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Abstract

:

Flour investigation, in terms of physical and chemical pollutants and mineral content, is of great interest, in view of its high consumption for nutritional purposes. In this study, eleven types of flour (five samples for each one), coming from large retailers and employed by people for different cooking food purposes, were investigated through high-purity germanium (HPGe) gamma spectrometry, in order to estimate natural (40K) and anthropogenic (137Cs) radioisotope specific activity and thus, to assess the radiological risk due to the flour ingestion. Inductively-coupled plasma mass spectrometry (ICP-MS) and inductively-coupled plasma emission spectroscopy (ICP-OES) were also employed to evaluate any possible heavy metal contamination and the mineral composition, and to perform multivariate statistical analysis to deduce the flour authenticity. The evaluation of dose levels due to flour ingestion was performed, for the age category higher than 17 years, taking into account the average yearly consumption in Italy and assuming this need to be satisfied from a single type of flour as a precaution. All obtained results are under the allowable level set by Italian legislation (1 mSv y−1), thus excluding the risk of ionizing radiation effects on humans. As far as heavy metal contamination is concerned, Cd and Pb concentrations turned out to be lower than the threshold values, thus excluding their presence as pollutants. Finally, the multivariate statistical analysis allowed to unambiguously correlate flour samples to their botanical origin, according to their elemental concentrations.
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1. Introduction


Natural radioactivity occurs in the environment due to the presence of cosmogenic and primordial radionuclides in the Earth’s crust [1]. The first radionuclides were produced by cosmic-rays’ interaction with atomic nuclei in the atmosphere, while primordial radioisotopes were generated by the nucleo-synthesis process during the Earth’s formation [2]. Anthropogenic radioactivity is due to radionuclides, such as 137Cs, mainly derived from nuclear accidents and global nuclear tests conducted between the mid-1940s and the 1980s [3].



Human beings can be exposed to ionizing radiations through external gamma rays, the inhalation of radon and other radioactive nuclides, and ingestion of radioisotopes through food and water [4]. In particular, for the latter, the natural radioactivity in food comes mainly from 40K; uranium and thorium daughter products are usually present in traces [4,5,6,7,8].



The presence in food of anthropogenic radionuclides, as well as of heavy metals, is a significant issue, involving contamination of the food chain and harm to public health [9]. The danger associated to heavy metals is especially severe, because they are not chemically or biologically degradable [7]. Once released into the environment, mainly due to industrial or mining activities, they can remain for hundreds of years, polluting the soil and accumulating in plants and organic tissues. Moreover, their concentration in living beings increases as they move up the food chain [10].



Among all sources of the food chain contamination, pollution of the soil (from which foods are produced) due to the radioactive fall-out, residual muds, chemical fertilizers, and pesticides used in agriculture appear to be the most significant [11]. Having this contamination in so many different sources, there is a wide range of foods potentially contaminated by anthropic radionuclides and heavy metals, including products of plant origin, such as cereals, rice, wheat, edible roots, mushrooms, etc., as well as animal origin foods, such as fish, crustaceans, mollusks, etc. [6].



Flour is a plant origin foodstuff consumed daily by inhabitants of Italy [12]. The average annual consumption of flour is of about 85 kg per person, taking into consideration its use to produce bread, pizza, and baked goods, so the analysis of flour in terms of chemical and radioactive contamination is extremely important to safeguard human health [13]. The consumption of contaminated food increases the amount of radioactivity and chemical contamination inside an individual, and therefore increases the health risks associated with radiation exposure and heavy metal pollution. The exact health effects depend on the type and quantity of ingested radionuclides and metals [14].



Consumers have an increasing interest towards safe foodstuffs and protection [15,16]. For this reason, studies focused on food authenticity and traceability are in constant increase to preserve costumers against fraud and commercial disputes [17]. In particular, botanical and geographical origins of various foodstuffs have been verified by developing quali-/quantitative methods with subsequent multivariate analysis [18,19].



