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Abstract

The order to monitor the chemical pollution of food, the dynamic
development of ecology and specialisation in potato production as
well as its large consumption caused the investigations about the
influence of storage time and genetic conditions of potato on con-
tents of nitrates (V) and (lll) in tubers for different use purposes
during 2009-2011.

In the present study, eight cultivars of potatoes with different use
purposes and duration of vegetation time obtained from producer
Norika Poland INC were used: ‘Albatros’, ‘Gala’, ‘Karatop’, ‘Kar-
lena’, ‘Kiebitz’, ‘Lambada’, ‘Molli’ and ‘Pirol’.

The tubers of cultivars used for processing such as starch pro-
duction (‘Albatros’) as well as chips and crisps (‘Karlena’) were
characterised by the highest content of nitrates (V) and (lll). After
6 months of storage, a significant decrease of nitrates (V) and (llI)
contents was observed, which from the point of view of the con-
sumer should be considered as the beneficial effect. Regardless of
cultivar, the depletion of nitrates (V) was in the mean of 4.7% and
of nitrates (lll) was about 4.4%. Regardless of the use purposes,
the intake of 300 g of investigated potato tubers after harvest as
well as after storage time does not exceed the recommended daily
allowance for nitrates (V) and (lll), where after the storage time this
amount is even declining.
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1. INTRODUCTION

A wide direction of use makes potato the basis of the diet of the Pol-
ish consumer. A high vegetable consumption results in the problem
of accumulation of harmful substances, including nitrates (V) and
(1) in vegetables being especially essential [lerna 2009, Rytel 2010,
Zarzecka et al. 2011, Leszczynski 2012a and b, Kostiw, Jabtonski
2013]. The development of potato processing has made it neces-
sary to change the growing and yield management structure for the
benefit of the processing material [Poberezny 2011]. The market
has been introduced with many new cultivars allocated to specific
products (dried matter, canned foods, frozen foods, French fries,
crisps, starch, stillage industry as well as direct consumption). De-
pending on the purposes, the detailed material requirements dif-
fer. For the production of French fries and crisps — the content of

Streszczenie

Nakaz statego monitoringu chemicznego zanieczyszczenia zywno-
$ci, dynamiczny rozwoj ekologii i specjalizacji w produkcji ziemnia-
ka oraz duze jego spozycie, spowodowato, ze w latach 2009-2011
podjeto badania, ktérych celem byto okreslenie wptywu okresu
przechowywania oraz uwarunkowan genetycznych ziemniaka na
zawarto$¢ azotandw(V) i azotanéw(lll) w bulwach przeznaczonych
na rozne kierunki uzytkowania.

W badaniach uzyto 8 odmian ziemniaka pochodzacych od pro-
ducenta Norika Polska Sp. z 0.0. 0 réznej przydatnosci i dtugosci
okresu wegetacji: ‘Albatros’, ‘Gala’, ‘Karatop’, ‘Karlena’, ‘Kiebitz,
‘Lambada’, ‘Moll?’, ‘Pirol’.

Najwyzszg zawartoscig azotandw(V) i (lll) charakteryzowaty sie
bulwy odmian przeznaczonych do przetwérstwa zaréwno do kroch-
malu (‘Albatros’), jak i na frytki i chipsy (‘Karlena’). Po okresie 6
miesigcach przechowywania nastapit istotny spadek zawartosci
azotanow(V) i (Ill), co z punktu widzenia konsumenta nalezy uzna¢
za zjawisko korzystne. Niezaleznie od odmiany spadek NO,” wyno-
sit $rednio 4,7% a NO,™ — 4,4%. Niezaleznie od kierunku uzytkowa-
nia spozycie 300 gramoéw badanych ziemniakow po zbiorze, jak i po
przechowywaniu nie przekracza dziennej dopuszczalnej normy dla
azotanow(V) i (Ill) a po przechowywaniu spozycie ich spada.

sugars in tubers — and for starch — the starch quality, while for direct
consumption — the tuber size, the peel smoothness, flesh colour
and the susceptibility to darkening — are essential [Poberezny 2011,
Leszczynski 2012b, Wszelaczynska et al. 2007, 2013]. Due to
long-term potato consumption after harvest, it must be stored even
up to 9 months [Krzysztofik, Skonieczny 2010, Zgorska, Sowa-
Niedziatkowska 2005, Wszelaczynska et al. 2007, 2013].

The order of a permanent chemical contamination monitoring, a
dynamic development of ecology and specialisation in potato pro-
duction as well as its high consumption have resulted in the launch
of the present research to verify the content of nitrates (V) and
() after harvest and after storage in the tubers of the cultivars
allocated to different uses.
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2. MATERIALS AND METHODS

The research (2009—2011) involved the use of eight potato culti-
vars received from the producer of seed-potatoes NORIKA POL-
SKA S.A. for a direct consumption (‘Gala’, ‘Karatop’, ‘Lambada’
and ‘Molli’), for food processing, i.e. for the production of French
fries and crisps (‘Karlena’, ‘Kiebitz’, ‘Pirol’) as well as for starch
production (‘Albatros’).

