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Abstract: The carrot (Daucus carota L.) is a staple vegetable in human nutrition in Europe. In recent 
years, the use of biostimulants in vegetable crops has become a way to affect the quantity and 
quality of yields. The aim of this study was to assess the effect of the type and methods of 
biostimulant (natural seaweed extract Kelpak and synthetic Asahi) application on the nitrates and 
nitrites content in carrot roots after harvest and storage. The study was based on a strict field 
experiment with carrot cv. ′Karotan′, conducted in Poland (53°13′N; 17°51′E) in three successive 
growing seasons and after six months of storage (RH 95%, and air temperature +1 °C). The 
biostimulants were applied during the growing season in a foliar form. The content of NO3ˉ and 
NO2ˉ in carrot after harvest depended on the dose and the date of biostimulant application. The 
single application of biostimulant Kelpak as well as two times of Asahi had no effect on the nitrate 
and nitrite content, while the application of Kelpak in a total dose of 6 or 7 dm3 ha−1 increased them. 
The maximum intake of nitrates and nitrites following the harvest and storage was, respectively, 
7.1, 2.3% and 6.7, 2.1% of the ADI. 

Keywords: anti-nutritive compound; biostimulant; long-term storage; nitrate; nitrite; seaweed 
extract 

 

1. Introduction 

In recent years, agricultural biological includes biofertilizers, biopesticides and biostimulants 
have gained higher importance over the synthetic farm inputs. Biostimulants are among some of the 
earliest agricultural inputs used by humanity and are an important component of sustainable 
agricultural practices [1–6]. According to the EU regulation (2019/1009) [7]: “plant biostimulant is a 
product stimulating plant nutrition processes independently of the product’s nutrient content with 
the sole aim of improving one or more of the following characteristics of the plant or the plant 
rhizosphere: (a) nutrient use efficiency; (b) tolerance to abiotic stress; (c) quality traits; (d) availability 
of confined nutrients in soil or rhizosphere’’. Rising demand for high-value crops and increasing 
abiotic soil and plant stresses encourage farmers to adopt bio-based agriculture products such 
biostimulants that can increase the crop yield and its quality. Increasing governmental support to 
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high-quality agricultural product and launch of programs to educate farmers about various 
eco-friendly agri-input products use in farming [8–11] are some of the crucial reasons that are 
projected to enhance the biostimulants’ market growth during forecast years. Moreover, increasing 
product launches by market players and increased focus on novel substances that can potentially act 
as biostimulants are anticipated to aid growth. The global biostimulants market size was valued at 
USD 2.25 billion in 2018 and is projected to reach USD 5.69 billion by the end of 2026, exhibiting 
CAGR of 12.4% in the forecast period (2019–2026). In the global biostimulants market, the most 
important are humic substances and seaweed extracts [12]. In 2017, Europe (a region which has a 
high market demand for vegetables, including carrots) accounted for 40.2% of the total demand of 
the biostimulant market. A further increase in the use of biostimulants is forecasted in this region 
[12]. 

