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Garden parsley (Petroselinum crispum) is one of the major 
vegetables grown in regions having a moderate climate [Osińska 
et al. 2012, Włodarek et al. 2013]. The factors that affect the utility of 
parsley for consumption include its taste, flavour and dietary value 
(vitamins C and E, β-carotene, potassium, calcium, phosphorus 
and iron, raw fibre, proteins) as well as the content of hazardous 
substances, especially nitrogen compounds [Błażewicz-Woźniak, 
Mitura 2004, Buchter-Weisbrodt 2005, Kołota 2011, Włodarek et 
al. 2013]. Vegetables and their products are the main source of 
nitrogen compounds in human nutrition. They supply over 80% 
of the nitrite(V) in the daily food ration [Gajewski et al. 2009, 
Dinev, Mitova 2014, Wszelaczyńska et al. 2014]. Due to their 

hazardous effect on consumer health, the current studies focus 
on acute toxicity, which is associated with the development of 
methemoglobinemia [Tietze et al. 2007, Murawa et al. 2008, 
Boskovic-Rakocevic et al. 2012]. Large amounts of nitrate(V) are 
accumulated mainly as a result of improper mineral fertilisation; 
this applies especially to nitrogen [Śledź, Witrowa-Rajchert 
2012]. The production of good-quality parsley roots for immediate 
consumption and storage can be achieved by cultivating them 
on an appropriate site and by proper agro-technical measures. 
Consumers expect vegetables of good quality regardless of the 
season in which they buy them, so it is important to maintain 
the right conditions of storage [Pobereżny et al. 2012, Złotek, 
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Streszczenie
O wartości konsumpcyjnej pietruszki decydują walory smakowe 
i dietetyczne (witaminy C i E, β-karoten, potas, wapń, fosfor i 
żelazo, włókno surowe, białka) oraz zawartość związków 
szkodliwych, głównie azotowych. W latach 2013-2015 podjęto 
badania, których celem było określenie wpływu technologii 
kultywacji i przechowywania na bezpieczeństwo korzeni 
spichrzowych pietruszki przeznaczonej do przetwórstwa. 
Materiał badawczy pochodził z doświadczenia gdzie stosowano 
doglebowo: azot (0, 40, 80, 120 kg N∙ha-1) oraz magnez (0, 30 
kg Mg∙ha-1). Korzenie pietruszki przechowywano w komorze 
przechowalniczej w temperaturze powietrza +1°C i RH 95% 
przez 6 miesięcy. Bezpośrednio po zbiorze i po przechowywaniu 
w korzeniach pietruszki oznaczono zawartość azotanów(V) i (III) 
metodą jonoselektywną.
Najwięcej azotanów(V) i (III) gromadziły korzenie pietruszki 
pochodzące z kultywacji gdzie stosowano nawożenie azotem w 
najwyższej ilości tj. 120 kg N·ha-1 i magnezem - 30 kg Mg∙ha-1. 
Niezależnie od stosowanych w okresie wegetacji czynników 
długotrwały okres składowania pietruszki spowodował obniżenie 
zawartości azotanów(V) i (III) w jej korzeniach. W badanej 
odmianie nie została przekroczona norma zawartości azotanów 
oraz dzienne dopuszczalne spożycie (ADI) wynoszące 1,0% 
(azotany) i 4,5 % (azotyny).
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and (III) was determined by the ion selective method immediately 
after the harvest and after storage in parsley roots.
The highest levels of nitrates (V) and (III) were found in parsley 
roots in the cultivation option where nitrogen for fertilisation was 
applied at the greatest amount, i.e. 120 kg N ha-1 and magnesium 
at 30 kg Mg∙ha-1. Regardless of the measures applied during 
the vegetation period, prolonged storage of parsley resulted in a 
decreased content of nitrates (V) and (III) in its roots. The limit for 
nitrogen content and the acceptable daily intake (ADI) for nitrates 
(1.0%) and nitrites (4.5%) were not exceeded in the cultivar under 
study.
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 Wójcik 2012, Włodarek et al. 2013, Wszelaczyńska et al. 2014]. 
During the storage period of unprocessed parsley and other root 
vegetables, a number of chemical and biochemical processes 
take place, which can reduce their quality by increasing the 
content of hazardous compounds [Pobereżny et al. 2012, 
Wszelaczyńska et al. 2014].
According to the current standards for food in Poland, the level 
of nitrate(V) in parsley root cannot exceed 400 mg·kg-1 of fresh 
matter [Murawa et al. 2008].
Considering this stipulation, a study was conducted to check 
the safety of parsley root in terms of nitrate(V) and (III) contents, 
immediately after harvest and after long-term storage under 
controlled conditions.

