024) support the importance of such local-
ized evaluations. In addition, although vegetables are known
to be rich sources of essential nutrients, their mineral con-
tents can vary due to differences in vegetables variety, growing
conditions, soil composition, and agricultural practices. This
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is shown in studies on the influence of Co** ions on nutri-
ent accumulation in soybean (Belkhodja et al., 2015) and the
effect of NPK fertilizer dose on chlorophyll quality in corn
plants. To address this knowledge gap, this study aimed to
analyze the concentrations of some minerals—including zinc
(Zn), chromium (Cr), cadmium (Cd), manganese (Mn), and
calcium (Ca)—in nine green vegetables commonly consumed
in West Bengal and assess the potential health risks associated
with their consumption.

2. MATERIALS AND METHODS
2.1. Sampling

Nine vegetables, including A. cepa L. (bulb), B. oleracea
var. gongylodes (bulb), Lablab purpureus (immature pod), Beta
vulgaris L. (bulb), R. sativus (roots), B. oleracea (leaves), B.
oleracea var. botrytis (lower head), P vulgaris (immature pod),
and M. charantia (fruit), were collected from local markets of
Deulbari, West Bengal. Different parts of the selected vegeta-
bles were thoroughly rinsed with water to remove any accu-
mulated foreign mactter, then treated with ethanol to remove
surface contamination, and washed muldple times with
deionized water followed by treatment with food-grade eth-
anol to remove surface contamination. All plant components
were allowed to dry in shade for 14 days, then pulverized
individually using a blender. All chemicals and solvents used
in this study were of analytical grade.

2.2. Chemical digestion of plant samples

About 1 g of each powdered sample was digested in a nitric
acid/perchloric acid (10:2) solution, following the wet diges-
tion procedure (Karahan et al., 2020). The residual solution
was dissolved in 2% nitric acid and diluted to 50 mL. The
digested plant sample was then analyzed using an atomic
absorption spectrophotometer.

2.3. Mineral analysis

Levels of five trace elements—Zn, Cr, Cd, Mn, and Ca—
were measured using atomic absorption spectroscopy (AAS), fol-
lowing a previously described method (Anal and Chase, 2016).
Digested plant samples were diluted, filtered, and transferred to
separate beakers. The solution was put into the oxidant-acetylene
AAS. We used hollow cathode lamps to evaluate the elements’
absorbance at their resonance wavelengths. Table 2 summarizes

