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Abstract

Global industrialization could be considered as a major cause of environmental contamination with
heavy metals. Barley and malt, vastly used in the food industries, are of no exception. Therefore,
we aimed to measure the levels of trace elements Zinc, Copper and heavy metals Lead and Cad-
mium by Differential Pulse Anodic Stripping Voltammetry in 19 barley grain cultivars and their
malts in Iran. Ferric reducing antioxidant power (FRAP) assay was also used for determination of
antioxidant activity of the samples. The mean levels of Zn, Cd, Pb and Cu were measured to be
18.813 * 8.575, 0.212 * 0.116, 0.278 + 0.163, 3.746 * 1.118 mg/100g in the barley samples and
14.364 * 6.391, 0.153 % 0.098, 0.179 * 0.082 and 3.033 * 1.392 mg/100g in the malt samples, re-
spectively. The highest concentration of Zn was measured in the Bahman cultivar of barley and
Mb-82-4 sample of malt while the Sahra cultivar of barley and Valfajr sample of malt had the lowest
concentration of Pb and the Nimrooz cultivar of barley and Rihane-03 sample of malt had the low-
est concentration Cu. The mean levels of zinc and lead in the evaluated samples of barley and the
mean levels of zinc, lead and cadmium in the samples of malt were significantly lower than stan-
dard limits. Although not significant, the mean levels of cadmium in barley samples and copper in
malt samples were higher than the standard limits, but the mean level of copper was found to be
significantly higher than the standard limits in the samples of barley (p = 0.008). Antioxidant aci-
tivity was found to be highest in the Mb-82-12 sample of malt and Nik cultivar of barley. The aver-
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age antioxidant activity was found to be significantly higher in the malt compared to barley grain;
1.584 % 0.596 mg/kg vs. 0.633 + 0.221 mg/kg (p < 0.001). The mean level of copper in barley samples
was significantly higher than the standard limit that needs further investigations to be controlled.
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1. Introduction

The barley (Hordeum vulgare) is one of the oldest cultivated cereal commodities of Poaceae family that also in-
clude wheat, rice and maize [1]. Barely also grows at hot areas of the world by producing new varieties of the
barley, which can sustain to the temperature of that specific area [2]. Barley is used commercially for animal
feed, to produce malt, for seed and for human food applications as it is rich in protein, carbohydrates, dietary fi-
bers, minerals, and vitamins. Global industrialization and the fast shift toward urbanization could be considered
as a major cause of environmental contamination with heavy metals. The concentrations of heavy metals in a
plant have been found to be directly correlated with the levels of these chemicals in the soil and atmosphere of
the planting location [3]-[5]. The term “heavy metals” used when the human healthcare, environmental health
and sanitation are regarded, refers to metals such as lead, mercury, copper, cadmium, nickel, chromium and etc.,
elements forming various compounds that impose significant threat to the environment and the human’s health
[6]. The food, the water we drink, the air we breathe and in almost everything we are in contact with every day
contains some levels of these toxins [7]. In this regard, water and food contamination is now considered as a
major nutritional health issue due to the eminent industrial growth and the consequential extensive application of
chemicals [8]. These elements cannot be metabolized in our bodies, are not excreted and so they deposit and
accumulate in the tissues such as muscles, fat, bones and joints that can cause various health issues and different
complications [9]. Therefore, an intense monitoring system should be developed for measuring the levels of
these toxins in our food in order to prevent these health problems. Zinc and copper are two of the trace elements
essential for the human body. Copper has been found to be vital to the health of all living organisms and since it
is incorporated into a variety of proteins and metalloenzymes, it is particularly essential to the metabolic func-
tions in the human body [10]. It has been found to be necessary for the proper growth, development and main-
tenance of various tissues in multiple organs. It is also involved in stimulation of immune system, promotion of
tissue healing, red blood cell formation, absorption and utilization of iron, metabolism of cholesterol and glu-
cose and the synthesis of important proteins and enzymes [11]. Zinc has also been found in approximately 100
specific enzymes, is present in transcription factors as structural ions and is stored and transferred in metallo-
thioneins [12]. This element plays various biological roles in the human body including metabolism of RNA and
DNA, gene expression, signal transduction, regulation of apoptosis, modulation of brain excitability and synap-
tic plasticity [13]. Both these elements are considered as antioxidants, molecules that prohibit the oxidation of
other molecules; a chemical reaction through which free radicals are produced [14]. These free radicals have
been found to be associated with more than one hundred disorders in the human body. They deplete antioxidants
essential for the immune system, interrupt gene expression and lead to production of abnormal proteins [15]. As
another outcome of the vast technological improvements and global industrialization an impressive variety of
products can be seen all around the world. Of the various kinds of drinks found in the market, non-alcoholic beer
is one of the most popular ones among Iranian population. This product is resulted from the malting process of
barley. Therefore it is of almost importance to be aware of the levels of heavy metal contaminants; lead and
cadmium in samples of barley and malt, also some nutrition trace elements; zinc and copper and total antioxi-
dant activity. So it was aimed to measure the levels of zinc, copper, lead, cadmium and antioxidant activity in a
few samples of malt and barley via polarography and FRAP method, respectively.

