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Abstract. Soil is one of the most important elements of the natural environment, it is char-
acterized by the highest resistance to degradation. It is the first element in the trophic chain and
may have different effects on the health condition of people, primarily through the consumption of
plant raw materials. One of the effects of soil contamination is the formation of excess free radicals
in cells, which leads to oxidative stress. Free radicals contribute to the damage of lipids, proteins,
mitochondrial and nuclear DNA and also to disorders in the signalling pathways responsible for the
broad spectrum of cellular responses. The result of this is the emergence of many diseases, such as
cancer, cardiovascular disorders, osteoporosis, inflammation, Alzheimer’s disease, Parkinson’s dis-
ease. However, it is possible for people to protect themselves from the excess of free radicals found in
soils and cultivate plants in the best quality soils. The best way to assess soil quality is to determine
its total antioxidant capacity using the different methods available (FRAP method, CUPRAC method,
FOLIN-CIOCALTE method, ABTS" method, DPPH' method). Such designations make it possible to
assess the soil in terms of its suitability for the production of high-quality food or the possible need for
reclamation. It should be noted that soil quality may be improved by adding antioxidant compounds
to it, which in turn will increase the amount of antioxidants in agricultural raw materials. One of the
ways to achieve this is balanced fertilization, especially organic, but also mineral.
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INTRODUCTION

There is an increasing awareness of the fact that ill-considered human activity,
primarily through the pollution of elements of the natural environment, i.e. water,
air and soil, has transformed it into the anthroposphere (Fratczak 1996). For ma-
ny years there have been significant positive changes, inspiring optimism that we
are not only attempting to restore homeostasis in our environment, but also taking
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care to ensure its quality (Kope¢ 2008, Sander 2008). This is unquestionably a fa-
vourable course of action, as pollution of the natural environment results in the
generation of aggressive free radicals, which attack healthy cells and thus affect
human health. An uncontrolled increase in their concentrations is referred to as oxi-
dative stress (Krzeszowiak 2013). Its primary effects in cells are damage to DNA,
carbohydrates and proteins, and lipid peroxidation. This may lead to a number of
diseases, including neurodegenerative diseases such as Alzheimer’s or Parkinson’s
disease and lateral amyotrophic sclerosis (Jodko-Piorecka and Litwinenko 2010),
as well as cancer, cardiovascular disease, osteoporosis, inflammatory diseases, or
lipofuscinosis. Scientific research has confirmed that effective defence against free
radicals is possible. The human body has developed defence mechanisms known
as antioxidant mechanisms, which are controlled not only by antioxidant enzymes,
but also by antioxidants. These ensure that an oxidative/anti-oxidative balance is
preserved in the cell (Krzepitko 2005). Antioxidants can be supplied to the human
body either naturally or pharmacologically. One solution is to ingest them with fo-
ods derived from the soil. They should be acquired from high quality soils, which
have favourable physicochemical and also biological properties. This can be achie-
ved with the use of appropriate horticultural procedures and organic and mineral
fertilizers. The properties of soils contribute to the accumulation of numerous po-
tential antioxidant compounds. These are taken up by plants and then ingested by
people, which influences their health.

This study focuses on the impact of threats to the soil environment on human
health and discusses the most important ones. It presents the role of monitoring in
the protection of the soil environment and human health, and what it must include
to be complete and to reflect the physicochemical and biological status of the soil.
Antioxidants are characterized and emphasis is placed on how their quantities in the
soil environment, raw materials, and products of plant origin affect human health.
Selected methods for their determination in soil, i.e. the total antioxidant capacity
of soils, are presented.

The effect of the natural environment on human health

Humans exist in the natural environment and are directly connected to it through
the air and water, and indirectly through the soil (Dobrzanski ez al. 1997, Korzeniowski
2012). During their evolution, humans adapted to the natural variability of the chemical
and physical parameters of their environment (Dobrzanski et al. 1997), but excessive
anthropogenic changes in the immediate environment have begun to surpass their abili-
ty to adapt. The homeostasis between the elements and compounds of the body, which
should be in a state of dynamic equilibrium with the immediate surroundings, has been
disturbed. Both a deficiency and an excess of these substances poses a danger to human
health (Kosla 1999). This is particularly important in the case of trace elements.
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Health in relation to the natural environment is defined as a certain psychophy-
sical state of an individual conditioned by the structure of the organism and results
from a dynamic balance between the organism and the environment (Wolanski
1990). Any disruption of this balance leads to a disease process, mainly by impai-
ring the immune process. This ultimately results in damage to defence mechanisms
and thus susceptibility to disease.