the optimal operating conditions used for the AAS analysis.
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Table 1
Phytoconstituents and pharmacological activities of winter-grown vegetables commonly consumed in West Bengal, India.
SI.No.  Common name  Scientific Family Phytoconstituents Pharmacological activity Part used
(Bengali name) name
1 Onion (Piyaz) Allium cepa Alliaceae Polyphenols, flavonoids, steroid Antiviral, antibacterial, Bulb
L. saponins, furostanol saponins, sulfur antiparasitic, hypoglycemic,
compounds antihypertensive, antifungal
2 Kohlrabi Brassica Cruciferae Polyphenols, phenolic acids, flavonoids, ~ Antidiabetic, anti-inflammatory, Bulb
(Olkopi) oleracea carotenoids (zeaxanthin, lutein, antioxidant, anticancer,
var. f-carotene), alkaloids, tannins, antibacterial
gongylodes saponins, anthocyanins, phytosterols,
chlorophyll, glucosinolates,
phytosteroids, terpenoids, glycosides,
vitamin C
3 Indian beans Lablab Fabaceae Flavonoids (genistein), rotenoids, Antimicrobial, insecticidal, Immature pod
(Sheem) purpureus steroids antidiabetic, anticancer
4 Beet (Beet) Beta vulgaris Chenopodiaceae  Alkaloids, carotenoids, phenols, Anti-inflammatory, anticancer, Bulb
L. tannins, flavonoids, vitamins C, B3, antioxidant, antistress,
B6, B9 antianxiety, antidepressive,
antihypertensive, antisterility
effect
5 Radish (Mula) Raphanus Brassicaceae Flavonoids, anthocyanins, p-carotene, Anti-inflammatory, anti- Root
sativus vitamin C, terpenes, terpene microbial, antitumorigenic,
derivatives, glucosinolates anticancer, antidiabetic,
antinephrotoxic
6 Cabbage Brassica Brassicaceae Alkaloids, tannins, saponins, phenols, Antidiabetic, anticancer, Leaves
(Bandha kopi) oleracea glycosides, steroids, terpenoids, antihypertensive,
flavonoids anticholesterolemic, antioxidant,
anti-inflammatory, antibacterial,
antiobesity, anticoagulant,
hepatoprotective
7 Cauliflower (Ful  Brassica Brassicaceae Phenolics, polyphenols, phenolic acids, ~ Anti-inflammatory, Flower head
kopi) oleracea flavonoids, carotenoids (zeaxanthin, antimicrobial, antitumorigenic,
var. botrytis lutein, P-carotene), alkaloids, anticancer, antidiabetic,
phytosterols chlorophyll, glucosinolates,  antinephrotoxic
terpenoids, glycosides
8 Common bean Phaseolus Fabaceae Alkaloids, flavonoids, fiber, proteins, Dysuria, heart diseases, antigout, ~ Immature pod
(Bean) vulgaris tannins, terpenoids, saponins, antirheumatic, antidiabetic
quercetin, anthocyanin, catechin
9 Bitter Gourd Momordica Cucurbitaceae Triterpenes, proteins, steroids, alkaloids,  Antifungal, antibacterial, Fruit
(Korola) charantia saponins, flavonoids, acids antiparasitic, antiviral,
antisterility, antitumorigenic,
hypoglycemic, anticancer
Table 2
Optimal operating conditions of atomic absorption 2.4. Quality control and quality assurance
spectroscopy (AAS).
: All chemicals used in this study were of analytical grade.
Parameter Element matrix o c
Ultrapure water was used for all dilutions and experimen-
Ca Zn Cr Ma dd tal procedures. To ensure linearity, elemental analyses of
Wavelength (nm) 4267 21386 42544 403.08 2288  these leafy vegerable samples were conducted in triplicate.
Slit width (nm) 02 02 02 02 02 Calibration standards were prepared and used to determine
elemental concentrations with high precision, yielding a
Flame type Oxidant/acetylene I lati dard deviati RSgD P £ 10 0168},0 274%0/
(o) relative standar eviation or +U. —U. 0
Oxidant flow (N,O) (L/min) 6 6 6 6 6 W - ( _ ) .
(Table 3). Elemental composition, including Ca, Cd, Cr, Mn,
Acetylene flow (L/min) 7.5 7.5 7.5 7.5 7.5
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To quantify elemental concentrations in the medicinal
plant samples, calibration standards were prepared by serial
dilution of a 1000 mg/L AAS multielement standard solution
(Merck). For each element under investigation, calibration
curves were constructed using eight distinct concentration
levels. These curves demonstrated high linearity, with coeffi-
cient of determination (&?) values exceeding 0.99 (Table 3).

To ensure the stability and accuracy of the initial calibra-
tion throughout the analysis, the calibration standards were
reanalysed after every tenth sample during the experimental
process. The margins of error for these interim checks were
carefully monitored to confirm that the initial calibration
parameters remained consistent for the duration of the ana-
lytical procedure.

To validate the accuracy and precision of the elemental
analyses, repeated measurements were conducted using mul-
tielement calibration solutions of known concentrations. The
analytical performance was further characterized by determin-
ing the limit of detection (LoD) and limit of quantification
(LoQ) for each element. These limits were established through
the analysis of 2% HNO, solution, with the resulting values
presented in Table 3, using the following formula:

LoD = 3.3 x SD (1)
LoQ = 10 x SD 2)

where SD denotes the standard deviation of ten replicates
of the blank solution.

2.5. Risk assessment for toxic metals (Cd and Cr)

The Food and Agriculture Organization (FAO) and
World Health Organization (WHO) define the reference
dose (mg/kg/day) for each metal (n). The daily average expo-

sure dose (mg/kg/day) is referred to as the estimated daily
intake (EDIn), while the target hazard quotient (THQ) of

Table 3

Analytical method parameters of AAS.

