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Abstract 
Dietary minerals play an important role in human nutrition and proper metabolism. We grew various Brassica 
crops under field conditions in 2012 and 2013 and analyzed 8 essential minerals from edible tissues of those 
crops. Among the investigated crops, pak choi (Brassica rapa), mustard greens (B. juncea; B. nigra), and 
komatsuna (B. rapa) were generally high in most minerals, according to dry weight-based concentrations. The 
percentage recommended daily intake (RDA) or adequate intake (AI) values, calculated using fresh 
weight-based concentrations, suggest that Brassica vegetables are a good source of iron, calcium, and 
manganese, providing > 20% of %RDA/AI depending on crop. Kale (B. oleracea; B. napus) was generally 
higher in %RDA/AI, in particular for calcium (Ca), phosphorous (P), magnesium (Mg), and manganese (Mn). 
From the 2-year study, days to harvest, growing degree days, total solar radiation, and total precipitation and 
evaporation were found to affect the concentration of Ca, P, Ma, and Me. The results of this study provide a 
direct comparison of the mineral composition of various Brassica crops grown under the same conditions and 
will help consumers’ food choice for better nutritional value.  

Keywords: Brassica vegetables, dietary minerals, essential nutrients, recommended daily intake 

1. Introduction 
Dietary minerals are important nutrients for human health and metabolism. Minerals are present in all body 
tissues and fluids, and they are necessary for proper physicochemical processes (Soetan et al., 2010). Depending 
on their requirement, minerals can be classified as either macro- or trace minerals (U. C. Gupta & S. C. Gupta, 
2014). Some minerals are classified as essential, and insufficient intake of essential minerals can result in major 
health problems, especially for infants and pregnant women (Gernand et al., 2016). According to the World 
Health Organization (WHO), over 2 billion people in the world, most in developing countries, are not meeting 
recommended levels of vitamins and minerals, especially vitamin A, iodine, iron (Fe), and zinc (Zn) (WHO, 
2007). However, mineral deficiency is not only a problem in developing countries. More than 50% of people in 
the US are not getting their recommended daily allowance (RDA) of magnesium (Mg) (Bliss, 2012), and Fe 
deficiency is still common in industrialized countries (WHO, 2001).  

It has been suggested that food-based approaches offer a sustainable means of nutrient supply, and consumption 
of fruits and vegetables might be more effective in chronic disease prevention than the use of supplement 
products such as multivitamins (Hanson et al., 2011). Therefore, a significant amount of work has been done to 
increase mineral levels in plant-based foods. There are multiple ways to fortify minerals in foods (Dwyer et al., 
2014; Gómez-Galera et al., 2010). In the food industry, certain nutrients can be added to foods during processing, 
such as the addition of riboflavin to refined flour and cereal products (Dwyer et al., 2014). However, this 
approach has a limitation in that added nutrients may affect organoleptic properties of foods, such as changes in 
color for iron-added foods or flavor changes when fortified with potassium (Dwyer et al., 2014). Moreover, this 
may not be a suitable method for developing countries since it requires a strong food processing infrastructure 
and increases the food prices (Gómez-Galera et al., 2010). Biofortification is another way to elevate certain 
nutrient levels in foods. For instance, people have worked on developing rice with higher levels of β-carotene, 
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Zn, or Fe via breeding or genetic engineering (Dwyer et al., 2014; Gómez-Galera et al., 2010). This approach 
may be more sustainable and cost effective, although trade barriers and consumers’ perception to genetically 
modified foods may impede this effort (Dwyer et al., 2014; Gómez-Galera et al., 2010). Natural fortification, 
which is the addition of micronutrient-rich products to another food, can be another way to increase nutrient 
levels. Manipulating fertilization regimes would also be a method to elevate mineral concentrations. Although 
there are several ways to elevate mineral concentrations in plant-based foods, many potential limitations persist 
with with these approaches. Understanding mineral composition of each crop provides the baselines and 
establishes the starting point of mineral fortification. 

Brassica crops are important vegetables worldwide. According to the Food and Agriculture Organization (FAO, 
2016), the total production of Brassica vegetables was ranked at 5th, following tomatoes, watermelons, onions, 
and cucumber. In the US, consumption of Brassica vegetables also ranks high among vegetable crops, after 
tomatoes and lettuce (USDA, 2012). The Brassica crops are considered nutritious, in part due to glucosinolates, 
which are known for their anticarcinogenic activity (Gupta & Srivastava, 2012; Ku et al., 2015, 2016). In 
addition, Brassica vegetables provide phenolic compounds, carotenoids, vitamins, and minerals (Kopsell & 
Sams, 2013; Ku & Juvik, 2013; Kim et al., 2017; Frazie et al., 2017). Although there are many studies reporting 
glucosinolate and carotenoid composition and their variation among various Brassica crops and different tissues 
(Liu et al., 2018), studies on essential minerals in various Brassica crops are relatively limited. Available reports 
on Brassica mineral composition are from different growing conditions and analytical methods (Hanson et al., 
2011; Kim et al., 2016a; Kopsell & Sams, 2013). Considering the importance of Brassica crops in human diets, 
the mineral composition of Brassica vegetables needs to be more carefully investigated. Therefore, the objective 
of this study was to determine the mineral composition of edible tissues of Brassica vegetables. Brassica 
vegetables (N = 13) were grown at the same field under identical cultural conditions for the purpose of making 
direct comparisons. Multiple varieties of each crop were grown, when available, to better characterize each crop. 
Additionally, all crops were grown in two growing seasons, so that environmental impact on mineral content 
could be estimated.  