In this article, eleven different types of flour (five samples for each one), i.e., wholemeal, semolina, rice, coconut, almond, chestnut, Mallorcan wheat, oat, corn, rye, and pistachio, coming from large retailers and employed by people for different alimentary purposes, were analyzed. The analysis was to identify and quantify, on the one hand, natural (40K) and artificial (137Cs) gamma-emitting radionuclides with HPGe gamma spectrometry, in order to evaluate any possible radioactive contamination and estimate the effective dose due to the flour ingestion. On the other hand, heavy metals and minerals were estimated by ICP-MS and ICP-OES, in order to assess any possible chemical pollution, through a comparison between experimental concentrations and threshold limits set by Italian legislation [20], and to deduce the flour authenticity, correlating botanical origin, with chemical composition.



The schematic block diagram of Figure 1 summarizes what was performed in the present study.




2. Materials and Methods


2.1. Sample Description


Five samples for each type of flour (wholemeal, semolina, rice, coconut, almond, chestnut, Mallorcan wheat, oat, corn, rye, and pistachio) were analyzed in this study.



Wholemeal flour is a powdered substance, a basic food ingredient derived from the stone grinding of the whole wheat grain. It has a dusty consistency and is aimed toward mixing with liquid and/or fatty ingredients (water, oil or eggs) to give rise to many doughs of typically Mediterranean origin, such as bread and pasta. The benefits for human health deriving from the use of this flour mainly consist of the reduction of cardiovascular risk and arteriosclerosis, overweightness and obesity, and diabetes risk, as well as anti-inflammatory action [21].



Semolina flour is produced by grinding durum wheat. It is typical of the southern regions of Italy, such as Puglia and Sicily, and other areas of the southern and eastern Mediterranean. Semolina flour is mainly used for the production of bread and pasta, but also for typical sweets. It can be used for biscuits and cakes, as well as pizzas and focaccias. It is rich in fibers, vitamins, and minerals, and has a relatively low glycemic index, thanks to the presence of complex carbohydrates. It also contains antioxidants, particularly beneficial in counteracting cellular aging. It is gluten-rich, though, and therefore not suitable for the diet of people with celiac disease [22,23].



Rice flour is obtained from the ground seeds of the Oryza sativa plant, i.e., rice. It is one of the most-used alternative flours in gluten-free cuisine, being suitable for the preparation of many recipes. As an example, it is excellent in the dough of biscuits, cakes, pies, pizzas, bread, and home-made pasta, because despite having a poor aptitude for leavening, it gives a pleasant crispness. This flour is recommended for cardiovascular health, due to its very low fat and cholesterol content, and low sodium content as well. It can be part of the diet of hypertensive patients. Rice flour also provides a high content of minerals, such as calcium and iron compounds, and vitamins [24].



Coconut flour is the powder obtained by grinding dried coconut pulp. It is a fairly versatile ingredient, so it can be used for different preparations, taking into account its tendency to absorb a lot of liquids. This means that the dishes containing it are and remain more humid than those made with other flours. For this reason, coconut flour is highly appreciated, especially in gluten-free cuisine, where the products tend to dry out very quickly. This kind of flour has several health benefits, since it is a rich source of fiber and protein, does not contain gluten, and has a low glycemic index [25].



Almond flour is a product easily obtained by grinding shelled and peeled almonds. It is used, as is, for the preparation of baked goods, especially sweets, or in combination with sugar for the preparation of the well-known almond and marzipan paste, rich ingredients of granita or artisanal ice cream, as well as malleable pastes for the decoration of cakes or biscuits. It is gluten-free, a source of vegetable protein, and contains magnesium and iron. It is also source of good fats, helps to reduce cholesterol, is a source of energy for the body, and has restorative properties [26].