Elements Spectral line LoD LoQ % RSD R
(nm) (mg/kg)  (mglkg)

Mn 403.08 0.0030 7.720 0.0108 0.999

Zn 213.86 0.0023 0.353 0.2028 0.999

Cr 425.44 0.0273 1.530 0.1092 0.999

Cd 228.8 0.0001 0.090 0.0222 0.999

Ca 422.67 0.0623 1.763 0.2749 0.999

LoD, limit of detection; LoQ, limit of quantification; RSD, relative standard
deviation; R?, determination coefficient.
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the hazardous metal is denoted by THQn. The hazard index
(HI) was developed to quantify the carcinogenic health
risks associated with numerous hazardous metal exposures.
Consumption of medicinal herbs may expose individuals to
several hazardous metals, thereby posing a risk to their overall
health. Therefore, the EDI, THQ, and HI were determined to
assess Cd and Cr exposure risks associated with the consump-
tion of vegetables and potential health hazards for consumers.

EDIn = CnxIR xTRn 3)
BW x1000

where 7 represents the toxic metal (Cd or Cr), Cn rep-
resents the toxic metal concentration in plant samples (mg/
kg), IR represents the plant’s uptake rate (11.4 g/person/day),
TRn represents the toxic metal transference rate, and BW rep-
resents an adult person’s average body weight (70 kg). The TR
values used in this investigation are 6.6% for Cd and 42% for
Cr (Gruszecka-Kosowska and Mazur-Kajta, 2016; Li et al.,
2015; Zhang et al., 2018).

THQ was used to quantify the noncarcinogenic impact of
each hazardous metal (Ozyigit et al., 2018), using the follow-
ing equation:

EDIn

n

THQn = (4)

where n represents the toxic metal (Cd or Cr) and EDIn
represents the estimated daily intake of the toxic metal. A
THAQ score below 1 indicates no significant risk of carcino-
genicity for the exposed population. The overall risk posed
by various toxic metals to human health from consuming
vegetables could result from exposure to several pollutants.
To evaluate the cumulative health risks, including car-
cinogenic effects from multiple toxic metals, the HI was
utilized.

HI = ¥ THQn = THQCd + THQCr (5)

In this equation, HI denotes the overall health risk from
exposure to toxic metals. An HI value <1 suggests that the
likelihood of harmful health effects from these metals is rel-
atively low. Conversely, an HI value >1 indicates a higher
probability of adverse health effects due to toxic metals.

2.6. Evaluation of recommended dietary allowance values

To determine the dietary reference intake potentials of A.
cepa L., B. oleracea var. gongylodes, Lablab purpureus, Beta
vulgaris L., R. sativus, B. oleracea, B. oleracea var. botrytis, 12
vulgaris, and M. charantia used as daily food among the plants
examined in this study, recommended dietary allowance
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Mineral content in winter-grown vegetables.
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Sl. No. Common name Scientific name Family Mineral concentration (mg/kg)
Mn Cd Cr Ca Zn
1 Onion Allium cepa L. Alliaceae 72.2+0.14 0.45 +0.0001 3.45 +0.023 330.9 £ 0.176 20.85 + 0.004
2 Kohlrabi Brassica oleracea Cruciferae 111.8 + 0.001 1.1 +0.0002 8.7 +£0.008 118.5 + 0.0488 53.85 + 0.006
var. gongylodes
3 Indian beans Lablab purpureus Fabaceae 77.7 +0.013 0.5 +0.0005 5.75+0.115 1019 + 0.243 39.1 +0.004
4 Beetroot Beta vulgaris L. Chenopodiaceae  129.6+0.014 1.5+ 0.0008 7.6 +0.0083 501 + 0.042 50.95 + 0.001
5 Radish Raphanus sativus Brassicaceae 68.9+0.0028  0.95+0.0013  6.9+0.0167 384.7 +0.104 34.5 +0.0007
6 Wild cabbage Brassica oleracea 94.9 £ 0.0031 0.8 £ 0.0003 24.2+0.153 169.55 £ 0.1418  29.35 + 0.0102
7 Cauliflower Biassica oleracea 70.7 +0.009 1.05+0.009  8.65+0.0214 619 £0.019 12.6 +0.035
var. botrytis
8 Common beans  Phaseolus vulgaris Fabaceae 149.5 £ 0.77 0.25 +0.001 8.6 +0.0295 280.55+0.116 31.55 +0.007
Bitter Gourd Momordica charantia ~ Cucurbitaceae 62.6 £ 0.001 0.65 + 0009 6.95 + 0.0087 313.4 £ 0.055 26.4 +0.003

(RDA) values were calculated for Ca, Mn, and Zn [37], using
the following equation:

MV

1
RDA(%) =—— 00
10

_ 6
) RDAst ©)

where, RDA (%) is the RDA percentages in 100 g/dw,
MYV is the mineral values in the studied plant samples (mg/
kg or ppm), and RDAst is the international standard for RDA
values (mg/100 g/dw).

