Mineral and Heavy metal analysis of Raphanus sativus L. microgreen grown in soil of eight different districts of West Bengal
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ABSTRACT
Microgreens have emerged as potent ‘functional food’ or ‘superfood’ in 21st century. Bioactive compounds and biological activities of microgreens have been explored, but little is known about the mineral profiling. This research aims in comparison of element profile of Radish microgreen grown in soils of different districts of West Bengal. The radish microgreens were cultivated and the mineral content (Ca, Mn, Zn, Se), heavy metal (Cr, Cd, Pb) were analysed using Flame Atomic Absorption Spectrometer. Significant variations (p<0.05) in mineral profile were found in radish microgreens grown in soils of different districts. Major elements determined were Calcium (109.142.18 to 148.111.28 mg/100g); zinc (4.420.04 to 15.890.01mg/100g); manganese (6.620.02 to 8.370.00mg/100g) and Selenium (0.030.01 to 0.0980.02 to mg/100g). South 24 Parganas recorded exceptionally high zinc content in grown microgreens. Chromium concentration was below the toxic limits. Lead and Cadmium was found in negligible amount. Hazard index of microgreen grown in all districts were less than 1. Mostly all investigated microgreens were good sources of mineral with best profile in Purba Medinipur and Hoogly indicating alkaline and saline soil are best for growth. Based on the obtained result, these microgreens can act as dietary supplements for daily mineral intake in future.
Keywords: Radish, Microgreen, agroclimatic, Atomic Absorption Spectroscopy, Mineral, Heavy metal.










1. INTRODUCTION
Nature is the greatest source of remedies to manage and prevent progression of different diseases with 80% of the world rely on natural product for healing as per WHO [1–3]. In the 21st century, microgreens have become novel emerging class of ‘functional food’ characterized with tender, edible seedlings which are harvested at the cotyledonary or early true-leaf stage (2-4 leaf stage), within 7–14 days post-germination [4,5]. These are exceptionally rich in nutrient profile and bioactive components, usually much higher than their mature counterparts. The increased demand of microgreen is due to compact growth period, minimal space requirement, low input cost, year-round cultivation, ready to consume, and dense nutritional profile [6–8].
The microgreens germinated from Raphanus sativus L., (radish), belonging to the Brassicaceae family is promising for its nutritional content and therapeutic applications. These have peppery, mild flavor and crisp texture and dense phytochemical content including glucosinolates, ascorbic acid, anthocyanins, chlorophylls. The glucosinolate content in radish microgreens has cancer-preventive effects and boosts immune function [9,10]. Radish was selected for microgreen studies is due to several factors rapid germination, high adaptability of growth, consistent growth patterns, high germination rates exceeding 85%, and exceptional nutritional density. The mineral profile of these radish microgreens has not yet been explored which gives the novelty to the work.
Minerals are required for maintenance of normal functioning and homeostasis of human body [11]. Essential minerals are of two types, macrominerals (required >100mg/day) like Ca, Mg, Na, K, P, S and microminerals (required <100mg/ day) like Zn, Mn, Fe, Cu, Se. These minerals serve as cofactor of over 300 enzymes and are vital for human metabolism, immune modulation, enzymatic function, and antioxidant defense [12,13]. Deficiency in intake of mineral causes several health issues and suppressed immunity [14–17]. Thus, Food Drug Administration offers RDA or recommended daily intake of these minerals. Calcium being macromineral should be in-taken at least 1.3g per day, followed by microminerals like Zinc (11mg/day); Manganese (2.3mg/day); Selenium (5.5g/day). Excess of mineral intake also causes several health issues [18–21]. Conversely, consumption of heavy metals (density>4.0) like Cr(VI), Cd, Pb, As, Hg should be also monitored and if consumed above safe limits, causes neurological damage, kidney dysfunction, carcinogenic effects and most importantly bioaccumulation. Thus, regulation of the mineral intake should be strictly monitored [22,23].
Plants and natural products are sources of minerals. These minerals are up taken from the soil by roots during the growth [24]. Minerals play important role in structural development and physiological processes of plants too. For example, Manganese is important for chlorophyll functioning . The mineral content in soil depend on several factors: Edaphic (soil-related factors) like pH, texture, organic matter content, nitrogen content, moisture and aeration; Geographical factor like altitude, soil type, temperature, rainfall; Microecological factors (microbes in soil and their interactions); and anthropogenic factors (human activities) like fertilizer use, pesticides, industrial discharge, pollution and contaminants [25,26].
West Bengal, an eastern state of India is washed by Bay of Bengal at South and drained by river Ganges too. Himalayas provide completely different ecosystem in North of Bengal as compared to South Bengal. Thus, broad classification of the agroclimatic region formed seven zones including hill zone (Northern districts); Terai and Teesta Alluvial Zone, Gangetic Alluvial Zone (Old and New), Vindhyan Alluvial Zone, Undulating Red Laterite Zone (Western Districts), and Coastal Saline Zone (Southern Districts) [27,28]. These variations in soil characteristics directly influences the plant mineral content, affecting both essential nutrients and potentially harmful heavy metals. Thus, examining the mineral content of microgreen grown in soil of different district representing different agro-climatic zones helps in determining the region-specific dietary recommendations and understanding soil pattern suitable for growth of microgreen for best nutritional profile.
The current study aims in determining the difference in mineral content of Raphanus sativus L. microgreens when grown in soil of different district of West Bengal and establish correlations between soil characteristics and plant mineral content across different agroclimatic zones, thereby identify optimal growing regions for nutritionally superior and safe microgreen production.