Chestnut flour is the product of the drying and subsequent grinding of chestnuts. It is a very versatile ingredient, which can be useful for the preparation of both sweet and savory recipes. Beyond some traditional recipes, this flour is nowadays used quite rarely in the kitchen, while in the past it represented a staple food, replacing the fine wheat flour in poor cuisine. This flour is rich in proteins, fiber, and vitamins, and is useful for the intestinal bacterial flora and against cholesterol [27].



Mallorcan flour is obtained by the stone-grinding of Mallorca wheat, a variety of ancient Sicilian wheat produced from organic farming, and characterized by a low gluten index and by being a source of fiber. The stone grinding is followed by a sieving, which gives it its typical characteristics. This flour is used in the recipes of typical Sicilian sweets, wafers, white breads, and breadsticks. It has a lot of protein, mineral salts, and vitamins content, and excellent bread-making qualities. It is also an easily digestible food, with a low gluten content [28].



Oat flour is a product obtained by grinding the seeds of oats, preceded by the separation of the bran, which is rich in cellulose indigestible for the human body. With this flour, it is possible to prepare various types of food products, from appetizers to desserts, including bread, pizza, porridge, pasta, quiche, sweet cakes, and savory desserts. It is an excellent source of carbohydrates, fiber, protein, and fats, and is also rich in micronutrients, such as vitamins, minerals, and lecithin [29].



Corn flour is a dried cornmeal. It is a common staple food and is ground to coarse, medium, and fine consistency. This flour, obtained by grinding the seeds of Zea mais, is suitable for celiacs and used for the preparation of polenta and as a thickener. rich in carotenoids and has an antioxidant action. It is suitable for celiacs and is used for the preparation of polenta, and as a thickener. It is also used for the preparation of flans, Mexican tortillas, crèpes, pasta, and desserts [30].



Rye flour is produced by grinding the seeds of Secale cereale. It is rich in soluble fibers, but it tends to absorb large quantities of water, thus hindering baking. Rye-based dough is not very elastic and almost devoid of resistance, because it contains little gluten. The bread made from it is very dark, with a characteristic flavor. Rye flour can also be used for the preparation of sweets, biscuits or cakes, pasta, buns, and fried foods. From a nutritional point of view, it provides a high amount of energy [31].



Pistachio flour is obtained by chopping shelled pistachios until a not-too-fine grain is obtained, with an irregular shape and intense color. It is deal as a base for the preparation of cakes and desserts in general, sauces for pasta, and main courses of meat and fish. This flour is rich in mineral salts, is a source of vegetable proteins, contains B vitamins and carotenoids, is rich in antioxidants, protects eyesight, and prevents aging [32].



All the investigated types of flour are reported in Table 1, together with their identification code (ID) and typology.




2.2. Gamma Spectrometry Analysis and Radiological Hazard Effects Assessment


For the gamma spectrometry investigations, samples were packed in a 20 mL polyethylene plastic vial to reach a geometry homogeneity around the detector; then, the respective net weights were measured and recorded. After this preparation step, they were counted for 70,000 s, and spectra were analyzed in order to obtain the activity concentration of 137Cs and 40K, through the evaluation of their γ-lines at 661.66 keV and 1460.81 keV, respectively. A positively-biased Ortec HPGe detector (GEM) (FWHM of 1.85 keV; peak-to-Compton ratio of 64:1; relative efficiency of 40% at the 1.33 MeV 60Co γ-line), placed inside lead wells to shield the background radiation environment, was employed for the analysis. A photo of the experimental setup is reported in Figure 2.



A multipeak Marinelli geometry gamma source (AK-5901) of 1 L capacity, covering the energy range 59.54–1836 keV, customized to reproduce the exact geometries of samples in a water-equivalent epoxy resin matrix, was employed for efficiency and energy calibrations. The ANGLE 4 code was employed for the efficiency transfer factor calculations to the 20 mL vial sample holder geometry [33]. For data acquisition and analysis, Gamma Vision (Ortec) software was used [34].