Contamination of the soil environment and human health

Soil is not only an important element of the natural environment, but also the
first and fundamental link in the food chain: soil — plant — animal — human
(Gorski 2006, Rosada and Przewocka 2017). It affects human health in varying de-
grees, mainly through the consumption of plant raw materials (Mrozowska 1999).
Several thousand years ago Hippocrates said, ‘All diseases come to man through
the mouth with food.” It is now well known that food may contain mutagenic or
carcinogenic compounds, but also substances that can prevent these processes and
phenomena, i.e. antioxidants.

The soil environment can affect human health not only through the consump-
tion of food, mainly of plant origin, but also via the inhalation of soil particles
(Mrozowska 1999). However, this phenomenon only occurs in certain places and is
associated primarily with wind erosion of soil in various parts of the world. Human
health may also be affected by various pathogenic microbes, which enter the hu-
man body mainly through damaged skin.

Chemical pollutants (particulates and gases) are among the most hazardous
pollutants in the soil environment. They enter plants and then the human body
through food originating in the soil. Chemical contaminants, which are most often
introduced into the soil for economic purposes, have a detrimental effect on human
health. The most dangerous of these are heavy metals, pesticides and nitrosamines.

Monitoring of land and soil quality

Monitoring the quality of land and soil is important not only as an element of
protection for the natural environment, but also for human health. It is included as
a fundamental element of State Environmental Monitoring in Poland (Stepnowski
et al. 2010). Monitoring the soil environment is a complex system and is conduc-
ted by the Institute of Soil Science and Plant Cultivation (IUNG) in Putawy, at
measurement and control points throughout the country (Stepnowski et al. 2010).
Monitoring the current state of the soil and land is carried out in four stages. Stage 1
(the preliminary stage) involves indicating areas most likely to be polluted, drawing
up a list of hazardous substances posing a threat, and recording this information in
a register of contaminated sites.
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Stage 2 involves confirming or in some cases ruling out the presence of the pre-
viously identified chemical compounds by performing preliminary measurements.
Measuring points for preliminary tests are chosen and their geographical coordi-
nates are determined by GPS (Global Positioning System), to the nearest metre.
The substances detected and identified are subjected to detailed analysis and their
concentrations are determined (Stage 3). The fourth and final stage consists of the
preparation of complete documentation concerning the exceedances of soil and
land quality standards (registry of areas) and the indication of land for reclamation
(Stepnowski et al. 2010).

The most important goals of soil monitoring may be summarized as follows
(Bednarek et al. 2005):

— assessment of the direction and rate of soil changes under the influence of
external factors;

— determination of the tolerance limits of various natural environments to ex-
ternal factors;

— anticipation of and early information about imminent changes;

— development of recommendations and preventive measures in the case of an-
ticipated adverse changes.

Soil monitoring in Poland and around the world usually consists of the determi-
nation of the following parameters (Bednarek et al. 2005):

— trends in and the rate of change in land use;

— progression of water and aeolian erosion;

— changes in soil structure;

— changes in the rate of accumulation or loss of humus and changes in its quality;

— balance of macroelement resources;

— changes in water and heat conditions in irrigated or drained soils;

— dynamics of soil contamination by industrial emissions and other pollutants;

— dynamics of soil contamination by radioactive substances;

— changes in soil reaction.

Less frequently determined parameters included in soil monitoring are changes
in redox potential, changes in the composition and activity of soil microflora and
fauna, and quantitative and qualitative changes in the metabolic products of these
organisms, this is known as biomonitoring (Mrozowska 1999).