2. MATERIALS AND METHODS
2.1.   Soil collection of different districts
Soil from eight different districts of West Bengal, India, representing four different agroeconomic zones were collected (Fig. 1). The agroclimatic zones represents significant difference in the soil composition [28–30]. The details of the soil collected from different district are shown in Table 1.
Table 1. Geographical location and agroeconomic zone of soil collection from different districts
	Sl. No.
	Different regions of West Bengal
	Agroeconomic Zone
	Latitude and Longitude of soil collection

	01
	South 24 Parganas
	Coastal and Saline Zone
	22.4043° N, 88.4937° E

	02
	North 24 Parganas
	New Alluvial Zone
	22.8895° N, 88.4220° E

	03
	Hooghly
	Old Alluvial Zone
	23.0781° N, 88.2789° E

	04
	Nadia
	New Alluvial Zone
	23.4013° N, 88.5021° E

	05
	Paschim Medinipur
	Coastal and Saline Zone
	22.6601° N, 87.7370° E

	06
	Purba Medinipur  
	Coastal and Saline Zone
	22.1887° N, 87.9190° E

	07
	Birbhum
	Red and Laterite Zone
	23.6776° N, 87.6852° E

	08
	Burdwan
	Old Alluvial Zone
	23.2325° N, 87.8634° E
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Fig. 1. Different districts representing different agroeconomic zone used for microgreen cultivation
2.2.  Physio-chemical properties of soil analysis
Different physical and chemical properties of soil collected from different locations as mentioned in Table 1 were examined [31]. The bulk density of the soil was determined followed by pH of the soil using pH meter (DBP ATC Model 10PHM11). The electrical conductivity was determined using conductivity bridge with Potassium Chloride (EMPARTA®) as standard [32]. The total nitrogen was determined using the Kjeldal methods [33]. The moisture content and organic carbon content of the soil was also determined by titrimetric analysis using diphenylamine indicator [34].
2.3.  Microgreen growth and collection
The soil was placed in germination tray evenly with depth 8inches and length and breadth of 12 inches each. Radish or Raphanus sativus L. seeds were procured from registered vendors. These seeds were sown in the soil of different districts evenly and were watered for 3.00.4mL/cm2. The temperature of the growth was maintained around 352oC with at least 6 hours of direct-diffused sunlight exposure. Humidity of the growing condition was maintained around 70-74%. 
Daily the growth of saplings was observed. The small saplings were harvested at 2-4 leaf stage (Fig. 2). They were cleaned using tissue paper, the roots were cut off and the aerial portion was dried in hot air oven for 24 hours at 60oC and the moisture content and dry weight were noted.
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Fig. 2. Microgreen growth and collection
2.4. Sample Digestion for mineral content analysis
0.5g of the accurately weighed dried microgreens were taken using digital weighing balance (Wensar PGB220). They were ground in mortar and pestle and sieved through mesh size 100. These samples were heated with 10mL 69% nitric acid (Emplura (1.93406.2521)) at 130oC for 30 minutes on a hot plate (TEMPSTAR KH-701 C), followed addition of 5mL 60% perchloric acid (Emparta (1.93004.2500)) and heated for 10 minutes. The resultant solution was cooled and diluted with blank solution (2%v/v nitric acid) upto 50mL and filtered with Whatman filter paper Grade 1. This prepared the sample for analysis using Flame Atomic Absorption Spectroscopy (PerkinElmer – PinAAcle 500) to determine the mineral content [26,35].
2.5.  Calibration of Atomic Absorption Spectroscopy
For determination of mineral content, Flame Atomic Absorption Spectrometer (PerkinElmer – PinAAcle 500) was used. Minerals that were analysed includes micromineral like Calcium; trace elements like Zn, Mn, Se and heavy metals like Cr, Cd and Pb. The working conditions of the instrument is summarized in Table 2.
Table 2. Working parameters of Flame AAS
	Analytical parameter
	Value/mode
	Trace element
	Wavelength (nm)