The activity concentration (C) of each detected radionuclide was calculated according to the following [35,36]:


  C =    N E     ε E  t  γ d  M      



(1)




where    N E    indicates the net area of the radioisotope photopeak;    ε E    and    γ d    are the efficiency and yield of the photopeak, respectively; M is the mass sample (g); and t is the lifetime (s).



The resulting uncertainty of each measurement, with coverage factor k = 2, was calculated, taking into account the uncertainty of the counting estimation, of the calibration source, of the efficiency calibration, of the background subtraction, and of the γ-branching ratio [37].



The quality of the gamma spectrometry experimental results was certified by the Italian Accreditation Body (ACCREDIA) [38].



This implies the continued verification (with annual periodicity) of the maintenance of the gamma spectrometry method performance characteristics.



The repeatability of the results, in particular, is verified over time with the double test method. A certified reference material (also containing the radionuclides 40K and 137Cs) is analyzed twice, with the active concentration of the radionuclide of interest defined as x1 (first measurement) and x2 (second measurement). The probability level p = 0.95 is considered. The following formula is applied:


   |   x 1  −  x 2   |  ≤  2  ·  s r  · t  








where t is the Student variable, and sr is the standard deviation of repeatability obtained in the validation phase.



To evaluate radiological hazard effects, the effective dose for flour ingestion was calculated [39]:


   D  i n g    (    Sv  y   )  =  h  i n g , K − 40   ×  J  i n g , K − 40      



(2)




where hing,K-40 is the coefficient of the effective dose for the insertion unit for ingestion of 40K (Sv Bq−1), and Jing,K-40 is the intake of 40K (Bq year−1) [40]. The latter value is obtained by multiplying the yearly flour consumption for the mean activity concentration of the investigated radionuclide experimentally measured.




2.3. ICP-MS and ICP-OES Analysis


For the analysis, approximately 0.5–1.0 g of sample, together with 5 mL of ultrapure (for trace analysis) HNO3 (67–69%) and 1 mL of hydrogen peroxide (H2O2), as well as 5 mL of ultrapure water, were directly introduced into a 100 mL TFM vessel. Acid digestion was performed using a Milestone microwave system, Ethos 1, in four steps: 5 min at 1000 W and 85 °C, 10 min at 1000 W and 145 °C, 4 min at 1000 W and 180 °C, 15 min at 1000 W, and cooling [41]. The mixture was filtered and filled up to 100 mL with distilled H2O.



ICP-MS calibration solutions for the analytes measured at 1, 5, 10, 100, and 200 ppb for As, Be, Cd, Cu, Pb, and Zn, as well as at 0.2, 0.5, 1.0, 2.0, and 3.0 ppb for Hg, were prepared by opportune dilutions of two different reference materials (o2si Multi-element aqueous RM 100 mL 20 µg mL−1, and o2si Single-element Mercury Hg aqueous RM 100 mL 1007 µg mL−1) in 0.5 % (v/v) HNO3 and 0.5% (v/v) HCl [42]. Internal standardization was applied, with an internal standard at 20 ppb, added on-line via a T-piece before the nebulizer. For the ICP-MS measurements a Thermo Scientific iCAP Qc ICP-MS was used [43] (see Figure 3).



The sample introduction system consisted of a cooled (3 °C) Peltier, a baffled cyclonic spray chamber, a PFA nebulizer, and a quartz torch with a 2.5 mm i.d. removable quartz injector. The instrument operated in a single collision cell mode, with kinetic energy discrimination (KED), using pure He as collision gas. All samples were presented for analysis using a Cetac ASX-520. The iCAP Qc ICP-MS operated in a single KED mode using 1550 W forward power, 0.98 L min−1 nebulizer gas, 0.8 L min−1 auxiliary gas, 14.0 L min−1 cool gas flow, 4.5 mL min−1 He collision cell gas, 45 s each for sample uptake/wash time, optimized dwell times per analyte (0.1 s, except 0.5 s for As), one point per peak, and three repeats per sample.



