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Abstract

The study has been performed to analyze the content of nitrates V and III as well as
lead and cadmium in Brassica vegetables, both fresh and after 5-month storage in a cool
storeroom. The experimental material consisted of Chinese cabbage, red and white cabba-
ge, savoy cabbage and Brussels sprouts. The content of nitrates in the plant material was
determined with the spectrophotometric method based on Griess reaction, whereas con-
centrations of heavy metals were assayed with the AAS method after dry mineralization.

The 5-month storage period was found to decrease (by ca 65±5%) the content of ni-
trates V in savoy cabbage and Brussels sprouts. In turn, a ca 2-fold increase in the con-
centration of these compounds was determined in Chinese cabbage, and a similar tenden-
cy was observed in white cabbage. Chinese cabbage turned out to be the richest in the
analyzed, undesirable elements and compounds, e.g. after storage it was characterized by
an exceeded permissible level of nitrates V (750 mg kg–1 f.w.) and by the biggest, ca
10-fold, increase in concentrations of lead and cadmium. Besides, storage was observed to
cause a significant increase in the content of nitrates III in the analyzed vegetables, except
red cabbage, in which their content was shown to decrease by about 40%.

Concentrations of nitrates III and V, Pb2+ and Cd2+ in tissues of the cabbage plants
should be monitored regularly in order to prevent their excessive accumulation in the food
chain of man.

Key words: Brassica vegetables, storage, nitrates V, nitrates III, heavy metals.
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ZAWARTOŒÆ AZOTANÓW V I III ORAZ METALI CIÊ¯KICH W WYBRANYCH
WARZYWACH KAPUSTNYCH W ZALE¯NOŒCI OD CZASU PRZECHOWYWANIA

Abstrakt

Celem badañ by³o przeanalizowanie zawartoœci azotanów V i III oraz o³owiu i kadmu
w œwie¿ych warzywach kapustnych i po ich 5-miesiêcznym przechowywaniu w ch³odnych
magazynach. Materia³ badawczy stanowi³y: kapusta pekiñska, kapusta g³owiasta czerwona
i bia³a, kapusta w³oska oraz kapusta brukselska. W materiale roœlinnym zawartoœæ azota-
nów oznaczono metod¹ spektrometryczn¹, opart¹ na reakcji Griessa, natomiast metale ciê¿-
kie – metod¹ AAS po mineralizacji suchej.

Okres 5-miesiêcznego przechowania wp³yn¹³ na obni¿enie (o ok. 65±5%) zawartoœci
azotanów V w g³ówkach kapusty w³oskiej i brukselskiej, natomiast ok. 2-krotny wzrost
koncentracji tych zwi¹zków odnotowano w kapuœcie pekiñskiej, podobn¹ tendencjê zaob-
serwowano w przypadku kapusty bia³ej. Kapusta pekiñska okaza³a siê warzywem najbar-
dziej ska¿onym substancjami niepo¿¹danymi, po przechowywaniu bowiem odnotowano
przekroczenie (750 mg kg–1 œ.m.) zawartoœci azotanów V oraz najwiêkszy, ok. 10-krotny
wzrost zawartoœci o³owiu i kadmu. Przechowywanie spowodowa³o istotny wzrost zawarto-
œci azotanów III w analizowanych warzywach z wyj¹tkiem kapusty g³owiastej czerwonej,
w której nast¹pi³ ok. 40% spadek koncentracji omawianych zwi¹zków.

W celu zapobiegania nadmiernemu gromadzeniu siê tych zwi¹zków w ³añcuchu po-
karmowym cz³owieka, niezbêdne jest regularne monitorowanie azotanów V i III oraz Pb2+

i Cd2+ w tkankach badanych roœlin.

S³owa kluczowe : warzywa kapustne, przechowywanie, azotany V, azotany III, metale
ciê¿kie.

INTRODUCTION

Vegetables are an essential component of human diet. They are a rich
source of vitamins, minerals and dietary fibre. Unfortunately, they are also
among  the major sources of nitrates in foodstuffs (50-80%). Presence of some
quantities of nitrates V and III in plants is a natural consequence of the
nitrogen cycle in nature. Nevertheless, errors made during cultivation and
storage of plant material coupled by limited oxygen access may trigger un-
desirable biochemical transformations, which in turn can modify the concen-
trations of nitrates. Although nitrates V do not pose any serious health prob-
lem, a product of their microbiological reduction, i.e. nitrates III, are highly
toxic. In addition, genetic traits of vegetables that depend on a species or
variety also influence accumulation of these compounds (RUTKOWSKA 1996,
WOJCIECHOWSKA 2005, RUSINEK, CZECH 2007).