	Slit Width (nm)
	0.2 nm
	Calcium (Ca)
	422.67

	Fuel
	Nitrous oxide-acetylene
	Zinc (Zn)
	213.86

	Oxidant flow (N2O)
	6 L/min
	Manganese (Mn)
	279.48

	Acetylene flow
	7.5 L/min
	Selenium (Se)
	196.00

	Flame temperature
	2100-2400 C
	Chromium (Cr)
	357.87

	Sample flow rate
	1.3 ml/min
	Cadmium (Cd)
	228.82

	Replicate
	3
	Lead (Pb)
	217.08



The instrument was calibrated by developing calibration curve using different concentration (0.2 - 2mg/mL) standard stock solution of Calcium, Zinc, Manganese, Selenium, Chromium, Cadmium and Lead (LOBA Chemie). Reagent blank solution was used to correct the instrument reading. The Limit of Detection (LOD), Limit of Quantification (LOQ), Relative Standard Deviation (RSD) and regression coefficient was determined by the given formula [36]. 
LOD = 3.3 * (SD / S)										(1)
LOQ = 10 * (SD / S)										(2)
Here, SD is the standard deviation of ten blank reading for each mineral and S is the slope of calibration curve. 2.2 and 10 are the proportionality constants.
Further the instrument was validated recording the mineral content of known standard solutions.
2.6.  Dietary Value Calculation of microelement and microelements
According to the reports of FAO-WHO, the limits of intake of Ca, Zn, Mn and Se are 1300, 11, 2.3mg/day and 5.5g/day. Based on these values, the percentage of Recommended Dietary Intake fulfilled by consumption of 100g of the microgreen was calculated as %RDA [37].
RDA (%) = (MV/RDAstd)  100%								(3)
Where, RDA (%) is the percentage of recommended dietary allowance fulfilled by consuming 100g of microgreen; MV is the mineral value of the microgreen in mg/100g and RDAstd are the standard value of Dietary Intake mentioned by WHO in mg/day.
The Estimated Daily Intake is the amount of mineral consumed by consuming the RACC (Recommended Amount Customarily Consumed) amount of microgreen, which is 85g/day. So, EDI is given as:
EDI (mg/day) = (MVRACC)/100								(4)
The Nutrition Contribution is defined as the percentage of recommended daily intake consumed on consuming the RACC amount of plant material. It is given as
NC% = EDI/ RDAstd										(5)
2.7.  Toxicity Value Calculation of Heavy Metals
Toxicity induced by consumption of these microgreens can be expressed in terms of Estimated Daily Intake (EDI), THQ or the Target Hazzard Quotient and the Hazard Index (HI), which are given as [38]:
EDI (mg/kg/day) = [MV × RACC × TR]/ (BW × 1000)					(6)
Here, MV is the Mineral content determined in mg/kg and RACC value is in g/day. BW is the body weight of adult human being with is 70kg in average [39]. TR is the transference rate of toxic metal which is normally given as 19.8% for lead, 6.6% for Cadmium and 42% for chromium [38,40,41].
The Target Hazzard Quotient is given by
THQ = EDI/RfD										(7)
The RfD value is the reference allowed intake of heavy metals in mg/kg/day value for an adult human being and EDI is the Estimated Daily Intake calculated for heavy metal. The EDI and THQ for all different heavy metals were measured.
Hazzard Index is the summation of Target Hazzard Quotient of all the heavy metals. HI<1 indicates that the product is safe to be consumed with no chances of carcinogenicity and mutagenicity. If HI>1, it indicates that the toxic effects of the heavy metals are quite likely to occur when consumed [26].
HI = THQCr + THQCd + THQPb								(8)
2.8.   Statistical Analysis
All readings were taken in triplicates to maintain validity and were expressed in Mean  SEM values. Correlation matrix was performed using the mean values. ANOVA studies were done using Graphpad Prism 10.4.2.

