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Abstract: Zinc (Zn) is a nutrient that regulates many vital functions of the human body, hence the
demand for Zn in the balanced daily nutrition has to be covered. Priming of seeds with Zn for
Zn-enriched sprout production can be considered a good alternative to artificial supplementation in a
modern diet. Hence, the aim of our study was to determine the exposure level of Zn bringing neither
risk for humans nor growth inhibition of enriched broccoli, pea and sunflower sprouts. Seeds treated
with 0, 10, 20 and 30 pg mL~! ZnSO, responded in a differentiated way to Zn. Pea seed germination
and sprout growth was diminished by 30 pg mL~! ZnSOy, but for sunflower sprouts this Zn level
resulted in the highest fresh mass and largest hypocotyls. Zn content in sprouts greatly increased
in a dose-dependent manner, mostly in broccoli (up to 25 times) and peas (up to 4 times), and to a
lesser extent (up to 120%) for sunflowers. Free radical scavenging activity was usually decreased.
Considering the potential non-carcinogenic risk of sprouts consumption estimated by the hazard
analysis, the safest exposure level for seed priming will be 10 ug mL~! ZnSO,. It was confirmed by
random amplification of polymorphic DNA analyses indicating no DNA variations in sprouts treated
with 10 pg mL~! ZnSO, compared to the control.

Keywords: zinc biofortification; free-radical scavenging activity; pre-germination treatment;
RAPD; sprouts

1. Introduction

The aim of the study was to estimate whether the enrichment of sprouts of different plant
species with zinc (Zn) via seed priming can safely increase Zn bioavailability in modern human
diets. Seed priming with different minerals, as well as foliar spraying and fertigation is an example of
agronomic treatment within biofortification methods to increase the bio-available mineral concentration
in edible crops [1-3]. Zn, due to its many physiological functions in living organism is considered to
be one of the crucial nutrients [4-8]. However, since it is quite common in the environment, being a
constituent of many compounds and present in waste substances used in agriculture, it may accumulate
in the soil [8]. Zinc is an element that regulates many vital functions of the human body as a component
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of enzymes, important for blood coagulation and factor regulating the work of many organs [9].
Therefore, the demand for Zn in balanced daily nutrition has to be covered, but an estimated 17.3% of
the global population is at risk of inadequate zinc intake. The estimated prevalence of inadequate zinc
intake ranges from 7.5% in high-income regions to 30% in South Asia [5]. Although the populations with
a high standard of living in developed countries have no problem with Zn supply, some people need to
control and supplement Zn in their diets. Among those are: pregnant women, patients with skin ulcers
and low blood Zn levels, as well as elderly people threatened with an ophthalmological issue called
macular degeneration [4]. The need for Zn also increases during the common cold, different seasonal
flu infections and nowadays people may be willing to use over-the-counter supplements, including
those with Zn, to boost immunity due to the COVID-19 pandemic [7]. People are increasingly aware of
the importance of micro- and macroelements in the diet, and the demand for healthy food generates
an increased supply of dietary supplements. The common access to supplements, however, is not
supported by appropriate clinical control, and includes harmful ingredients or triggers unpleasant side
effects and detrimental interactions with antibiotics and blood pressure drugs [6]. Therefore, we believe
that sprouts enriched (fortified) with Zn can be a good, inexpensive and tasty alternative to artificial
supplementation. Wheat and rice belonging to cereals have already been Zn-fortified [1,6] as well as
different legumes [7,8]. In our work, we enriched seeds of three species from different taxa and of
different chemical composition and size to increase Zn content in sprouts. We have chosen peas taking
into account their nutritional values as a source of protein; as well as broccoli, which is a source of
anti-cancer substances [8]; and sunflower as a source of vitamin E, polyunsaturated fatty acids and
isoflavones [9,10]. It is worth to noting that Zn is not only an essential mineral nutrient but also a
heavy metal which brings potential toxicity when overdosed both to plants and humans [11]. Hence,
the purpose of our research was to determine the optimal exposure level of Zn, which would carry no
risk for humans nor result in growth inhibition of the enriched sprouts. The risk may be estimated
by calculating a daily dose of Zn uptaken with the consumed sprouts, and DNA alterations of the
fortified product. That is why we determined the effect of Zn on the DNA markers profile of sprouts,
as high accumulation of heavy metals can cause DNA damage [10,11]. We used random amplification
of polymorphic DNA (RAPD) markers, a useful and powerful technique for various polymorphism
analyses including genetic diversity and similarity, cultivar identification and phylogenetic analysis
of many plant species [12-16]. RAPD markers are also useful for studying variability in in vitro
cultures [17-21]. Some studies of the genotoxic effect of zinc using RAPD markers have also been
reported [22-27]. Liu et al. [23] indicated that RAPD was more sensitive to detecting DNA variability
compared to classical genotoxic tests since RAPD may detect variations that may not be finally
manifested as mutations. In addition, we estimated the impact of Zn on the health benefits of sprouts
defined as antioxidant activity, which is often taken into account in the case of such food [28-30].
The use of multiple quality indicators for assessment of zinc enrichment will offer a more effective and
sustainable pathway to alleviating Zn deficiency in human diets. Moreover, the proposed combination
of various indicators in the quality assessment of sprouts (biometric, chemical, physiological, genetical,
nutritional and health risk analysis) is novel and protects both the plant and human health.