Biostimulants are intended not only to protect plants against the abiotic factors and also to 
facilitate the regeneration of stress-induced changes [13–15]. The biostimulation effect under both 
optimal and suboptimal conditions could be attributed to mechanisms including more vigorous root 
system (higher root biomass, surface area and number of lateral roots), especially in crops having a 
taproot system (e.g., carrot). A better developed root system lead to the efficient utilization of 
available nutrients [16,17]. Biostimulants affect physiology of the plant (global transcriptome and the 
metabolome). Recent research involving gene expression analyses is shedding light on plants’ 
metabolic regulatory pathways that are specifically affected by seaweed extracts [18,19]. Their 
performance is determined not only by weather conditions [13,20,21] but also by the date and the 
applied dose [20,22–24]. Biostimulants are commonly used in agricultural crops and vegetables. 
Plant raw materials are an essential in the human diet and carrot (Daucus carota L.) is one of the most 
frequently consumed. The year-round availability of carrots results from high fertility and good 
storage life. The storage roots of carrots are also an excellent raw material for the processing 
industry. They are used for the production of juices, frozen products, dehydrated products and 
preserved carrots [25–27]. The quality of carrot roots is determined by numerous factors, including 
cultivar, environmental conditions, cultivation method and storage technology [24,26,28–30]. The 
carrot is a vegetable which is very prone to the accumulation of nitrates and nitrites. The average 
nitrate content in carrots is 200 mg kg−1 FW [26,29,31–33]. Nitrate itself is relatively harmless since 
the fatal adult dose is considered to be higher than 7–35 g, which is about 100-fold higher than the 
acceptable daily intake of NO3ˉ set by the European Union (3.7 mg kg−1 body weight per day, 
equivalent to 222 mg of NO3ˉ per day for a 60 kg individual [34]. According to the Polish Norms, the 
content of nitrates in carrot should not exceed 400 mg kg−1 in fresh weight, and in the carrot allocated 
to processed foods for children below 3 years of age, only 200 mg kg−1 in fresh weight [32]. This is of 
importance as carrots are a basic component of the diet and the nitrates supplied with vegetables 
account for 70%–90% of the daily amount [24,32,34]. It should also be noted that carrots are an 
important raw material for many products used in child nutrition. In this case, it must meet the 
highest quality standards in the food industry [35]. The occurrence of undesirable substances, inter 
alia nitrates, in food poses a high risk to consumer safety [36–38]. High level of nitrate can be 
accumulated in vegetables, as indicated in the EU regulation (1258/2011) [39]. The adverse effect of 
nitrates on a consumer results from the fact that in the alimentary system they are transformed, 
under the influence of digestive enzymes, into nitrites and then into carcinogenic N-nitro 
compounds. The harmfulness of nitro compounds results from the oxidation of hemoglobin to 
methemoglobin. They also have a destructive effect on vitamins of the A and B groups as well as on 
carotenoids [33,40,41]. On the other hand, research results can be found proving that nitrates can 
have beneficial effects for human health as well [42]. 

Modern technologies of carrot production use a number of agricultural production means 
supporting yields and quality of crops, including biostimulants. The use of biostimulants in the 
cultivation of carrots leads to an increase in the produced biomass; however, it can modify the 
chemical composition of roots [14,23,24,32]. Yet, it is not known whether the use of biostimulators in 
different doses and dates in field production does not pose a threat to food safety, especially for 
long-term stored raw materials. The aim of this study was to determine the effects of the 



Sustainability 2020, 12, 1386 3 of 13 

biostimulant application methods as well as long-term storage on nitrates and nitrites content in the 
storage roots of carrots. 

2. Materials and Methods 

2.1. Field Experiment  

The research material was provided from field experiments performed at the Experiment 
Station in Mochełek (53°13′N; 17°51′E), belongs to the UTP University of Science and Technology in 
Bydgoszcz (Poland). These experiments were carried out in light soil with mean richness in available 
P and K forms, very low Mg richness, and a slightly acid reaction. More details on soil characteristics 
can be found in Szczepanek et al. [23]. Weather conditions at the experimental site are presented in 
Table 1. Of all the research years (2009–2011), the year 2011 was most favorable. The year which was 
less favorable for carrot growth was 2010, with a drought in June, while the year 2009 with high 
precipitation from May to July, accompanied by low air temperature and drought at the end of the 
growing period of carrot (August and September) was least favorable.  

Table 1. Meteorological data at the experimental site. 