3. RESULTS AND DISCUSSION
3.1.   Soil Analysis
The different physiochemical properties including pH, bulk density, nitrogen and carbon content and other properties of soil collected from different districts were estimated. The details are shown in Table 3.
Table 3. Physiochemical analysis of soils of different districts
	Sl No.
	Soil sample
	pH in water
	Electronic Conductivity (ds/m)
	Organic 
Carbon (%)
	Available 
N (kg/ha)
	Moisture Content (%)
	Bulk Density
 (g/cm3)

	1.
	South 24 Parganas
	7.3
	0.17
	0.363
	120.18
	6.04
	1.23

	2.
	North 24 Parganas
	7.8
	0.28
	0.909
	210.52
	9.68
	1.10

	3.
	Hooghly
	6.64
	0.32
	0.924
	250.95
	10.46
	1.24

	4.
	Nadia
	8.1
	0.23
	0.287
	184.56
	12.5
	1.27

	5.
	Paschim Medinipur
	8.13
	0.24
	0.921
	238.33
	13.51
	1.04

	6.
	Purba Medinipur
	8.23
	0.19
	0.454
	112.90
	10.01
	1.07

	7.
	Burdwan
	5.23
	0.44
	0.681
	247.31
	11.50
	1.11

	8.
	Birbhum
	6.58
	0.12
	0.833
	213.25
	12.00
	1.20


The detailed analysis revealed the differences in the characteristics of soil with soil of Burdwan to be most acidic (pH = 5.23) with quite high Nitrogen content (247.31 kg/ha) in it. The soil of South 24 parganas was the most neutral (pH = 7.3) with least organic carbon in it (0.363%). In terms of alkalinity, Purba Medinipur soil is highly alkaline with pH 8.23, indicating its salinity owing to its proximity to Bay of Bengal [42]. It is due to repeated leaching and sea water intrusion, that the soils of Purba Medinipur and South 24 Parganas have lower content of Nitrogen and Carbon. This also indicates its appropriateness of cultivating crops which suits best in saline region [43]. The soil of Birbhum and Burdwan district have comparable properties, except their pH. Agroclimatic zone of New Alluvial soil, like North 24 Parganas showed very high carbon content of about 0.909% indicating its rich and fertile alluvial layer. Moreover favourable pH of 7.8 boosts growth of most of crops.
3.2.  Collection of Microgreen
The full-grown microgreens are harvested within the stipulated time of 7-14 days. Equal number of seeds were evenly distributed to assure uniformity in growing conditions of the microgreens. The germination pattern of the seeds in soils of different districts of West Bengal are shown in Table 4.
Table 4. Germination Details of Radish Microgreen in different districts
	Different region of WB
	Seed sowing density (Number /cm2 soil)
	Total Number of seeds sown
	Duration of growth of >50% total seeds (in days)
	% of Germination (%)
	Moisture content
	Dry weight (g)