3. RESULTS AND DISCUSSION

The mineral contents of the nine winter-grown vege-
tables analyzed in this study are summarized in Table 4.
Plants require low concentrations of heavy metals to main-
tain their normal biochemistry and physiology. However,
higher amounts of these elements can be harmful for both
plant metabolism and human consumption (Nzediegwu
et al., 2020). Long-term heavy metal exposure in plants can
generate ROS, which can cause lipid peroxidation, enzyme
inactivation, DNA damage, reduced respiration and gaseous
exchange, reduced photosynthesis, water imbalance, and
disrupted carbohydrate and nutrient uptake metabolisms.
This can cause visible symptoms such as root blackening,
necrosis, chlorosis, wilting, stunted plant growth, senes-
cence, reduced biomass production, limited seed numbers,
and even death. Excess Cd, Mn, or Zn intake can adversely
affect multiple organ systems, including renal, neurological,
and cardiovascular functions, as reported in previous toxico-
logical studies (Altundag and Ozturk, 2011; Benitez et al,,
2010; Egamberdieva and Oztiirk, 2018; Gruszecka-Kosowska

and Mazur-Kajta, 2016; Giiveng et al., 2012; Li et al., 2015;
Moelling and Broecker, 2020; Nzediegwu et al., 2020;
Ogzyigit et al., 2018; Wang et al., 2021; Zhang et al., 2018).
Similar environmental contamination patterns have been
observed in aquatic ecosystems, such as the heavy metal pol-
lution documented in the Black Sea (Irshath et al., 2023).
Therefore, while these minerals (except Cd) are essential for
human physiology, it is crucial that their quantities remain
within specified limits. Excessive levels of these minerals can
lead to various health issues, indicating the importance of bal-
anced mineral intake for maintaining optimal health.

The human body requires at least 20 minerals for proper
metabolic functioning. Plants are the primary natural provid-
ers of these vital elements (Miikemre et al., 2015). Table 5
shows the RDA values for Ca, Mn, and Zn in A. cepa L., B.
oleracea var. gongylodes, Lablab purpureus, Beta vulgaris L., R.
sativus, B. oleracea, B. oleracea var. botrytis, P vulgaris, and M.
charantia, which are commonly consumed in West Bengal.
The plants are arranged according to the detected RDA values
(highest to lowest) as follows. Ca was detected in L. purpureus
> B. oleracea var. botrytis > B. vulgaris L. > R. sativus > A.
cepa L. > M. charantia > P vulgaris > B. oleracea > B. olera-
cea var. gongylodes. Zn was detected in B. oleracea var. gongy-
lodes > B. vulgaris L. > L. purpureus > R. sativus > I vulgaris
> B. oleracea > M. charantia > A. cepa L. > B. oleracea var.
botrytis. Mn was detected in P vulgaris > B. vulgaris L. > B.
oleracea var. gongylodes > B. oleracea > L. purpureus > A. cepa
L. > B. oleracea var. botrytis > R. sativus > M. charantia. These
plants are noted for their edible nature, which highlights their
potential use as nutritional supplements.

Calcium (Ca) plays a crucial role in human health by influ-
encing intracellular and extracellular processes, including the
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Table 5

Average level of selected minerals and %RDA values (mg/100 g) in the studied winter-grown vegetables.

SL. No. Scientific name RDA Zn Mn Ca

Amount %RDA Amount %RDA Amount %RDA

1 Allium cepa L. Zn: 11 mg/100 g 20.85 18.95 72.2 313.91 330.9 331

2 Brassica oleracea var. gongylodes Mn: 2.3 mg/100 g 53.85 48.95 111.8 486.09 118.5 1.19
Ca: 1000 mg/100 g

3 Lablab purpureus 39.1 35.55 77.7 337.83 1019 10.19

4 Beta vulgaris L. 50.95 46.32 129.6 563.48 501 5.01

5 Raphanus sativus 34.5 31.36 68.9 299.57 384.7 3.85

6 Brassica oleracea 29.35 26.68 94.95 412.83 169.55 1.70

7 Brassica oleracea var. botrytis 12.6 11.45 70.7 307.39 619 6.19

8 Phaseolus vulgaris 31.55 28.68 149.55 650.22 280.55 2.81

9 Momordica charantia 26.4 24.00 62.6 272.17 313.4 3.13

RDA, recommended dietary allowance.