2. Materials and Methods
2.1. Materials
Polarography: Glacial acetic acid (K35377356546), sodium acetate (K37186665742), tartaric acid (819A135004),
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copper nitrate (6397182), lead nitrate (7397), zinc nitrate (8912071) and cadmium nitrate (211B981619) were
purchased from Merck (Germany) and nitric acid (65%) was acquired from Applichem (Germany).

FRAP: Hydrochloric acid (100317), Iron (1) sulphate heptahydrate (103965), Iron (111) chloride hexahydrate
(103943), 2,4,6-Tri (2-pyridyl)-1,3,5-triazine(110238).

2.2. Polarography Measurement of Elements

2.2.1. Preparation of Standard Solutions

Seventeen grams of sodium acetate trihydrate was dissolved in 30 mL of distilled water and 0.75 g of tartaric
acid was added to prepare sodium acetate buffer. A sonicator device (Sonorex Rk52, Germany) was used to
produce a clear and uniform solution via ultrasound waves. Glacial acetic acid was used to set the pH of the so-
lution in the range of 4.6 to 4.8 and then distilled water was added to increase the volume up to 100 mL. To
prepare the standard Solutions of Pb, Cu, Cd and Zn, respectively 0.080 g Pb (NOs),, 0.191 g Cu(NO3),, 0.137 ¢
Cd(NO3), and 0.214 g Zn(NOs), were each dissolved in 100 mL double distilled deionized water. The calibra-
tion curves of the four elements through standard addition method are presented in Figure 1 & Figure 2. Then,
10 mL of Zn standard solution and 5 mL from each of the Pb, Cu and Cd standard solutions were combined and
double distilled water was added up to 100 mL to prepare the quadruple standard solution of Zn, Cu, Pb and Cd.
The concentrations of Zn, Cu, Cd and Pb in the mentioned solution were then calculated to be 47.085 pg/mL,
25.197 ug/mL, 25.054 ug/mL and 24.992 pg/mL, respectively.
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Figure 1. Calibration curves of (a) Zn, (b) Cd, (c) Pb and (d) Cu using standard addition method for barley.
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Figure 2. Calibration curves of (a) Zn, (b) Cd, (c) Pb and (d) Cu using standard addition method for malt.

2.2.2. Sampling and Preparation

The barley cultivars were collected from the seed and plant improvement institute which included 19 Iranian barley
cultivars: (Bahman, MB-82-12, Nosrat, Kavir, Torkman, Makoeei, Karoun, Valfajr, Rihane, Dasht, MB-42-4, Nik,
Rihane-03, Sahra, Yosef, DD-10, Nimrooz, Fajr-30, Gorgan-4). These cultivars were collected from the growing
area of Iran and corresponding malts were studied. Two grams of each sample were heated to turn into dry ashes,
which were dissolved in 10 mL of 65% Nitric acid. The samples were heated in a furnace at the temperature of
450°C to produce dry ashes, a procedure known as digestion. The ashes were added to 1 mL of 65% Nitric acid
and 9 mL of deionized water and the solutions were boiled. After cooling, they were filtered and their volumes
were brought to 25 mL. Then 10 mL of sodium acetate buffer and three doses of 100 uL quadruple standard solu-
tion were added to each sample solution and 500 uL of the final product was presented to the device for analysis
via the 746 VA trace analyzer. Concentrations were measured 3 times and the acquired data were then analyzed.