2. MATERIALS AND METHODS

A late cultivar – Halblange Berliner – of root parsley (Petroselinum 
crispum var. tuberosum) was taken as the study material. The 
parsley was taken from the field experiment carried out at the 
Research Station in Wierzchucinek (2013–2015) owned by 
the Faculty of Agriculture and Biotechnology of the University 
of Technology and Life Sciences in Bydgoszcz (in Kujawsko-
Pomorskie province). The field experiment was carried out on 
light, slightly acidic soil, with a low level of available P and K and 
a medium level of available Mg. The experiment was set up in a 
dependent arrangement in three replicates.
Various amounts of nitrogen (0, 40, 80, 120 kg N∙ha-1 as ammonium 
nitrogen – 34%) and magnesium (0, 30 kg Mg∙ha-1 as magnesium 
sulphate – 16 %) were added to the soil against a constant level 
of phosphorus (45 kg P∙ha-1) and potassium (125 kg K∙ha-1) 
fertilisation. Before sowing, seeds were dressed with Funaben 
T seed dressing, and cultivation and plant protection measures 
were applied in accordance with the relevant requirements. 
Weed control was performed by both plant protection products 
and manually. The harvest was done during the full maturity 
phase (between 1 and 10 October). The averaged samples of 
roots were taken for laboratory and storage study from each 
plot. Healthy, properly shaped parsley roots were stored for  

6 months in a storage room under controlled conditions, i.e. at  
a temperature of +1°C and RH 95%.
Samples taken immediately after harvest and after the full period 
of storage were analysed in a laboratory; the analyses included 
nitrate (V) assay by an ion selective method with an Elmetron 
CX-721 apparatus [Baker, Thompson 1992]. The level of NO2¯ 
ions was determined after their oxidation to NO3¯, in a previously 
prepared extract sample, by the method mentioned above.
The results of a three-year study were analysed statistically by 
means of the analysis of variance, with Tukey’s test to evaluate 
the significance of differences; the coefficients of variance were 
determined in order to present the stability of the features under 
study. Moreover, the daily intake of nitrate(V) and (III) was 
determined, assuming that 14 g of storage roots of parsley is 
consumed. These data were compared with the standards for the 
highest acceptable daily intake (ADI).

3. RESULTS AND DISCUSSION

The content of nitrates (V) and (III) in the parsley storage roots 
under study following harvest was 156.0 and 13.6 mg·kg–1 of 
fresh matter, respectively, regardless of the experiment setup 
(Table 1).
A much lower level of nitrate(V) was achieved in the study by 
Błażewicz-Woźniak and Mitura [2004] for the traditional and non-
conventional (with supplementary crops) cultivation – 60 and  
42.5 mg·kg-1 of fresh matter, respectively. Pokluda (2006) 
included 15 cultivars in his study and achieved levels ranging from  
113 to 617 mg·kg–1 of fresh matter. Such diverse levels achieved 
by Pokluda (2006) may result from the time of evaluation, which 
was confirmed in a study carried out by Gajewski et al. [2009]. 
Grudzińska and Zgórska [2005] and Tietze et al. [2007] found 
the level of nitrate(V) in parsley to be 300.0 and 499.2 mg·kg-1 of 
fresh matter. On the other hand, Tamme et al. [2006] and Murawa 
et al. [2008] found the average nitrate(V) content to be 966 and 
474 mg·kg-1 of fresh matter, respectively, with levels ranging 
from 674 to 1,588 in the Tamme et al. [2006] study and 54.5 to 
1,146.0 mg·kg-1 of fresh matter in the Murawa et al. [2008] study. 

Table 1. Content of nitrates (V) and (III) in parsley roots and the coefficients of variation CV [%] depending on nitrogen and magnesium 
fertilisation [mg·kg-1 of fresh weight] – immediately after harvest

Fertilisation
(N kg∙ha-1)

[A]

Fertilisation (Mg kg∙ha-1)
[B]

CV
[%]

Nitrates (V)* Nitrates (III)**
NO3

¯ NO2
¯

0 30 Mean 0 30 Mean
0 105,2 113,1 109,2 10,6 11,3 11,0 4,4 3,7

40 125,0 136,7 130,9 12,5 13,7 13,1 5,1 4,8

80 157,3 167,9 162,6 13,8 14,6 14,2 3,9 3,0

120 215,6 226,8 221,2 15,4 16,9 16,2 2,9 5,3

Mean 150,8 161,1 156,0 13,1 14,1 13,6 - -

LSDa α=0.05
* 	 A=5,67 	 B=2,75
A/B= n.s.b 	 B/A= n.s.