2. Materials and Methods

2.1. Preparation of Plant Sprouts, Scheme of Experiment

Plant material consisted of seeds recommended by manufacturers for sprout production: broccoli
(Brassica oleracea var. botrytis italic), mix of cultivars (Plantico, Poland), sunflower (Helianthus annuus L.),
mix of cultivars (Vilmorin, Poland) and pea (Pisum sativum L.), cv. “Szesciotygodniowa Luskowana”
seeds (Polan, Poland). At the beginning of the experiment, the batches of 960 seeds of pea and sunflower
(for each replication 80 seeds), and 3600 seeds of broccoli (for each replication 300 seeds) were soaked
for 24 h at 25 + 3 °C in 100 mL aliquots of ZnSOy (zinc sulfate heptahydrate ZnSO4 7H,0O, MERCK)
solutions with different concentrations of Zn, namely 0, 10, 20, 30 ug mL~1. The concentrations were
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used according to Zou et al. [31] and in the whole paper they will be consequently termed Zn0, Zn10,
Zn20 and Zn30. The imbibed seeds were washed with distilled water three times and allowed to
germinate for 4 days (broccoli) and 5 days (pea, sunflower). Cultivation of sprouts of all species was
carried out in triplicate, each treatment in 250 mL beakers at room temperature (20-23 °C) and 12 h
of daylight illumination and RH 50%. Light intensity was 100 + 5 pmol m~2 s~! photon flux density
during the light period. All seed batches were viable and germinated properly, and seedlings were
healthy with no necroses or any developmental aberrations.

2.2. Biometric Measurements

Measurements of growth parameters including: germination percentage, fresh weight of sprouts
and hypocotyl length were performed according to Zou et al. [31]. The hypocotyl length was measured
using the Image ] image analysis program. Moreover, on the basis of the obtained data, the germination
index (GI) was calculated according to the following formula:

GI = (GsLs)/(GcLc) 100% 1)

where Gs and Ls are the seed germination (percentage) and hypocotyl length (mm) for the sample,
and Gc and Lc are the corresponding control values. GI values within the range of 90-110% were
classified as “no effect/non-toxic”, GI values <90% were classified as inhibition, and GI values >110%
were classified as stimulation [32].

2.3. Concentration of Zinc

Zinc concentrations in the sprouts were determined after dry digestion at the temperature of
450 °C and dissolving the ash in 1:3 H;O:HNO; v/v. Zinc content in the obtained solutions was
determined using ICP-OES (inductively coupled plasma optical emission spectroscopy) method on
Optima 7300 DV [8]. The analytical results of the quality control samples showed a good agreement
with the certified value reference material (BCR 129), Zn recovery ranges were from 88-104%.

2.4. Health Risk Assessment

In the studies the health risk analysis enabled the determination of potential non-carcinogenic
hazards for adult women and men from the presence of Zn in the samples of sprouts. Daily intake
is the crucial parameter for the calculation of the real health risk value. Estimated daily intake (EDI,
mg kg~ body weight per day) was calculated using formula [33]:

EDI =C X Eg X Ep X Flg / Wap X Ta X 1000 (2)

where: C is the Zn concentration in sprouts (mg/kg), Er is the exposure frequency (365 days/year),
Ep is the exposure duration (70 years), Fir is the sprouts ingestion rate (0.015 kg/person/day), W ap is
the average body weight (70 kg for adult) and T, is the average exposure time (Ep X Ep).