	South 24 parganas
	2
	180
	8
	 86.23
	69.42±1.21%
	2.29±0.48

	North 24 Parganas
	2
	180
	9 
	 89.46
	67.03±2.16%
	2.31±0.31

	Nadia
	2
	180
	7
	 90.11
	57.13±1.94%
	2.75±0.43

	Hooghly
	2
	180
	9
	 73.31
	60.43±0.98%
	2.63±0.82

	Paschim Medinipur
	2
	180
	9
	 83.77
	70.21±1.98%
	2.29±0.18

	Purba Medinipur
	2
	180
	9
	 79.03
	61.29±1.87%
	2.61±0.25

	Birbhum
	2
	180
	8
	 86.97
	62.76±1.77%
	2.58±0.71

	Burdwan
	2
	180
	10
	 80.21
	51.98±2.03%
	2.19±0.20


It was found that the fastest growth of the microgreen was in Nadia district with highest germination percentage of 90% followed by North 24 Parganas. This indicates Alluvial soil to be the fastest grower of the microgreen. On the other hand, in soil of Burdwan district, the microgreens showed bit delayed growth and 50% of the microgreens were full grown within 10 days. Moisture content of microgreen grown in Paschim Medinipur was highest over 90%. The dry weight yield of the samples grown in Nadia district were the highest.
3.3. Quality Assurance
The instrument was calibrated to determine its linearity, precision, range and accuracy. The Table 5 shown indicates the LOD, LOQ and regression coefficient of the instrument.
Table 5. Calibration of the instrument
	Sl. No.
	Trace element
	Relative SD (%RSD)
	LOD (mg/100g)
	LOQ (mg/100g)
	Linearity (R2)

	1
	Calcium (Ca)
	0.062
	0.01058
	0.03209
	0.993728

	2
	Zinc (Zn)
	0.042
	0.00215
	0.00654
	1.000000

	3
	Manganese (Mn)
	0.028
	0.00318
	0.00966
	1.000000

	4
	Selenium (Se)
	0.031
	0.00104
	0.00315
	1.000000

	5
	Chromium (Cr)
	0.024
	0.00481
	0.01459
	0.999725

	6
	Cadmium (Cd)
	0.012
	0.00018
	0.00054
	0.999218

	7
	Lead (Pb)
	0.003
	0.00007
	0.00021
	0.999107


The low relative standard deviation (<0.06%) indicated indicate high repeatability and method precision. Similarly, the low LOD (0.00007 – 0.01058mg/100g) and LOQ (0.00021 – 0.032mg/100g) indicated good detectability and suitability for trace element analysis in sample over wide range. Regression coefficient in each case of mineral analysis (r2>0.999) showed excellent linearity of the instrument and this indicates high accuracy and reliability of the AAS method.
The further internal validation was assured by measuring the mineral content using the instrument for five different solutions of known mineral concentration. The recorded mineral contents were in permissible limits of recovery (90-110%).
3.4.   Mineral Content Analysis in Microgreen
Table 6 represents the content of Ca, Mn, Zn, Se, Cr, Cd and Pb in microgreen grown in eight districts of West Bengal.
Table 6. Mineral content in radish microgreen grown in soil of different district of West Bengal in mg/100g [Mean  SEM]
	Sl. No.
	Different Region of WB
	Calcium (Ca)
	Zinc (Zn)
	Manganese (Mn)
	Selenium (Se)
	Chromium (Cr)
	Cadmium (Cd)
	Lead (Pb)

