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Abstract

Copper, zinc, iron and manganese contents were determined in edible parts of some
fresh vegetables sold on markets in Poznan. The copper and zinc contents in vegetables
obtained in the present study were compared to the ones reported from an analogous stu-
dy carried out in the Department of Horticultural Plant Fertilization in Poznan fifteen years
ago. Samples of vegetables were collected from six points distributed in the area of Poznan
from March to July at monthly intervals. For the study, vegetables were divided into three
groups according to edible parts: leaves (lettuce, cabbage, parsley, leek), roots (carrot, cele-
riac, parsley) and fruits (tomato, cucumber). The concentration of copper, zinc, iron and
manganese was determined by the atomic flame absorption method using an AAS 3 Zeiss
apparatus. The highest content of copper was found in roots of celeriac, while the smallest
content was shown in cabbage leaves. The highest mean content of zinc was found in
lettuce leaves and the lowest one in tomato fruit. The mean content of copper in all the
vegetable species was lower in 2005 than in 1993. In 1993 more zinc was found in vegeta-
bles whose edible parts were fruits compared to the results of 2005. The vegetables whose
leaves and roots are eaten were characterized by a higher zinc content in 2005. The hi-
ghest content of iron was found in leaves of leek, while the lowest amounts were deter-
mined in tomato and cucumber fruits. The highest mean content of manganese was found
in leaves of lettuce, while the smallest amount was in carrot roots. The iron content in
the vegetables whose leaves and fruits are edible parts was lower in 2005 than in 1993,
while the root vegetables were characterized by more iron in 2005. Higher content of man-
ganese in all the vegetable species examined was found in 1993 than in 2005.
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ZAWARTOSC MIEDZI, CYNKU, ZELAZA 1 MANGANU W CZESCIACH JADALNYCH
WARZYW SPRZEDAWANYCH NA RYNKACH MIASTA POZNANIA

Abstrakt

W czeéciach jadalnych warzyw sprzedawanych na terenie miasta Poznania oznaczono
zawarto$¢ miedzi, cynku, zelaza, manganu oraz porownano te zawartosci z zawartoSciami
w warzywach, ktore uzyskano w analogicznych badaniach przeprowadzonych w Katedrze
Nawozenia Ro§lin Ogrodniczych w Poznaniu 15 lat temu. Préby warzyw pobierano w okre-
sie od marca do lipca, w odstepach miesiecznych, z 6 punktéw rozmieszczonych na terenie
miasta Poznania. Do badan wybrano warzywa, ktorych czescig jadalng sg liscie (satata, ka-
pusta, pietruszka, por); korzenie (marchew, seler, pietruszka) i owoce (pomidor, ogorek).
Stezenie miedzi, cynku, zelaza i manganu okres§lono metoda plomieniowej absorpcji atomo-
wej z uzyciem aparatu Zeiss AAS 3. Najwiekszg zawarto$¢ miedzi stwierdzono w korze-
niach selera, natomiast najmniejsza w liSciach kapusty. Najwigksza Srednig zawartos¢ cyn-
ku stwierdzono w liSciach salaty, natomiast najmniejsza w owocach pomidora. Srednia
zawarto$¢ miedzi w badanych gatunkach warzyw byta nizsza w 2005 r. w poréwnaniu z za-
wartosciag w 1993 r. Wigksza zawarto$¢ cynku w 1993 r. stwierdzono w warzywach, kto-
rych czeScia jadalng sa owoce, w stosunku do warzyw badanych w 2005 r. Warzywa, kto-
rych czeScia jadalng sg liscie i korzenie, zawieraly wiecej cynku w 2005 r. Najwieksza
zawarto$¢ zelaza stwierdzono w liSciach pora, natomiast najmniejsza w owocach pomidora
iogorka. Najwieksza $rednig zawarto$¢ manganu stwierdzono w liSciach salaty, natomiast
najmniejsza w korzeniach marchwi. Zawarto$¢ zelaza w warzywach, ktorych czescig jadal-
ng sg liScie i owoce, byta nizsza w 2005 r. w poréwnaniu z zawartoscig w 1993 r., natomiast
warzywa korzeniowe zawieraly wiecej Fe w 2005 r. Wiekszg zawarto§¢ manganu w bada-
nych gatunkach warzyw stwierdzono w 1993 r. w poréwnaniu z zawarto$cig tego pierwiast-
ka w 2005 r.