Mineral fertilisers in the form of urea (46%), nitro-chalk (27%) and
polifoska 4 (4% N — 12% P,0s — 32% K,O) were applied in Spring
before planting, at the following amounts: nitrogen — 100 kg N<ha",
phosphorus — 110 kg P,Os*ha™', potassium — 150 kg K,O<ha™".
Experimental fields differed inconsiderably. Potatoes were grown
on FYM 25 teha™'; cereal crops served as the forecrops. Potato
tubers (10-kg samples) were stored for 6 months in the chambers
with controlled atmosphere. In the chambers, there was main-
tained a constant temperature which depended on the direction of
use and relative air humidity of 95%. For direct consumption and
for the production of starch, the temperature of storage is +4°C,
while for the production of French fries and crisps +8°C.

The scope of the analytical research covered determining the
content of nitrates (V) with the ion-selective method using the
multifunctional apparatus CX-721 provided by Elmetron [Baker,
Thompson 1992], while the content of ions NO, was defined af-
ter their oxidation to NO, , in the earlier prepared extract sample
according to the abovementioned method.

The research has been an attempt at providing a model definition
of the daily nitrate uptake (V) and (lll) with the consumption of
300 g of the tubers studied. The research results were exposed
to statistical calculations, applying the method of the analysis of
variance for the two-factor experiments, using the Tukey test to
evaluate the differences. Besides, the coefficients of variation
and linear correlation were calculated.

The publication has been developed with the use of the appa-
ratus purchased as part of the project ‘Execution of the second
stage of the Regional Centre of Innovativeness’ co-financed by
the funds of the European Regional Fund as part of the Regional
Operational Programme of the Kujawy and Pomorze Province
for 2007-2013.

3. RESULTS AND DISCUSSION

The content of nitrates (V) in potato tubers of the cultivars stud-
ied ranged from 118.4 to 176.3 mg-kg~ of fresh weight (Table 1),
which complies with the results reported by Leszczynski [2012a]
who claims that the content of nitrates (V) in potatoes ranges from
110 to 180 mg-kg™ of fresh weight. Marks [2009] report on the
content of nitrates (V) being much lower 77.0-102.0 mg+kg™" of
fresh weight, and according to Murawa et al. [2008], the content
of nitrates (V) ranged from 167.1 to 259.6 mg<kg™" of fresh weight.
Whereas Lachman and Hamouz [2005], Hamouz et al. [2005] as
well as Zgorska and Sowa-Niedziatkowska [2005] noted different
values in the range of 70.2-199.2 as well as 71.0-270.0 mg<kg™
of fresh weight. Murawa et al. [2008] defined the potato as a veg-
etable crop posing a high threat to the consumer, since among the
tubers available on sale, it recorded and exceeded the admissible
amount of the content of nitrates (V) in the first research year in 30%
of the samples and in the second year — even in 72% of the sam-
ples. Tamme et al. [2006], on the other hand, investigating potatoes
from Estonian market, considered it as a vegetable with an average
tendency to the accumulation of nitrates (V) despite exceeding the
admissible amount even by 160 mg+kg~" of fresh weight.

The cultivars differed significantly in the content of nitrates (V) (Ta-
ble 1). According to Jarych-Szyszka [2006], Tamme et al. [2006],
lerne [2009] as well as Rytel [2010], the content of nitrates (V) in
tubers is affected by the genotype. However, according to Ham-
ouz et al. [2005], Lachman and Hamouz [2005], Rogozinska et al.
[2005] as well as tozowicka [2009], the significant differences in
the content of nitrates (V) arise from different growing conditions
for different directions of use. Potato allocated to food industry
most often come from traditional plantations where, despite high
mineral fertilisation rates, an intensive protection is also used. It
can increase the content of nitrates (V) even above the amount
considered to be safe [Murawa 2008, lerna 2009, Rytel 2010],
which is confirmed by the results of the present research since
the highest content of nitrates (V) was reported for the tubers of
the cultivars allocated to processing, both for starch and French
fries and crisps (Table 1). The highest content of nitrates (V) was
recorded for the ‘Albatros’ tubers (176.3 mg-kg™ of fresh weight —