In biomonitoring, the frequency of observations is adjusted to the rate of the
processes being monitored. One difficulty is that changes in soil properties and
functions usually occur some time after the factors that induce them (Mrozowska
1999). The essence of soil monitoring is to track the changes occurring in soils in
the adopted time intervals, which can range from several days or weeks or even to
decades. It is important for soil samples used in repeated, periodic laboratory tests
to be taken from the same sites as the previous samples (Mrozowska 1999).
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Based on toxicological tests, a risk assessment is performed for a given popula-
tion in terms of mortality, growth, reproduction, and disorders of other physiological
processes (Mrozowska 1999).

It follows from the above that full soil monitoring in environmental protection
should include the testing of the physiochemical properties of soil as well as bio-
logical tests, including the numbers of soil microorganisms and their physiological
groups and the determination of enzyme activity. This will provide information
concerning the fertility of soils (Myskow et al. 1996). If the monitoring process
is to be conducted to protect not only the environment, but human health as well,
it should be expanded to include testing of the total antioxidant capacity of soils,
which may reflect the intensity of the redox processes in the soil.

Reactive oxygen species

Reactive oxygen species (ROS) mainly include oxygen compounds and ni-
trogen compounds (Bartosz 2003, Karbarz 2010, Krzepitko 2005, Gajewska et al.
2005) (Table 1).

Table 1. Selected examples of reactive oxygen and nitrogen species (Bartosz 2003, Karbarz 2010)

Name Formula

Hydroperoxyl radical HO,
Superoxide radical 0o,
Singlet oxygen '0,
Ozone O,
Hydrogen peroxide H,0,
Hydroxyl radical ‘OH
Nitric oxide NO*
Nitric dioxide NO,
Alkoxyl radical RO’
Peroxyl radical ROO’

ROS are extremely reactive and toxic to cells. They damage them through
nonspecific reactions with their components, i.e. sugars, proteins, lipids, nucleic
acids (DNA and RNA) and virtually all biomolecules found in the cell. ROS ari-
se as a result of the physiological and metabolic processes taking place in cells,
and their concentrations are controlled by both antioxidant enzymes and antioxi-
dants. Scientific research shows that the concentration of free radicals in cells may
increase under the influence of various environmental factors, i.e. chemical pol-
lution, including soil contamination, as well as physical factors, such as ionizing
and ultraviolet radiation, ultrasound, air pollution, tobacco smoking and fires. This
ultimately leads to oxidative stress (Sies 1995). Research shows that the induction
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of pro-oxidative processes and the impairment of antioxidant mechanisms are most
likely due to imbalances of elements in the body, which are associated with excessi-
ve exposure to some metals (especially heavy metals) (Bombolewska et al. 2013).

Antioxidants

Antioxidants are substances that occur most often in low concentrations when
compared to oxidizable compounds and which delay or inhibit their oxidation.
These compounds inhibit oxidation reactions by reacting with oxidizing agents
(preventive antioxidants) or with oxidation intermediates, such as free radicals
(chain-breaking antioxidants) (Halliwell and Gutteridge 1995, Karbarz 2010). The
preservation of the pro-oxidative/anti-oxidative balance in the cell requires the in-
teraction of the antioxidant enzyme system and antioxidant molecules. Scientific
research shows that the first line of defence against the adverse effects of free ra-
dicals is always superoxide dismutase, catalase and glutathione reductase (Bartosz
2003). Compounds that perform antioxidant functions in cells, inhibiting free radi-
cal reactions in the early stages of their propagation, include numerous compounds
with varied chemical structures. These include macromolecular antioxidants: enzy-
mes — catalase (CAT), glutathione reductase (GRd), glutathione peroxidase (GPx),
and superoxide dismutase (SOD) (Karpinska and Gromadzka 2013); amino acids
— cysteine and glutamic acid; hormones — DHEA and melatonin; coenzyme Q,,; and
the endogenous tripeptide glutathione (g-Glu-Cys-Gly), which occurs in the cyto-
plasm, mitochondria and cell nucleus (Wiktorowska-Owczarek and Nowak 2010).
The natural antioxidants (low-molecular-weight antioxidants of natural origin)
most often supplied to the human body are vitamin C (tomatoes, red pepper, cru-
ciferous vegetables, onion, garlic, red beets), cryptoxanthin (red pepper), lycopene
(tomatoes), polyphenols (cruciferous vegetables and buckwheat — phenolic acids
and catechins; potatoes and coffee — chlorogenic acid; tea and cocoa — catechins;
soy — isoflavones; red beans and blueberries — anthocyanins; onion — quercetin),
vitamin E, and vitamin A (Combs 2001, Sroka et al. 2005).