Stowa kluczowe: miedZ, cynk, zelazo, mangan, metale cigzkie, warzywa.

INTRODUCTION

There is a scarcity of papers discussing the problem of copper and zinc
content in edible parts of vegetable plants. Copper and zinc are micronutri-
ents necessary for proper plant development. In appropriate amounts, they
are essential for plants, but their excessive quantities may cause some dis-
turbances in development of plants and result in their depressed quality.
Vegetables are an important source of micronutrients for humans and ani-
mals. In some regions of Poland, vegetables can be contaminated with these
metals, but most vegetables are characterized by small amounts of copper
and zinc. Many researchers undertake trials to assess the content of heavy
metals in edible parts of vegetables. Iron deficit in humans and animals is
a very urgent global problem. It is estimated that iron deficit affects about
65% of people, particularly in African and Asiatic countries (BrRown 2004).
Vegetables are a source of microelements in the human diet. They are also
fed, fresh or processed, to animals (Grzy$s 2004). Production of vegetables
which are of suitable quality and consumption value is highly important for
people and animals.
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The objectives of the present study, carried out in the Department
of Horticultural Plant Fertilization of the Poznan University of Life Scienc-
es, were to:

— determine copper, zinc, iron and manganese content in edible parts of vege-
tables frequently consumed by residents of Poznan,;

— compare the current copper, zinc, iron and manganese content in vegetables
with results obtained in an analogous study carried out in the Department of
Horticultural Plant Fertilization in Poznan fifteen years ago.

MATERIAL AND METHODS

Samples of fresh market vegetables were taken from six points distrib-
uted in Poznan, from March to July 2005 at monthly intervals. For the
purpose of this study, vegetables were divided into three groups according
to edible parts: leaves (lettuce, cabbage, parsley, leek — 120 samples), roots
(carrot, celery, parsley — 90 samples) and fruits (tomato, cucumber — 60
samples). In total, 270 samples were taken from nine vegetable species. The
material for studies was prepared in the same way as it is done for con-
sumption, i.e., it was washed under running water and cleaned. Washed
vegetables were fragmented and dried in an exhaust drier at 55°C. The dried
material was ground in a laboratory mill. From each sample, 2.5 g of dry
plant matter was weighed out and mineralised in a muffle furnace at 450°C.
After complete mineralization, combusted samples were solved in 10% HCl
and transferred to flasks of 50 cm? capacity. The concentration of copper,
zinc, iron and manganese was determined by the atomic flame absorption
method using an AAS 3 Zeiss apparatus.

The statistical processing of the results included analysis of variance for
copper, zinc, iron and manganese content in edible parts of the vegetable
species examined. Statistical analyses were carried out using Statobl pro-
gramme, a univariate analysis of variance for factorial orthogonal experi-
ments. Differences between mean values were determined at the signifi-
cance level of o = 0.05

RESULTS AND DISCUSSION

The content of copper in edible parts of the vegetables studied in 2005
ranged from 0.6 mg-kg! d.m. in cabbage up to 9.2 mg-kg! in lettuce (Ta-
ble 1). While analyzing the mean content of copper in the particular vegeta-
bles, the highest amount of this metal was found in leek, while cabbage was
characterized by the lowest Cu content. In a study carried out by TYKSINSKI
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Table 1

Extreme values and average contents of copper (mg- kgl d.m.) in edible parts of vegetables

