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Abstract

Trace elements and minerals found in our food are essential for our health but at the same time may
become hazardous if taken in high concentrations. Therefore, the analysis of trace elements in the food is very
crucial and indispensable. The present work reports for the first time results of the analysis of mineral
composition (macro-, micro- and trace-elements) in yellow maize flour using inductively coupled plasma-mass
spectrometry (ICP-MS). Concentrations of 20 elements including toxic elements (Pb, Cd, As, Ni, Cr, Sr, U),
essential elements (Ca, Co, Se, Zn, Cu, Fe, Mn, Mo ) and probably essential elements (Mg, K, Na, Ba, Al) were
detected in yellow maize flour. The results of the analysis of the inorganic elements such as Al, As, Ba, Ca, Cd,
Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, Pb, U, Zn yellow maize flour using ICP-MS, revealed contents of 200.05,
0.17, 2.53, 1290.27, 0.04, 0.145, 9.85, 11.46, 115.13, 914.98, 1594.14, 21.48, 1.71, 63.89, 6.08, 17.05, 5.23,
0.027, 33.89 pg/g in yellow maize flour, respectively. The detailed analysis of Cd or Pb in yellow maize flour
revealed that none of them exceeded the maximum limit set by the European Legislation or values recommended
by the codex alimentarius. The distinctive features of ICP-MS for rapid sample analysis demonstrated by this
study suggests that this method offers promise for precision measurements of maize flour inorganic nutrients as
compared to conventional methods.

Keywords: maize, flour, quantitative, inorganic nutrients, inductively coupled plasma mass
spectrometry.

1. Introduction

Maize, or corn, (Zea mays L.) belongs to the grass family (Poaceae) and is the top
cereal grain as measured by production. It ranks third, after wheat and rice, as a staple food
for both humans and animals worldwide [1,2]; it also serves as a raw material for agriculture-
based industries. It is cultivated on more than 142 million ha of land worldwide and its
annual production exceeds 900 metric tons [3], with approximately 60 % produced in
developed countries, particularly the United States of America. China produces 27 % of the
world’s maize, and the rest is grown throughout Africa, Latin America, and southern Asia,
with a large proportion being produced in the tropics and subtropics [4]. The most important
step in maize processing is milling, which produces different types of flour, by-products such
as bran and germ, and impurities extracted during processing [5,6].

Numerous essential trace elements and minerals found in maize are important for
humans to consume and absorb, as they are necessary for healthy development, but they can
be hazardous to our health in high concentrations [7,8]. Trace elements are usually
categorized into three groups from a dietary point of view: essential trace elements (iron,
zinc, copper, cobalt, chromium, fluorine, iodine, manganese, molybdenum, and selenium);
probably essential trace elements (nickel, tin, vanadium, silicon, and boron), and non-
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essential trace elements (aluminium, arsenic, barium, bismuth, bromine, cadmium,
germanium, gold, lead, lithium, mercury, rubidium, silver, strontium, titanium, and
zirconium) [9-11]. Insufficient intake of essential trace minerals can cause symptoms of
nutritional deficiency [12]. Therefore, detection and analysis of these trace mineral elements
in foods, including maize, can provide useful assessment and control of safe and healthy
food. Such detection requires sensitive and accurate methods of analysis; currently, most of
the trace elements are estimated with colorimetric and spectroscopic methods. We
investigated essential, probably essential, and non-essential trace elements by using
inductively coupled plasma mass spectrometry (ICP-MS) in the grains of yellow maize
grown at the University of Agriculture, Faisalabad, Pakistan. ICP-MS has some distinctive
advantages over other detection techniques. For example, it can measure several elements
simultaneously, has very low detection limits, and offers a wide linear dynamic range that
allows the determination of major and trace elements in the same sample, which is not
possible with other techniques.

To the best of our knowledge, this is the first study regarding the evaluation of trace
elements using ICP-MS in maize. Detection and analysis of trace elements using ICP-MS
may also provide assessment and monitoring of the pollution of the environments (soil,
water, and air) with which maize, and all agricultural products, are in direct contact.