Antioxidants in the soil environment

Soil is an extremely dynamic system (Mrozowska 1999). Numerous chemical
reactions are constantly taking place in it. Some of the most common ones are re-
dox reactions (Baran 2000). The simplest example of these is the biodegradation of
organic matter, which involves free radicals. Redox processes in the soil take place
with varying intensity.

Literature reports confirm that the most antioxidant substances in the soil are found
among the humic compounds contained in humus. Schepetkin ez al. (2002) and Rimmer
(2006a) emphasize that humic acids contained in humus have strong antioxidant
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properties in the soil. The high content of antioxidant humic substances in the soil may
influence the chemical processes taking place in the rhizosphere, especially the trans-
port of water and nutrients, redox reactions, secretion of organic acids, sugars, phenols
and amino acids by plant roots, and chelate formation (Baran et a/. 1999).

The level of antioxidants in soil and plants is affected by heavy metals. Sharma
and Agrawal (2005) report that excessive amounts of heavy metals transferred to
plants from the soil adversely affect the level of antioxidants in plant products, and
through consumption of these plants have a detrimental effect on human health. This
finding was confirmed by other researchers (Zhi-Ting Xiong and Hai Wang 2005).

During the decomposition of soil organic matter, phenolic compounds known
for their antioxidant properties are generated. Phenolic compounds present in the
soil environment include a broad spectrum of chemical compounds, such as phenol
or chlorophenols. The chemical compounds in humus known for their antioxidant
properties include phenolic acids (derivatives of benzoic and cinnamic acid), flavo-
noids (flavones, flavanols, flavonols, isoflavones and anthocyanins) and metabolic
products of soil microorganisms.

All antioxidant chemical compounds in the soil counteract the negative effects
of reactive oxygen species and control their concentration. ROS are generated, for
example, during the biodegradation of lignins in the soil (Rimmer 2006). This pro-
cess involves enzymes produced by certain fungal species (Hammel et al. 2002).
They secrete peroxidase and hydrogen peroxide, a reactive oxygen species, into the
environment. Other radicals such as the hydroxyl radical are involved in the de-
polymerization of polyphenolic compounds. Humus itself also contains numerous
free radicals (Rimmer 2006b). Their concentration in the soil may increase under
the influence of various chemical contaminants present in the soil.

Total antioxidant activity of soils and selected methods used to determine it

The total antioxidant capacity (TAC) of soils is a measure of their ability to pre-
vent unfavourable processes and oxidation reactions through compounds contained
in the soil that can enter into redox reactions. Hence, the total antioxidant capacity
of soils can be measured to determine the intensity of redox processes in the soil
environment. According to Rimmer (2006a), this parameter makes it possible to
compare the total antioxidant capacity not only of different soils, but of their soil
horizon levels as well. This allows for the estimation of the degree of degradation
of the soil, including soil organic matter.

Currently, all of the methods described for the determination of the antioxi-
dant capacity require the test substance to be in a dissolved form (Re et al. 1999).
Therefore, to study the antioxidant properties of soil, a soil extract must be prepared.
Many authors emphasize that in the case of soils a procedure must be developed for
the extraction of all antioxidant substances, not only those that are easily soluble
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in water (Rimmer 2006a, b). Insoluble antioxidants may also be present in the soil,
especially in resistant organic matter (Rimmer 2006a). This is a very difficult ana-
lysis to perform accurately as it should be remembered that the choice of extraction
method significantly influences the quality of the determination. The extraction
may be carried out with distilled water, ethyl alcohol or acetone.

Two categories of methods are used to determine total antioxidant capacity
(TAC), also referred to as antioxidant activity (AA) (Wilczynska 2009):

1. reduction of metal ions to ions with a lower oxidation state using a tested
antioxidant (FRAP, CUPRAC);

2. scavenging of free, stable radicals (ABTS or DPPH) (Barto et al. 2005, Cybul
and Nowak 2008).