2.2.3. Measurement

The polarograph’s cell was filled with 10 mL of sodium acetate buffer and the solution was stirred at 2000 rpm
for 60 seconds. Measuring began with drawing a baseline using a Hanging Drop Mercury Electrode (HDME).
The volume of the drop was 5 pL and a pulse with a height of 50 mV and a width of 40 ms was used. Primary
electrolysis was performed with a potential of 800 mV applied for 90 s. The stirring was stopped for 10 s during
the resting phase so that the solution would be ready for measurements. The voltage was changed from 800 mV
to 100 mV with a scan rate of 60 mV/s and 6 mV steps. After the baseline the baseline was drawn, 500 pL of the
prepared solution was added to the cell and stirred for 100 s at 2000 rpm. The mentioned processes were re-
peated in the next phases to obtain the voltamogram. Afterwards, 100 pL of the quadruple standard solution was
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added to the cell in three separate steps, between each the measurements were repeated. The device calculated
the average of the three measurements for the analysis. Polarogram curves of the four elements drawn by the
device for barley and malt samples are depicted in Figure 3 & Figure 4 respectively.

2.3. Antioxidant Activity Measurement

In order to measure antioxidant activity of the samples, ferric reducing antioxidant (FRAP) assay was conducted
by mixing and incubating 10 pL of barley or malt extracts with 90 pL of distilled water and 900 pL of FRAP
reagent. Spectrophotometry was used for measuring antioxidant activity at 593 nm after half an hour (GBC Cin-
tra 40, Victoria, Australia). Calibration curves were constructed using FeSO, concentrations of 1000, 750, 500,
250 and 125 pM. All measurements were repeated three times [16].

2.4. Statistical Analysis

SPSS v.20 was used for data entry and analysis, during which the measured concentrations were compared to
the standard limits presented by the Food and Agriculture Organization/World Health Organization (FAO/WHO)
[17] via T-Test.

3. Results

The minimum amounts of Zn, Cu, Pb and Cd that could be measured via the Differential Pulse Anodic Stripping
Voltammetry (DPASV) method applied in this survey were calculated to be 0.05 mg/kg, 0.01 mg/kg, 0.005
mg/kg and 0.005 mg/kg, respectively. The accuracy of measurements were calculated based on the three mea-
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Figure 3. Polarogram Curves of the four element in barley samples.
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Figure 4. Polarogram Curves of the four elements in malt samples.
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surements for each element using standard errors and were found to be 5.6%, 3.2%, 3.5% and 4.5% for the men-
tioned elements respectively.

Table 1 presents the concentration of each element in our evaluated samples and Table 2 demonstrates the
average of measured amounts of elements in both barley and malt samples in mg/kg. The second column of the
table shows the standard limits of each element determined by FAO/WHO, which were similar for barley and
malt. The mean levels of Zn, Cd, Pb and Cu were measured to be 18.813 + 8.575, 0.212 + 0.116, 0.278 + 0.163,
3.746 £+ 1.118 mg/100g in the barley samples and 14.364 + 6.391, 0.153 + 0.098, 0.179 + 0.082 and 3.033 *
1.392 mg/100g in the malt samples, respectively as shown in Figure 5. As presented the levels of Zn and Pb
were significantly lower than their standard limits in our barley samples. The level of Cd was found to be
slightly higher than the determined limit but the difference was statistically insignificant. Only the level of Cu
was measured to be considerably higher than the standard limit of 3 mg/kg presented by FAO/WHO (P value =
0.008). The concentration of Zn was found to be lowest and highest in Nimrooz and Bahman samples, respec-
tively. The concentration of Cd was lowest in the DD-10 sample and highest in the Bahman sample. The con-
centration of Pb was lowest in the Nosrat and Sahra samples and highest in the Torkman sample. Nimrooz had
the lowest concentration of Cu and the highest concentration of this element was found in Kavir sample. As for
the evaluated malt samples the levels of Zn, Cd and Pb were reported to be significantly lower than the standard

Table 1. The average amount of each element measured in barley and malt samples in mg/kg, compared standard values.

