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1.	 Summary

Today, more and more emphasis is placed by food and nutrition research and practice 
on the chemical composition of winter wheat, which is considered a staple food, both 
in terms of organic and inorganic macro- and microcomponents. This attention is the 
result of several factors, of which should be highlighted the expansion of the possi-
bilities in instrumental analysis (HPLC, HPLC-MS, ICP-OES, ICP-MS), as well as the 
often changing factors closely related to cultivation technology (varieties, hybrid, plant 
protection, fertilization, frequency of weather extremes). As a result, over the past two 
decades, researchers have been focusing more and more on the question whether the 
chemical, as well as the feedstock and nutritional physiology quality of crops, including 
wheat, changed because of intensive agrotechnics and the genetic capabilities of the 
new varieties. My intention was to provide satisfying answers, based on the analytical 
data of the large number of samples coming from different experiments (long-term ex-
periments), to the questions that had been raised, one of the most important of which is 
the question how the mineral content of winter wheat, a staple food, had changed over 
the last hundred years. To this end, I used samples that had been archived at different 
locations of Hungary and analyzed using state-of-the-art measurement methods.

Mineral content is the quality indicator that can be used reliably to estimate and interp-
ret long-term effects (fertilization, plant protection, SO2 emission, atmospheric nuclear 
explosions, accompanying elements of fertilizers, climate change, switching varieties), 
because it changes very little in archived samples. Phosphorus, potassium, calcium, 
magnesium, iron, manganese, zinc, copper and strontium were included in the analy-
ses.

The results obtained can help researchers and practical experts of nutritional science 
interested in the topic to form a realistic picture about the effect of environmental fac-
tors and agrotechnics on the composition of cereals.

2. Introduction

In Hungary, research intended to follow the changes 
in the mineral contents of the cultivated plants start-
ed already in the late 1950s. The first results related 
to our topic were published by the then recognized 
researchers of the discipline [1] [2] [3]. In the early 
1970s, with the advent of the use of intensive agro-
technics, such research was launched in Debrecen 

as well [4]. Noteworthy is Sarkadi’s remark on the 
communication of the results. „It should be noted that 
some of the literature – primarily publications on ba-
sic research, but recently some practical publications 
abroad as well – expresses nutrients not as oxides 
but as the elements (P: P2O5 = 2.29; K: K2O=1.2). 
Unfortunately, this duality can lead to misunderstand-
ings” [5]. This observation is important, because the 
first compilation of the mineral elements of wheat 
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was published in Hungary in 1942, and in this, re-
sults were expressed not as the elemental quantities, 
but as the oxides by the author [6]. At that time, no 
further data were published for the grain yield itself, 
and little data from Germany was reported about the 
mineral content of different flours (wheat, corn) [7].

With the expansion of research opportunities in 
Hungary, significant research began at the Institute 
for Soil Sciences and Agricultural Chemistry of the 
Hungarian Academy of Sciences (MTA TAKI) and at 
the Agricultural University of Debrecen (DATE) to in-
vestigate the mineral contents of cereals. As a result, 
researchers found that there had been no significant 
change in the mineral content [8], [9], [10]. Expan-
sion of the Hungarian database was indicated by the 
fact that variety comparison results were published 
by Martonvásár researchers [11], [12]. At the same 
time, newer data on changes in the mineral content 
were published by foreign researchers who had at 
their disposal field research experimental and sam-
ple archiving capabilities, as well as analytical testing 
capabilities.

Of these, publication of the results of the process-
ing samples of the Rothamsted experimental site, 
established in 1843, stands out, according to which 
there had been no change in the mineral content of 
the samples up to 1965, and then, with the spread 
of short-stemmed wheat varieties, the amount of 
certain elements (Cu, Mg, Zn) decreased by 15-25% 
by today [13]. When comparing crops obtained via 
organic and intensive farming, it was found that the 
mineral content of wheat grown using organic tech-
nology was higher, especially when growing ancient 
varieties and species [14].

According to data published about varieties grown in 
different ecological environments, there was a signifi-
cant difference between the iron and zinc contents of 
different bread wheat genotypes, but no such differ-
ence was observed in the case of selenium [15]. Ac-
cording to the data of long-term experiments in Swe-
den, a decrease in air pollution resulted in a signifi-
cant decrease of the lead and cadmium contents of 
wheat samples, while the copper and iron contents 
decreased as the effect of NPK fertilization [16], how-
ever, as the effect of nitrogen fertilization, an increase 
in the iron, zinc and copper contents were reported 
[17]. Comparison of domestic and international data 
is shown in Table 1, in which relevant results are pre-
sented with uniform units of measurement.