Table 1. Content of nitrates (V) and (lll) in [mg+kg of fresh weight] as well as the coefficients of variation CV [%] depending on the

genetic conditions and the research date

Nitrates (V) Nitrates (llI) CcVv
CULTIVAR Research date (B) NO, NO,
A) After After After After After After After After
harvest* storage* L2l harvest* storage* Eioan harvest storage harvest storage
Albatros* 176.3 167.8 172.0 1.33 1.29 1.31 4.39 1.52 4.54 6155)
Gala** 118.4 107.6 113.0 0.65 0.62 0.64 4.882 3.892 1.97 2.53
Karatop** 134.1 126.6 130.3 0.68 0.64 0.66 273 1.33 0.86" 3.69
Karlena*** 155.8 153.1 154.5 1.13 1.04 1.09 2.91 1.54 4.00 1.179
Kiebitz*** 131.7 124.4 128.0 0.73 0.72 0.73 0.79" 0.98" 12.75% 1.47
Lambada** 138.7 131.4 135.0 0.90 0.88 0.89 0.91 2.16 10.33 8.142
Molli** 126.4 124.4 125.4 0.75 0.74 0.75 3.38 2.94 4.77 1.75
Pirol** 150.8 144.5 147.6 1.04 0.95 0.99 1.60 2.62 0.96 1.87
Mean 141.5 135.0 138.2 0.90 0.86 0.88 2.70 212 5.02 3.27
LSD a=0.05 A-717 B-3.14 A-0.09 B -0.03 - lowest variation,
AxB-n.s. BxA-n.s. AxB-n.s. BxA-n.s. 2 - highest variation

*For starch production.
**For the direct consumption.
***For food processing.
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for starch production) and ‘Karlena’ (155.8 mg<kg™ of fresh
weight — for the production of French fries and crisps), which
coincides with the results reported by others [Prosby-Biatczyk
2004 and Rutkowska 2005]. Rogozinska et al. [2005] and Jarych-
Szyszka [2006] claim differently; the cultivars allocated to pro-
cessing accumulated nitrates (V) less considerably than those
allocated to direct consumption. Hamouz et al. [2005] as well
as Lachman and Hamouz [2005], on the other hand, observed
a tendency to a higher content of nitrates (V) in the tubers of
the cultivars grown treated with high rates of mineral fertilisation
(153.9 mg+kg™ of fresh weight), as compared with the cultivation
with a limited fertilisation and protection (136.9 mg+kg™" of fresh
weight). This dependence concerned all the cultivars they investi-
gated (‘Impala’, ‘Karin’, ‘Agria’, ‘Nimfa’, ‘Korela’, ‘Rosella’, ‘Sante’
and ‘Orwella’) irrespective of the direction of their use. Similar re-
sults were noted by Rogozinska et al. [2005], Zarzynska and Go-
liszewski [2005], Pussemier et al. [2006], Janowiak et al. [2009]
and Kostiw and Jabtonski [2013].

In the present research, the lowest content of nitrates (V) was
found for the cultivars allocated to direct consumption (Table 1).
In that group, the cultivars differed significantly from one another
in the content of nitrates (V). The lowest content was reported for
‘Gala’ — 118.4 mg<kg™" of fresh weight and the highest for ‘Lam-
bada’— 138.7 mg-kg™" of fresh weight. It complies with the results
by Mozolewski and Smoczynski [2004] as well as Jarych Szysz-
ka [2006] who determined the content of nitrates (V), respectively,
at the level of 80 mg-kg of fresh weight for ‘Bard’ and ‘Lord’ as
well as 130.1 mg-kg™ of fresh weight for ‘Ibis’ — 140.3 mg-kg™
of fresh weight. Rutkowska [2005] and Jarych-Szyszka [2006]
did not find significant differences in the accumulation of nitrates
(V) across the cultivars of potato allocated to direct consumption
(‘Bard’, ‘Lord’, ‘Bryza’, ‘Sokot and ‘Irys’). Zarzyriska and Wroniak
[2007] observed a disturbing phenomenon for the accumulation
of a high amount of nitrates (V) in the tubers of the cultivars al-
located to direct consumption even above 600 mgekg™" of fresh