Barley Malt
Element Standard Limit
(Mean  SD) P value (Mean + SD) P value
Zn 27 18.813 £8.575 <0.001 14.364 + 6.391 <0.001
Cd 0.21 0.212 +0.116 0.912 0.153 +0.098 0.020
Pb 0.43 0.278 £ 0.163 0.001 0.179 + 0.082 <0.001
Cu 3 3.746 £ 1.118 0.008 3.033+1.392 0.915

Table 2. Concentration of the four elements in the evaluated samples of barley and malt. (mg/kg).

Barley (Mean + SD) Malt (Mean + SD)
Zn Cd Pb Cu Zn Cd Pb Cu

Rihane-03 1253+221 0.28+0.03 0.32+0.04 419 +0.98 20.82+526 0.06+0.01 0.17+0.024 0.86+0.09
Makoiee 28.60+542 010+0.03 0.34+0.03 404+016 1092+234 0.24+0.08 025+0.02 1.94+0.13
Mb-82-12 1879+4.13 0.28+0.05 0.39+0.06 394+023 1741+532 0.24+0.067 0.20+0.03 2.40+0.45
Gorgan 21.94+389 0.40+0.06 0.43+0.07 3.84 £ 0.67 17.75+439 0.03+0.09 0.11+0.01 2.14+0.67
Mb-82-4 740+196 0.25+0.05 0.15+0.02 3.76 £0.94 28.00+8.34 0.32+0.03 0.22+0.05 524+1.09
Karoun 19.13+3.67 0.19+001 0.32+0.06 4.07 £ 0.66 16.85+458 0.05+0.01 0.08+0.01 3.88+0.84
Dasht 1217+245 0.08+001 0.17+0.03 415+049 2227+467 022+003 0.26+0.06 3.82+0.62

Variety

Nik 2543+469 029+0.06 0.17+0.02 348+094 2406+512 0.08+0.01 027+0.07 5.22+1.23
Fajr30 10.60 £2.67 0.22+0.098 0.54 +0.043 560+090 1500+395 0.19+0.02 0.15+0.01 3.32+0.83
Yosef 26.80+537 0.13+0.08 0.54+0.06 3.68+0.38 1391+294 0.17+0.02 015+£0.01 3.18%0.92

DD -10 780+19 0.04+001 0.11+0.01 3.75+£0.49 12.25+1.96 0.21+0.03 0.27+0.03 3.60+0.75
Nosrat 11.60+231 032+0.03 0.10+0.01 3.70+0.87 10.71+264 027+0.03 0.21+0.02 3.44+0.77
Sahra 18.73+£397 0.09+0.01 0.10+0.06 4.05+0.81 964+168 0.08+0.04 0.20+0.03 3.28+0.69
Kavir 23.70+7.21 032+0.02 0.16+0.04 5.11+0.26 6.24+234 0.18+0.016 0.34+006 1.08+0.23
Bahman 3206+435 0.39+0.02 0.14+0.02 164+019 16.89+445 0.07+0.04 0.06+0.01 290+051
Torkaman 26.30+£351 0.12+0.06  0.62+0.03 493+084 11.18+2.68 022+005 025+0.05 5.66+1.09
Valfajr 31.32+6.89 0.09+0.09 0.11+0.01 3.73+£0.95 773+164 0.04+0.01 0.06+0.08 2.98+0.95
Rihan 20.62+6.94 0.36+0.036 0.35+0.06 453+0.68 398+095 0.32+0.07 0.09+0.01 3.39+0.86
Nimroz 110+046 025+0.06 0.27+0.08 1.28+0.74 568+1.10 0.03+0.01 0.06+0.01 0.86+0.08
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Figure 5. The mean levels of the four elements comparison in barley and malt samples (P values over the bars) (mg/kg).