	01
	South 24 Parganas
	121.332.12a
	15.890.01a
	6.620.02c
	0.0640.01bc
	1.270.02c
	0.00110.00cd
	0.00060.00d

	02
	North 24 Parganas
	132.123.81e
	5.340.21ab
	7.740.10ab
	0.0980.02e
	1.210.03bc
	0.00160.00c
	0.00040.00c

	03
	Hooghly
	138.291.85a
	5.230.00ab
	8.370.00ab
	0.0480.01d
	1.590.01b
	0.00090.00b
	0.00020.00de

	04
	Nadia
	119.051.39ab
	6.660.03ac
	6.870.04ab
	0.0740.00c
	1.780.00c
	0.00100.001ab
	0.00030.00c

	05
	Paschim Medinipur
	135.950.98a
	6.220.00ae
	8.06  0.02cd
	0.0690.02c
	1.370.01c
	0.00200.001c
	0.00080.00ab

	06
	Purba Medinipur
	148.111.28d
	4.420.04ab
	7.71  0.00ad
	0.0570.01bc
	1.330.02c
	0.00210.001c
	0.00020.00c

	07
	Birbhum
	109.142.18e
	8.760.09c
	6.73  0.01b
	0.0310.01abc
	0.620.00de
	0.00150.00c
	0.00070.00c

	08
	Burdwan
	120.132.95a
	6.520.11bc
	7.92  0.00d
	0.0940.01c
	2.510.01c
	0.00280.00c
	0.00080.00ab


Values followed by different alphabets represents, they are statistically significant with p<0.05. 
Microgreen of radish, grown in different soil of eight districts of West Bengal shows significance differences in them. This highlight the fact that change in agroclimatic zone is associated with change in mineral content in the plants grown on them. 
3.4.1. Macroelement analysis
Calcium was the only macronutrient that was analysed. Calcium, a crucial macronutrient involved in bone health, neuromuscular function, and intracellular signalling. It is important for bone health, skeletal muscle contraction, blood clotting and cardiac muscle contraction [44–46]. Normally, for human body, 1.3g Calcium should be daily consumed. It was found that growing the same plant in different soil caused variation in Calcium content from 109.142.18mg/100g (Birbhum) to 148.111.28 mg/100g (Purba Medinipur). The Calcium content of radish microgreen varies as Purba Medinipur> Pashchim Medinipur> North 24 Parganas> Hoogly> South 24 Parganas> Burdwan> Nadia> Birbhum. This emphasized on the fact that saline or alkaline soil have better calcium content than acidic soil. Birbhum due to lateritic and acidic soil composition have lesser Calcium content in them, leading to prone to calcium deficiency.
3.4.2. Trace element analysis
Trace elements and microminerals have several significant roles in our body and are required less than 100mg daily. Zinc (Zn) is the most abundant trace element, with daily dietary intake of atleast 11mg. It plays important role as cofactor of several enzymes including antioxidants like superoxide dismutase and digestive enzymes like carboxypeptidase [47–49]. The content of zinc ranged significantly from 4.420.04mg/100g (Purba Medinipur) to 15.890.01mg/100g (South 24 Parganas). South 24 Parganas is a district drained by Gangetic alluvial soil at North and shore of Bay of Bengal at south. Thus, the higher zinc content might be due to favorable chelation with humous which increases zinc uptake of plant from soil. Constant leaching of soil nutrient and sea water entry to soil make Purba Medinipur soil lesser Zinc rich.
Manganese is also associated with antioxidant enzymes, blood clotting and several other biological processes [50–52]. It was found that highest Manganese content was in Hoogly district 8.370.00mg/100g which might be due to the rich fertile alluvial deposits of river Ganges. On the other hands South 24 Parganas showed lowest Manganese content (6.620.02 mg/100g). This might be because of organic matter that binds Mn that limit its uptake. Manganese is essential for photosynthesis. Thus, manganese rich microgreen may offer superior nutraceutical benefits. Overall manganese content is quite less in radish microgreens.
Therapeutic role of Selenium as trace element is known for its antioxidant, role in iodine metabolism and immune-modulating roles [53–55]. In the grown radish microgreens, North 24 Parganas showed highest Selenium content (0.0980.02mg/100g) which might be because of selenium-enriched soils or proximity to anthropogenic activities like industrial emissions. All the plants showed Selenium content in safe range of daily consumption.
Plants uptake minerals during their growth from soil through their root. So, apparently the mineral content in aerial part of plant is comparatively less concentrated than their roots. The variations in the mineral content might be because of several factors. The difference is attributed to differences in soil composition, fertility, pH, organic matter content, microecological and anthropogenic activities [26]. 
3.4.3. Heavy Metal analysis
Limitation and regulation of heavy metal intake is absolutely necessary to maintain healthy well-being. Chromium apart from being a heavy metal, is extremely essential in glucose metabolism in trivalent form forming chromodulin complex. Chromium (III) is beneficial, while Chromium (VI) is generally toxic [56,57]. Birbhum (0.62 0.00mg/100g) and South 24 Parganas (1.27 0.02mg/100g) recorded lower Cr levels, while Burdwan showed highest concentration of chromium (2.510.01mg/100g) which might be due to industrial emissions or weathering of Cr-rich minerals. 
Cadmium is non-essential toxic mineral [58,59]. In the grown radish microgreens, it ranged from 0.00090.00 mg/100g (Hooghly) to 0.00280.00 mg/100g (Burdwan), which might be due to industrial effluents and phosphate fertilizer overuse. Overall concentration of cadmium is in safe limits which is offered as 0.003mg/kg/day.
Lead content was significantly low in microgreens grown in all the districts and ranged from 0.0002–0.0008 mg/100g. Though Burdwan recorded the highest lead burden, it is within the safe limits indicating the safety in consumption and lesser chances of lead accumulation in human body [60,61].
3.5.   Pearson Correlation Matrix
Based on the mineral content determined in microgreens grown in soil of different districts, Table 7 shows the Pearson correlation matrix.
Table 7. Correlation matrix of minerals found in radish microgreen
	 