Another serious  problem is food contamination with heavy metals. Lead
and cadmium may enter the human body through the alimentary and respi-
ratory systems and are capable of accumulating in human tissues. The ma-
jor source of Pb and Cd are environmental pollutants, i.e. wastewater, solid
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waste, dust emitted to the atmosphere, chemical fertilizers, and pesticides
(LO COCO et al. 2000, YUSUF et al. 2003, KHAIRIAH et al. 2004, RUSINEK, CZECH

2007). The excess of these metals in food is implicated to raise the inci-
dence of many diseases of the cardiovascular, respiratory and nervous sys-
tems. These metals are also involved in carcinogensis and mutagenesis
(STEENLAND, BOFFETTA 2000, RADWAN, SALAMA 2006).

Owing to the great popularity and high intake of Brassica vegetables in
Poland, as well as to increasing environmental pollution, it seems highly
advisable to monitor these crops in terms of concentrations of undesirable
substances they may contain. The present study has been performed to ana-
lyze the content of nitrates V and III as well as lead and cadmium in Brassica
vegetables, fresh and stored for 5 months in cool storerooms.

MATERIAL AND METHODS

The experimental material comprised fresh and stored Brassica vegeta-
bles, including: Chinese cabbage (Brassica pekinensis Rupr.), red cabbage
(Brassica oleracea var. capitata L. f. rubra), white cabbage (Brassica oleracea
var. capitata L. f. alba), savoy cabbage (Brassica oleracea L. var. sabauda),
and Brussels sprouts (Brassica oleracea L. var. gemmifera). The vegetables
originating from local producers were purchased in a hypermarket in Lublin
(in October 2009). Some of the vegetables were stored for 5 months in cool
storehouses, at the optimal temperature (0oC) and air humidity (95-98%).
Control measurements of the temperature and air humidity were carried
out several times.

For each Brassica species, 6 samples were collected in each analytical
period in order to determine levels of the undesirable components (nitrates
V and III, lead and cadmium). The determinations were carried out in three
replications. In total, 60 samples of Brassica vegetables were assayed.

Prior to chemical analyses, the vegetables underwent the necessary prep-
arations (washing, fragmentation). The prepared plant material was divided
into samples: 10 g of vegetables for analyses of nitrates V and III, and 5 g
of vegetables for assays of heavy metals.

The content of nitrates V and III was determined with the spectrophoto-
metric method (acc. to the Polish Standard PN-A-75112), based on Griess
reaction. The determination consisted in diazotization of sodium nitrate III
with sulfanilamide (Griess reagent I) and mixing with N-1-naphtylethylene-
diamine (Griess reagent II). The product of this reaction was two-phase,
red-violet dye, whose color intensity was measured spectrophotometrically.
Nitrates V were determined through direct reduction with cadmium to ni-
trates III.
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For determination of lead and cadmium, the samples were pre-dried
a drier at 60oC for 24 h, and then dried at 105oC for another 24 h. After-
wards, the samples were weighed, mineralized in a muffle furnace at 450oC
and solubilized in 6 N of spectrally pure hydrochloric acid. The mineralizate
was determined for the content of heavy metals with the AAS method after
dry mineralization (acc. to the Polish Standard PN-EN 14082), using a UNI-
CAM 939 spectrometer. Lead content was assayed at λ=217.0 nm, whereas
cadmium content – at λ=228.8 nm. The analytical range for Pb2+ and Cd2+

was: 0-50 µg dm–3 and 0-5 µg dm–3, respectively.
The results were subjected to statistical analysis using Statistica ver. 5

software. The significance of differences between mean values was deter-
mined with the one-way analysis of variance test ANOVA.

RESULTS AND DISCUSSION

The 5-month storage period depressed (by ca 65±5%) the content of ni-
trates V in heads of savoy cabbage and Brussels sprouts (Table 1). In con-
trast, about a 2-fold increase in the concentration of these compounds was
determined in Chinese cabbage and a similar tendency was observed in the
case of white cabbage. Slightly different dependencies were noted while ana-
lyzing the impact of the 5-month storage on the content of nitrates III. The
storage was observed to cause a significant increase in nitrates III  in the
analyzed vegetables, except for red cabbage, in which the concentration of
these compounds decreased by about 40% (p=0.05) – Table 1. In turn, the
biggest increase, by about 5-fold, in the concentration of nitrates III was
determined in white cabbage, whereas the smallest one occurred in Brus-
sels sprouts (ca 2-fold).

The binding EU regulations (Regulation…2006) limit the level of nitrates
V only in vegetables, i.e. in lettuce and spinach. According to the previous
Regulation of the Minister of Health (2003), the permissible level of these
compounds in Brassica vegetables is 750 mg kg–1 f .w.

