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Abstract: Identifying food plant germplasm with superior seed nutritional values is important in
helping alleviate nutrient mineral deficiencies. Faba bean (Vicia faba), a highly nutritious, protein-rich
legume, is an important crop plant grown in the U.S. and globally. Therefore, the goals of this study
were to quantify the levels of K, P, Ca, Mg, S, Zn, Fe, Cu, B, and Mn in the seeds of 90 faba bean
genotypes. Additionally, we evaluated percent daily values (%DV) based on U.S. Food and Drug
Administration (FDA) recommendations. Macro- and micronutrient concentrations varied among
faba bean genotypes. Seed Zn was positively correlated with seed P and Cu contents. Moreover, the
Mn level was greater in faba beans with the highest concentrations of P, S, and Ca. The results of the
present study demonstrate that there is significant variation in seed mineral nutrients among faba
beans. We identified a set of faba beans with superior nutrient composition that could be potentially
useful in genetic improvement studies and in addressing global future food security challenges. These
findings will help global food security by achieving the United Nations Sustainable Development
Goal Two, which is to achieve food security, improve nutrition, and promote sustainable agriculture.
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1. Introduction

Faba bean (Vicia faba) is a cold-hardy legume crop cultivated globally as a source of
human food and livestock feed [1]. Faba bean seeds are known for having the highest
protein content among legumes (over 35%), complex carbohydrates, fiber, high essential
mineral nutrients (K, Ca, Mg, Zn), amino acids (Leucine, Lysine, Arginine), and vitamins [1].
Of the 5.4 MT of faba bean global production, China is the largest producer (1.6 MT, 37%
of world production), followed by Ethiopia (0.9 MT, 21% of world production), Australia
(0.3 MT, 8% of world production), and France (0.2 MT, 6% of world production) [2].

Ionomics examines the variety and concentration of essential minerals and trace
element composition in seeds using techniques such as inductively coupled plasma mass
spectrometry (ICP-MS). Previous studies reported ionomic variation for flax seeds [3],
Arabidopsis seeds [4], pea seeds [5], soybean seeds [6,7], rice [8], and peanuts [9].

Few studies have been conducted on the nutritional significance of faba bean seeds. For
example, Nadeem (2021) surveyed 108 Turkish faba bean cultivars and showed significant
variance for Fe, Zn, and Cu [10]. Khazaei et al. (2020) screened 25 faba bean genotypes
grown in Canada and reported high nutrient (Ca, Mg, Mn) and low tannin genotypes [11].
Further research is needed to explore the nutritional quality, utilization, and improvement
of food and feed applications of faba beans.

Currently, there are no studies linking the mineral content of seeds with percent daily
value recommendations in faba bean. Therefore, the specific aims of this study were to:

(i) determine the variability of nutrient trait concentrations among 90 faba bean genotypes;
(ii) analyze elemental concentrations and recommended daily values for the mineral
nutrients; and
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(iii) identify nutrient-dense superior faba bean genotypes for genetic improvement studies
and global food challenges.

2. Materials and Methods
2.1. Faba Bean Material

A collection of ninety diverse faba bean genotypes was selected from the USDA
National Germplasm Center (W6, Pullman, WA, USA) based on their phenotypic diversity
and broad geographic sources. All genotypes used in this study were produced under field
conditions at field sites with standard agronomical practices.

Accessions were grown at one of two field sites in Pullman, WA. The Central Ferry
farm (Central Ferry, WA USA; 46°39' N, 117°45’ W) has Chard silt loam soil, at an elevation
of 198 m, and subsurface drip irrigation is used during the active growing season. The
Whitlow farm (Pullman, WA, USA; 46°44’ N, 117°7" W) has heavy soils including Palouse
and Palouse-Thatuna silt loam, at an elevation of 790 m, and the fields are dryland managed.
The weather was very similar to the 30-year average during the main growing season at
both locations.

Three randomly chosen seeds per genotype (for a total of 270 faba bean seeds) were
analyzed in the current study (Figure 1, Table S1).
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Figure 1. Seeds of 90 diverse faba bean (Vicia faba) genotypes used in the present study. For more
details, please see Table S1.