2. Materials and Methods

The investigation was carried out at the research area of the Department of Plant
Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan. A randomized
complete block design was used in growing experimental material, with three replications
under normal conditions. Plant-to-plant and row-to-row distances were 20 cm and 40 cm,
respectively. At maturity, plants were harvested manually and grains were used for the study
of proximate chemical composition and detection of inorganic nutrients. The grains were
grinded and passed through a 1-mm sieve of a milli micro mill (Model DFH-48, Culatti,
Switzerland), then shaken for 8 h at 50 °C. Nitric acid (HNO3) and hydrogen peroxide (H205)
were purchased from Sigma Aldrich (St. Louis, MO, USA). High-purity distilled water
obtained from a Millipore Milli-Q water purification system (Merck Millipore, Billerica, MA,
USA) was used throughout the work. Samples of white and yellow maize flour were pre-
digested in nitric acid (HNO3) as described in the literature [13]. In brief, 500 mg of the
yellow maize flour samples was added to 7 mL of 70 % HNO3 and kept at room temperature
for 6 h. After that, 1 mL of H,O, was added, then digestion was carried out using a
microwave oven. The digestion temperature was increased from 30 °C to 180 °C in 50 min,
and the digestion was completed when the sample was colourless. Finally, the digested
sample volume was adjusted to 50 mL with high-purity distilled water. A working standard
solution for each tested element was prepared fresh daily by serial dilution from a stock
solution containing 1000 mg L™ of the element (Merck, Kenilworth, NJ, USA). Analytical
determination of trace metals was carried out using a NexION 300 D ICP-MS (Perkin Elmer,
Waltham, MA, USA). All analyses were performed in triplicate and checked by standard
addition. The ICP-MS calibration was carried out by external calibration. The calibration
curves of six elements (As, Cd, Cr, Ni, Pb, and Zn) were obtained using a blank and four
working standards (0, 10, 20, 40, and 100 pg L™) and for Al obtained by the instrument using
the blank and three working standards (0, 100, 200, and 300 pg L™) for all elements, starting
from a 1000 mg L™ single standard solutions for ICP-MS (Aristar grade, BDH Laboratory
Supplies, England) for the trace elements. Correlation coefficients for all elements were
0.998-0.999.



3. Results and Conclusions

A sample of the yellow maize flour used in this experiment is shown in Fig. 1. Small-
size debris aggregates with large-size grains and irregular residues, which could correspond
to non-starch components, were observed in the ground maize.

Figure 1: Photograph of the yellow maize flour powder grown at research area of the Department of Plant
Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan.

Table 1 summarizes the operating conditions of the ICP-MS. Quantitation of the
elements was obtained using the external calibration curve method.

Table 1: ICP-MS (NexION 300 D) operating conditions and data acquisition parameters.

RF power 1600 W
Nebulizer gas flow 0.65 L/min
Lens Voltage 9.55V
Analog Stage Voltage -1745V
Pulse Stage Voltage 950 V
Number of Replicates 3
Reading / Replicates 20
Scan Mode Peak Hopping
Dwell Time 40 ms
Integration 1200ms

Three- to five-point calibration curves, with appropriate dilutions, were used for
quantitation, and the concentration ranges for the twenty elemental STDs are shown in Table
2. The calibration curves had good linearity (R? > 0.994) within the investigated range. The
limit of detection (LOD) and limit of quantitation (LOQ) for all twenty elements were
determined for each calibration curve using the equations LOD = 3 x SD/S and LOQ = 10 x
SD/S, where SD is the standard deviation of a response, and S is the slope of the calibration



curve (Shrivastava and Gupta, 2011). In the current study, the LOD ranged from 0.0017 to
0.280 pug mL-1, and the LOQ from 0.0057 to 0.934 ug mL-1, as shown in Table 2.

Table 2: Calibration curves, limit of detection (LOD), and limit of quantitation (LOQ) of 20
elements examined in the present study.

Element Concentration Linearity (r%) Slope (S) SD of LOD LOQ
pg/mL Response pg/mL | pg/mL
Al 0.01-0.1 0.9984 15273.4 63.0 0.012 0.041
As 0.1-1 0.9995 529.5 49.5 0.280 0.934
Ba 0.01-0.1 0.9997 6614.1 12.0 0.0054 | 0.0181
Ca 0.01-0.1 0.9980 1312.7 32.0 0.0731 0.243
Cd 0.01-0.1 0.9998 1819.4 13 0.0214 | 0.0714
Co 0.01-0.1 0.9991 32494 13.5 0.0124 | 0.0415
Cr 0.01-0.1 0.9990 2929.2 27 0.0276 | 0.0921
Cu 0.01-0.1 0.9992 14530.8 42 0.0086 | 0.0288
Fe 0.1-1 0.9989 1120.4 30 0.080 0.2677
K 0.01-0.1 0.9971 11946.9 32.96 0.0082 | 0.0275
Mg 0.01-0.1 0.9991 13907.9 58 0.0125 0.041
Mn 0.01-0.1 0.9991 4358.4 24 0.165 0.055
Mo 0.01-0.1 0.9999 5001.5 11 0.0065 | 0.0219
Na 0.01-0.1 0.9970 54780.8 50 0.0027 | 0.0091
Ni 0.01-0.1 0.9981 6790.1 35 0.015 0.0515
Pb 0.01-0.1 0.9995 9601.0 49 0.0153 | 0.0510
Se 0.1-1 0.9998 770.7 4.7 0.0183 | 0.0610
Sr 0.01-0.1 0.9997 17985.1 18 0.0030 0.010
U 0.01-0.1 0.9998 17267.9 10 0.0017 | 0.0057
Zn 0.1-1 0.9991 378.4 1.7 0.0134 0.044

In general, the results for most of the elements indicate the efficiency of ICP-MS and
its ability to provide suitable detection limits and LOQ for maize flour analysis.
Concentrations of the twenty essential, probably essential, and toxic trace elements in the
maize flour, as detected by ICP-MS, are presented in Table 3.