FRAP method

Testing the total oxidative capacity of a solution using the FRAP method (Ferric

Reducing Antioxidant Power) is aimed at determining its ability to reduce Fe** ions
to Fe*" ions, which are complexed by the compound TPTZ (2,4,6-tris(2-pyridyl)-
-1,3,5-triazine). An intense blue colour appears, with an absorbance maximum at
593 nm (Wilczynska 2009). The total antioxidant capacity of a given sample is
evaluated by comparing the change in absorbance AA with the AA value of the Fe**
standard solution. The FRAP unit specifies the ability a solution to reduce 1 mole
of Fe** to Fe?". The FRAP method can be used to determine the total antioxidant
capacity of body fluids, cells and tissues (Benzie and Strain 1996) or plant raw ma-
terials (Benzie and Strain 1999, Wilczyfiska 2009). The AA value of the sample is
always directly proportional to the concentration of the antioxidant, and the change
in absorbance AA is converted into FRAP units by making a comparison with the
standard solution according to the following formula (Wilczynska 2009):

AAsosm sample / AAsos,n, standard x FRAP value of the standard (1000 uM) (1)

CUPRAC method

This is a variant of the FRAP method. To measure the antioxidant capacity
of the sample, the CUPRAC (cupric reducing antioxidant capacity) method ex-
ploits the reduction of Cu®*" ions to Cu” ions, which are bound in a complex with
bathocuproine (2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline) or neocuproine
(2,9-dimethyl-1,10-phenanthroline). The absorption maximum for the orange com-
plex Cu(I)-bathocuproine occurs at 490 nm and for the orange-yellow complex
Cu(I)-neocuproine at 450 nm. The reaction takes place in a solution of ammonium
acetate, i.e. in a neutral environment (Apak et al. 2008). The standard substance is
usually Trolox or ascorbic acid. The reagent in the CUPRAC method reacts quickly
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enough to oxidize thiol antioxidants (Apak et al. 2005). The absorbance values
of the individual components of the antioxidant mixture show additivity, and the
resulting Cu" ions are bound in a stable complex and are not a potential oxidizing
agent for hydrogen oxide (I). Due to all of these advantages, the CUPRAC method
is often used to determine the reducing abilities of food samples (Y1ldiz et al. 2008)
and can be adapted to determine the total antioxidant capacity of soil solutions.

Folin-Ciocalteu method

This method consists of measuring the absorbance of the complex resulting
from the reduction of salts of phosphotungstic and phosphomolybdic heteropoly
acids, known as Folin-Ciocalteu reagent. It is prepared by mixing sodium tungsta-
te (Na,W0,), sodium molybdate (Na,MoQ,), lithium sulphate (Li,SO,), bromine
water and concentrated hydrochloric and phosphoric acid (P¢kal 2014). During the
reaction Mo®" ions are reduced to Mo®" ions, resulting in a blue colour. In an acidic
environment this reaction is slow, and for this reason the measurement is most of-
ten performed at pH 10 (Prior et al. 2005). In these conditions, phenols dissociate.
This method may be modified to measure the reducing capacities of hydrophilic
and lipophilic antioxidants at the same time (Georgé et al. 2005). NaOH is added
to the environment for this purpose and the FC reagent is diluted with 2-methyl-1-
-propanol in a 1:2 volume ratio. Samples of model compounds, such as quercetin,
Trolox, catechin, a-tocopherol, ascorbic acid and glutathione, are prepared in ace-
tone. The reaction is carried out for 20 minutes without light at room temperature
(Pgkal 2014). After about 50 minutes the absorbance is measured at 765 nm. The
method is used to determine the reducing capacity of natural samples — plant extra-
cts, food, and drugs containing phenolic groups. The results are usually expressed
as gallic acid content following the preparation of a calibration curve. The Folin-
Ciocalteu method is often referred to in the literature as a method for determining
the total amount of polyphenols in a sample.