** 	 A=0,24	 B=0,23
A/B= n.s. 	 B/A= n.s.

aLSD, least significant difference.
b n.s., not significant.
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However, it must be emphasised that Tietze et al. [2007] used a 
different cultivar in their study than the one used in this one and 
Tamme et al. [2006] and Murawa et al. [2008] examined parsley 
roots, of unknown cultivation technology, bought in a retail store. 
Much lower nitrate(III) levels than in this study were achieved 
by Murawa et al. [2008]. The level of nitrates(III) in all samples 
analysed by Murawa et al. [2008] was very low – 0.59 mg·kg-1 of 
fresh matter. Those authors did not apply nitrogen fertilisers, and 
the year of study proved to be signifi cant. The nitrate(III) levels 
in some years were even four times higher than in others, which 
may have been caused by the fact that parsley was purchased on 
the market. Moreover, low levels of nitrate(III), not exceeding 0.5 
mg·kg-1 of fresh matter, were obtained by Sus et al. [2006] who 
monitored the market for root vegetables in Slovenia.
The factors applied in this study modifi ed the levels of nitrates(V) 
and (III) signifi cantly. Both fertilisation with nitrogen and 
magnesium signifi cantly increased the level of these undesired 
compounds (Table 1). Smoleń et al. [2010] reported that the 
application of small amounts of nitrogen to the soil in combination 
with foliar application of nitrogen and magnesium gives a yield 
with lower levels of nitrogen compounds. The current study did not 
confi rm this relationship, because the highest levels of nitrates(V) 
and (III) were accumulated in parsley roots fertilised with the 
largest amount of nitrogen, i.e. 120 kg N ha-1 and magnesium. 
A different effect achieved in this study resulted from applying 
a different form of a nitrogen fertiliser and a different method of 
its application to the plant than used by those authors. Moreover, 
magnesium sulphate (applied in this study) facilitates absorption 
of nitrogen by plants, which was demonstrated by Smoleń 
et al. [2006]. Hence, high levels of nitrogen compounds in parsley 
roots were achieved in this study (Tables 1 and 2). Each of the 
nitrogen doses applied in this study caused a systematic increase 
in the content of nitrates(V) and (III) (Table 1). These fi ndings are 
in line with those of the study carried out by Kołota [2011], who 
increased the amount of nitrogen applied from 40 to 160 kg N ha-1 
and achieved an increase in the nitrate(V) level from 294 to 
508 mg·kg-1 of fresh matter of parsley. Boskovic-Rakocevic et al. 
[2012] examined a different root vegetable and their fi ndings were 
similar. A number of authors have emphasised and confi rmed that 
excessively high amounts of nitrogen fertilisers used in cultivation, 

especially when nitrogen is not balanced by other nutrients, result 
in the accumulation of nitrogen compounds in root vegetables, 
including harmful nitrate(V) above the acceptable limit [Ekbic et al. 
2010, Xia et al. 2011, Boskovic-Rakocevic et al. 2012]. On the 
other hand, Pasikowska et al. [2002] grew parsley on three 
different types of soil and they did not record any uniform results 
of nitrogen fertilisation on nitrate(V) accumulation. Regardless of 
the measures applied during the vegetation period, the prolonged 
storage of parsley resulted in a decreased content of nitrates(V) 
and (III) in its roots (Figs. 1 and 2).

Table 2. Content of nitrates (V) and (III) in parsley roots and the coeffi cients of variation CV [%] depending on nitrogen and magnesium 
fertilisation [mg·kg-1 of fresh weight] – after storage

Fertilisation
(N kg∙ha–1)

[A]

Fertilisation (Mg kg∙ha-1)
[B]

CV
[%]

Nitrates (V)* Nitrates (III)**
NO3

¯ NO2
¯

0 30 Mean 0 30 Mean
0 97,0 107,9 102,5 9,5 10,6 10,1 5,8 6,1

40 117,6 128,0 122,8 11,5 12,2 11,9 5,1 3,4

80 145,1 158,1 151,6 13,3 13,9 13,6 4,8 2,8

120 201,8 222,7 212,3 14,6 16,3 15,5 5,4 6,3

Mean 140,1 154,2 147,2 12,2 13,3 12,8 - -

LSDa α=0,05
*  A=4.52  B=2.87
A/B= n.s.b  B/A= n.s.