2. Materials and Methods 
2.1 Plant Materials 

Seeds of Brassica crops were obtained from the USDA Germplasm Resources Information Network (GRIN) 
database or purchased from seed companies: Burpee (Warminster, PA) and Sakata Seeds (Morgan Hill, CA). 
Two experimental broccoli varieties were also included; a landrace called ‘Broccolette Neri E Cespuglio (BNC)’ 
and a doubled haploid line called ‘VI-158’ were provided by Dr. Mark Farnham at the USDA-ARS U.S. 
Vegetable Laboratory in Charleston, South Carolina. Crops and cultivars investigated in this study are listed in 
Table 1. Details of growing condition and harvesting methods are described by Becker (2015), and Becker et al. 
(2016). Seeds of all Brassica crops were germinated in flats in the greenhouse facility at the University of 
Illinois at Champaign-Urbana filled with Sunshine® LC1 professional soil mix (Sun Gro Horticulture, 
Vancouver, British Columbia, Canada) and were allowed to grow in the greenhouse for three weeks under a 
25 °C/15 °C day/night temperature regime and 14 hr/10 hr photoperiod with supplemental lighting. After three 
weeks, the flats were moved to raised beds outside for acclimation to the outdoor environment before being 
transplanted into the field at the University of Illinois Vegetable Research Farm (40°04′38.89″ N, 88°14′26.18″ 
W). Transplanting was carried out 15 days after sowing. Varieties were grown in a randomized complete block 
design with three replicates in 2012 and 2013. All plants were supplied with supplemental water via aerial 
irrigation as needed in the first 30 days after transplanting. Mechanical and hand weeding was done as needed. 
Various weather factors were calculated using data from the Illinois State Water Survey (ISWS; 
http://www.isws.illinois.edu) Champaign, IL station. Days to harvest (DTH) were calculated using the transplant 
date as day 0. Growing Degree Days (GDD) were calculated using the formula (Tempmax + Tempmin)/2 – 7.2 °C 
with a ceiling on Tempmax of 29.4 °C (Dufault, 1997). Average air temperature at harvest was calculated using 
the average air temperature data from the ISWS for the day of harvest. All other weather variables (i.e. total solar 
radiation, total precipitation, total evaporation, and total precipitation-total evaporation (estimate of soil 
moisture)) were aggregated from daily data from the ISWS for the period of time from transplant to harvest. 
After harvest, edible tissues (leaves, roots, stems, or stems/florets without soil contamination) were collected 
from five plants for each biological replication, flash-frozen in liquid N2, transported on dry ice from the field to 
-20 °C storage, and kept until those samples could be lyophilized and ground to a powder. Freeze-drying of 
samples was done within two months after sample harvest.  
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Table 1. Cultivars and plant introduction (PI) numbers used in this study 

Crop Species Cultivar PI number/or source 

Broccoli oleracea BNC USDA lab 

  Marathon Commercial 

  Maximo Commercial 

  Patron Commercial 

  Pirate Commercial 

  Sultan Commercial 

  VI158 USDA lab 

Brussels sprout oleracea Jersey 209942 

  -1/57 243050 

Cabbage oleracea - 214148 

  - 229747 

  Snow Resisting (Vilmorin) 245023 

  Jotunka 330396 

  Kilis, Anatolia Local 344065 

  Baylo Lykorishko 662573 

Cauliflower oleracea Perfection (De Massy) 204782 

Chinese broccoli oleracea Bhug-Gana 249556 

  - 435900 

  G28307 662520 

Collard greens oleracea No. 9809 181720 

Kale napus Red Russian Commercial 

  Red Winter Commercial 

 oleracea Vates 662768 

  Dwarf Blue Curled Vates Commercial 

Kohlrabi oleracea Roggli’s Freiland 188610 

  Weide Biata 662560 

  White Vienna 662563 

  Early White Vienna 662671 

Komatsuna rapa Okiyo F1 662627 

Mustard greens juncea Grey Leaf Root Mustard 662736 

 nigra 114-0049-67 597829 

Pak choi rapa Peng Pu Chang Chsai 430484 

Savoy cabbage oleracea Roi de L’hiver 245022 

  Late Drumhead Savoy 280068 

  3800005 507856 

  Cavolo Verza Grosso Delle 662660 

Turnip rapa Kuuziku 633172 

  Crawford 662695 

 

2.2 Determination of Mineral Concentration 

Mineral concentration was determined following the method of Kim et al. (2016a) with slight modifications. 
Freeze-dried powder of each sample (0.5 g) was placed in a porcelain crucible and ashed at 550 °C overnight. 
The ashed sample was dissolved in 5 mL of 1 N nitric acid. Then, the sample was transferred to a 25 mL 
volumetric flask. All crucibles were rinsed with deionized distilled water and the rinse was combined with nitric 
acid extract. Each sample was adjusted to 25 mL with deionized distilled water. All flasks were shaken well and 
the samples were filtered through a filter paper (Grade 2, Fisher Scientific, Waltham, MA) and stored at 4 °C 
until analysis. Mineral content was analyzed using inductively coupled plasma (Optima 2100DV, Perkin Elmer 
Corp., Waltham, MA). The plasma, auxiliary, and nebulizer gas flows were 15, 0.2, and 0.65 L/min, respectively, 
and the pump flow rate was 1.5 mL/min. Mineral concentration in the sample was determined based on a 
standard curve of each mineral. Additionally, the National Institute of Standards and Technology standard 
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reference material peach leaves 1547 were used for analytical quality assurance.  