ABTS" method

1. The determination of the total antioxidant capacity by the ABTS method accor-
ding to Re et al. (1999), as modified by Bartosz (2003), uses sensitive responses
between the ABTS™ radical cation (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulp-
honic acid) radical cation) and antioxidant substances. The antioxidant substances
in the test solution (extract) react with ABTS™" radical cation, and the decrease in
absorbance is proportional to the content of all antioxidants in the sample. The total
antioxidant capacity of the test sample is expressed in Trolox (a synthetic vitamin E
analogue) equivalents. The decrease in absorbance a short time after the solutions
are mixed is a measure of the content of fast-acting antioxidants in the sample. In
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soil extracts, these may be phenolic compounds contained in humus or the meta-
bolic products of soil microbes. The decrease in absorbance after 30 minutes is
a measure of the content of all antioxidants in the sample.

2. The determination of TAC according to Rice-Evans and Miller (1991) invol-
ves adding 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) and
hydrogen peroxide, peroxidase, or myoglobin, acting as a pseudoenzyme which
catalyses the single-electrode oxidation of ABTS by hydrogen peroxide, in the pre-
sence of the test material. This results in the formation of the blue-green ABTS™
radical cation. The more antioxidants which are present in the soil extract, the more
slowly the green colour will appear. After a specified incubation time, this colour is
a measure of the content of antioxidants. The TAC results are expressed as Trolox
equivalents (Bartosz 2003).

DPPH" method

This method is used to determine the most reactive antioxidant components
in a sample using a DPPH solution. The DPPH radical is purple in an alcohol so-
lution, with a maximum absorbance value at 515 nm (Wilczynska 2009). During
the reaction, it captures the electrons from the antioxidant and turns into the we-
akly coloured product, causing the reaction mixture to turn yellow. This change is
monitored by spectrophotometry. The measure of antioxidant activity is the para-
meter ICsy (ECs,), which specifies the antioxidant concentration resulting in a 50%
decrease in the initial concentration of the radical (Wilczynska 2009). The content
of antioxidants in the tested product can also be expressed as the equivalents of
a reference substance (Randox, Trolox or ascorbic acid) per unit of mass or volume
(Cybul and Nowak 2008, Wilczynska 2009).

The results of the measurement are usually given as the amount of equivalents
of the reference substance or as the degree of scavenging (fraction of loss of absor-
bance) of the radical, AA% (Wilczynska 2009):

AA% = [(As — Ax)/As] x 100, )

where: A, — absorbance of the test sample; Ag — absorbance of the control sample
(Baltrusaiyte et al. 2007).

Research by Skwarylo-Bednarz and Krzepitko (2007) has shown that soils,
depending on the type, differ not only in their physicochemical and biological
properties, but in their antioxidant properties as well. The authors analysed and
compared the total antioxidant capacity (TAC) of brown rendzinas, brown soil and
acidic podzolic soil using the ABTS method. This research determined that the gre-
atest total antioxidant capacity occurred in brown rendzina. It was more than 30%
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higher than that of brown soil and about 65% higher than in acidic podzolic soil. In
addition, it was observed that fresh soil samples had a higher TAC value than air-
-dried soil, which was probably linked to the activity of soil microorganisms.

The effect of the antioxidant content in soil on the quantity of antioxidants in food
products