development, growth, and preservation of teeth and bones,
as well as cytoskeleton integrity (Hakeem, 2018). It regulates
vitamin D absorption, intracellular enzyme activity, and neu-
ral transmission (Kumar et al., 2018). Calcium insufficiency
can cause congestive heart failure, cardiac arrhythmias, scurvy,
sarcopenia, rickets, and osteoporosis in humans (Maurya et al.,
2019). Dairy products are rich in calcium, with the recom-
mended daily intake of 1000 mg. Our study indicated that
B. oleracea var. gongylodes had the lowest RDA value for Ca
(1.19%), while L. purpureus had the highest (10.19%; Table 5).

Manganese (Mn) is crucial for enzyme synthesis and activa-
tion, antioxidant defense, glucose and lipid metabolism, bone
growth, hematopoiesis catalysis, immunological response, and
neurological activities (White and Broadley, 2009; Ciosek
et al., 2021). Dietary sources of Mn include cereals, rice,
tea, and nuts. Mn deficiency can cause birth defects, reduced
development and fertility, poor bone formation, aberrant gly-
cosylation patterns, glucose and lipid metabolism, skeletal
difficuldies, and overall psychomotor impairment (Baj et al.,
20205 Ciosek et al., 2021; Hosny et al., 1996; Wrzosek et al.,
2019). The recommended daily intake of Mn is 2.3 mg for
men and 1.8 mg for women, according to a study by Shenkin
(Li and Yang, 2018). Our study indicated that Mn RDA
value was the highest (650.22%) in P vulgaris and the lowest
(272.17%) in M. charantia (Table 5).

Zinc (Zn) is essential for bone construction, protein syn-
thesis, immune system function, DNA synthesis, cell divi-
sion, and pregnancy development, as well as growth during
childhood and adolescence. It is involved in about 300 metal-
loenzymes, including Zn matrix metalloproteinases. Oysters,
whole grains, crab, red meat, and beans are common sources
of zinc in the diet (Bowman et al., 2011; Liu et al., 2021;
Shenkin et al., 2003). According to WHO, the recommended

daily intake of zinc is 11 mg for men and 8 mg for women.
Our results show that B. oleracea var. botrytis has the lowest
RDA value of Zn (11.45%), whereas B. oleracea var. gongy-
lodes has the highest (48.95%) (Elements and Health, 2019;
Kandasamy et al., 2020).

More than 60% of the world’s population is considered
to be iron (Fe) deficient, while over 30% are zinc (Zn) defi-
cient. Great deficiencies in Ca, Mg, and Cu are prevalent
in both industrialized and developing countries (Miikemre
et al., 2015). Our RDA results indicate that the plant species
assessed in this study have high potential for acting as supple-
ments of critical trace elements.

Chromium (Cr) is a crucial minerals with many sites of
action and has a vital biological activity which is necessary
in glucose homeostasis (Shayganfard et al., 2022). It regulates
insulin and blood glucose levels by stimulating the insulin sig-
naling pathway and metabolism, thereby improving insulin
sensitivity. Modulation of lipid metabolism by Cr in periph-
eral tissues may represent an additional novel mechanism of
action (Ozyigit et al., 2018). Deficiency of Cr or its biological
active form has been implicated in the pathogenesis of insulin
resistance and diabetes (Shayganfard, 2020).

Cadmium (Cd) is another harmful heavy metal that can
significantly reduce plant output at concentrations between
5 and 30 mg/kg. It is becoming increasingly popular because
of its widespread presence in water, soil, milk, food products,
medicinal plants, and herbal products. Cadmium accumulates
in soil and plants from various sources, including phosphate
fertilizers, nonferrous smelters, lead and zinc mines, sewage
sludge application, and fossil fuel combustion (Plum et al,,
2010). Our study reveals that all examined plant samples had
Cd concentrations within the WHO (2007) permissible limit
for raw herbal material (0.3 ppm Cd) (Moon et al., 2022).
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Table 6
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EDI (mg/kg/day), THQ of Cd, Cr, Ni, and Pb and HI values for adults associated with the consumption of winter-grown vegetable

samples in the study.