Mineral concentration was calculated based on dry weight, and then converted to values based on fresh weight to 
calculate % recommended daily intake (RDA) or adequate intake (AI) (Kim et al., 2016b). The conversion was 
done based on the moisture content according to the USDA nutrient database (USDA, 2015), except for 
komatsuna. The moisture content information of komatsuna was not available from the USDA nutrient database, 
so the moisture content of pak choi was used, as it is the same species with similar morphology. 

2.3 Statistical Analysis 

Each sample was analyzed in triplicate (3 biological replications). Univariate analysis of variance (ANOVA) and 
Tukey’s honest significant difference (HSD) were conducted using JMP Pro 12 (SAS Institute, Cary, NC, USA) 
to determine the variation in mineral composition among different crops. 

3. Results and Discussion 
A total of 8 minerals were analyzed from the edible tissues of the 13 Brassica crops grown in 2012 and 2013; the 
2-year average is shown in Table 2. Pak choi, mustard green, and komatsuna were found to be generally high in 
minerals compared to other crops, but we also found a significant difference in mineral composition among the 
13 Brassica crops. Additionally, a significant effect of crop and growing year, as well as their interaction on 
mineral concentration, was found (Table 2). Minerals Fe, Zn, P, and Mn were significantly affected by both main 
effects (growing year and genetic difference) and their interaction, but K was only affected by crop. In contrast, 
only growing season was significant for Na. Our results indicate that both genetic difference (crop) and 
environment have significant influence on uptake and accumulation of most minerals analyzed in this study. 
However, crop effect was significant for all minerals except for Na, suggesting that crop selection is very 
important for better mineral-based nutritional value of Brassica vegetables. Our result also implies that breeding 
can be an effective way to elevate essential minerals.  

 

Table 2. Mineral composition of Brassica crops grown in 2012 and 2013 

Crop Fe Zn Na K Ca P Mg Mn 

----------------------- μg/g DW ---------------------- --------------------------- mg/g DW ----------------------------- -- μg/g DW --

Broccoli (n=7) 64.70±2.72b 37.53±1.92b 152.27±32.24a 24.08±1.14b 4.45±0.64g 5.35±0.45a 2.41±0.17cd 18.12±0.99d 

Brussels sprouts (n=2) 98.64±9.36ab 38.27±10.11ab 99.04±29.48a 25.18±1.53ab 3.02±0.32g 4.10±0.35a-c 1.76±0.16d 20.48±2.75cd

Cabbage (n=6) 64.21±3.19b 28.67±4.20b 102.62±17.18a 27.94±1.36ab 6.40±0.34fg 3.48±0.21bc 2.10±0.11cd 20.36±1.68d 

Cauliflower (n=1) 84.78±13.38ab 43.45±10.00ab 182.97±77.20a 27.67±2.56ab 3.56±1.47fg 4.60±0.97a-c 2.58±0.09b-d 19.53±2.18cd

Chinese broccoli (n=3) 96.69±10.86ab 39.89±10.11ab 100.86±27.78a 27.19±1.75ab 10.83±1.03c-e 5.44±0.83a 2.87±0.15bc 42.02±4.36ab

Collard greens (n=1) 112.34±37.58ab 36.05±4.57ab 83.68±24.71a 32.93±7.32ab 17.22±1.21a-c 3.99±2.35a-c 3.71±0.001ab 30.92±2.36b-d

Kale (n=4) 90.33±4.72b 30.68±2.62b 154.06±31.06a 28.24±0.99ab 15.56±1.27b 2.93±0.37bc 3.86±0.28a 31.08±2.02bc

Kohlrabi (n=4) 129.34±43.11ab 21.52±4.28b 105.04±10.27a 33.96±1.89a 4.36±0.21fg 3.17±0.19bc 2.02±0.21cd 15.84±1.26d 

Komatsuna (n=1) 174.73±23.27ab 17.73±17.26b 108.46±30.33a 34.94±2.09ab 18.59±3.56ab 4.09±1.33a-c 3.08±0.54a-d 45.31±2.53ab

Mustard greens (n=2) 203.47±82.06a 29.10±12.46b 132.96±32.69a 29.53±4.51ab 18.86±0.89ab 3.62±1.02a-c 4.37±0.41a 52.81±9.65a 

Pak choi (n=1) 175.89±70.19ab 73.41±41.08a 74.52±24.39a 37.44±0.32a 15.78±2.94a-d 5.62±2.41ab 3.05±0.26a-d 54.60±17.88a

Savoy cabbage (n=4) 81.43±4.21b 31.08±5.35b 86.64±10.31a 31.95±0.97a 7.62±0.33e-g 4.71±0.39ab 2.55±0.11b-d 23.02±1.73cd