For the concentrations of the different elements, spe-
cific values are given by certain authors, while other 
indicate fairly wide ranges. The first reliable domes-
tic data come from the early 1960s, unfortunately, 
analytical results are only available for four elements 
(P, K, Ca, Mg), but they are in good agreement with 
data from other sources, published among interna-
tional research results. As a result of the work of Imre 
Kádár, there are analytical results available for 8 ele-

ments from the late 1990s, and these results show 
good agreement with international literature data [8]. 
From the book of Imre Rodler, nutrition physiological 
data can be obtained, but both the results for potas-
sium content and magnesium content are low in his 
work. There were no manganese content measure-
ment results published [31]. Data on the zinc con-
tents of winter wheat samples from different regions 
of the world ranged from 21.9 to 38.5 mg/kg: 26.3-
38.5 mg/kg in Germany, 28.0 mg/kg in Denmark and 
Sweden, 32.6 mg/kg in Finland, 21.9-27 mg/kg in the 
USA, 22.0 mg/kg in Turkey and 26.0 mg/kg in India 
[18]. These quantities indicate significantly smaller 
differences than the ones published by Piironan et al. 
in Table 1 [27]. One of the major problems of today 
is the effect of climate change and, in particular, the 
increasing carbon dioxide content of the atmosphere 
on the zinc and iron contents of C3 and pulse crops 
[19], since this decrease results in the change (de-
crease) of the element content of the staple foods 
of billions of people, thus increasing malnutrition. In 
Hungary, data on the decrease in the element con-
tents of several plants from 1942 to 2005 were pub-
lished in 2013 [20]. In this work, a 50% decrease 
in the mineral content of winter wheat is reported, 
but the source is only referred to as a figure from a 
Gödöllő source [21].

Because of the occasionally contradictory results 
and because of the stressing of the accompanying 
dramatic decrease in the media, taking into consid-
eration mainly nutrition physiological aspects, we 
decided to perform analyses partly by the uniform 
testing (instrument, method) of the sample material 
available in Hungary, and to evaluate the measure-
ment results obtained by comparing them to the 
data of the thousands of samples analyzed earlier. 
This was decided because we had all the conditions 
available to us which were essential for the deter-
mination of element content. These are as follows: 
reliable sample material going back for decades (ar-
chiving), evaluation and interpretation element by el-
ement, taking into account of several factors, prefer-
ably a uniform method, measurements carried out at 
the same time.

3. Materials and methods

The samples included in the study came from several 
experimental sites and collections, which are shown 
in Table 2.

These grain samples either came from agrotechni-
cal experiments, where the effect of fertilization on 
different soil types was mainly investigated, or the 
crop yields of different varieties in different growing 
areas were evaluated. In the case of the „old sample 
material” (1839-1936) there was no such background 
information available. To characterize the samples, 
only a simple designation („aestivum”) or – as for the 
1965-68 samples – the sampling location (regional 
varieties?) was known.
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From the experiments after 1974, several thousands 
of grain samples have been analyzed, while the num-
ber of samples several decades old – from before 
1974 – was limited. In the case of small sample quan-
tities, usually micro-digestion had to be used. Cutting 
and homogenization of the samples were performed 
using Retsch Sk-1 and Sk-3 instruments. For the 
analysis of minerals, an incineration digestion meth-
od was used initially [24], while later a wet digestion 
procedure was applied (using a mixture of nitric acid 
and hydrogen peroxide) [25]. For the determination of 
element content, between 1974 and 1988, an atomic 
absorption spectrophotometer (SP 90; PYE UNICAM 
Ltd., UK) was used, then inductively coupled plas-
ma optical emission spectrometers (LABTAM 8440; 
LABTAM Ltd., Australia, and, from 1998, OPTIMA 
3300 DV; Perkin-Elmer Ltd., USA), as well as an ICP-
MS instrument (XSeries I; ThermoFisher Scientific 
Inc., Waltham, MA USA). It should be noted that until 
1998, the phosphorus content was measured not by 
using large instrument techniques, but by the molyb-
dovanadate spectrophotometric method [26].

Measurements were performed at the instrument 
center of DATE and its successor. The data pub-
lished are on a dry matter basis. To check the ac-
curacy of the measurements, certified wheat sample 
BCR CRM 189 (International Atomic Energy Agency) 
was used (whole meal), and we also participated in 
domestic and international (MTA TAKI, WESSLING 
Hungary Kft.) proficiency testing schemes. Statistical 
evaluations were performed using the program SPSS 
22.0.

4. Results

When measurement results for the 1974-2004 period 
are grouped by the varieties, the data in Table 3 were 
obtained.

The average phosphorus content of the varieties 
presented were between 2.8 and 4.0 g/kg, while 
the potassium content varied between 2.8 and 4.4 
g/kg during the period investigated. In the case of 
calcium, values were between 334 and 433 mg/kg, 
for magnesium, they were between 887 and 1423 
mg/kg, for zinc, between 16.7 and 25.8 mg/kg, and 
for manganese, between 31.6 and 43.3 mg/kg. Cop-
per contents varied between 3.0 and 5.4 mg/kg, 
while for iron, values in the range of 36.5-45.9 mg/
kg were obtained. It is noteworthy that the Mv23 va-
riety, having only a medium flour quality [34] had the 
highest values for the elements of phosphorus, po-
tassium, magnesium, manganese, zinc and copper. 
The changes from year to year in the composition 
of a given variety are well illustrated by the macroe-
lement (P, K) content of the Jubilejnaja 50 variety, 
which has been studied for a long time. Phosphorus, 
potassium, calcium and magnesium data of a given 
variety (Mv Csárdás), measured at different growing 
sites, are summarized in Figures 1 and 2, where the 
results of the same variety are shown. This way, the 

effect of the growing site on a certain year’s crop can 
be evaluated. As a summary of the above it can be 
concluded that there no extreme values were found 
among the measurement results.