For the ICP-OES measurements, a Perkin Elmer Optima 2100 DV was employed [44] (see Figure 4).



The operating conditions were 1450 W RF power, 15 L min−1 plasma gas flow rate, 0.2 L min−1 auxiliary gas flow rate, 0.8 L min−1 nebulizer gas flow rate, 1.5 L min−1 sample flow rate, 50 s read delay, CCD detector, and nitrogen purge gas, with 589.592 nm (Na), 285.213 nm (Mg), 317.933 nm (Ca) wavelengths.




2.4. Multivariate Statistical Analysis


The Microcal Origin software for Windows (Northampton, MA, United States, ver. 2018) was used for all statistical calculations [45]. A statistical analysis was conducted, starting on a multivariate matrix, where variables were the average concentrations of detected elements (P, Mg, Ca, Na, Fe, Zn, Mn, Cu, Ni), and the cases were the eleven analyzed flour samples.



With the aim of unambiguously correlating flour samples to their botanical origin, according to their elemental concentrations, an exploratory method (principal components analysis, PCA) was performed. It ensures the reduction of the data dimensionality, whereas the combinations of variables identified by the PCs provide the greatest contribution to sample variability. Before the elaboration, the appropriateness of the data set was preliminarily checked by the Bartlett test (sphericity test), as already reported in a previous work [46].





3. Results and Discussion


3.1. Radioactivity Analysis


The activity concentration of 40K in the investigated flour samples, as calculated by Equation (1), is reported in Table 2 as mean value ± standard deviation for each type of flour.



The highest value refers to chestnut flour. This may reasonably reflect the different composition of the two investigated flours, reported to have 847 mg and 171 mg of potassium per 100 g of sample [47,48], respectively.



Regarding 137Cs, its activity concentration in all analyzed samples, reported in Table 2, turned out to be lower than the minimum detectable activity value, thus excluding an anthropogenic radioactive contamination of the investigated samples.




3.2. The Annual Effective Dose for Food Ingestion


Table 3 reports the estimation of the annual effective dose due to the ingestion of investigated samples, Ding, as calculated by Equation (2), for the age category higher than 17 years.



Reported values take into account the average yearly consumption of flour in Italy, assumed to be of about 85 kg, taking into consideration its use to produce bread, pizza, and baked goods [49,50], making the hypothesis that this need was satisfied from a single type of flour. For each type of investigated flour, Table 3 also shows the percentage values of the aforementioned doses with respect to the total (external + internal) natural radioactivity value for humans, expressed in terms of effective dose, equal to 2.4 mSv y−1 [51]. Noteworthily, the calculated annual effective doses for all investigated flour types were under the threshold level of 1 mSv y−1 imposed by the legislation [51] (see Figure 5).



Therefore, no risk to humans due to ionizing radiations can be associated with the flour ingestion.




3.3. Heavy Metal Analysis


Table 4 reports Cd and Pb mean concentrations (mg kg−1) for each type of investigated flour, as obtained through ICP-MS analysis.



As can be seen from the table, the experimental values are lower than the contamination thresholds established by the commission regulations [52]. Therefore, Cd and Pb cannot be considered as pollutants, and are generally expected not to cause severe effects on human health.




3.4. Elemental and Chemometric Analysis


Table 5 reports the elemental composition of the analyzed flour samples.



In particular, macro- (P, Mg, Ca) and micro-inorganic minerals (Na, Fe, Zn, Mn, Cu, Ni) determined by ICP-OES and ICP-MS were tabulated; their average concentrations were in good agreement with values reported in literature [53].



As reported [48], the presence of inorganic minerals in flour samples is strictly correlated with the plant or fruit of origin. In order to unambiguously establish this correlation, PCA was conducted, considering nine variables and eleven cases. Preliminarily, the measure of sampling adequacy and Bartlett’s test of sphericity were carried out to verify the suitability of the data for factor analysis. Test results suggest that the correlation matrix was factored and appropriate for PCA. By using the Kaiser criterion, two principal components (PC1 and PC2) with eigenvalues exceeding one were extracted, representing the 40.57% and 23.72% of total variance, respectively.