Turnip root (n=2) 134.63±23.44ab 25.02±6.32b 178.52±105.44a 29.34±0.78ab 9.32±2.47d-f 2.09±0.28c 2.66±0.22b-d 16.52±1.16d 

Turnip greens (n=2) 136.42±25.91ab 28.30±5.14b 75.55±52.23a 29.37±4.73ab 22.11±4.28a 2.35±0.19c 4.02±0.47a 42.67±4.49ab

Significance (p value)         

Crop (C) 0.0003 0.0017 0.5380 0.0011 <0.0001 <0.0001 <0.0001 <0.0001 

Growing year (Y) 0.0232 0.0132 0.0069 0.4596 0.0863 <0.0001 0.4240 0.0355 

C × Y 0.0065 0.0005 0.4830 0.2000 0.0008 0.0053 0.0002 0.0377 

Note. “n” indicates the number of cultivar of each crop. Different letters indicate a significant difference among 
crops by Tukey’s HSD at p ≤ 0.05. Data are expressed as mean ± standard error. 

 

We found that some minerals were significantly correlated with environmental conditions (Table 3). From the 
2-year study, we found that Mn was negatively correlated with days to harvest, growing degree days, total solar 
radiation, total precipitation, and total evaporation, and Mg and Ca negatively correlated with all of those except 
for total precipitation. In contrast, P was positively correlated with all environmental variables except for days to 
harvest. These results indicate that environmental effect on uptake and accumulation differed among minerals. 
Additionally, correlations between different minerals indicate that there might be a synergistic or antagonistic 
effect on mineral uptake and accumulation (Rietra et al., 2015).  
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Table 3. Pearson’s correlation between mineral concentration and environmental condition from Brassica crops 
grown in 2012 and 2013 (n = 80) 

 Fe Mn Mg Ca K Na P Zn DTH GDD TSR TP 

Mn 0.48***            

Mg 0.41** 0.60***           

Ca 0.39** 0.71*** 0.81***          

K 0.18 0.23* 0.14 0.11         

Na -0.05 -0.04 -0.04 -0.16 -0.29**        

P -0.09 0.01 -0.07 -0.27* 0.13 -0.14       

Zn 0.03 0.26* 0.04 -0.05 -0.14 0.30** 0.35**      

DTH -0.12 -0.42*** -0.37** -0.41*** -0.14 -0.03 0.22 -0.04     

GDD -0.18 -0.46*** -0.40** -0.46*** -0.23* -0.02 0.33** 0.004 0.92***    

TSR -0.14 -0.45*** -0.37** -0.42*** -0.18 -0.06 0.30** -0.02 0.97*** 0.97***   

TP  -0.03 -0.24* -0.10 -0.10 -0.01 -0.25* 0.27* -0.08 0.72*** 0.59*** 0.74***  

TE  -0.11 -0.43*** -0.30** -0.35** -0.17 -0.13 0.34** -0.03 0.91*** 0.93*** 0.97*** 0.83***

Note. DTH, days to harvest; GDD, growing degree days; TSR, total solar radiation; TP, total precipitation; TE, 
total evaporation. Askterisks *, **, and *** indicate significance at p ≤ 0.05, 0.01, and 0.001, respectively.  

 

The crops investigated in this study were from several Brassica species; juncea, napus, nigra, oleracea, and 
rapa. Similar to a significant variation among crops discussed earlier, we also found that mineral composition 
differed among species (Table 4). Among five species analyzed in this study, juncea and nigra were, in general, 
higher in mineral concentration compared to other species. This result is in agreement with the observation that 
mustard greens were generally high in minerals (Table 2), since the mustards surveyed belong to either juncea or 
nigra. Although pak choi was also high in dietary minerals, other crops belonging to the species rapa, such as 
turnip, were comparatively lower than mustard. Species effect was significant for Fe, Ca, Mg, and Mn whereas 
Zn and P were more affected by growing year. However, we had fewer cultivars for some crops, such as 
cauliflower and komatsuna, and therefore, increased number of cultivars will need to be evaluated for those 
crops. Additionally, we found that mineral composition differed among tissues (Table 5). Leaf tissues were the 
highest in Ca, Mg, and Mn while stems were the highest in K. The level of P was the highest in stems/florets. 
Tissue effect was significant for minerals K, Ca, P, Mg, and Mn but Fe, Zn, and Na were more greatly affected 
by growing year. The result of this study indicates that mineral composition differs among Brassica crops as well 
as species and edible tissues. Although there are a few studies reporting variation in secondary metabolites in 
different tissues of Brassica crops, to our knowledge, information of mineral composition in different edible 
tissues of Brassica crops is relatively limited.  