Month 
Precipitation (mm) Air temperature (ºC) 

2009 2010 2011 1949–2011 2009 2010 2011 1949–2011 
April 16.3 33.8 13.5 27.4 11.5 7.8 10.5 7.4 
May 85.3 92.6 38.4 43.2 12.3 11.5 13.5 12.7 
June 57.4 18.1 100.8 53.7 14.5 16.7 17.7 16.3 
July 118.0 107.4 132.5 73.1 18.6 21.6 17.5 18.0 

August 17.6 150.7 67.7 53.2 13.2 18.4 17.7 17.5 
September 34.4 74.7 37.0 41.1 13.7 12.2 14.3 13.2 

In our study, mid–late cultivar ′Karotan′ of carrot (Daucus carota L.) was used. Pre-sowing 
fertilization was applied; with nitrogen (N) at the rate of 60 kg ha−1, phosphorus (P) 30.6 kg ha−1 and 
potassium (K) 66.4 kg ha−1. Seed sowing was performed in the first decade of April, with the seed 
sowing rate of 4 kg ha−1 2 cm deep, at the row spacing of 30 cm. The seeds were provided with 
Marshal 250 DS seed dressing. The next treatments of plant protection from diseases and pests 
complied with carrot requirements. After sowing and before carrot emergence, Afalon Dyspersyjny 
450 SC herbicide was applied (1.5 dm3 ha−1), while at the 3-leaf phase Linurex 500 SC was provided 
(1.5 dm3 ha−1). During the vegetation period, manual weed control was made. The carrot storage 
roots were harvested at full maturity (the 3rd decade of September).  

A single-factor field experiment applied a randomized block design in four replications and 
single-plot area was 13 m2. The experimental design covered biostimulant application kind and 
methods are presented in Table 2. Kelpak was applied in a form of foliar application, having been 
dissolved in 300 dm3 of water per hectare at the total rate of: 0, 2, 3, 4, 5, 6 and 7 dm3 ha−1. Asahi was 
also applied as a foliar treatment, having been dissolved in 500 dm3 of water per hectare, at the 
concentration of 0.1%. Kelpak is a completely natural biostimulant produced from seaweed Ecklonia 
maxima (Osbeck) which contains auxins (11 mg dm−3) and cytokinins (0.03 mg dm−3), alginate, amino 
acids (Histidine, Serine, Arginine, Aspartic acid, Glutamic acid), as well as small amounts of macro 
and microelements [33] (N 0.09%, and P 90.7; K 7163.3; Ca190.4; Mg 337.2; Na 1623.7 mg kg−1 fresh 
weight) [43]. However, Asahi is based on the nitrophenols-derivatives group compounds 
(para-nitrophenol (PNP) sodium salt 0.3%, sodium ortho-nitrophenol (ONP) sodium salt 0.2% and 
5-nitroguaiacol sodium salt (5NG) 0.1%, and their effect is an increase in the content of chlorophyll 
in leaves and the intensity of photosynthesis, growth and development support as well as 
counteracting a fast plant ageing [44].  

Table 2. Field experimental treatments. 

Biostimulant 
Date and rate of biostimulant application (dm3 ha−1) 

1st application 14 days  28 days 
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in 4-leaf phase after 1st application after 1st application 
Control - - - 

Kelpak 1  3 - - 
Kelpak 2  2 - - 
Kelpak 3  3 2 - 
Kelpak 4  2 2 - 
Kelpak 5  3 2 2 
Kelpak 6  2 2 2 
Kelpak 7  3 - 2 
Kelpak 8  2 - 2 

Asahi  0.5 0.5 - 

2.2. Storage Conditions  

The harvest was conducted at full physiological carrot maturity and root samples (10 kg) were 
taken for storage from each plot. The roots were then stored in chambers. A constant temperature (+1 
C) and relative air humidity (95%) were then maintained over six months of storage, according to the 
requirements of carrots.  

2.3. Laboratory Analysis Procedure  

The plant samples (carrot roots) were purified and foreign substances (which included soil and 
dust particles) were then removed. Then the samples were cut into 1-cm-thick slices and freeze-dried 
(CHRIST ALPHA 1–4 LSC, Germany). The product was lyophilized to permanent weight with a 
moisture content <2%, and then was crushed into fine powder using an electric grinder 
(CHEMLAND, Type FW 177, Poland). The obtained samples were stored in sealed plastic bags at 
−20 °C and then were used for a chemical analysis. 