	Ca
	Zn
	Mn
	Se
	Cr
	Cd
	Pb

	Ca
	1.00000
	
	
	
	
	
	

	Zn
	-0.51617
	1.00000
	
	
	
	
	

	Mn
	0.696225
	-0.70503
	1.00000
	
	
	
	

	Se
	0.14329*
	-0.21775
	0.358625
	1.00000
	
	
	

	Cr
	0.061414
	-0.22915
	0.40717
	0.659675**
	1.00000
	
	

	Cd
	0.124036
	-0.32511
	0.368795
	0.360664
	0.42854
	1.00000
	

	Pb
	-0.53259
	0.364366
	-0.14207
	0.062371
	0.063831
	0.506051
	1.00000


* Significant at 0.05 probability level and ** Significant at 0.01 probability level
The correlation matrix developed relationships among the minerals and heavy metals in radish microgreens. Strong positive correlation was found between calcium (Ca) and manganese (Mn) (r = 0.696); Selenium (Se) and chromium (Cr) (r = 0.659) indicating their uptake in synergistic manner and are influenced by similar physiochemical characteristics. Moderate negative correlation was found between Calcium and Zinc (r = -0.516); and Cadmium and zinc (r = -0.325) indicating potential competitive antagonism during absorption by roots. Notably Pb showed a negative correlation with Ca (r = –0.533), indicating Calcium uptake inhibited lead accumulation in roots. Positive correlation between all heavy metals exhibited similar contamination source or uptake nature. Negative correlation shows independence of the sources of mineral uptake [62].
3.6.  Dietary value calculation
Table 8 elaborates the %RDI (Recommended Dietary Intake), EDI (Estimated Daily Intake), and Nutrient Contribution (NC) calculation of essential minerals found in microgreens.
The %RDI of Calcium ranged from 8.39% (Birbhum) to 11.39% (Purba Medinipur). Thus regular consumption of microgreens of radish can significantly supplement diets. The highest zinc contribution was from South 24 Parganas (144.46% RDI or 122.7% NC). Thus, it might excellent dietary source for immune support and growth. Across all regions, manganese NC exceeded 240% and thus implies strong antioxidant property of microgreens [63]. Radish microgreens offer overall Nutrient Contribution for trace elements like Zn, Mn, and Se, with regional variation (Fig. 3).

Table 8. Dietary values of macromineral and micromineral of microgreens grown in different districts
	District
	Calcium (Ca)
	Zinc (Zn)
	Manganese (Mn)
	Selenium (Se)

	
	%RDI (%)
	EDI (mg/day)
	NC (%)
	%RDI (%)
	EDI (mg/day)
	NC (%)
	%RDI (%)
	EDI (mg/day)
	NC (%)
	%RDI (%)
	EDI (mg/day)
	NC (%)

	South 24 Parganas
	9.333
	103.131
	7.933
	144.455
	13.507
	122.786
	287.826
	5.627
	244.652
	116.364
	0.054
	98.909

	North 24 Parganas
	10.163
	112.302
	8.639
	48.545
	4.539
	41.264
	336.522
	6.579
	286.043
	178.182
	0.083
	151.455

	Hooghly
	10.638
	117.547
	9.042
	47.545
	4.446
	40.414
	363.913
	7.115
	309.326
	105.455
	0.049
	89.636

	Nadia
	9.158
	101.193
	7.784
	60.545
	5.661
	51.464
	298.696
	5.840
	253.891
	134.545
	0.063
	114.364