 

Table 4. Mineral composition of five Brassica species grown in 2012 and 2013 

Species Fe Zn Na K Ca P Mg Mn 

----------------------- μg/g DW --------------------- ------------------------ mg/g DW ------------------------- -- μg/g DW --

juncea (n=1) 99.51±8.83bc 28.26±8.08a 156.11±60.72a 26.42±6.55a 19.57±0.87a 2.63±0.33a 4.47±0.19a 38.09±9.10a-c

napus (n=2) 87.06±6.90bc 33.81±1.71a 202.75±41.80a 27.01±0.67a 12.95±0.64ab 3.41±0.59a 3.82±0.53a 29.51±2.56bc

nigra (n=1) 307.43±136.79a 29.94±29.42a 109.81±40.66a 32.64±7.72a 18.16±1.72a 4.61±2.05a 4.28±0.98a 67.52±6.57a

oleracea (n=30) 85.10±6.43c 32.53±1.90a 114.21±9.84a 28.38±0.70a 7.10±0.58b 4.26±0.20a 2.47±0.09b 22.91±1.21c

rapa (n=6) 148.79±15.03b 32.96±8.19a 115.19±38.43a 31.63±1.77a 16.20±2.26a 3.10±0.53a 3.25±0.24a 36.38±5.13b

Significance (p value)         

Species (S) <0.0001 0.9951 0.2913 0.2654 <0.0001 0.0915 <0.0001 <0.0001 

Growing year (Y) 0.0987 0.0310 0.2442 0.9349 0.6530 0.0166 0.9753 0.0842 

S × Y 0.0002 0.2976 0.3853 0.1017 0.3351 0.6719 0.0686 0.6527 

Note. “n” indicates the number of cultivars of all crops analyzed for each species: juncea includes mustard 
greens; napus includes kale; nigra includes mustard greens; oleracea includes broccoli, Chinese broccoli, 
cauliflower, cabbage, Brussels sprout, kohlrabi, savoy cabbage, kale, and collard green; rapa includes komatsuna, 
pak choi, and turnip. For the species rapa, both leaves and roots were counted. Different letters indicate a 
significant difference among crops by Tukey’s HSD at p ≤ 0.05. Data are expressed as mean ± standard error. 
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Table 5. Mineral composition in different tissues of Brassica crops grown in 2012 and 2013 

Tissue Fe Zn Na K Ca P Mg Mn 

---------------------- μg/g DW -------------------- --------------------------- mg/g DW ------------------------ -- μg/g DW --

Leaf (n=23) 104.88±9.74a 32.07±2.78a 106.97±9.59a 29.65±0.82a 11.77±1.01a 3.71±0.21b 2.97±0.15a 30.49±2.10a

Root (n=2) 134.63±23.44a 25.02±6.32a 178.52±105.44a 29.34±0.78ab 9.32±2.47ab 2.09±0.28b 2.66±0.22ab 16.52±1.16ab

Stem (n=4) 129.34±43.11a 21.52±4.28a 105.04±10.27a 33.96±1.89a 4.36±0.21b 3.17±0.19b 2.02±0.21b 15.84±1.26b

Stem/floret (n=11) 75.25±4.59a 38.71±2.95a 141.04±22.75a 25.25±0.92b 6.11±0.80b 5.31±0.36a 2.55±0.12ab 24.77±2.64ab

Significance (p value)         

Tissue (T) 0.0737 0.0625 0.1473 0.0006 0.0003 <0.0001 0.0269 0.0078 

Growing year (Y) 0.0037 0.0157 0.0004 0.7794 0.2032 0.1199 0.0876 0.2514 

T × Y 0.0088 0.6586 0.0663 0.6909 0.6108 0.1286 0.3973 0.9936 

Note. “n” indicates the number of cultivar of each tissue analyzed. Different letters indicate a significant 
difference among crops by Tukey’s HSD at p ≤ 0.05. Data are expressed as mean ± standard error.  

 

Mineral concentration is presented based on dry weight. This representation is useful for comparing mineral 
concentration in different leafy vegetables and crops, including Brassica crops, though they are often consumed 
fresh or with slight cooking, where most of the water remains in the tissue. Therefore, a moisture content of each 
crop is important in assessing the level of essential minerals that people can obtain. For this reason, we 
calculated %RDA/AI of each mineral for adults after converting to fresh weight-based values using the moisture 
content of each crop from the USDA nutrient database (USDA, 2015). For komatsuna, where the information is 
not available on the USDA nutrient database, we calculated %RDA/AI assuming the moisture content was 95% 
(value was adapted from pak choi which is the same species).  

Two minerals which are commonly of concern in vegetarian diets, partially due to relatively low bioavailability 
and thus potential inadequate nutritional status, are Fe and Zn (Hunt, 2003). Because of the low bioavailability of 
Fe in plant sources compared to meat, it is recommended to increase consumption of foods containing this 
mineral, especially for a vegetarian diet (Hunt, 2003). According to WHO, there are approximately one billion 
people worldwide that are anemic due to Fe deficiency (Abbaspour et al., 2014). Zn is an essential nutrient for 
basic cellular functions and the immune system, and Zn deficiency can occur with aging and diseases including 
diabetes mellitus or rheumatoid arthritis (Klouberta & Rink, 2015). Fresh Brassica vegetables (100 g) shown in 
Table 2 can provide 2.9-22.9 and 1.6-6.7% of RDA for Fe and Zn, respectively (Table 6). Among analyzed 
vegetables, mustard greens and Brussels sprouts were the best sources of Fe and Zn, respectively, based 
on %RDA value.  