The contents of nitrates and nitrites were then determined both directly after harvest and after 
six months of storage using the ion-selective method [45]. A multi-purpose Elmetron CX-721 
computer was used which was equipped with a nitrate electrode, double junction reference 
electrode (fill outer chamber with 0.02 M (NH4)2SO4 solution; Merck, Germany) and specific ion 
meter and a pH/millivolt (mV) meter with a 0.1 mV readability. Nitrates were extracted using a 
KAl(SO4)2 (Merck, Germany) solution and determined potentiometrically by an ion-selective 
electrode. Two grams of freeze-dried carrots and 50 cm3 1% of KAl(SO4)2 extracting solution were 
then mixed and shaken (IKA KS 130 BASIC, Germany) for one hour. Subsequently, 10 cm3 Al2(SO4)3 
was added (Acros Organics, USA) to it and shaken immediately before the analysis. 

The standard solutions were all conducted in the 0.025 M Al2(SO4)3 background solution and 
de-ionised water was also used in the analytical research at each stage of the analysis. The total 
content of NO2ˉ ions was determined after oxidation to NO3ˉ in a previously prepared sample of this 
extract according to the method described above. An amount of 1 cm3 of 30% H2O2 (Merck, 
Germany) was added and the ion-metric potential was carefully measured after five minutes in 
order to facilitate the oxidation of NO2ˉ to NO3ˉ. The anti-nutritive compounds (nitrate and nitrite) 
concentration in fresh mass was calculated taking into account the H2O content in the carrot roots. 

2.4. Statistical Analysis  

The 3-year research results were statistically verified applying the method of the analysis of 
variance for single experiments in each year of the study (2009, 2010 and 2011) and the synthesis 
from the years. The significance of differences was evaluated using Tukey’s HSD test for the 
significance level of α = 0.05. Analysis of variance (ANOVA) of the data was computed using the 
Statistica® 13.1 Computer Program (StatSoft Inc., TIBCO Software Inc., Palo Alto, California, USA). 
In our study, weather conditions in study years did not have a significant impact on the content of 
nitrates and nitrites in roots; therefore, only average values for nitrates and nitrites are presented. 
The coefficient of correlation was calculated using Spearman’s rank order at P<0.05. The daily intake 
of nitrates and nitrites was determined assuming the consumption of 55 g of fresh carrot per person 
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(average consumption of fresh and processed carrot (without juice) is 20 kg year−1 per person in 
Poland). The data were compared with the norms (JECFA 2002) considering the Acceptable Daily 
Intake (ADI) by an adult (weight 60 kg), which equals to 222 mg day−1 of nitrates, and 4.2 mg day−1 of 
nitrites [34, 46].  

3. Results and Discussion 

3.1. Nitrate Content  

The results of tests determining nitrate content of the carrot roots are presented in Table 3. Data 
on the accumulation of nitrates in the vegetables, provided in the literature [26,34], vary 
considerably as the contents range from 0 to 3000 NO3ˉ mg kg−1 and even up to 9000 mg kg−1 in the 
fresh weight (FW) of the roots. In our study, irrespective of the experimental factors, nitrate content 
following the harvest was, on average, 255 mg kg−1 FW. The average contents of nitrates at levels 
similar to that in our study were obtained by Sušin et al. [26] 264, and by Karkleliene et al. [29] 249 
mg kg−1 FW. In studies by Grudzińska and Zgórska [47] and Ziarati and Arbabi-Bidgoli [27], the 
contents of this harmful compound were at a much higher level and amounted to 459 mg kg−1 FW.  