2.2. Elemental Analysis of Mineral Nutrients

Seed elemental concentrations of macro- and micronutrients were quantified by Waters
Agricultural Labs Inc. (Camilla, GA, USA) using an inductively coupled plasma spectrome-
ter (Thermo ICP-OES) with a 40 s per sample run time. Briefly, dry seeds were ground in
a Wiley mill, and a 0.5 g dry sample for each replication was placed in a 50 mL digestion
tube. Nitric acid/peroxide digestion at 95 °C for 90 min was used. Then, 5 mL nitric acid
and 4 mL peroxide were added to each tube and incubated for 30 min. Then, the samples
were diluted with distilled water and transferred to ICP tubes for elemental analysis in
accordance with the manufacturer’s specifications. The ICP was calibrated using distilled
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water as a blank, along with pure element standards of known concentrations and two plant
standards [3].

2.3. Estimation of Recommended Daily Values (%DV)

The nutritional value of faba beans was estimated using %2 cup (60 g) dry-weight
serving portion. Based on a 2000-calorie adult diet, the United States Food and Drug
Administration (FDA)-recommended daily value indices were as follows: Ca (1300 mg), Cu
(0.9 mg), Fe (18 mg), Mg (420 mg), Mn (2.3 mg), P (1250 mg), K (4700 mg), and Zn (11 mg).
The percent daily value was calculated using the following formula [3]:

% DV = (amount of nutrient mg/recommended DV mg) * 100
where mg = milligrams; DV = daily value.

2.4. Data Analysis

Statistical correlations between elements were performed using SigmaPlot (SPSS
Inc., Chicago, IL USA), as described previously [3]. Descriptive statistics for faba bean
genotypes and each mineral nutrient were determined using three biological replications.
We visualized the data using multiple software, including SigmaPlot v.12 and Microsoft
Excel 365 (Microsoft, Redmond, WA, USA).

3. Results
3.1. Phenotypic Variation of Seed Elements

Data on means, variances, and ranges of seed elemental concentrations of faba bean
genotypes are presented in Table 1. K was the most abundant element (1.25%), while
Cu was the least abundant element (13.5 pg/g). Ca concentration showed variation with
a 1.6-fold range (0.10-0.26%). Cu concentration showed variation with a 1.6-fold range
(7.83-20.5 pug/g). P concentration showed variation with a 1.5-fold range (0.31-0.77%). Zn
concentration showed variation with a 1.3-fold range (36.8-85.7 ug/g). Fe concentration
showed variation with a 1.1-fold range (59.3-124 pg/g). B concentration showed variation
with a 1.3-fold range (9.53-21.4 ug/g). Mn concentration showed variation with a 1.2-fold
range (11.9-26.5 ug/g). K concentration showed variation with a 52% range (1.04-1.58%).
Mg concentration showed variation with a 50% range (0.12-0.18%). S concentration showed
variation with a 73% range (0.15-0.26%). Figure 2 shows the distribution of each element
for faba bean genotypes.
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Figure 2. Average concentrations of 90 faba bean (Vicia faba) genotypes (n = 3) for (a) P, (b) K, (c) Mg,
(d) Ca, (e) S, (f) B, (g) Zn, (h) Mn, (i) Fe, and (j) Cu. Vertical bars represent standard errors (SD).

Table 1. Descriptive statistics for seed ionome concentrations of 90 diverse faba bean genotypes. Avg.,
average; SD, standard deviation.

K P Ca Mg S Zn Fe Cu B Mn

% % % % % uglg ug/g ug/g ug/g ugl/g
Avg. 1.25 0.55 0.16 0.14 0.20 52.06 77.56 13.51 13.66 17.92
SD 0.09 0.10 0.03 0.01 0.02 7.09 10.66 2.61 1.83 2.83
Min 1.04 0.31 0.10 0.12 0.15 36.82 59.29 7.83 9.53 11.93
Max 1.58 0.77 0.26 0.18 0.26 85.73 124.10 20.50 21.40 26.45

Each value is the mean of three replicates.

3.2. Correlations among Mineral Nutrients

Correlation analysis was used to evaluate the relationships between different mineral
nutrients in faba bean genotypes (Figure 3). Positive correlations were only detected
between a small number of elements. Our data revealed that there was a strong positive
correlation between P and Zn (R? = 0.48, Figure 3a) and Cu and Zn (R* =0.43, Figure 3b).
There was no significant correlation between other elements, including Mg, B, Ca, and S
(Figure 3c,d).