Non-Carcinogenic Risk of Sprouts Consumption

Potential non-carcinogenic risk connected with consumption of sprouts enriched in Zn was
calculated by determination of the hazard quotient (HQ) values, according to formula [34]:

HQ = EDI/RfD €)

where: HQ is the hazard quotient (unitless), EDI is the estimated daily intake (mg kg™~! body weight per
day) and RfD is the oral reference dose value. The RfD values of Zn were set to be 3.00 X 107! mg kg~!
body weight per day [34].
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2.5. Free-Radical Scavenging Activity (FRSA)

Samples were homogenized with a mortar and a pestle, in pre-chilled (4 °C) 50% (v/v) ethanol, in a
1:10 ratio (fresh weight of sprout sample: mL of ethanol). The homogenate was centrifuged (Eppendorf,
5430 R) at 7197x g and 4 °C for 3 min. The supernatant was collected and kept in a new series of test
tubes on ice, in darkness. Following that, 0.01 mmol dm~ DPPH (1,1-diphenenyl-1-picrylhydrazyl;
Sigma-Aldrich) dissolved in 80% ethanol was used for spectrophotometric analyses (4050 Ultrospec 1I,
LKB Biochrom). Next, 0.2 mL of plant supernatant was mixed with 0.8 mL of DPPH and the kinetics of
total DPPH scavenging was performed for 5 min, at A = 517 nm. The results were expressed as A of
absorbance [29,35].

2.6. DNA Analysis

For DNA isolation the sprouts were ground in liquid nitrogen using mortar and pestle, and
100 mg of the obtained tissue powder was transferred into a 1.5 mL Eppendorf tube. DNA was
isolated using Genomic Mini AX Plant Kit (AA Biotechnology), following the manufacturer’s
instructions. The DNA quantity and quality were assessed on the basis of the Ay measurement
(spectrophotometer NanoDrop 2000c) and standard agarose electrophoresis. For genetic variability
analysis 10 RAPD primers (OPERON) were used: OPR-01—TGCGGGTCCT, OPR-02—CACAGCT GCC,
OPR-03—ACACAGAGGG, OPR-04—CCCGTAGCAC, OPR-05—GACCTAGTGG, OPR-06—GTCT
ACGGCA. OPA-03—AGTCAGCCAC, OPA-11—CAATCGCCGT, OPA-13—CAGCACCCAC, OPA-19—
CAAACGTCGG. Amplification, visualization and analysis of obtained DNA fragments were performed
according to Simlat et al. [36].

2.7. Statistical Analysis

All results were reported as mean + standard deviation. The results were verified statistically
using one-factor ANOVA and Tukey’s test at the significance level o = 0.05. A Microsoft Excel
2007 spreadsheet and the Statistica 12.0 package were used for the analysis and presentation of the
obtained results.

3. Results

3.1. Effect of Zn Priming of Seeds on Sprouts Growth Parameters and Zn Content, and Health Risk Assessment

Table 1 shows the results of growth parameters measured for the sprouts grown from seeds treated
with various exposure levels of Zn. The three plant species used in the experiment showed diverse
reaction to Zn. Zn10 solutions caused the highest significant increase in hypocotyl length and in fresh
mass in broccoli and peas. The highest level of Zn (Zn30) reduced growth of pea sprouts: a decrease in
germination and in fresh weight was about 1.2-1.4-fold, respectively. On the other hand, Zn30 resulted
in the highest fresh mass and hypocotyl length of sunflower sprouts. The germination index (GI),
which comprises both germinability and the length of sprouts, allowed depiction of the results in a
similar way. Generally, we found a stimulating effect on sprout growth and development (GI >110%)
for broccoli (all exposure levels of Zn) and for peas (Zn10 and Zn20). Zn caused neither inhibition nor
stimulation of GI (GI 90-110%) of sunflowers. GI for peas confirmed the growth inhibition by Zn30
(GI <90%).