Foods of plant origin are a rich source of compounds with antioxidant proper-
ties. These include polyphenols (phenolic acids and a large group of flavonoids and
anthocyanins), vitamins A and C, tocopherols, carotenoids, organic acids, calcium,
selenium, chlorophyllins, glutathione, indoles, phytates, thiocyanates, and linoleic
acid isomers (Szajdek and Borowska 2004). Research shows that substrates rich
in humic compounds increase the quantity of antioxidants in plants (Aminifard et.
al 2013, Jarosz 2006, Rimmer 2006a, Shiow and Hsin Shan 2003). From research
by Aminifard ef al. (2013) it follows that the antioxidant effect of the fruit and the
quality of sweet pepper (Capsicum annuum L.) depends on the level of the com-
post dose (0, 5, 10 and 15 tons ha ). The highest antioxidant activity was obtained
in plants with a dose of 10 tons ha™' compost. The results obtained by Aminifard et
al. (2013) prove that compost has a strong impact on fruit quality and on the anti-
oxidant compounds of pepper plants under field conditions. For these reasons, the
compost may be regarded as a preliminary bioprocessing stage to improve the anti-
oxidant effect of the fruit and the quality of the pepper. However, a study by Jarosz
(2006) showed that tomatoes of the Cunero F1 variety grown on peat accumulated
significantly more vitamin C, total sugars, total nitrogen and potassium than those
produced on mineral wool or sand. Significant dependencies between the amount
of antioxidants in food and their content in soil have been scientifically document-
ed (Shiow and Hsin Shan 2003, Uminska 1990). The physicochemical properties
of soil significantly determine the chemical composition of plants, this finding has
been confirmed by research. Lata and Winska-Krysiak (2006) have found that pod-
zolic soil under specific conditions can stimulate the synthesis of ascorbate and
low-molecular-weight thiol compounds, which is conducive to the accumulation of
antioxidant compounds in kale. Numerous studies have demonstrated that humic
compounds contained in humus can affect the biological activity of soil, includ-
ing redox reactions, and influence the soil-plant interactions in the rhizosphere
(Schepetkin et al. 2002, Rimmer 2006a, Skwarylo-Bednarz and Krzepitko 2008).

Literature reports confirm the highly beneficial effect of increasing the amount
of organic matter in the soil on crop quality and yield. A study by Verma et al. (2015)
showed that the use of compost prepared using Effective Microorganisms and half
of the recommended dose of chemical fertilizers (NSOP30K25 + EM compost at
the rate of 5 t ha ') significantly affected the antioxidant activity of tomato fruit
(24-63%). Shiow and Hsin-Shan (2003) has shown that the addition of compost to
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the soil (in a 1:1 ratio) or cultivation on compost alone significantly increases the
concentration of ascorbic acid and glutathione and increases the total antioxidant
capacity in the fruit of two strawberry cultivars, Allstar and Honeoye. Research
by Bimova and Pokluda (2009) confirmed that alternative organic fertilizers may
contribute to increasing the content of antioxidants in heads of cabbage. Soil fer-
tilization with selenium also has significant benefits. This element is known for its
antioxidant properties. When transported from the soil to plants and then ingested
with food by humans, it not only enriches the human diet with this element, but also
delays the effects of ageing and reduces the risk of a number of diseases (Combs
2001, Hartikainen 2005, Ratajczak and Gietka-Czernel 2016). Selenium can be
found in plants in the inorganic form of selenides and selenates or in an organic
form as selenomethionine, but when introduced into the next link of the food cha-
in, i.e. animals, it occurs only in the organic form (Ratajczak and Gietka-Czernel
2016). Excessive selenium content in the soil has a toxic effect on plants and other
elements of the food chain (Uminska 1990).

Antioxidants in the soil and the incidence of various diseases

Antioxidants present in the soil, which are transferred to foods derived from the
soil, can have a positive effect on the course of diseases associated with oxidative
stress (Martinez 1995). Antioxidants present in the soil, and later transferred to
food grown in the soil, can have a positive effect on the course of diseases associa-
ted with oxidative stress. Oxidative stress plays a central role in the development
of chronic and degenerative diseases such as cancer, autoimmune diseases, aging,
cataracts, rheumatoid arthritis, cardiovascular and neurodegenerative diseases
(Pham-Huy et al. 2008). It also contributes to the formation of tumours, osteopo-
rosis, Alzheimer’s and Parkinson’s disease (Martinez 1995). In humans, several
mechanisms have been found to counteract oxidative stress by producing antioxi-
dants that are either naturally produced in situ or also supplied externally by food
and / or supplements (Pham-Huy et al. 2008).

CONCLUSION

Raw plant materials and plant products consumed by humans can cause many
diseases, but they can also prevent and even treat them. For these reasons, it is
very important to monitor soil parameters, including their physicochemical, bio-
logical and antioxidant properties. If the soil has favourable physicochemical and
biological properties, it may be assumed that it should also have a high content of
antioxidants. These substances are taken up from the soil together with agricultu-
ral and horticultural raw materials, and, as a consequence, they are consumed in
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plant-derived products, and will have a positive effect on our health. Regular and
widespread measurement of soil antioxidant capacity would make it possible to
counteract many diseases associated with oxidative stress.
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