Many authors have indicated that the most important factor affecting the content of nitrates in 
the carrot is the genetic liability to accumulate in the roots [32,35,48,49]. In the current study, nitrate 
contents in the roots of cv. ′Karotan′ ranged from 224 to 286 mg kg−1 FW. Gajewski et al. [35] 
examined two varieties of orange-coloured carrots and obtained a nitrate content ranging from 223 
to 325 mg kg−1 FW, with the cv. ′Karotan′, exhibiting a greater accumulating tendency than the 
′Trafford′ variety. On the other hand, Wszelaczyńska et al. [32], while performing tests on five 
varieties, obtained nitrate contents ranging from 49 to 218 mg kg−1 FW, and in the roots of cv. 
′Karotan′, the nitrate content was 234 mg kg−1 FW. Anyszka and Elkner [50], and Dobrzański et al. 
[51], obtained nitrate content at a considerably lower level, i.e., 162 mg kg−1 FW. It follows from both 
our own previous studies and those by other authors that the nitrate content of the carrot is also 
contributed to by the applied cultivation technology [20,32,48]. 

Table 3. Nitrates content in carrot storage roots depending on the type and methods of biostimulant 
application and the time of storage, mean 2009–2011 (mg kg−1 FW). 

Biostimulant After harvest CV (%) After storage CV (%) 
Control 223.7±10.3a 4.62 215.7±10.1a 4.68 
Kelpak 1 241.0±4.0abc 1.65 226.0±10.4a 4.59 
Kelpak 2 248.0±5.8abc 2.33 232.8±9.5ab 4.10 
Kelpak 3 250.3±13.4abc 5.37 241.4±17.4ab 7.20 
Kelpak 4 256.1±19.3abc 7.52 246.9±25.4ab 10.30 
Kelpak 5 286.0±14.5c 5.07 268.7±15.9b 5.92 
Kelpak 6 272.6±16.5bc 6.06 238.0±3.5ab 1.46 
Kelpak 7 268.3±29.8bc 11.12 246.5±38.1ab 15.44 
Kelpak 8 265.2±17.36bc 6.51 233.7±21.7ab 9.30 

Asahi  235.0±31.61abc 1.47 225.8±5.1a 2.26 
Total mean 254.6±22.3 8.75 237.5±21.0 8.82 

Biostimulants mean 258.0±20.5 7.96 240.0±20.5 8.55 
Kelpak mean 260.9±20.0 7.65 241.7±21.1 8.72 

Means sharing the same letter in column are not significantly different from each other (Tukey’s 
significant difference test, P<0.05). CV means the coefficients of variation. Data were presented as the 
means ± standard deviations (n = 18). 

In our study, significant differences in nitrate content after harvest of the carrot were obtained, 
which depended on the dose and the date of biostimulant application (Table 3). The single 
application of biostimulant Kelpak (K1 and K2), and two times application in early growing stages 
of carrot (K3 and K4) did not affect the nitrate content. Similarly, no influence of biostimulant Asahi 
on this anti-nutritive component in carrot storage roots was observed. According to our earlier 
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study, the single application of biostimulant Kelpak was also favorable for carrot roots yield [23]. 
The best results in increasing the commercial yield were achieved after the application of Kelpak at 
doses of 2 or 3 dm3 ha⁻1 at the fourth-leaf stage (13.1% and 12.4% respectively, compared to the 
control). Moreover, the application of biostimulant Kelpak in a dose of 2 dm3 ha−1 at 4-leaf phase 
resulted in the significant increase of vitamin C, carotenoids, total sugars, and reducing sugars [24]. 
In the same treatment, the highest concentration of Mg, P, Na and K in roots has been shown, while 
the highest content of Ca was after the application of this biostimulant in a dose of 3 dm3 per ha. On 
the other hand, the application of Asahi did not affect the Mg, P, Ca and Na concentrations but 
similarly to Kelpak, increased content of K [52].  