As shown in Table 2, the applied exposure levels of Zn had significant effects on its content in
sprouts. In the respective controls it was 46.3 (broccoli), 67.5 (sunflower) and 45.4 (pea), while after
Zn priming it ranged from 480-1167 (broccoli), 71.1-80.8 (sunflower) and 92.4-193 (pea), namely it
was 10-25, 1.1-1.2 and 2.1-4.3 times higher, respectively. The estimated daily intake (EDI) values of
Zn for adults considering typical intake of sprouts are presented in Table 2. The acceptable daily
intake (ADI) for Zn is equal to 11 mg (man) and 8 mg (woman) kg~! day~!. Considering the statistical
consumption, estimated daily intake (EDI) values did not exceed the acceptable daily intake (ADI)
for all sprouts (Table 2). Corresponding with the Zn content, the highest EDI value was calculated
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for the broccoli sprouts, next for pea sprouts and the lowest for sunflower sprouts. Based on the
ED], the hazard quotient (HQ) values were calculated for analyzed sprouts (Table 2). According to
Gruszewska-Kossowska and Baran [33], the risk levels can be stated as no risk (HQ < 0.1) in the
case of consumption of sunflower sprouts (irrespective of the exposure levels of Zn), while for pea
sprouts for Zn0 and Zn10, but for broccoli sprouts only without Zn priming (Zn0, Table 2). Low risk
(0.1 < HQ < 1) was found for consumption of pea sprouts (Zn20 and Zn30) and all Zn-enriched broccoli
sprouts. However, HQ values for Zn20 and Zn30 broccoli sprouts were close to 1, suggesting a high

risk associated with the consumption of these sprouts.

Table 1.
The measurements were performed after 4 days (broccoli) and 5 days (pea, sunflower) of germination.

Growth parameters of sprouts obtained after treatment with different doses of Zn.

Means + SD from n = 3 (one replication consisted of 80 seeds for peas and sunflowers, and 300 seeds
for broccoli).

50f11

Species EXPZO;L::;;?EI of Germination %  Fresh Mass g ]i 2,11;?1:(;:1}:1 Gell;ln(;zr;a; on
0 85+5a* 5.68 + 0.8 ab 1222 +1.0a -
. 10 87+7a 752+12a 1584 +29a 123 +5.0a
Broccoli
20 80+5a 518 +2.1b 14.72 + 1.8 a 122 +18a
30 85+5a 6.89+19a 14.68 = 1.7 a 120+ 20 a
0 64+6a 8.64+0.3a 1765+ 09 a -
Sunfl 10 72+7a 789+15a 1739+ 1.6 a 105+11a
untiower 20 68+4a 829+10a 1560+ 1.6a 9 +2a
30 66 +3a 950+1.6a 1793 +3.1a 105+7a
0 74 +5ab 3454+33b 2.08 £ 0.1 bc -
Pea 10 85+1a 46.65+42a 278+ 04a 154+ 19a
20 83+1la 39.71+29ab 241 +0.2ab 130 £ 11 ab
30 61 +18b 38.08 + 8.2 ab 1.50+0.1c¢ 60+10b

* Means followed by the different letters in line indicate significant differences at « < 0.05 according to the t-Tukey
test within the species (ANOVA at p < 0.05).

Table 2. Zn content in sprouts, health risk assessment (EDI, HQ) and free-radical scavenging activity
(FRSA). The measurements were performed after 4 days (broccoli) and 5 days (pea, sunflower) of
germination. Means + SD from n = 3 for Zn content, for EDI and HQ one replication consisted of
80 seeds for pea and sunflower, and 300 seeds for broccoli. For FRSA, means + SD from 3 biological

replicates from 3 experiments and 3 instrumental replications are presented.

Species Exposure Level Zn Content EDI of Zn mg HOQ FRSA A A517 g1
of Zn pg mL-1 mg kg1 dw day1 dw
0 46.3 £ 124d* 0.010 £0.003d  0.033 £ 0.009 d 0.022 + 0.000 a
Broccoli 10 480 +24 ¢ 0.103+0.005¢c  0.343+0.018 ¢ 0.016 + 0.003 b
20 940 +39b 0.196 £ 0.008 b  0.653 + 0.028 b 0.012 + 0.002 b
30 1167 +9a 0.250 +£0.002a  0.834 £ 0.007 a 0.015 + 0.003 b
0 675+15¢ 0.014 £0.002c  0.048 +0.001 ¢ 0.015 + 0.002 b
Sunflower 10 711+15c¢ 0.015+0.003c  0.051 +0.002 c 0.012 + 0.002 b
20 766 +12b 0.016 £0.002b  0.055 + 0.001b 0.022 +0.002 a
30 80.8+21a 0.017 +0.004a  0.058 £ 0.003 a 0.013 £ 0.001 b
0 454+1.7d 0.010 £0.01 ¢ 0.032+£0.001d  0.00136 + 0.0000 a
Pea 10 924+10c 0.020 +£0.24b 0.066 +0.011c  0.00083 + 0.0001 b
20 157 +4.1b 0.034 +0.06 a 0.112+0.003b  0.00064 + 0.0001 b
30 193+£7.0a 0.040 +0.11a 0.138 £0.005a  0.00063 + 0.0002 b