limits while the level of Cu was slightly higher than limit of 3 mg/kg. However, the difference was not signifi-
cant (P value = 0.915). The highest concentration of Zn was found in Mb-42-4 sample and the lowest concentra-
tion was measured in Rihane sample. Nimrooz had the lowest concentration of Cd and its highest concentration
was found in the Mb-42-4 and Rihane samples. Nimrooz, Valfajr and Bahman samples had the lowest concen-
tration of Pb, and the highest concentration was found in the Kavir sample. Nimrooz and Rihane-03 samples had
the lowest concentration of Cu and its highest concentration was measured in the Mb-42-4 sample. As for the
antioxidant activity, the measured figures in barley and malt samples ranged from 0.31 - 1.01 mg/kg and 0.64 -
3.34 mg/kg, respectively. The average activity was found to be significantly higher in malt compared to barley
grain which was 1.584 + 0.596 mg/kg vs. 0.633 + 0.221 mg/kg (P value < 0.001). The activities of different cul-
tivars of our samples are presented in Figure 6.

4. Discussion

Rapidly spiking growth of various industries have resulted in an extensive application of chemical compounds,
causing an imbalance in the natural cycling of chemicals in the ecosystem. The outcome has been the global en-
vironmental pollution [9]. These toxins, particularly heavy metals, have entered the food chains and as the high-
est level in these chains, humans are extremely susceptible to accumulation of these chemicals in their bodies
and their toxic effects [8]. Therefore, intense monitoring systems have been developed to assess the food and
water consumed by the people. On this note, many organizations have evaluated the maximum level of these
elements that are safe for the human body and have proposed standard limits for each element. Food and Agri-
culture Organization/World Health Organization (FAO/WHO) has published one of the reliable guidelines on
this subject [17]. As mentioned, heavy metals have found their ways into the soil, water and atmosphere and
through these routes can enter the plants and finally our bodies. Therefore, the plants are valid indicators of the
heavy metal contamination in each area and should be intensely monitored in order to prevent entering of these
toxins into our bodies. Another route from which toxins can enter our nutrition is through the process our foods
are produced. As for the highly consumed non-alcoholic beverages in Iran, these drinks are produced from the
malting process of barley. So the safety of these products can be monitored at multiple levels, two of which are
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Figure 6. Antioxidant activity in different samples of barley and their malt (mg/kg).

the barley itself and the malt that is produced from it. Accordingly, in this study, it was aimed to evaluate the
concentration of Zn, Pb, Cu and Cd as four of the most common poisonous heavy metals in barley and malt
samples used for production of non-alcoholic beer in Iran, since no similar studies have been performed yet.