The impact of biostimulants on nitrate content in carrot is ambiguous. Smoleń et al. [53] claimed 
that biostimulant application can result in a reduction in nitrate content which results from the 
amino acids and growth regulators contained in some preparations. They transport nutrients 
(particularly micronutrients) through the leaves to the plant and are a building material for proteins. 
Dobrzański et al. [51], by applying preparations AlgaminoPlant and HumiPlant, obtained a 
reduction in nitrate content in roots. Following the simultaneous application of both preparations, 
they obtained a 37% reduction in nitrate content, while following the application of AlgaminoPlant 
only a 15% reduction. In the study by Kwiatkowski et al. [54], the reduction of nitrate content in 
carrot roots (by 12%–18%) after application of biostimulant (Asahi, Bio-algeen and Tytanit) has been 
presented. 

In this study, the application of Kelpak several times (K5, K6, K7 and K8) resulted in an increase 
in nitrate content. It should be noted that the increase in nitrate levels was mainly contributed to by 
an increase in the dose of Kelpak to 7 dm3 ha−1 with a simultaneous increase in the number of 
application dates to three; however, its action was determined to a greater extent by the dates of 
application than by the doses. This was confirmed by the calculated variation coefficients (Table 2). 
In a study by Przybysz et al. [21], the applied biostimulants significantly increased the NO3ˉ content 
in the plant’s materials. Similarly, Wierzbowska et al. [15], following the application of Asahi, 
obtained a higher nitrate content in the carrot roots than in the control. According to Grabowska et 
al. [14], plants sprayed with Aminoplant (amino acidic solution derived from hydrolyzed animal 
proteins) were characterized by a higher nitrates content as compared to the control only in the 
study year, when the average concentration of nitrates in roots was relatively high (375 mg kg−1 FW). 

After storage, a reduction of nitrate content in carrot roots was obtained (Table 3). This is 
beneficial for a consumer. The content of nitrates in carrot roots after six months of storage was 
dependent on the biostimulant type and method of its applications. The concentration of nitrates in 
roots was higher after the highest dose of seaweed extract Kelpak (7 dm3 ha⁻1) than after the dose of 3 
dm3 ha⁻1 (K1) or after application of Asahi and in the control. The obtained increase in nitrate levels 
in roots (after harvest and storage) in our study under the influence of biostimulants applied did not 
exceed the standard for the content determined to be at a level of 400 mg kg−1 in fresh weight.  

3.2. Nitrite Content  

The average nitrite content for the ′Karotan′ variety under study was 1.46 mg kg−1 FW (Table 4). 
Ayaz et al. [28], Murawa et al. [33], Ziarati and Arbabi-Bidgoli [27] obtained nitrite contents of the 
roots at levels of 0.57, 1.01, and 0.65 mg kg−1 FW but they provided no information on the varieties of 
the carrot in those studies. In our study, nitrites content after harvest and after storage was low in the 
control, Kelpak 1, Kelpak 2, and Asahi (Table 4). According to Przybysz et al. [21] and Wierzbowska 
et al. [15], reasonable soil fertilization combined with foliar feeding at appropriate stages, limit the 
accumulation of harmful compounds. Such effects of the preparations are related to the physiology 
of plants, which, properly stimulated, are able to reduce the intake of nitrates and harmful elements 
from the soil [53]. According to Colla et al. [13], biostimulants have the potential of preventing the 
high concentration of nitrates. This property could be attributed to the up-regulation of several 
metabolic pathways involved in nitrogen metabolism, in particular nitrite and nitrate reductase as 
well as glutamate synthase and glutamine synthetase activities.  
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Table 4. Nitrites content in carrot storage roots depending on the type and methods of 
biostimulant application and the time of storage, mean 2009–2011 (mg kg−1 FW).  