* Means followed by the different letters in line indicate significant differences at « < 0.05 according to the t-Tukey
test within the species (ANOVA at p < 0.05).
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3.2. Free-Radical Scavenging Activity (FRSA)

Zn affected free-radical scavenging activity (FRSA) of sprouts of all studied species (Table 2).
In the case of broccoli and peas the FRSA values were decreased by Zn to a similar extent. In the case of
sunflowers, FRSA unexpectedly increased under the influence of Zn20 only. The comparison between
the species revealed that the average FRSA was similar in sunflowers and broccoli, while in the case of
peas was an order of magnitude lower.

3.3. Effect of Zn Priming of Seeds on Sprouts DNA Variability

All 10 decamer primers used in this study produced clearly identifiable bands in broccoli and
pea samples and were used for further analysis. In the case of sunflower samples, two of the primers
did not amplify any PCR product. Consequently, the total number of the produced scorable bands
was 96 and 95 for broccoli and peas, respectively, and 79 for sunflowers. However, the number of
polymorphic bands was very low and ranged from 3 for sunflowers to 30 for peas (Table 3).

Table 3. Total number of fragments and number of polymorphic fragments generated by random
amplification of polymorphic DNA (RAPD) primers. Sprouts were obtained via enrichment of seeds
with Zn0, Zn10, Zn20 and Zn30.

Pri 53 Number of Total Bands Number of Polymorphic Bands Polymorphism (%)
rimer 5’ —
Broccoli  Sunflower Pea Broccoli  Sunflower Pea Broccoli  Sunflower Pea
OPR-01 10 7 10 0 0 5 0.0 0 50.0
OPR-02 13 9 6 1 0 0 7.7 0 0
OPR-03 11 10 9 3 1 1 27.3 6.3 11.1
OPR-04 9 14 0 1 0 0 11.1 0 0
OPR-05 9 13 7 0 1 2 0.0 7.7 28.6
OPR-06 4 0 10 3 0 5 75.0 0 50.0
OPA-03 13 0 7 0 0 0 0.0 0 0
OPA-11 8 11 16 3 0 3 375 0 18.6
OPA-13 10 5 17 0 0 3 0.0 0 17.6
OPA-19 9 10 13 6 1 11 66.7 10.0 84.6
Total 96 79 95 17 3 30 - - -
Average/ 9.6 7.9 9.5 1.7 0.3 3 22.5 24 26.05
primer
Average/
species 24.0 19.75 23.75 4.25 0.75 7.5 - - -

The genetic matrix generated on the basis of Jaccard similarity coefficient revealed high genetic
similarity between tested samples of all species. It ranged from 0.853 to 0.946 for broccoli, from 0.953
to 1.000 for sunflowers and from 0.685 to 0.944 for peas (Table 4). Zn-enriched sprouts of broccoli had a
very similar profile of DNA fragments to the control (Zn0). The lowest variation was observed for the
DNA of sprouts treated with Zn20. The constructed genetic similarity dendrogram therefore allowed
the grouping of Zn0 and Zn20 into one cluster. Similarly, pea sprouts fortified with Zn20 showed the
smallest polymorphism of DNA compared to Zn0 and they were also grouped into a single cluster on
the dendrogram. For sunflower, on the other hand, Zn10 and Zn20 interacted in an identical manner
to the DNA of treated sprouts and both were included in one closest cluster together with Zn0. Of all
species, Zn30 showed the greatest influence on DNA variability. Such sprouts were genetically the
most distant from Zn0 (Figure 1).