Sl. No. Species Cr Cd HI
EDI THQ EDI THQ
1 Allium cepa L. 0.000236 0.00944 0.000005 0.00071 0.10
2 Byassica oleracea var. gongylodes 0.000595 0.02380 0.000012 0.00171 0.16
3 Lablab purpureus 0.000393 0.01572 0.000005 0.00071 0.13
4 Beta vulgaris L. 0.00052 0.02080 0.000016 0.00229 0.15
5 Raphanus sativus 0.000472 0.01888 0.00001 0.00143 0.14
6 Brassica oleracea 0.001665 0.06660 0.000009 0.00129 0.26
7 Byassica oleracea var. botrytis 0.000592 0.02368 0.000011 0.00157 0.16
8 Phaseolus vulgaris 0.000588 0.02352 0.000003 0.00043 0.16
9 Momordica charantia 0.000475 0.01900 0.000007 0.00100 0.14

EDI, estimated daily intake; HI, hazard index; THQ, target hazard quotient.

Our investigation revealed that the EDI, THQ, and HI
values for the commonly consumed winter-grown vegetables
in West Bengal were generally within acceptable ranges. The
THAQ levels and cumulative HI values for Cd and Cr indicate
that exposure of adults to these two hazardous heavy metals
is typically within acceptable limits for deleterious effects.
Table 6 shows that A. cepa L. had the lowest HI value (0.10),
whereas B. oleracea had the highest HI value (0.26) among
the winter-grown vegetables examined in this study.

However, it is important to note that certain combinations
of vegetables with higher Cd and Cr content could poten-
tially exceed recommended HI values if consumed together.
For instance, simultaneous consumption of B. oleracea (HI =
0.26), B. oleracea var. botrytis (HI = 0.16), Beta vulgaris L
(HI = 0.15), M. charantia (HI = 0.14), P vulgaris (HI = 0.16),
and B. oleracea var. gongylodes (HI = 0.16) could result in a
cumulative HI value exceeding the recommended range of
one.

Assessing the hazardous index of toxic metals in vegetables
is crucial for determining their impact on human health and
accurately estimating their uptake through traditional use.
This study underscores the importance of not only individual
vegetable HI values but also the potential effects of consum-
ing multiple high-HI vegetables simultaneously.

4. CONCLUSIONS

Anthropogenic activities such as mining, intensive agri-
culture, and fossil fuel combustion can lead to heavy metal
contamination in soils, influencing the mineral profile of
vegetables. The presence of highly toxic metals in soil poses

natural resources for human health

significant risks to wildlife and human health, as consum-
ing contaminated plants can be harmful. At the same time,
the distribution of a sufficient quantity of essential minerals
among commonly consumed seasonal vegetables is equally
important for understanding their nutritional value.

To mitigate the risk of collecting contaminated vegetables,
especially when sourcing therapeutic and aromatic herbs,
it is crucial to select clean and remote areas. Ideal locations
include rural areas near rivers and mountains, away from
highways, mining operations, and industrial zones. Regular
monitoring of heavy metal levels in vegetables through peri-
odic analyses is essential, with results shared with local com-
munities and resource managers. In this study, all examined
winter-grown vegetables from West Bengal had mineral con-
centrations within internationally accepted safety limits, with
notable variation among species. Heavy metal concentrations
in the vegetables assessed were within acceptable levels.

Future research should focus on two key areas to address
the limitations of this study. First, this study focused on a
single region of West Bengal. Therefore, further investiga-
tions are required to explore the mineral content in vegetables
across different regions to ensure that both heavy metal and
beneficial mineral content are within safe limits. Comparison
of the present findings with vegetables grown in other regions
will offer a more comprehensive perspective on mineral qual-
ity and safety. Additionally, information on the distribution
of essential minerals among various seasonal vegetables will
enhance the knowledge of their nutritional value and contrib-
ute to more informed dietary choices. Second, although the
vegetables selected for the present study are typically grown in
winter, modern agricultural techniques now enable many of
them to be grown year-round. Therefore, future investigations
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are necessary to evaluate the consistency in the essential min-
eral content of winter-grown vegetables compared to those
grown in other seasons.
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