PCA results reveal the presence of four different groups, reported in the bi-plot of Figure 6.



The groups appear to be comparable to each other in terms of macro- and micro- element concentration. Specifically, four groups were recognized: group I (containing samples S10 and S11, green points) and IV (containing samples S1 and S8, blue points) refer to flours that turned out to be positively correlated, as far as PC1 is concerned, with Ca, Mg, P, Cu, Zn, Fe, Ni, and Mn, and negatively correlated with Na. Regarding PC2, flours in group I exhibited a positive correlation with values of Cu, P, Mg, and Ca contents, and a negative correlation with other variables. The opposite occurred for flours in group IV. Continuing on, group II (containing samples S4, S5, and S9, purple points) and III (containing samples S2, S3, S6, and S7, black points) refers to flours that turned out to be negatively correlated, as far as PC1 is concerned, with Ca, Mg, P, Cu, Zn, Fe, Ni, and Mn, and positively correlated with Na. Regarding PC2, flours in group II exhibited a positive correlation with the values of the Cu, P, Mg, and Ca contents, and a negative correlation with other variables. The opposite occurs for flours in group III.



The differences in the average concentrations of P, Mg, Ca, Na, Fe, Zn, Mn, Cu, and Ni revealed among the identified groups strictly depend on the compositional features of the plant or fruit from which the analyzed flours derive. In the light of this, the obtained results could potentially be helpful to the producers to warn against food fraud, ensure flour quality, and inform the customers about sensitive parameters to be used potentially in the traceability process, in order to build up several fingerprints able to ensure the healthy effects of these products.





4. Conclusions


In this article, radiation levels, metals contamination, and inorganic mineral content in flours were measured; this is extremely important, due to their high consumption by the population for nutritional use.



The specific activity of the main natural radionuclide present in flour, 40K, was measured using HpGe gamma spectrometry, with the aim of estimating the health risk for the age category higher than 17 years by the assessment of the effective dose due to flour ingestion. The coefficient of the effective dose for ingestion reported by Italian Legislative Decree 101/20 was employed. The estimation of the annual effective dose was found to be in the range 0.04–0.23 mSv y−1, about 1.6–9.6% of the total natural radioactivity value for humans (2.4 mSv y−1) and under the threshold level (1 mSv y−1), thus excluding the risk of ionizing radiation effects on humans. The 137Cs activity concentration was lower than the minimum detectable activity value for all analyzed samples, thus excluding its presence as pollutant.



As far as the heavy metal (Cd and Pb) concentration is concerned, it was lower than the contamination threshold value, thus excluding their presence as contaminants.



The PCA multivariate statistical analysis, performed starting from the inorganic minerals content in the investigated samples, showed how it is possible to discriminate among them, with a strict dependance on the compositional features of the plant or fruit from which the analyzed flours derive, thus representing a powerful tool to guarantee the product authenticity to the consumers.
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Figure 1. Schematic block diagram. 
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Figure 2. HPGe gamma spectrometry setup. 
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Figure 3. ICP-MS experimental setup. 
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Figure 4. ICP-OES experimental setup. 
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Figure 5. Ding for all investigated samples, compared to the threshold level imposed by legislation. 
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Figure 6. Results of the PCA (bi-plot) for all analyzed samples. 
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Table 1. List of investigated types of flour, together with their identification code (ID) and typology.
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	Sample ID
	Sample Typology





	S1
	Wholemeal flour



	S2
	Semolina flour



	S3
	Rice flour



	S4
	Coconut flour



	S5
	Almond flour



	S6
	Chestnut flour



	S7
	Mallorcan wheat flour



	S8
	Oat flour



	S9
	Corn flour



	S10
	Rye flour



	S11
	Pistachio flour
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Table 2. The activity concentration (mean value ± standard deviation) of 40K and 137Cs in the analyzed flour samples.
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Activity Concentration (Bq kg−1)