Table 4. Similarity matrix of broccoli, sunflower and pea samples generated on the basis of RAPD
analysis using Jaccard similarity coefficient. Sprouts of all species were obtained via enrichment of
seeds with Zn0, Zn10, Zn20 and Zn30.

Species Exposure Level of Zn pg mL~1 Zn0 Zn10 Zn20  Zn30

Zn0 1.000
S Zn10 0914  1.000
roccoli 7Zn20 0.946 0.944 1.000

Zn30 0.852 0.889 0.900 1.000
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Table 4. Cont.

Species Exposure Level of Zn pg mL~1 Zn0 Zn10 Zn20 Zn30

Zn0 1.000
Sunfl Zn10 0.964 1.000
untiower Zn20 0964  1.000  1.000
Zn30 0.953 0.964 0.964 1.000
Zn0 1.000
P Zn10 0.912 1.000
ca Zn20 0944 0922  1.000
Zn30 0.685 0.739 0.692 1.000
A) B) C)
o o o @ o 0 .n_— W [ o o a
0.9921
0.995 0.96
0.976 If:-
o 0.92 TOU
U200 0.985 4 , 088
& 3 £
Eo 944 ED i g Lo
@928 L #0975 B
0.912 0570
0.76 1
0.896 4 0.965
3T 0724
0.8804 T 0,960 —mn—l Tow
0684

Figure 1. Dendrogram of the studied broccoli (A), sunflower (B) and pea (C) samples, constructed with
the Jaccard similarity coefficient using UPGMA cluster analysis based on the RAPD data (cophenetic
correlation for broccoli r = 0.855, for sunflower r = 0.991, for pea r = 9883). Sprouts of all species were
obtained via enrichment of seeds with Zn0, Zn10, Zn20 and Zn30.

4. Discussion

As various sprouts contain many phytochemicals, so the pro-health impacts of sprouts have
already been the focus of different studies [16,29,30,37]. Plants eaten raw are the main sources of
dietary antioxidants such as polyphenols, vitamins C and E, carotenoids, phytates, thiocyanates, indols
and various minerals with antioxidant properties, which play a significant role in the reduction of
human metabolic diseases, hence the public in high- and some middle-income countries are interested
in the antioxidant properties of such foods and their influence on human health [37-42].

In the present study, seed germination was unaffected or stimulated by Zn, and the fresh weight and
hypocotyl length of sprouts were generally higher due to Zn application than the control. The biomass
was stimulated by Zn10. In the studies of Zou et al. [31] it was found that zinc biofortification causes
high accumulation of this metal in sprouts. It is commonly known that Zn is essential for organism
growth but is toxic in excess, and different plants may have different sensitivities to Zn [9]. The Zn
concentration in leaf tissue is sufficient or normal if it lies between 25-150 mg kg~ and is excessive or
toxic at 300 mg kg_l [8]. In our study, we noticed very high concentrations of zinc, especially in the
case of broccoli sprouts. Cruz et al. [43] has shown that such differences at the germination stage can
be explained by different seed sizes—Larger seeds have less surface area in relation to their volume,
so they have increased protection against exposure to pollutants. The size of the seeds used in the
study was in the following order: sunflower > pea > broccoli. Moreover, sunflower seeds have hard
seed coats, which might have additionally affected the results preventing Zn uptake by germinating
seeds. It could probably change with different times of exposure to Zn, hence sunflower and pea seeds
should be imbibed longer than those of broccoli.

Based on Zn accumulation and the HQ values, broccoli sprouts (Zn20 and Zn30) may cause
health risks, especially in the case of consumption of other Zn sources, or Zn-enriched beverages.
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Due to the fact that sprouts have become essential components of the human diet, and at the same
time, important sources of different nutrients, this research subject must be regarded as fully justified.
Therefore, seed enrichment with Zn should be carried out carefully to avoid the potential health risk of
Zn toxicity of sprouts.

We assumed that toxicity of Zn is related to DNA variation of Zn-enriched sprouts. In our research,
the lowest levels of DNA variability, based on RAPD markers, were noticed when Zn10 and Zn20 were
used for seed priming. The same relation was observed in all tested species. However, the highest
concentration of Zn (Zn30) applied in our study, could be a source of DNA variations in Zn-enriched
sprouts, irrespectively of the species. Our result is in agreement with Cenkci et al. [25]. In their research,
DNA damage in beans increased with an increase in concentrations of toxic chemicals, and among
the others, also Zn. Nevertheless, observed in our research, the effect of Zn on DNA of sprouts of
broccoli, sunflowers and peas was not high, since the lowest similarity coefficient detected for pea
sprouts treated with Zn30 equals 0.685.