 

Table 6. The %RDA or %AI of each mineral for adults (men-women) provided by different Brassica vegetables 

Crop Fe Zn Na K Ca P Mg Mn 

Broccoli (n=7) 4.0-8.9 3.8-5.2 0.11-0.14 5.6 4.1-4.9 8.4 6.3-8.3 8.7-11.1 

Brussels sprouts (n=2) 7.7-17.3 4.9-6.7 0.09-0.12 7.5 3.5-4.2 8.2 5.9-7.7 12.5-15.9 

Cabbage (n=6) 2.9-6.4 2.1-2.9 0.05-0.07 4.8 4.3-5.1 4.0 4.0-5.3 7.1-9.0 

Cauliflower (n=1) 3.8-8.5 3.2-4.3 0.10-0.12 4.7 2.4-2.8 5.3 4.9-6.5 6.8-8.7 

Chinese broccoli (n=3) 3.8-8.5 2.5-3.5 0.05-0.06 4.0 6.3-7.6 5.4 4.8-6.3 12.8-16.3 

Collard greens (n=1) 6.2-14.0 3.3-4.5 0.06-0.07 7.0 14.4-17.2 5.7 8.8-11.6 13.4-17.2 

Kale (n=4) 8.0-18.1 4.5-6.1 0.16-0.21 9.6 20.7-24.9 6.7 14.7-19.3 21.6-27.6 

Kohlrabi (n=4) 6.5-14.6 1.8-2.4 0.06-0.08 6.5 3.3-3.9 4.1 4.3-5.7 6.2-7.9 

Komatsuna (n=1) 4.9-10.9 0.8-1.1 0.04-0.05 3.7 7.7-9.3 2.9 3.7-4.8 9.9-12.6 

Mustard greens (n=2) 10.2-22.9 2.4-3.3 0.08-0.10 5.7 14.1-17.0 4.7 9.4-12.3 20.7-26.4 

Pak choi (n=1) 4.9-11.0 3.3-4.6 0.02-0.03 4.0 6.6-7.9 4.0 3.6-4.8 11.9-15.2 

Savoy cabbage (n=4) 4.1-9.2 2.5-3.5 0.05-0.06 6.1 5.7-6.9 6.1 5.5-7.2 9.0-11.5 

Turnip greens (n=2) 7.6-17.1 2.6-3.5 0.05-0.06 6.2 18.4-22.1 3.4 9.6-12.6 18.6-23.7 

Turnip (n=2) 6.0-13.5 1.8-2.5 0.10-0.12 5.0 6.2-7.5 2.4 5.1-6.7 5.7-7.3 

Note. “n” indicates the number of variety of each crop. %RDA/AI was calculated as the relative ratio of mineral 
concentration in 100 g of fresh material to the minimum and maximum recommended intake level of each 
mineral for adults (> 19 y). Values for Na, K, and Mn were calculated based on AI, not RDA. 
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It is generally accepted that reduced consumption of Na and increased intake of K lowers the risk of 
hypertension (Lopez-Jaramillo et al., 2015; Sacks et al., 1998). In addition to its influence on blood pressure, K 
deficiency can result in impaired neuromuscular functions of skeletal, smooth, and cardiac muscle as well as 
muscular weakness, paralysis, and mental confusion (Soetan et al., 2010). In the US, the average intake of K is 
low for all ages and both genders (Ervin et al., 2004). Although Na is an essential mineral, worldwide Na intake 
is very often much higher than the recommended level (Brown et al., 2009). Fresh Brassica vegetables (100 g) 
investigated in this study provide less than 0.3% of Na and 4.0-9.6% of AI of K depending on the crop, and kale 
was found to provide the highest level of Na and K among the investigated crops (Table 6).  

Minerals important for bone health include Ca, P, Mg, and Mn. Although increased intake is recommended, Ca 
intake in the US is low for almost all ages and both genders (Ervin et al., 2004). High levels of oxalate in some 
leafy vegetables, such as spinach, lowers bioavailability of Ca, but Santamaria et al. (1999) reported that oxalate 
was either not detected or present at very low levels in Brassica vegetables including broccoli, broccoli raab, 
cabbage, cauliflower, kohlrabi, radish, rocket, and savoy cabbage. In addition to its role as a constituent of bones 
and teeth, P is a component of adenosine triphosphate, phosphorylated metabolic intermediates, and nucleic 
acids, playing an important role in essential metabolisms (Soetan et al., 2010). Mg is an important component of 
a number of enzyme systems, and Mg deficiency may result in depression and related mental health problems (U. 
C. Gupta & S. C. Gupta, 2014). Mn also plays a role in a few enzyme systems and metabolisms in addition to its 
role in bone health (Soetan et al., 2010). The Brassica vegetables (100 g) analyzed in this study provide Ca, P, 
Mg, and Mn at 2.4-24.9, 2.4-8.4, 3.6-19.3, and 5.7-27.6% of RDA/AI, respectively, when consumed fresh (Table 
6). Kale was the highest in %RDA/AI for Ca, Mg, and Mn while broccoli provided the highest level of P based 
on %RDA. In the present study, we focused on raw materials and their variation within crops. But there are other 
factors affecting the mineral concentration of these crops, such as cooking including the loss in cooking water 
(López-Berenguer et al., 2007). Therefore, these factors will also need to be considered to determine nutritional 
value based on mineral content. 