Table 3: Concentration of 20 elements determined by ICP-MS in the yellow maize flour

powder grown at research area of the Department of Plant Breeding and Genetics,

University of Agriculture, Faisalabad, Pakistan.

Elements Maize Flour (ug/g)
Al 200.052 (1.3)
As 0.173(4.1)
Ba 2.53(1.2)
Ca 1290.272 (1.0)
Cd 0.04(7.2)
Co 0.148 (2.7)
Cr 9.854 (1.0)
Cu 11.465 (0.7)
Fe 115.13 (1.2)
K 914.984 (0.9)
Mg 1594.137 (0.7)
Mn 21.481 (1.9)
Mo 1171 (1.4)




Na 63.887 (0.2)
Ni 6.083 (0.8)
Pb 17.047 (0.3)
Se 0.062 (6.9)
Sr 5.231 (0.9)
U 0.027 (1.3)
Zn 33.898 (0.6)

The results are the mean values for three replicates (n = 3) with RSDs. The precision
was good, varying from 0.2 % (for Na) to 7.2 % (for Cd) in our samples. The concentrations
of all twenty studied elements, grouped as essential, probably essential, or toxic, are shown in
Figs. 2 and 3. As can be seen from Fig. 2(b), the essential elements are higher in
concentration in yellow maize flour and can be arranged as follows: Se < Co < Mo < Cu <
Mn < Zn < Fe < Ca. The concentrations of the elements detected using ICP-MS were in good
agreement with those obtained using other techniques, although we found that Ca and Fe
were higher than those obtained by [14-16]. The Zn and Cu content was significantly lower
than the Ca and Fe content, but are comparable to those determined by Ullah et al. (2010),
who determined that the Zn content of maize grains was 37.05-52.4 ppm, and Cu
concentration was higher than those obtained by [16].
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Figure 2: (a) Overall concentration of 20 elements determined by ICP-MS in the yellow maize flour powder
grown at research area of the Department of Plant Breeding and Genetics, University of Agriculture, Faisalabad,
Pakistan (b) Concentration of essential elements determined by ICP-MS in the yellow maize flour powder
grown at research area of the Department of Plant Breeding and Genetics, University of Agriculture, Faisalabad,
Pakistan.

Fig. 3(a) shows the concentrations of the probably essential elements (Mg, K, Na, Ba,
Al) in the yellow maize flour. As seen in the Fig. 3(a), the concentrations of these elements
can be arranged as Ba < Na < Al < K < Mg. The concentration of Mg found here is higher
than those found by [14-16], whereas concentrations of Na and K are significantly lower than
those obtained by [17]. The concentration of Al is slightly higher than those obtained by [17]
in maize and those obtained by [13,18]. The concentration of Ba is relatively low (2.13-2.53
Ig g-1), which is comparable to that obtained by [19] in rye crispbread and higher than those
obtained by [13] in rice. Fig. 3(b) shows the concentration of toxic elements (Pb, Cd, As, Ni,
Cr, Sr, and U) in the yellow maize flour used in the current study. Concentrations of these
elements can be arranged as follows: U < Cd < As < Sr < Ni < Cr < Ph. The concentration of
Pb was 9.49 ug g-1, which is comparable to that obtained by [18] but significantly higher



than that reported in other relevant studies [19-23]. The concentrations of Ni, Cr, and U were
very low compared to those obtained by [18]. The Cd concentration found here was quite low
compared to those reported by [19,21] and [20]. We believe that these differences could be
due to the source of the cereals, including geographic area, nature of the soil, or different
production processing.
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Figure 3: (a) Concentration of the probably essential elements determined by ICP-MS in the yellow maize flour
powder grown at research area of the Department of Plant Breeding and Genetics, University of Agriculture,
Faisalabad, Pakistan (b) Concentration of toxic elements determined by ICP-MS in the yellow maize flour
powder grown at research area of the Department of Plant Breeding and Genetics, University of Agriculture,
Faisalabad, Pakistan.

For the first time, inductively coupled plasma mass spectroscopy (ICP-MS) was used
to rapidly quantify inorganic trace elements in yellow maize flour. A large number (20) of
trace essential, probably essential, and toxic elements were identified by ICP-MS. Excellent
detection limits and limits of quantitation were obtained at both low and high concentration
levels. The procedure presented here is also time- and cost-efficient, and thus suitable for
routine analysis of maize and other crops and vegetables as part of the assessment of food
quality and safety.
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