3.3. Percent Daily Values of Faba Bean Nutrients

Figure 4 summarizes nutritional percent daily value (%DV) averages, which represent
the amount of nutrients found in one serving size (1/2 cup, 60 g) of faba beans compared to
what an adult person needs in one day [12]. The results showed that faba bean genotypes
were excellent sources of Cu (90 %DV), Mn (47 %DV), Zn (29 %DV), P (26 %DV), Fe
(26 %DV), and Mg (20 %DV). Moreover, faba beans were a good source of Ca (7 %DV) but
low in K (2 %DV) (Figure 4).
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Figure 3. Correlations between seed nutrient concentrations of 90 faba bean (Vicia faba) genotypes.
(a) P and Zn, (b) Zn and Cu, (c) Mg and B, and (d) Ca and S. The value of R? indicates the coefficient

of determination. **, significant at p < 0.01; NS, not significant.
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Figure 4. Daily value (%DV) provided by a % cup (60 g) serving size of faba bean (Vicia faba). The
values are based on a 2000-calorie human diet.
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3.4. Identification of Promising Top Nine Superior Faba Bean Genotypes

Based on overall ionomic results of 90 faba bean genotypes, nine genotypes showed
elevated multielemental concentrations as follows: GL8, Brocal, Abawi, NEB341, Jahuas,
870523, 1964-10, 1Q220004, and 64-77 (Table 2).

Table 2. A set of top nine superior genotypes of faba bean with high seed mineral concentrations.

Genotype Performance Origin
GLS8 Highest: P; S High: Mn China
Brocal Highest: K High: P; Mg Spain
Abawi Highest: K Peru
NEB341 Highest: Mg High: P; Ca; B Kenya
Jahuas Highest: Ca High: Mn Peru
870523 Highest: Zn Spain
1964-10 Highest: Mn Ir.
1Q220004 Highest: Fe High: K; Cu Iraq
64-77 Highest: Cu High: Mg USA

4. Discussion

Faba beans (Vicia faba), also known as broad or field beans, are among the relatively
understudied legumes with high protein, mineral nutrients, amino acids, and vitamin
content [1]. For example, faba beans contain over 30% protein, which makes them a
good candidate for plant-based food sources. In terms of mineral nutrients, faba beans
also contain various macro- and micronutrients essential to food and feed, as well as
contributing to health benefits [1].

In the current study, we evaluated 90 diverse faba bean genotypes for their seed
ionomes. Our results show natural variation, and the faba bean genotypes differed sig-
nificantly in all macro- and micronutrients, with over 1.6-fold variation for Ca and over
100% variation for P, Zn, Fe, Cu, B, and Mn (Table 1). This substantial genetic variation
was consistent with findings from Turkish faba bean germplasm [10], peas [5], soybean [7],
and faba beans [10,12]. The current study comprehensively addresses multiple nutrients
essential for plants, except nitrogen. However, faba beans are known for their high nitrogen
content, and the seeds of faba beans typically contain up to 6% nitrogen, depending on
growing conditions and soil fertility [10].

Understanding genotypical variation is critically important for developing biofortified
crop varieties. In the present study, we specifically identified the top nine unique faba
bean genotypes that had superior levels of seed ionomic composition (Table 2). The faba
bean genotype GL8 ranked the highest for P and S, while genotype BROCAL ranked the
highest for K, genotype NEB341 ranked the highest for Mg, and genotype 870523 ranked
the highest for Zn (Table 2). As a result, these superb genotypes may be used for developing
high mineral nutrient cultivars in faba bean breeding programs. Similarly, Khazaei et al.
(2020) reported faba bean accessions with high macronutrient content such as Mg and
Ca [11]. Furthermore, we observed a positive relationship between Zn and P as well as
between Zn and Cu. This was consistent with the findings in sorghum germplasm [3].

The percentage daily value (%DV) is the concentration of each nutrient in a food
utilized as part of a total daily diet [12]. We analyzed eight minerals according to FDA
guidance for %DV. Our results show that daily consumption of a half cup (60 g) of faba
beans could provide more than half of the %DV for Cu and a high %DV for Mn, Zn, P,
Fe, Mg, and Ca (Figure 4). These findings further show the potential of faba beans as an
important plant-based source and their contribution to the human diet.

5. Conclusions

This study shows for the first time not only the genotypical variation of faba beans
but also their percentage daily value (%DV) contribution to the human diet. The results of
the present study demonstrate that there is a significant variation in seed mineral nutrients
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among faba beans. Nine genotypes were identified as the potential genetic sources to
develop faba bean cultivars for improved nutrients. Finally, these findings will help global
food security by achieving the United Nations (UN) Sustainable Development Goal Two
(SDG2; end hunger, achieve food security, improve nutrition, and promote sustainable
agriculture) [13-15].

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ crops4030031/s1; Table S1: Summary of 90 faba bean (Vicia faba)
genotypes used in the present study with their origin and elemental mean concentrations (ug gfl).
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