1993* 2005
Species
extreme values mean extreme values mean
Vegetables whose edible parts are leaves
Lettuce 3.2-82 5.3 2.0-92 4.6
Cabbage 1.0-3.7 2.7 0.6 -4.3 2.1
Parsley (top leaves) 3.6-74 5.2 1.3-7.0 4.2
Leek 1.0-3.2 24 1.2-8.7 4.0
Vegetables whose edible parts are roots
Carrot 2.3-6.8 4.2 15-64 4.2
Celeriac 2.1-8.3 4.8 2.1-8.9 5.4
Parsley 4.7-76 6.4 14-64 3.6
Vegetables whose edible parts are fruits
Tomato 15-5.2 3.5 12-7.6 3.5
Cucumber 3.9-6.3 5.3 1.0-4.7 2.6
LSD, o5 = 0.7

*TYKSIASKI et al. (1993)

et al. (1993), Cu content ranged from 1.0 mg-kg! d.m. in cabbage and in
leak leaves to 8.3 mg-kg! d.m. in roots of celery (Table 1). These authors
found the highest copper content in parsley roots, where it was 43.7% high-
er than the Cu content in this vegetable in 2005. On the other hand, the
smallest copper content was found in leek, where it was 66.6% smaller than
2005. Small amounts of copper in vegetables are caused by rapid depletion
of this metal from the soil (CzuBa, MuszyNkl 1993) and by lack of routine
fertilization with microelements (SiENKIEWICZ-CHOLEWA, WROBEL 2004). As re-
ported by CzuBa (1996), in whole Poland there are as many as 39% of soils
with a low content of copper available to plants

In our study, the content of zinc ranged from 4.9 mg-kg'! d.m. in toma-
to to 118.8 m g-kg! d.m. in lettuce (Table 2). A study by GamBus and Wiec-
ZOREK (1995) also showed the highest amount of Zn in lettuce. The highest
mean content of zinc was found in lettuce leaves, while the lowest content
was found in tomato fruits. In the vegetables studied by TyksiNskI et al.
(1993), zinc content ranged from 10.3 mg-kgl d.m. in carrot roots to
104.6 mg-kg'! in tomato fruits (Table 2). The same authors found the high-
est amount of zinc in tomato fruits, where it was 245.3% higher than the
Zn content in tomato fruits in 2005. TyksINskI et al. (1993) found the small-
est amount of zinc in carrot roots, where it was 14.4% smaller in compari-
son with the content found in 2005. Such significant differentiation of zinc
content in edible parts of vegetables is connected with specific characteristic
features (RooM-SINHK SHARAMA, SINGH 1994), which strongly affect accumula-
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Table 2

Extreme values and average contents of zinc (mg- kgl d.m.) in edible parts of vegetables

1993* 2005
Species
extreme values mean extreme values mean
Vegetables whose edible parts are leaves
Lettuce 36.2 - 67.7 50.7 17.7 - 118.8 65.1
Cabbage 17.2-471 30.9 9.4 -489 23.8
Parsley (top leaves) 184-744 404 13.8 - 52.7 31.6
Leek 16.8 - 23.9 19.7 9.5-384 26.1
Vegetables whose edible parts are roots
Carrot 10.3 - 26.0 19.5 13.8 - 335 22.3
Celeriac 24.2 -34.5 29.1 12.9 - 64.6 32.2
Parsley 16.2 - 28.3 21.5 114 -448 21.8
Vegetables whose edible parts are fruits
Tomato 11.7 - 104.6 51.8 49-319 15.0
Cucumber 25.1-32.7 28.7 14.6 - 58.9 28.0
LSD, o5 = 6.8

*TYKSINSKI et al. (1993)

tion of Zn in yields of consumable plants (HryNczuK et al. 1996). Deficit of zinc
is the most important deficiency of micronutrients, limiting the world pro-
duction of food (TAkkaR, WALKER 1993).At present, adhering to admissible con-
tents of copper and zinc in vegetables is no longer obligatory. In spite of that,
determination of such metals as copper and zinc in edible parts of vegeta-
bles is necessary for constant monitoring of vegetable food products. Bosi-
Ackt and Gorcz (2004) undertook investigations aimed at determination of the
content of zinc and copper in vegetables grown in production farms in Sroda
Wielkopolska. The authors did not find any cases of excessive copper con-
tent in edible parts of plants, but excessive amounts of zinc were detected
in two vegetable species: red cabbage and red beet.