Biostimulant After harvest CV (%) After storage CV (%) 
Control 1.04±0.07a 6.68 1.02±0.08a 7.30 
Kelpak 1 1.30±0.06abc 4.62 1.22±0.07abc 6.65 
Kelpak 2 1.37±0.07abc 4.85 1.28±0.11abcd 8.90 
Kelpak 3 1.66±0.28cde 17.00 1.57±0.32bcd 20.18 
Kelpak 4 1.52±0.19bcde 12.62 1.42±0.21abcd 14.43 
Kelpak 5 1.79±0.09e 4.97 1.65±0.19cd 11.78 
Kelpak 6 1.77±0.17de 9.63 1.67±0.16d 9.76 
Kelpak 7 1.39±0.04abcd 2.88 1.30±0.08abcd 5.38 
Kelpak 8 1.48±0.07bcde 4.49 1.43±0.09abcd 5.18 

Asahi  1.25±0.03abc 2.36 1.18±0.06ab 4.81 
Total mean 1.46±0.25 17.47 1.37±0.24 17.70 

Biostimulants mean 1.50±0.22 14.76 1.41±0.23 15.77 
Kelpak mean 1.53±0.21 14.01 1.44±0.20 15.15 

Means sharing the same letter in column are not significantly different from each other (Tukey’s 
significant difference test, P<0.05). CV means the coefficients of variation. Data are presented as the 
means ± standard deviations (n = 18). 

The calculated mean variation coefficients (CV) for nitrates and nitrites (Tables 3 and 4) indicate 
that for both compounds, immediately following the harvest and following storage at a constant 
temperature of +1 °C and an air relative humidity of 95%, greater variation was exhibited by the 
roots after the application of Kelpak biostimulant during the carrot growing period. 

3.3. Storage Effect  

In our study, regardless of the type and methods of biostimulant application, a decrease in the 
nitrate content in roots after six months of storage was found (Figures 1 and 2). Similar results were 
obtained by Wrzodak and Elkner [55], who reported that the nitrate content decreased by about 
14%–17% in carrot roots after seven-month storage. Moreover, Gajewska et al. [56] found more 
nitrates in carrot in the autumn and winter period (200 mg kg−1) than in spring and summer (185 mg 
kg−1). In Figure 1, it is noted that following the storage, in the roots of carrot on which Asahi and 
Kelpak had been applied, a much greater decrease in nitrate content (mean 8%) was obtained than in 
the control object (without the use of biostimulants). The reduction of nitrates content was 
significant as compared to the control after triple application of Kelpak in a total dose of 7 dm3 ha−1 

(K5) or 5 dm3 ha−1 (K7). However, other results were obtained by Wierzbowska et al. [15] following 
the application of the Asahi during the growing of carrots because after five months, stored carrot 
roots increased nitrate content four-fold in roots from the integrated system and three-fold in 
ecological carrots. According to Wrona [57], nitrates are reduced to nitrites during the storage of 
vegetables. The process may intensify when the temperature during storage is higher than the 
recommended one [27,58]. The great decreases of nitrates obtained in our study prove that constant 
conditions were maintained throughout the entire storage period, in accordance with 
recommendations for root vegetables. What is more, similarly to nitrates, the six-month period of 
storage of the roots decreased nitrite content, which confirms the significant positive correlation 
coefficient between nitrates and nitrites (r = 0.551; P0.05) (Figure 1).  
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Figure 1. Percentage reduction of the content of anti-nutritive compounds in carrot roots after 
six-month storage period. Vertical bars show ±SE of means (n = 18). Means sharing the same 
lowercase or uppercase letters for nitrates or nitrites, respectively are not significantly different from 
each other (Tukey’s significant difference test, P<0.05). 