**  A=0.80 B=0.15
A/B=0.86 B/A= 0.31

aLSD, least signifi cant difference, b n.s., no signifi cant.

Figure 1. Percentage losses of the content of nitrates (V) in 
parsley roots depending on nitrogen and magnesium fertilisation

Figure 2. Percentage losses of the content of nitrate(III) in parsley 
roots depending on nitrogen and magnesium fertilisation
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Its content decreased by 6.4% for nitrate(V) and 6.7% for 
nitrate(III). Opinions on the effect of parsley storage on nitrate(V) 
content in vegetables vary. According to Wrzodak, Elkner [2010], 
Pobereżny et al. [2012] and Wszelaczyńska et al. [2014], the 
storage conditions is the main factor affecting vegetable safety 
in terms of the level of hazardous compounds. Some authors 
[Ciećko et al. 2010, Wszelaczyńska et al. 2014] have reported 
that storage results in a considerable increase in the level of 
nitrates(V) and (III). However, the effect of storage for several 
months, as studied by Marks [2009], proved to be insignificant.
The coefficients of variation for nitrates(V) and (III) (Tables 1 and 2)  
indicate that the highest variation for nitrates(V) after harvest 
was achieved following the application of nitrogen at 120 kg·ha-1 
and after storage at 80 kg·ha-1. On the other hand, the variation 
for nitrate(III) was the highest when nitrogen was applied at 120 
and the lowest was at 80 kg·ha-1, both after harvest and after 
storage. This proves that the concentration of nitrates(V) and 
(III) is affected more by the environmental conditions during its 
vegetation than by the storage conditions.
An important information for the consumer is provided by 
Grudzińska and Zgórska [2005], who found that not all types of 
root vegetable processing reduces the content of nitrate(V). They 
noted that thermal treatment causes the level of nitrate(V) to drop 
to 30% of the initial value.
The FAO/WHO [JECFA 2002] committee for food established the 
daily intake of nitrates (V) by an adult male to be 0–3.7 mg, and 
that of nitrates (III) to be 0–0.07 mg per kg of body weight [Burt 
et al. 1993]. According to different sources, the consumption of 
vegetables, including parsley, should be about 500 g in four to 

five meals a day. An attempt was made to make a model of daily 
consumption of nitrates (V) and (III) (Table 3). The consumption 
of 14 g of parsley is equivalent to the consumption of 2.1 mg 
of nitrate(V) and 0.19 mg of nitrate(III) a day, which accounts 
for 1.0% and 4.5% of ADI. Tamme et al. [2006] monitored the 
Estonian market and determined the daily intake of nitrates with 
vegetables to be about 58 mg day-1. In this study, the maximum 
acceptable level was not exceeded.

4. CONCLUSIONS

The level of nitrates(V) and (III) depended significantly on the 
parsley cultivation technology. Fertilisation with nitrogen and 
magnesium increased the level of nitrates(V) and (III) in parsley 
storage roots. The storage of parsley caused the level of 
nitrates(V) and (III) in the roots under study to decrease. The 
maximum acceptable level of nitrates in fresh matter or the ADI 
for the parsley cultivar under study was not exceeded.
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Table 3. Daily consumption of harmful nutrients while consuming 14 g of parsley* [mg·day-1].

Fertilisation
(N kg∙ha-1)

1.	 Nitrate(V) 2.	 Nitrate(III)

After harvest After storage After harvest After storage

0** 50** Mean 0 50 Mean 0 50 Mean 0 50 Mean

0 1.47 1.58 1.53 1.36 1.51 1.43 0.15 0.16 0.15 0.13 0.15 0.14

40 1.75 1.91 1.83 1.65 1.79 1.72 0.18 0.19 0.18 0.16 0.17 0.17

80 2.20 2.35 2.28 2.03 2.21 2.12 0.19 0.20 0.20 0.19 0.19 0.19

120 3.02 3.17 3.10 2.82 3.12 2.97 0.22 0.24 0.23 0.20 0.23 0.22

Mean 2.11 2.26 2.18 1.96 2.16 2.06 0.18 0.20 0.19 0.17 0.19 0.18

* - Mean consumption of fresh and processed parsley is 5 kg∙year-1 per person in Poland.
** - Magnesium fertilisation rate [kg MgO·ha-1]
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