The comparison of our results with the results obtained in an analogous
study by TyksiNskI et al. in 1993, both carried out in the area of Poznan,
revealed that the mean content of copper in the vegetable species examined
was lower in 2005 than in 1993 (Table 3).

The analysis of changes in the copper content in edible parts of the
particular species showed that in 2005 only two vegetables, leek and pars-
ley, contained more copper in edible parts than in 1993 (Table 1). In carrot
roots and tomato fruits, the mean copper content remained unchanged be-
tween the two years, and in the other vegetable species more copper was
determined in 1993.

In 1993, higher zinc content versus the determinations of 2005 was
found in vegetables whose edible parts are fruits. Vegetables with edible
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Table 3

The comparison of average contents the copper and zinc (mg- kgl d.m.) in individual
groups of vegetables in 1993 and 2005

Zn
Cu
Group of vegetables

1993* 2005 1993* 2005

Vegetables whose edible part are leaves 3.9 3.7 35.4 36.7
Vegetables whose edible part are roots 5.1 4.4 23.4 25.5
Vegetables whose edible part are fruits 4.4 3.4 40.3 21.4
Mean 4.5 3.8 33.0 27.9

*TYKSIASKI et al. (1993)

leaves and roots were characterized by higher zinc content in 2005. The
mean Zn content in all the analyzed vegetables was 29.2 mg-kg! d.m. More
zinc content in edible parts of vegetables (33.0 mg-kg! d.m.) was found by
TyksiNskI et al. in 1993. The analysis of changes in the zinc content in
edible parts of the particular species revealed an increase of this element in
2005, in lettuce and leek leaves as well as in carrot, celeriac and parsley
roots, as compared with the results of 1993 (Table 2). The remaining vege-
table species were characterized by higher Zn concentrations in 1993.

The iron content determined in edible parts of the vegetables ranged
from 14.8 mg-kg! d.m. in cucumber fruits to 228.5 mg-kg! d.m. in leek.
Analyzing the mean content of this metal in edible parts of the particular
vegetables, we found out that the highest amount of iron occurred in leek.
On the other hand, tomato fruits were characterized by the smallest amount
of iron. Smaller amounts of Fe were reported by GoLcz and DiruBak (1998).
TYkSINSKI et al., who studied vegetables in 1993, found that the Fe content
ranged from 14.4 mg-kg! d.m. in roots of celeriac to 326.9 mg-kg! d.m. in
parsley leaves (Table 4). These authors found that the highest mean content
of iron was in lettuce leaves, where it was 120.4% higher than the iron
content in lettuce determined in 2005. The lowest amount of Fe found by
TvyksINsKI et al. (1993) appeared in celery, where it was 126.9% lower than
the quantity found in 2005. The lowest content of manganese in lettuce
leaves was 2.5 mg-kg! d.m. (Table 5). The highest mean content of manga-
nese was found in lettuce leaves, while the smallest amount was in carrot
roots. In the 1993 study, the content of manganese ranged from 4.4 mg-kgl
d.m. in carrot roots to 45.2 mg-kg! d.m. in cabbage leaves (Table 5). In
1993, the highest mean content of manganese was found in lettuce leaves,
where it was 13.5% smaller than the manganese content in lettuce leaves
analyzed in 2005. The smallest mean amount of Mn in 1993 was found in
carrot roots, where it was 96.1% higher than the content determined in
carrot roots in 2005. At present, adhering to the admissible iron and manga-
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Table 4

Extreme values and average contents of iron (mg- kgl d.m.) in edible parts of vegetables

1993* 2005
Species

extreme values mean extreme values mean

Vegetables whose edible parts are leaves
Lettuce 132.3 - 301.7 197.5 34.5 - 205.2 89.6
Cabbage 24.1-93.0 37.7 16.2 - 132.0 57.0
Parsley (top leaves) 99.9 - 326.9 191.2 28.0-191.1 87.8
Leek 52.8 - 89.0 76.5 17.0 - 228.5 98.8