The decrease in nitrate content proved to be much greater in the roots originating from the 
cultivation with biostimulants applied (Figure 1). Opinions on the effects of storage on nitrate 
content of vegetables vary. According to Wierzbowska et al. [15], storage results in a significant 
increase in nitrate content and Marks [41] found that the effects of storage appeared to be 
insignificant. Wierzbowska et al. [15] found that after storage, the amount of nitrates increased four 
times in carrots originating from an integrated cultivation system and increased three times for 
carrots originating from an organic cultivation system. According to many authors [31,57,59], the 
most important factor affecting the quality of vegetables following storage are the conditions 
prevailing during storage. 
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Figure 2. The significant relationship between the nitrates and nitrites content in carrot roots: a) 
directly after harvest, a) after 6 months storage. r indicates that the correlation is significant at the 
0.05 probability level. 

Gajewski et al. [49], having tested eight varieties, obtained an average reduction in nitrate 
content at a level of up to 22%. It should be stressed, however, that for the ‘Interceptor’, ‘Nebula’, 
and ‘White Satin’ varieties after storage, an increase in the concentration of nitrates was noted: by 
18.9%, 0.23% and 1.5%, respectively. Wrona [57] stored carrots under industrial conditions and in a 
refrigerator and in both cases, obtained a reduction in nitrate content by 13% and 53%, respectively. 
Such a large difference could have resulted from a higher storage temperature in the refrigerator 
than under industrial conditions. 

3.4. Daily Intake of Nitrates and Nitrites 

In our study, the maximum daily intake of nitrates following the harvest was 15.7 mg, and 
following the storage, it was 14.8 mg (Table 5), which accounts for 7.1% and 6.7% of the ADI 
(acceptable daily intake). On the other hand, for nitrites, the maximum intake following the harvest 
and following storage amounted to 0.10 and 0.09 mg, respectively, which accounts for 2.3% and 2.1% 
of the ADI. Wszelaczyńska et al. [32], defined the daily intake of nitrates and nitrites introduced into 
the body with carrots for adults as 13.4 and 0.11 mg day−1, respectively. Similarly, as in the present 
research, they did not exceed the ADI norm. In comparison with the European Union norms, 
maximum NO3ˉ and NO2ˉ levels were not exceeded [26,46]. 

Table 5. Daily intake of anti-nutritive compounds with the consumption of 55 g carrot roots 
depending on type and methods of biostimulant application and the time of storage, mean 2009–2011 
(mg kg−1 FW). 

 Daily Intake (DI) 

Biostimulant 
Nitrates Nitrites 

After harvest After storage After harvest After storage 

Control 12.3 11.9 0.06 0.06 
Kelpak 1 13.3 12.4 0.07 0.07 
Kelpak 2 13.6 12.8 0.08 0.07 
Kelpak 3 13.8 13.3 0.09 0.09 
Kelpak 4 14.1 13.6 0.08 0.08 
Kelpak 5 15.7 14.8 0.10 0.09 
Kelpak 6 15.0 13.1 0.10 0.09 
Kelpak 7 14.8 13.6 0.08 0.07 
Kelpak 8 14.6 12.9 0.08 0.08 

Asahi  12.9 12.4 0.07 0.06 
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Grudzińska and Zgórska [47] noted that thermal processing reduced the nitrate content by up 
to 30%. It is known that the largest amounts of nitrates in the carrot are found in the inner core. 
Therefore, the process of peeling may result in a slight increase in NO3ˉ levels as the removal of the 
peel decreases the weight of the root, which increases the ratio of this component to the weight. 

5. Conclusions 

Nitrate and nitrite content in storage carrot roots after harvest depend on the dose and the date 
of biostimulant application. The single application of biostimulant Kelpak as well as two times of 
Asahi had no effect on the nitrate and nitrite content while the application of Kelpak in a total dose 
of 6 or 7 dm3 ha−1 increased them. For the safety of the roots of the tested variety as regards nitrate 
and nitrite contents, it appeared that a single application of the preparation Kelpak was the most 
advantageous. The storage resulted in a considerable reduction in the concentration of anti-nutritive 
compounds in the carrot roots. The tested cv. ′Karotan′ did not exceed the standards for nitrate and 
nitrite contents in wet weight or ADI. However, it is not suitable for processed foods for children. 
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