	Paschim Medinipur
	10.458
	115.558
	8.889
	56.545
	5.287
	48.064
	350.435
	6.851
	297.870
	125.455
	0.059
	106.636

	Purba Medinipur
	11.393
	125.894
	9.684
	40.182
	3.757
	34.155
	335.217
	6.554
	284.935
	103.636
	0.048
	88.091

	Birbhum
	8.395
	92.769
	7.136
	79.636
	7.446
	67.691
	292.609
	5.721
	248.717
	56.364
	0.026
	47.909

	Burdwan
	9.241
	102.111
	7.855
	59.273
	5.542
	50.382
	344.348
	6.732
	292.696
	170.909
	0.080
	145.273




Fig. 3. Nutrient Contribution from Radish microgreens
3.7.   Calculation of toxicities from heavy metals
To calculate the health risks imposed by consumption of microgreen due to the heavy metal consumption, several parameters including Estimated Daily Intake (EDI), Target Hazard Quotient (THQ), and Hazard Index (HI) of Cd, Cr and Pb were estimated as shown in Table 9.
For chromium, Cr (VI) is generally toxic [64]. Based on the observed values, the THQ values of chromium varied from 0.1054 to 0.4267, with the highest in Burdwan and Nadia. The THQ values for cadmium were also very low (maximum 0.002244 in Burdwan), indicating a negligible health risk when consumed. Lead is a potent neurotoxin; the EDI value of lead was also minimalistic with highest of 1.92×10-6 mg/kg/day (Paschim Medinipur and Burdwan) indicating very less chances of lead accumulation [60].
The HI, ranged from 0.1070 (Birbhum) to 0.4294 (Burdwan) which indicated the risk of carcinogenicity. None of the values were close to or crossed 1, indicating that the overall exposure to Cr, Cd, and Pb due to consumption of radish microgreen does not impart carcinogenic health threat.

Table 9: Hazard Index Calculation of Heavy Metals
	 District
	Chromium (Cr)
	Cadmium (Cd)
	Lead (Pb)
	HI

	
	EDI (mg/kg/day)
	THQ
	EDI (mg/kg/day)
	THQ
	EDI (mg/kg/day)
	THQ
	

	South 24 Parganas
	0.000648
	0.2159
	8.8157E-07
	0.00088157
	1.44257E-06
	0.000361
	0.217142

	North 24 Parganas
	0.000617
	0.2057
	1.2823E-06
	0.00128229
	9.61714E-07
	0.00024
	0.207223

	Hooghly
	0.000811
	0.2703
	7.2129E-07
	0.00072129
	4.80857E-07
	0.00012
	0.271142

	Nadia
	0.000908
	0.3026
	8.0143E-07
	0.00080143
	7.21286E-07
	0.00018
	0.303582

	Paschim Medinipur
	0.000699
	0.2329
	1.6029E-06
	0.00160286
	1.92343E-06
	0.000481
	0.234984

	Purba Medinipur
	0.000678
	0.2261
	1.683E-06
	0.001683
	4.80857E-07
	0.00012
	0.227903

	Birbhum
	0.000316
	0.1054
	1.2021E-06
	0.00120214
	0.000001683
	0.000421
	0.107023

	Burdwan
	0.00128
	0.4267
	2.244E-06
	0.002244
	1.92343E-06
	0.000481
	0.429425





CONCLUSION
Microgreens of Raphanus sativus L. (radish) of Brassicaceae family, shows wide variation in nutrient content when grown in soils of different districts representing agroclimatic regions of West Bengal. This indicate strong influence of edaphic (soil-related), agro-climatic, and anthropogenic factors on mineral content in plants. Microgreens grown South 24 Parganas showed highest Zinc content. Radish microgreens grown in soil of Purba Medinipur and Hooghly had highest concentration of minerals, indicating acidic or laterite soil limits mineral uptake in plant which might be due to chelation. So, alkaline and neutral soil of Alluvial zone and coastal saline zone the best soil for growth of radish microgreen. The low levels of Cd and Pb across all districts and the hazard index less than 1 in microgreens grown in all districts confirm the safety of these microgreens for regular consumption. In future, these microgreens can be suggested for dietary intake and nutraceutical derivatives can be prepared for it for human use.
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