The content of nitrates V in both fresh and stored vegetables was far
below the level of 750 mg kg–1 f.m., except in Chinese cabbage. The pre-
treatment of vegetable samples may have lowered the content of nitrate
compounds, which are easily water soluble (MONDY, MUNSHI 1990). The stored
Chinese cabbage was characterized by a high content of nitrates V, reaching
953.7 f.w. This might have resulted either from the excessive fertilization or
from neglecting the pre-harvest interval.

LISIEWSKA and KMIECIK (1991) report that the accumulation of nitrate com-
pounds is affected by light. Diminishing the light intensity or exposure time
may increase the content of nitrates V in vegetables, because a deficient
content of carbohydrates produced under insufficient light might be the fac-
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tor diminishing the reduction rate of these compounds. This factor might
have caused an increased content of nitrates V and III in the vegetables
analyzed in this study (Table 1).

Among the investigated Brassica vegetables, Chinese cabbage had the
highest concentration of nitrates V (Figure 1). In contrast, the lowest con-
centration of NO3

– ions was noted in white, savoy and red cabbage, with
the value being about 45±5% lower than in Chinese cabbage (p=0.05). In

Fig. 1. The mean nitrates V content in the selected Brassica vegetables (mg kg–1 f.w.)

respect of nitrates III, their highest concentration was noted in savoy cab-
bage, higher than in white cabbage, Chinese cabbage or Brussels sprouts
(Figure 2). The values were statistically significant and the differences
reached about 50%. Red cabbage was characterized by a significantly lower
(by 13%) content of nitrates III than savoys cabbage, and lower (by 50%)
content of these compounds than in the other analyzed vegetables (Figure 2).

The content of nitrates V determined in this study was seven-fold lower
than the value reported by MURAWA et al. (2008). Those authors determined
the content of nitrates V in white cabbage at the level of 2 642.7 mg kg–1

f.m. In turn, the concentration of nitrates III reported by these authors
equalled 0.13 mg kg–1 f .w., which exceeded by about 2.4-fold the values
presented in Table 1. The research by LISIEWSKA and KMIECIK (1991) indicates
that the content of nitrates V in savoy and red cabbage were higher by70%
and 20%, respectively, than in the raw material analyzed in the present
research. With respect to white cabbage, the results were comparable, where-
as Brussels sprouts were characterized by a lower concentration of NO2

–

ions when compared to the values reported in our study. This might have
been due to the stage of plant vegetation, for example, because the highest
concentration of these compounds is observed in the early developmental
stages, when the level of carbohydrates, the major source of energy to their
reduction processes, is still low. According to AMR (2000) and MCKNIGHT et al.
(1999), vegetables grown in heated greenhouses are characterized by a high-
er content of nitrates than cultivated on a field or in a tunnel, owing to
lesser light intensity and higher nitrogen mineralization.

a, b, c – values marked with different letters differ significantly at p≤0.05

Chinese Brussels
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Apart from nitrogen compounds, another group of xenobiotics likely to
occur in plants are heavy metals, e.g. lead or cadmium. The uptake of heavy
metals by plants is affected mostly by the grain size distribution of soil,
which determines its absorption, and by the content of organic matter. For
example, cadmium is very mobile in acid soils. The sources of cadmium are
combustion of solid and liquid fuels, intensive fertilization with phosphate-
based fertilizers, application of calcium and magnesium fertilizers, agricul-
tural application of wastewater sludge, etc. The presence of lead is associat-
ed with the composition of soil, but unlike cadmium, lead is easily absorbed
by plants from soils poor in organic matter, especially at low pH (SCOTT et
al. 1996, VOUTSA et al. 1996, ZANIEWICZ-BAJKOWSKA 2002). When comparing the
concentration of the two heavy metals (Pb2+ and Cd2+) in the investigated
Brassica vegetables, the highest levels were determined in Chinese cabbage
(Figures 3, 4). In savoy, white and red cabbage, the concentrations of lead
and cadmium were on a similar level and reached 0.031±0.003 mg Pb kg–1

Fig. 2. The mean nitrates III content in the selected Brassica vegetables (mg kg–1 f.w.)