Our results showed that the level of Cu in the evaluated barley samples significantly exceeded the safe limits
recommended by FAO/WHO guidelines, whereas the concentrations of the other elements in both barley and
malt samples were either within the normal limits or slightly higher than the standard limit, which was reported
to be insignificant. These findings imply the necessity of a more precise and strict monitoring on cultivation of
barley in Iran. The source of such trace elements must be detected and controlled. This is the first study evaluat-
ing the levels of Zn, Pb, Cd and Cu in barley and malt samples in Iran. However, similar studies have been con-
ducted to evaluate the concentration of heavy metals in barley or malt samples in other countries. For instance in
2002, Malmauret et al. reported the level of Cd in barley samples acquired from France to be 0.008 - 0.036
mg/kg, which was significantly lower than the level of this element in our barley samples [18]. In the same year,
Wu et al. measured the level of Pb in barley samples from China to be 0.02 - 0.48 mg/kg that was quite similar
to the level of this element measured in our study [19]. In another study from the same year by Vinas et al., the
levels of Cu and Pb in barley samples from Spain were reported to be 0.06 and 0.16 mg/kg, both significantly
lower than our findings [20]. In 2004, Zhao et al. reported the levels of Cd and Pb in samples of barley from
Britain to be considerably lower than our samples, respectively 0.02 - 0.046 and 0.06 - 0.12 mg/kg [21]. Briggs
et al. reported the levels of Cd, Cu, Pb and Zn in Malt samples to be 0.007, 3.5, 0.04 and 24 mg/kg, respectively
[22]. In comparison, the levels of Cd and Pb were lower in their samples, while the level of Zn in our malt sam-
ples was considerably lower than theirs. The level of Cu was quite similar in the two surveys. In another study
Adams et al. measured the levels of these elements in malt samples to be respectively 0.018, 2.55, 0.03 and 23.6
mg/kg. Similar to the previous study, the level of Zn in Adams’s survey was also higher than the level of this
element in our study, while the other three metals were significantly lower than ours [23]. In another survey
from England in 2006, Baxter et al. measured the levels of Cd and Cu to be 0.003 - 0.007 and 5.7 - 6.2 mg/kg in
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barley samples and 0.001 and 5.8 - 6.2 mg/kg in malt samples [24]. Compared to these figures, the levels of Cu
were significantly lower in barley and malt samples of our study, while the levels of Cd were higher in our sam-
ples. One year later Shar et al. reported the levels of Cd, Cu, Pb and Zn in barley samples acquired from Pakis-
tan to range from 0.22 - 1.95, 6.29 - 35.03, 0.82 - 5.64 and 24.82 - 95.31 mg/kg, respectively [25]. All of these
figures were higher than the levels of these elements in our samples. The levels of Cd, Cu and Zn in barley sam-
ples from China were reported by Chen et al. to be 0.023 - 0.091, 3.45 - 6.33, 35.85 - 76.10 mg/kg [26]. Com-
pared to our reports the level of Cd was lower, the level of Cu was quite similar and the level of Zn was signifi-
cantly higher in their samples. In 2011, Cejka et al. measured the levels of Cd, Cu and Zn in barley samples
from Prague to be 1.21, 1.1 - 11.3 and 4.6 - 16.6 mg/kg [27]. The mean level of Cu was higher in our samples,
while for the other elements it was the otherwise. Similar assessments were performed on barley and malt sam-
ples acquired from Ethiopia by Eticha et al. in 2015. According to their reports the levels of Cd, Cu, Pb and Zn
were 0.318, 5.238 - 6.9, 0.775 and 29.4 - 33.25 mg/kg in barley samples and the levels of Cu and Zn in malt
samples were 6.038 and 33.088 mg/kg [28]. As can be seen the levels of all these elements in both barley and
malt samples were significantly higher in their study compared to ours. The concentration of each element varies
considerably between various samples obtained in this study. These differences might be due to the difference in
various cultivating parameters such as soil, water, climate of the location and etc. The differences observed be-
tween various malt samples could also be attributed to the differences in brewing-related factors. These were
only a few examples of the countless surveys evaluating the levels of heavy metals and toxins in nutritional
products that highlight the utmost importance of this matter and its undeniable effects on our health. We also
evaluated the antioxidant activity of barley and malt samples and the average activity was found to be signifi-
cantly higher in malt compared to barley grain. Similar results have been reported by Mahmoudi et al. [16]. Zn
and Cu are two of the trace elements, found to exert antioxidant activities. Although these two elements are
measured to be at higher concentrations in the barley cultivars, the antioxidant activity was reported to be higher
in the malt samples. Accordingly, the antioxidant characteristics of these samples cannot be attributed to their
contents of Zn and Cu, or otherwise the antioxidant activity of barley cultivars should have been higher than
their malts. The observed increase in antioxidant activity of malt was previously suggested to be coming from
the development of non-enzymatic browning products such as Millard products, particularly melanoidins that
can present with antioxidant activities [29]-[32]. Hydrolytic enzymes can also enhance the release of bound
phenolic compounds, most commonly the phenolic acids related to lignin and arabinoxylans [33] [34]. The
kilning process through which the malt samples are produced can also break the outer tissues of the grains and
allow better extraction of phenolic acids [34] [35]. These might be the reasons for the higher antioxidant activity
observed in malt samples compared to their barley grains.

5. Conclusion

The results of this study showed that the levels of Cd in barley samples and Cu in samples of malt were slightly
higher than the standard limits but the differences were not statistically significant. However, the level of Cu in
barley samples was found to be significantly higher than the maximum safe limit determined by FAO/WHO.
Further investigations are required to detect the source of this excessive Cu in our plants and measures must be
taken to control this trace element and keep the level of Cu in barley samples within safe limits.
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