In addition to examining potential harmfulness what is worth estimating is the health-promoting
effect measured as the ability of the sprouts’ extracts to scavenge free radicals [29,30,35]. Interestingly,
FRSA values showed a downward trend under the influence of Zn in 8 of 9 studied cases. Therefore,
the improvement in antioxidant quality of sprouts has not been obtained, except with sunflower
sprouts treated with Zn20. The mechanism of Zn uptake and Zn physiological mode of action should be
analyzed. Zn is uptaken as a free ion and translocated within plant tissues by different cation-specific
transporters [44]. It performs many physiological functions. In terms of oxidative stress and antioxidant
response, it is a constituent of Cu/Zn SOD, the scavenging enzyme for superoxide anion, and recently
it has been shown that Zn activates the hydroquinone groups of flavonoids, producing another
protection against superoxides that mimic SOD [45]. It is commonly known that sprouts are rich
in flavonoids [28,29,42,46]. Hence, the interaction of Zn and natural metabolites of sprouts might
have decreased superoxide amounts generated by the young plantlets, which was reflected in the
FRSA assay.

In the case of sunflowers, however, FRSA was increased by Zn20. We suppose that the explanation
lies in the biometric features of these sprouts. As they developed the shortest hypocotyl within all
sunflower sprouts at a relatively high mass, we suppose that they contained more cells which were
not elongated, than the other sprouts. Therefore, the pool of antioxidants, whose activity is reflected
by FRSA measurement, was concentrated in these tissues. It happens that heavy metals” impacts on
plants is not dose-dependent (own experiment, data not shown). Why Zn20 triggered diminished GI,
at the moment remains unclear.

While analyzing the differences in FRSA between the studied species, it can be assumed that they
are determined by the different chemical composition of seeds. Peas accumulate large amounts of
storage proteins, the other two mostly fats. Perhaps some proteins adsorb low-molecular antioxidants
that remain on their surfaces in the sediment, while in the FRSA method the supernatant is tested.
A similar effect was obtained by Baczek-Kwinta and Sala [29] who compared, e.g., alfalfa, belonging to
the same botanical family as pea, and radish, a member of Brassicaceae, to which broccoli belongs.
The antioxidant activity measured with two methods (FRSA and FRAP) of alfalfa sprouts was lower
than that of radish sprouts. However, the alfalfa antioxidant activity was prolonged in time [29],
hence the interspecific differences in antioxidant activity should not be considered with priority.

Zou et al. [31] proposed Zn20 as a safe exposure level for soybean sprouts. Based on (i) the
estimated potential consumption of Zn as a form of Zn-enriched sprouts, (ii) the calculated health
risk revealing that Zn20 and Zn30 may lead to Zn toxicity, and (iii) antiradical activity which was not
increased by Zn, the safest level for Zn priming of broccoli, pea and sunflower seeds is Zn10. In our
opinion, this level is safe to the consumers, including those who are on medications such as antibiotics
or antihypertensive drugs, which can interact with diet Zn [6,47].

Further study on the subject should consider intraspecific differentiation to choose the genotypes
that are best at accumulating Zn, with no health risk for consumers. On the other hand, as the
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seed volume to seed coat area can affect Zn uptake, this should be also taken into account while
comparing seeds of different species. Last but not least, different plants may be equipped with different
Zn-transporting proteins [48], hence further research can also be performed within the molecular
background of effective and consumer-safe seed priming with Zn.

5. Conclusions

Our results indicated that Zn used for enrichment of broccoli, pea and sunflower sprouts
diminished FRSA values in 8 of 9 cases according to the respective controls (Zn0). Moreover, Zn was
a source of DNA variation measured by RAPD. However, the DNA variation depended mostly on
the concentration of Zn. Lower Zn exposure levels such as Zn10 and Zn20 were safer for plant DNA
than Zn30. Considering the potential non-carcinogenic risk of sprout consumption measured by HQ,
the safest concentration for seed priming will be Zn10. The dose also did not diminish, and even
increased, the germinability index, indicating improved sprouts condition.
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