	
Sample ID

	
40K

	
137Cs






	
S1

	
285 ± 46

	
<4.1




	
S2

	
144 ± 26

	
<3.9




	
S3

	
155 ± 30

	
<5.1




	
S4

	
345 ± 51

	
<9.8




	
S5

	
248 ± 40

	
<2.9




	
S6

	
443 ± 68

	
<2.6




	
S7

	
70 ± 15

	
<2.2




	
S8

	
152 ± 29

	
<6.7




	
S9

	
99 ± 19

	
<5.1




	
S10

	
300 ± 41

	
<6.4




	
S11

	
370 ± 56

	
<7.2
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Table 3. Annual effective dose due to the ingestion of investigated samples, Ding, for the age category higher than 17 years, together with its percentage with respect to worldwide average natural dose to humans (2.4 mSv y−1).
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	Sample ID
	Ding (mSv y−1)
	Percentage (%) with Respect to Worldwide Average Natural dose to Humans (2.4 mSv y−1)





	S1
	0.15
	6.2



	S2
	0.07
	2.9



	S3
	0.08
	3.3



	S4
	0.18
	7.5



	S5
	0.13
	5.4



	S6
	0.23
	9.6



	S7
	0.04
	1.6



	S8
	0.08
	3.3



	S9
	0.05
	2.1



	S10
	0.15
	6.2



	S11
	0.19
	7.9
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Table 4. Cd and Pb mean concentrations in investigated flour samples.
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Heavy Metal Concentration (mg kg−1)




	
Sample ID

	
Cd

	
Pb






	
S1

	
0.010

	
0.17




	
S2

	
0.010

	
0.08




	
S3

	
0.020

	
0.08




	
S4

	
0.020

	
0.11




	
S5

	
0.003

	
0.08




	
S6

	
0.070

	
0.10




	
S7

	
0.010

	
0.15




	
S8

	
0.030

	
0.17




	
S9

	
0.004

	
0.18




	
S10

	
0.010

	
0.07




	
S11

	
0.010

	
0.08




	
Contamination threshold

EU Reg. 1881/06

	
0.100–0.200

	
0.20
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Table 5. Average mineral content, determined by ICP-OES and ICP-MS, for each investigated flour type.
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Mineral Concentration

(mg kg−1)




	
Sample ID

	
P

	
Mg

	
Ca

	
Na

	
Fe

	
Zn

	
Mn

	
Cu

	
Ni






	
S1

	
3652

	
1159

	
357

	
41

	
133

	
36

	
36

	
7

	
0.6




	
S2

	
1439

	
478

	
227

	
42

	
17

	
14

	
7

	
4

	
0.4




	
S3

	
1045

	
240

	
54

	
1

	
5

	
12

	
8

	
3

	
0.5




	
S4

	
2173

	
2976

	
8318

	
118

	
17

	
14

	
6

	
6

	
0.7




	
S5

	
2204

	
1105

	
1204

	
64

	
20

	
16

	
6

	
7

	
0.9




	
S6

	
1015

	
505

	
573

	
4607

	
19

	
8

	
28

	
6

	
1.4




	
S7

	
808

	
172

	
272

	
78

	
18

	
8

	
6

	
2

	
0.5




	
S8

	
2610

	
1140

	
864

	
40

	
44

	
24

	
38

	
6

	
2.5




	
S9

	
717

	
1106

	
353

	
97

	
10

	
6

	
1

	
1

	
0.2




	
S10

	
4497

	
1247

	
1161

	
132

	
29

	
26

	
9

	
11

	
0.9




	
S11

	
4413

	
722

	
827

	
51

	
29

	
26

	
9

	
11

	
1.0
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