Data from the analysis of samples from a period 
spanning nearly 170 years are summarized in Ta-
ble 4, where the sulfur content was also included, 
together with the standard deviation of the results. A 
clear change, i.e., a decrease can be observed in the 
case of the zinc, magnesium and iron contents. The 
calcium content increased, and with it the strontium 
content increased as well. The observed tendencies 
can be illustrated well by using the so-called trend 
line representation, which is shown in Figure 3 for 
zinc and iron. These data show the same trend which 
was reported by Fan et al., based on the test results 
of the Rothamsted long-term experiments [13].

According to my results, a slight decrease could be 
observed in the case of the manganese content, 
which is opposite to the trend of the results meas-
ured earlier in Hungary [33].

Figure 4 shows that an increase can be observed in 
the calcium content values, suggesting that our soils 
have sufficient calcium stocks for the cultivated vari-
eties. At the same time, it should be pointed out that, 
due to the close calcium-strontium interaction [34], 
the strontium contents of the samples increased as 
well, as shown by Figure 5. This could be noteworthy 
in cases where meat consumption is much greater 
than what is recommended by nutrition scientists, 
because here the calcium to strontium ratio is low in 
the bones of humans [35].

To refine the evaluation, we managed to take into ac-
count the analytical results of further samples. The 
special nature of these results originates from the 
fact that the 12 wheat samples, obtained from the 
Museum of Hungarian Agriculture, are from those 
years (1965-1968) when intensive agrotechnics were 
not yet used. Thus, these represent the classical va-
rieties, and not the short-stemmed varieties. At the 
same time, post-cultivated samples of the same vari-
eties from 2015 were obtained from the Nyíregyháza 
Research Institute of the University of Debrecen. This 
way, the comparative analysis became almost com-
plete, although, of course, identical microecological 
conditions could not be ensured. Measurement re-
sults are shown in Table 5. From the data, the follow-
ing trends can be identified for the last fifty years: the 
amounts of calcium, manganese, iron, sodium, sulfur 
and zinc increased by 6%, 9.5%, 26%, 17%, 19% 
and 12%, respectively. Magnesium, phosphorus and 
copper contents remained practically the same.

The increase in the sulfur content is due to the signifi-
cant increase in the nitrogen content, i.e., the amount 
of proteins. This phenomenon is not surprising, in 
view of the close nitrogen-sulfur relationship [36].
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Domestic old and new wheat breeds (Bánkúti 1201, 
GK Tiszatáj, Mv Suba, among others), provided by 
the Martonvásár researchers participating in the Eu-
ropean Union project titled Healthgrain, were also in-
cluded in the series of tests performed and published 
by Zhao et al. in 2009 [15]. By comparing the results 
to the data presented by me, no significant difference 
could be found in the iron and zinc contents of varie-
ties of different intensities.

When comparing our results with those of Dworak, 
published in 1942, regarding phosphorus, potassium 
and calcium, three elements that are analyzed often 
(P 3,49 g/kg-1, K 4,25 g/kg-1, Ca 355 mg/kg-1), allega-
tions that the mineral contents in the grains of winter 
wheat had halved could not be substantiated.

It is recommended that data for potassium, magne-
sium and manganese are corrected in the book ti-
tled “Új tápanyagtáblázat“ (New Nutrition Table) [38], 
based on today’s experimental and test results.

5. Conclusions

By carrying out the analyses and publishing the data, 
I intended to answer the question that has become 
more and more common these days: to what extent 
did the mineral content of the grain of winter wheat 
(aestivum) change over the last 150 plus years, due 
to all of the factors impacting the grain of this staple 
food raw material over this period. According to the 
analysis, performed mainly using ICP-OES and ICP-
MS techniques, the mineral content of the grain of 
winter wheat has not changed significantly.

My analyses confirmed those similar foreign results, 
according to which zinc, iron and magnesium con-
tents have decreased by 15 to 25% over more than a 
century. This is especially true for the composition of 
cereals harvested after the inclusion in public cultiva-
tion of shorter stem intensive varieties. On the other 
hand, the calcium content is significantly higher today, 
than it was in the case of the cultivation of traditional 
varieties, and at the same time, the strontium content 
is higher as well. The major decrease (50%) in phos-
phorus and potassium content, an idea mainly propa-
gated in Hungary, was not confirmed by the analyses 
performed. Based on my results, it is justified to cor-
rect the data for potassium, magnesium and manga-
nese for wheat in the book titled “Új tápanyagtáblázat“ 
(New Nutrition Table) [38], to correct the data in the 
sources required to perform nutrition science educa-
tion, research and consulting activities.
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