weight; however, it applied only to the early and very early cul-
tivars. Mid-early and later cultivars, similarly as in the present
research and the research reported by tozowicka [2009], did not
accumulate high amounts of NO, . Nitrates (V) show little toxicity
and do not pose a direct threat to human health. Some of them
can be, however, reduced by microflora of the alimentary canal to
nitrates (lll), nitrogen oxides and even ammonia, which are toxic
compounds [Tamme et al. 2006, Murawa et al. 2008, £ozowicka
2009, Marks 2009, Leszczynski 2012b]. In the present research,
irrespective of the cultivar, the mean content of nitrates (lIl) af-
ter harvest as well as after storage was 0.90 and 0.74 mg<kg™'
of fresh weight, respectively (Table 1). Murawa et al. [2008], in-
vestigating 24 potato samples over 2 years , obtained from ac-
cidental sales outlets recorded the mean content of nitrates (lll)
to be higher than in the present research, namely on average
1.70 mg<kg™" of fresh weight. One shall note, however, that the
highest content was as much as 2.60 mg+kg™" of fresh weight.
Similar results were reported by Mozolewski and Smoczynski
[2004]: from 1.05 to 1.30 mg+kg™" of fresh weight. Leszczynski
[2012b] reports on the content of nitrates (lll) in tubers from 0
to 3.00 mg-kg™ of fresh weight. Most nitrates (lll) after harvest,
similarly as nitrates (V), were obtained in the cultivar for the
starch production, followed by processing for French fries and
crisps and the lowest content — for direct consumption (Table 1).
Such dependence is confirmed by the calculated positive coef-
ficients of correlation between nitrates (V) and (lll) after harvest
(r=0.745; Poo1) as well as after storage (r = 0.452; Pgs).

After 6 months of storage, there was a significant decrease in
the content of nitrates (V) and (lll), which, from the consumer’s
perspective, must be considered favourable (Fig. 1). Irrespec-
tive of the cultivar, the decrease in the content of nitrates (V)
was on average 4.7% and nitrates (l1l) 4.4%, which complies with
the results reported by Wichrowska [2007] and Poberezny et al.
[2012], where the content of nitrates (V) after 6 months of stor-
age decreased by 10.6% and 37.5%, respectively. The opposite

[%]

CULTIVAR:
DALBATROS

BGALA
OKARATOP
BKARLENA

BKIEBITZ

9,1

NITRATES (V)

NITRATES (1ll)

OLAMBADA
oMOLLI

BPIROL

Fig. 1. Percentage losses of the content of nitrates (V) and (lll) in potato tubers depending on the cultivar and the storage period
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Table 2. Daily consumption [mg] with the consumption of 300 g* of potato tubers

e NITRATES (V) NITRATES (1l
After harvest After storage After harvest After storage

ALBATROS 52.9 50.3 0.40 0.39
GALA 8515 323 0.19 0.19
KARATOP 40.2 38.0 0.20 0.19
KARLENA 46.8 45.9 0.34 0.31
KIEBITZ 395 37.3 0.22 0.22
LAMBADA 41.6 394 0.27 0.26
MOLLI 37.9 37.3 0.23 0.22
PIROL 452 43.3 0.31 0.28
Mean 42.5 40.5 0.27 0.26

* mean consumption of potato tubers is 109 kg year™ per person in Poland

result was reported by Gajewska et al. [2009] and Ciec¢ko et al.
[2010], which could have been due to the storage conditions. In
the present research, the tubers were stored in controlled condi-
tions adequately selected to the direction of use. Gajewska et al.
[2009], on the other hand, made an accidental purchase at the
market not knowing the storage conditions. Interestingly, accord-
ing to many authors, inadequate conditions of storage (increased
temperature and no oxygen access) results in an increased
content of nitrates (V) in vegetable crops [Zgorska and Sowa-
Niedziatkowska 2005, Gajewska et al. 2009, lerna 2009, Ciecko
et al. 2010]. Sadej et al. [2007] claim that after storage in tubers,
there was an increase in the concentration of NO,™ and it was
13.5 mg kg of fresh weight, in relation to the content noted after
harvest. Similar results were recorded by Cienko et al. [2010].
However, in the research reported by Marks [2009], the effect of
storage on the content of nitrates (V) appeared non-significant.
After storage, the greatest decrease in the content of nitrates (V)
was noted in the cultivars allocated to direct consumption — 5.4%,
followed by starch — 4.8% and to production of French fries and
crisps — 3.8% (Fig. 1), while nitrates (I1l) dropped on average most
in French fries-crisps — 5.8%, table potatoes — 3.8% and starch —
2.8%. The greatest and the lowest decrease in nitrates (V) was
recorded for table cultivars: ‘Gala’ — 9.1% and ‘Molli’ - 1.6%,while
in nitrates (Ill) of the cultivars for French fries and crisps: ‘Pirol’ —
8.8% and ‘Kiebitz’ — 1.1%. The mean coefficient of variation CV
(Table 1) for nitrates (V) after harvest accounted for 2.70% and
for nitrates (l1l) — 5.02%, whereas after storage, 2.12% and 3.27%,
respectively. It points to a greater dependence of the nutrients on
the genotype after harvest than after storage. The calculated co-
efficients of variation for cultivars point that for both features, the
‘Gala’ potatoes showed the highest variation and ‘Kiebitz’ — the low-
est both after harvest and after storage. Recording low coefficients
of variation can mean maintaining the agrotechnical and storage
regime determined for respective directions of use.

The Joint FAO/WHO Expert Committee on Food [2002] deter-
mined the value of daily consumption from all the sources for ni-
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