4. Conclusions 
Our results of mineral concentration showed that pak choi generally had the highest content of most minerals on 
a dry weight basis. However, %RDA/AI calculated using fresh weight-based concentration revealed that kale 
was the richest source of minerals, in particular, Ca, Mg, and Mn, providing up to 24.9, 19.3, and 27.6% of RDA 
or AI, respectively (based on 100 g fresh weight). To our knowledge, this is the first report comparing mineral 
composition and %RDA/AI of various Brassica crops grown under the same growing condition. The result of 
this study provides the understanding of the mineral composition of various Brassica vegetables and that the 
moisture content may greatly affect the mineral level in fresh vegetables. The results of this study will also help 
consumers’ choice so that they can select vegetables that provide a higher level of dietary minerals needed in 
their diet. Additionally, our results suggest that replacing a crop with poor mineral concentration from a person’s 
normal diet with a crop containing a higher level of minerals may be an effective strategy for elevating mineral 
intake and could be a part of a food-based solution for those with mineral deficiencies. 

Acknowledgements 
The research is financed by the USDA National Institute of Food and Agriculture, Hatch project (1012506), and 
the West Virginia Agricultural and Forestry Experiment Station (WVA00698). We would like to thank Professor 
Louis McDonald at West Virginia University for his support in mineral element quantification. 

References 
Abbaspour, N., Hurrell, R., & Kelishadi, R. (2014). Review on iron and its importance for human health. Journal 

of Research in Medical Sciences, 19, 164-174. 

Becker, T. M. (2015). The glucosinolate/myrosinase system: Variation in glucosinolates, hydrolysis products, 
transcript abundance, and quinone reductase bioactivity in Brassica sp. Crops (Doctoral dissertation). 
Retrieved from http://hdl.handle.net/2142/89184 

Becker, T. M., Jeffery, E. H., & Juvik, J. A. (2016). Proposed method for estimating health-promoting 
glucosinolate and hydrolysis products in broccoli (Brassica oleracea var. italica) using relative transcript 
abundance. Journal of Agricultural and Food Chemistry, 65, 301-308. http://doi.org/10.1021/acs.jafc. 
6b04668 

Bliss, R. M. (2012). Monitoring the U.S. population’s diet. the third step—The national what we eat in america 
survey (pp. 16-21). Agricultural Research Magazine, USDA. 



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 7; 2018 

8 

Brown, I. J., Tzoulaki, I., Candeias, V., & Elliott, P. (2009). Salt intakes around the world: implications for 
public health. International Journal of Epidemiology, 38, 791-813. https://doi.org/10.1093/ije/dyp139 

Dufault, R. J. (1997). Determining heat unit requirements for broccoli harvest in coastal South Carolina. J. Am. 
Soc. Hort. Sci., 122, 169-174. 

Dwyer, J. T., Woteki, C., Bailey, R., Britten, P., Carriquiry, A., Gaine, P. C., … Edge, M. S. (2014). 
Fortification: New findings and implications. Nutrition Reviews, 72, 127-141. https://doi.org/10.1111/ 
nure.12086 

Ervin, R., Wang, C.-Y., Wright, J., & Kennedy-Stephenson, J. (2004). Dietary intake of selected minerals for the 
United States population: 1999-2000. National Center for Health Statistics, Hyattsville, MD. 

FAO. (2016). FAO STAT. Retrieved January 26, 2017, from http://www.fao.org/faostat/en/#home 

Frazie, M., Kim, M., & Ku, K.-M. (2017). Health-promoting phytochemicals from 11 mustard cultivars at baby 
leaf and mature stages. Molecules, 22, 1749. https://doi.org/10.3390/molecules22101749 

Gernand, A. D., Schulze, K. J., Stewart, C. P., West, K. P., & Christian, P. (2016). Micronutrient deficiencies in 
pregnancy worldwide: health effects and prevention. Nature Reviews Endocrinology, 12(5), 274-289. 
http://doi.org/10.1038/nrendo.2016.37 

Gómez-Galera, S., Rojas, E., Sudhakar, D., Zhu, C. F., Pelacho, A. M., Capell, T., & Christou, P. (2010). Critical 
evaluation of strategies for mineral fortification of staple food crops. Transgenic Research, 19, 165-180. 
https://doi.org/10.1007/s11248-009-9311-y 

Gupta, P., & Srivastava, S. K. (2012). Antitumor activity of phenethyl isothiocyanate in HER2-positive breast 
cancer models. BMC Medicine, 10. https://doi.org/10.1186/1741-7015-10-80 

Gupta, U. C., & Gupta, S. C. (2014). Sources and deficiency diseases of mineral nutrients in human health and 
nutrition: A review. Pedosphere, 24, 13-38. https://doi.org/10.1016/S1002-0160(13)60077-6 

Hanson, P., Yang, R. Y., Chang, L. C., Ledesma, L., & Ledesma, D. (2011). Carotenoids, ascorbic acid, minerals, 
and total glucosinolates in choysum (Brassica rapa cvg. parachinensis) and kailaan (B. oleraceae 
Alboglabra group) as affected by variety and wet and dry season production. Journal of Food Composition 
and Analysis, 24, 950-962. https://doi.org/10.1016/j.jfca.2011.02.001 

Hunt, J. R. (2003). Bioavailability of iron, zinc, and other trace minerals from vegetarian diets. American 
Journal of Clinical Nutrition, 78, 633S-639S. https://doi.org/10.1093/ajcn/78.3.633S 