Vegetables whose edible parts are roots
Carrot 15.7 - 53.5 35.0 16.2 - 141.7 544
Celeriac 14.4 -52.7 26.0 19.0 - 105.3 59.0
Parsley 40.7 -64.4 54.7 21.1-2244 59.0

Vegetables whose edible parts are fruits
Tomato 16.1 - 132.3 49.4 129 -554 28.0
Cucumber 26.5-48.1 45.7 14.8 - 584 31.9

LSD, o5 = 15.0
*TYRSIMSKI et al. (1993)
Table 5
Extreme values and average contents of manganese (mg- kg d.m.)
in edible parts of vegetables
1993* 2005
Species

extreme values mean extreme values mean

Vegetables whose edible parts are leaves
Lettuce 17.7-43.1 28.8 2.0-9.2 32.7
Cabbage 11.9 - 45.2 28.4 0.6 -4.3 18.2
Parsley (top leaves) 15.3 - 35.0 24.3 1.3-7.0 16.7
Leek 8.9-26.9 17.3 1.2-8.7 14.1

Vegetables whose edible parts are roots
Carrot 4.4-26.5 10.0 15-64 5.1
Celeriac 10.2 -31.1 21.1 2.1-8.9 12.9
Parsley 11.3 - 40.9 24.6 14 -64 9.1

Vegetables whose edible parts are fruits
Tomato 6.5 -21.7 10.7 12-76 7.1
Cucumber 10.1-13.7 11.5 1.0-4.7 11.2

LSD, o5 = 3.4

*TYRSIASKI et al. (1993)
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nese levels in vegetables is no longer obligatory. However, determination
of the content of such metals as iron and manganese in edible parts of vege-
tables is necessary in order to monitor these food products.

Comparing the results of our study with an analogous study carried out
by TyYKsINSKII et al. in 1993, it was found that the iron content in vegetables
whose leaves and fruits are the edible parts was lower in 2005 than in 1993.
On the other hand, root vegetables were characterized by a higher content
of Fe in 2005 (Table 6). The mean content of Fe in all the vegetables ana-
lyzed was 56.9 mg-kg! d.m. Higher mean Fe content (69.2 mg-kgld.m.)
was found by TvyksiNskI et al. in 1993. In 1993, more manganese was found
in all the vegetables compared to the results obtained in 2005.

Table 6

The comparison of average contents the iron and manganese (mg- kgl d.m.) in individual
groups of vegetables in 1993 and 2005

Cu Zn

Group of vegetables

1993* 2005 1993* 2005

Vegetables whose edible part are leaves 125.7 83.3 24.7 20.4
Vegetables whose edible part are roots 38.6 57.5 18.6 9.0
Vegetables whose edible part are fruits 43.3 30.0 11.1 9.1
Mean 69.2 56.9 18.1 12.9

*TYKSIASKI et al. (1993)

CONCLUSIONS

1. The highest content of copper was found in roots of celeriac, while
the smallest content of this micronutrient was shown by cabbage leaves.

2. The highest mean content of zinc was found in lettuce leaves. The
lowest mean content of zinc was detected in tomato fruits.

3. In 1993, more zinc was found in vegetables whose fruits are the edi-
ble parts, when compared with the study performed in 2005. Vegetables
whose leaves and roots are the edible parts were characterized by a higher
zinc content in 2005.

4. The highest content of iron was found in leaves of leek, while the
lowest concentration appeared in tomato and cucumber fruits.

5. The highest mean content of manganese was found in leaves of let-
tuce, while the smallest amount was in carrot roots.
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6. The iron content in vegetables whose leaves and fruits are the edible
parts was lower in 2005 in comparison with 1993, while the root vegetables
were characterized by a greater amount of iron in 2005.

7. More manganese and cooper in al the vegetable species examined
was found in 1993 than in 2005.
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