Fig. 3. The mean lead content in the selected Brassica vegetables (mg kg–1 f.w.)

c

a a

b

a, b, c – values marked with different letters differ significantly at p≤0.05

Chinese Brussels

a, b, c – values marked with different letters differ significantly at p≤0.05

Chinese Brussels

a
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f.w. and 0.018±0.002 mg Cd kg–1 f.w. Noteworthy is the fact that the per-
missible levels of lead and cadmium, i.e.  0.3 mg Pb kg–1 and 0.05 mg Cd
kg–1 (Regulation…2006) were not exceeded in any of the Brassica species
examined. Higher concentrations of heavy metals in Chinese cabbage than
in collards were determined by BAHEMUKA and MUBOFU (1999). According to
those authors, this was due to the differences in the morpho-physiological
characteristics of vegetables, which was confirmed by SINGH and KUMAR (2006).
In turn, as claimed by TAHVONEN and KUMULAINEN (1995), the accumulation of
heavy metals depends on the part of a plant (roots>leaves>fruit>seeds), as
well as the species or variety of plants cultivated under the same condi-
tions. WONG et al. (1996) underlined the fact that Chinese cabbage belongs
to vegetables characterized by higher accumulation of lead than other heavy
metals, including cadmium, copper, zinc or nickel. This has been confirmed
in the reported study, where the analyzed samples of Chinese cabbage had
a higher concentration of lead than cadmium (Tables 2 and 3).

The availability of heavy metals is also greatly affected by environmen-
tal pollution. In a study by GONTARZ and DMOWSKI (2000), cabbage samples
were characterized by the lead content of 0.45 mg kg–1 f.w. Such a high
concentration of lead, exceeding the permissible level of contamination,
might have resulted from the fact that these vegetables were cultivated in
the vicinity of metal smelting plants, i.e. in an area with increased environ-
mental pollution. According to the Regulation of the Minister of Health (2002),
the content of lead in soil in industrial areas should not exceed 600 mg kg–1.
However, the content of lead in soils in the industrial areas, although below
the stipulated permissible levels, is twice as high as in unpolluted regions,
including the region of Lubelszczyzna.

As mentioned earlier, the uptake of elements is linked directly with
their solubility, which in turn is affected by the following properties of soil:
pH, content of organic matter, texture and redox potential. Hence, of out-
most significance is the application of appropriate agricultural practices, es-
pecially rational organic and mineral fertilization. BEDNAREK et al. (2007) de-

Fig. 4. The mean cadmium content in the selected Brassica vegetables (mg kg–1 f.w.)

a, b, c – values marked with different letters differ significantly at p≤0.05

Chinese  Brussels
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termined the content of cadmium in white cabbage to reach 0.006-
-0.028 mg kg–1, similar to our results. The latter authors also observed
a significant correlation between the accumulation of this element in Brassi-
ca vegetables and its presence in soil (correlation coefficient 0.662). The low
content of cadmium in the analyzed vegetables may indicate a low pollution
level of the environment where they were cultivated, which is undoubtedly
typical of the region of Lubelszczyzna, and good agricultural practice (fertili-
zation in particular). It is a very positive finding, showing that producers
adhere to the guidelines of the rational cultivation of vegetables sold on the
market.

The analyzed Brassica vegetables were observed to be characterized by
diversified tendencies for lead and cadmium accumulation in storage organs,
as affected by the process of storage. After the 5-month storage period, the
highest, about 10-fold, increase (per fresh weight) in the content of both
lead and cadmium was noted in Chinese cabbage, whereas the smallest in-
crease (by about 25%) appeared in savoy cabbage (Tables 2, 3). The content
of these elements in the other analyzed Brassica vegetables was also signifi-
cantly higher, reaching 80±15% in white cabbage. In Brussels sprouts, it
was 3.5±0.5-fold higher after the storage, and in red cabbage it rose by
2.5±0.5-fold. Such a high increase in Pb2+ and Cd2+ in the analyzed vegeta-
bles after the five-month storage was likely to be due to high water loss,
which reached about 14% in Chinese cabbage. In the other vegetables, the
water loss equalled to 10% in Brussels sprouts, 4.5% in red cabbage, and
1±0.5% in white and savoy cabbage.

CONCLUSIONS

1. The 5-month period of storage caused a decrease (by ca 65±5%) in the
content of nitrates V in savoy cabbage heads and in Brussels sprouts. In
contrast, a 2-fold increase in the concentration of these compounds was not-
ed in Chinese cabbage, and a similar tendency was observed in white cab-
bage.

2. Chinese cabbage turned out to be the richest in the undesirable sub-
stances and characterized by an exceeded permissible level of nitrates V
(750 mg kg–1 f.w.) as well as the highest, ca 10-fold, increase in the content
of lead and cadmium after storage.

3. Storage caused a significant increase in the concentration of nitrates
III in all the analyzed vegetables except red cabbage, in which the level of
these compounds decreased by ca 40%.

4. In order to prevent excessive accumulation of nitrates V and III, Pb2+

and Cd2+ in the food chain of man, it seems necessary to monitor regularly
their levels in tissues of edible plants.
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