Kim, M. J., Chiu, Y.-C., & Ku, K.-M. (2017). Glucosinolates, carotenoids, and vitamins e and k variation from 
selected kale and collard cultivars. Journal of Food Quality, 2017, Article ID 5123572. https://doi.org/ 
10.1155/2017/5123572 

Kim, M. J., Moon, Y., Kopsell, D. A., Park, S. P., Tou, J. C., & Waterland, N. L. (2016a). Nutritional Value of 
Crisphead ‘Iceberg’ and Romaine Lettuces (Lactuca sativa L.) Journal of Agricultural Science, 8, 1-10. 
http://doi.org/10.5539/jas.v8n11p1 

Kim, M. J., Moon, Y., Tou, J. C., Mou, B., & Waterland, N. L. (2016b). Nutritional value, bioactive compounds 
and health benefits of lettuce (Lactuca sativa L.). Journal of Food Composition and Analysis, 49, 19-34. 
https://doi.org/10.1016/j.jfca.2016.03.004 

Klouberta, V., & Rink, L. (2015). Zinc as a micronutrient and its preventive role of oxidative damage in cells. 
Food & Function, 6, 3195-3204. https://doi.org/10.1039/c5fo00630a 

Kopsell, D. A., & Sams, C. E. (2013). Increases in shoot tissue pigments, glucosinolates, and mineral elements in 
sprouting broccoli after exposure to short-duration blue light from light emitting diodes. Journal of the 
American Society for Horticultural Science, 138, 31-37. 

Ku, K. M., & Juvik, J. A. (2013). Environmental stress and methyl jasmonate-mediated changes in flavonoid 
concentrations and antioxidant activity in broccoli florets and kale leaf tissues. Hortscience, 48, 996-1002. 

Ku, K. M., Jeffery, E. H., Juvik, J. A., & Kushad, M. M. (2015). Correlation of quinone reductase activity and 
allyl isothiocyanate formation among different genotypes and grades of horseradish roots. Journal of 
Agricultural and Food Chemistry, 63, 2947-2955. https://doi.org/10.1021/jf505591z  

Ku, K. M., Kim, M. J., Jeffery, E. H., Kang, Y. H., & Juvik, J. A. (2016). Profiles of Glucosinolates, Their 
Hydrolysis Products, and Quinone Reductase Inducing Activity from 39 Arugula (Eruca sativa Mill.) 



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 7; 2018 

9 

Accessions. Journal of Agricultural and Food Chemistry, 64, 6524-6532. https://doi.org/10.1021/acs.jafc. 
6b02750  

Liu, M., Zhang, L., Ser, L. S., Cumming, R. J., & Ku, K.-M. (2018). Comparative Phytonutrient Analysis of 
Broccoli By-Products: The Potentials for Broccoli By-Product Utilization. Molecules, 23(4). https://doi.org/ 
10.3390/molecules23040900 

López-Berenguer, C., Carvajal, M., Moreno, D. A., & García-Viguera, C. (2007). Effects of microwave cooking 
conditions on bioactive compounds present in broccoli inflorescences. Journal of Agricultural and Food 
Chemistry, 55, 10001-10007. https://doi.org/10.1021/jf071680t 

Lopez-Jaramillo, P., Lopez-Lopez, J., & Lopez-Lopez, C. (2015). Sodium intake recommendations: A subject 
that needs to be reconsidered. Current Hypertension Reviews, 11, 8-13. https://doi.org/10.2174/157340 
2111666150530204311 

Rietra, R. P. J. J., Heinen, M., Dimkpa, C., & Bindraban, P. S. (2015). Effects of nutrient antagonism and 
synergism on fertilizer use efficiency. Virtual Fertilizer Research Center, Washington, D.C. . 

Sacks, F. M., Willett, W. C., Smith, A., Brown, L. E., Rosner, B., & Moore, T. J. (1998). Effect on blood 
pressure of potassium, calcium, and magnesium in women with low habitual intake. Hypertension, 31, 
131-138. https://doi.org/10.1161/01.HYP.31.1.131 

Santamaria, P., Elia, A., Serio, F., & Todaro, E. (1999). A survey of nitrate and oxalate content in fresh 
vegetables. Journal of the Science of Food and Agriculture, 79, 1882-1888. https://doi.org/10.1002/(SICI) 
1097-0010(199910)79:13<1882::AID-JSFA450>3.0.CO;2-D 

Soetan, K. O., Olaiya, C. O., & Oyewole, O. E. (2010). The importance of mineral elements for humans, 
domestic animals and plants: a review. African Journal of Food Science, 4, 200-222. 

USDA. (2012). Commodity consumption by population characteristics. Retrieved from http://www.ers.usda.gov/ 
data-products/commodity-consumption-by-population-characteristics.aspx 

USDA. (2015). National Nutrient Database for Standard Reference Release 28. Retrieved March 20, 2017, from 
http://ndb.nal.usda.gov/ndb 

WHO. (2001). Iron deficiency anaemia: assessment, prevention and control. WHO, Geneva, Switzerland. 

WHO. (2007). Preventing and controlling micronutrient deficiencies in populations affected by an 
emergency—Multiple vitamin and mineral supplements for pregnant and lactating women, and for children 
aged 6 to 59 months. Retrieved from http://www.unhcr.org/en-us/publications/operations/45f809482/ 
preventing-controlling-micronutrient-deficiencies-populations-affected.html 

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


