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GLUCOSINOLATE CONTENT OF COMMON Brassicaceac FAMILY
VEGETABLES*

Karel HRNCIRIK, Jan VELISEK

Institute of Chemical Technology — Department of Food Chemistry and Analysis,
Prague, Czech Republic

Abstract: The glucosinolate composition was determined in 13 samples of the
most common Brassicaceae vegetables including four genera (Brassica L.,
Raphanus L., Armoratia G., M. et Sch. and Lepidium L.) by high-performance
liquid chromatography (HPLC). Total number of 17 glucosinolates was sepa-
rated and quantified in the form of the corresponding desulfo derivatives. The
most abundant compounds were indole glucosinolates representing considerable
part of the total glucosinolate content in almost every vegetable. The obtained
results were evaluated by means of multivariate statistical methods. The ana-
lysed samples were divided into several groups corresponding to their botanical
classification using cluster analysis. The possibility of using the glucosinolate
profile as a chemotaxonomic criterion in cultivar identification was proved. Us-
ing data from the food consumption tables of Czech food basket (1993), the
mean consumption of fresh Brassica vegetables in the Czech Republic was esti-
mated to be 14.2 g per person per day and the mean daily intake of glucosinolates
was calculated to be 9.6 mg.

glucosinolates; vegetables; HPLC; Brassicaceae

Glucosinolates represent a chemically heterogeneous group of sulfur-con-
taining glycosides occurring in all members of the Brassicaceae family of
plants. This family comprises many plants of economic importance that
serve as vegetables or condiments in human nutrition. The intake of glucosi-
nolates by man is mostly covered by vegetables belonging to the Brassi-
caceae family.

The individual vegetables considerably differ in both the quality and quan-
tity of glucosinolates and the glucosinolate composition is one of major fac-

* This work was supported in part from research grant no. 525/96/0163 provided by the Grant
Agency of the Czech Republic.
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tors influencing physiological, nutritive and sensory properties of the vegeta-
ble. Except genetic factors, the glucosinolate pattern varies considerably due
to various environmental conditions such as availability of nitrogen and sul-
fur in soil etc. (Duncan, 1991). Usually, more than one glucosinolate is
found in plant species. In Brassica species, 10 to 20 individual glucosino-
lates are usually present, but only a few predominate. In some cases (i.e. in
cress and white mustard) the species contain essentially only a single glucos-
inolate.

Disruption of the plant tissue causes hydrolysis of glucosinolates catalyzed
by the endogenous enzyme myrosinase (thioglucoside hydrolase, EC
3.2.3.1). As a result, a complex mixture of various compounds arises. De-
pending upon various factors such as glucosinolate structure and external
conditions (especially pH of the medium) isothiocyanates and nitriles gener-
ally represent the major compounds. The degradation products of glucosino-
lates possess a wide spectrum of physiological properties (Velisek,
Hrncifik, 1996).

Glucosinolates have been known as anti-nutritive (anti-thyroid) and even
toxic compounds for years (Fenwick et al.,, 1983). About 15 years ago,
their beneficial properties have been recognized and intensively studied. A
number of studies has proved glucosinolate activity in lowering the risk of
chemically induced cancer due to an increased intake of Brassica vegetables.
The anti-carcinogenic properties have been proved in three groups of glucos-
inolate degradation products. These groups are represented by indole deriva-
tives (such as 3-hydroxymethylindole and ascorbigen) arising by
degradation of indole glucosinolates (McDanell et al., 1988), sulforaphan
(Zhang et al., 1994) arising from glucosinolate glucoraphanin and aromatic
isothiocyanates (benzyl isothiocyanate and 2-phenylethyl isothiocyanate)
arising from glucosinolates glucotropaeolin and gluconasturtiin (Watten-
berg, 1987; Zhang, Talalay, 1994). The mechanisms of anti-carcino-
genic activity of these compounds have not yet been fully understood and
they are intensively studied in many laboratories.

This work deals with evaluation of glucosinolate profile in vegetables com-
monly available on the Czech market and classification of vegetables accord-
ing to their glucosinolate pattern using multivariate statistical methods. The
aim of this work was also to evaluate the glucosinolate daily intake that can

162



Potrav. Védy, 15,1997 (3): 161-172

be employed (together with data of known physiological activity of the indi-
vidual glucosinolates) for assessing the anti-carcinogenic potential of Bras-
sica vegetables.

MATERIAL AND METHODS

Material

A total number of 13 vegetables belonging to the family Brassicaceae
(including four genera of this family: Brassica L., Raphanus L., Armoracia
G., M. et Sch. and Lepidium L.) were collected from the local market in Pra-
gue (Table I).

I. List of analyzed vegetables

Name Botanical name Label
Kale Brassica oleracea var. acephala DC. B-KA
Cauliflower Brassica oleracea var. botrytis (L.) Markgr. B-CF
White cabbage Brassica oleracea var. capitata (L.) Alef. B-WC
Brussels sprouts Brassica oleracea var. gemmifera (DC.) Markgr. B-BS
Cohlrabi Brassica oleracea var. gongylodes (L.) Markgr. B-CO
Broccoli Brassica oleracea var. italica (Plenck) Markgr. B-BR
Chinese cabbage Brassica chinensis var. chinensis (L.) B-CC
Turnip Brassica rapa subsp. rapa B-TU
Little radish Raphanus sativus var. radicula Pers. R-RE
Black radish Raphanus sativus subsp. niger (Miller) DC. R-BR
White radish Raphanus sativus subsp. niger var. albus DC. R-WR
Horse-radish Armoracia Gaertn.Meyer et Scherb. A-HR
Water cress Lepidium sativum L. L-WC

Chemicals and Reagents

The potassium salts of isolated glucosinolates used as standards were
kindly supplied by G. R. Fenwick, IFR, Norwich, UK. Desulfation was car-
ried out on a DEAE Sephadex A-25 column (Pharmacia Biotech AB,
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Uppsala, Sweden) employing aryl-sulphatase (EC 3.1.6.1, type H-1 from He-
lix pomatia, Sigma Chemical Co., St. Louis, MO, USA).

Sample preparation and HPLC analysis

Glucosinolates were extracted from fresh samples (Haeney,Fenwick,
1980) and enzymatically converted into their corresponding desulfo deriva-
tives (Minchinton et al., 1982). The desulfoglucosinolates (20 pl) were
separated on Waters Nova Pak® C18 reverse-phase column (250 x 4.6 mm
i.d., 4 um) at a wavelength of 229 nm. A two-component solvent system
consisting of water (A) and acetonitrile (B) was used. A constant flow rate of
1 ml.min"' was employed with optimised solvent mixtures: 99% A and 1% B
for 2 min followed by a linear gradient to 80% A and 20% B up to 30 min,
held for 5 min, return to the starting ratio of solvents and equilibration for 10 min.

Statistical Analysis

The software SPSS/PS+, V 3.1 used for statistical evaluation of results,
including cluster analysis and principal component analysis (PCA), was pur-
chased from SPSS GmbH (Munich, Germany).

RESULTS AND DISCUSSION

Seventeen glucosinolates (Table II), found in vegetable samples, were
identified by comparison of their retention time data with those of standards
and analyzed under similar instrument conditions (Minchinton et al.,
1982; Spinks et al., 1984). The structurally similar compounds were di-
vided into four groups — aliphatic, indole, sulfur-containing and aromatic
glucosinolates according to the structure of their side chain.

A typical chromatogram of glucosinolate profile of cauliflower shown in
Fig. 1 illustrates the separation of the individual compounds by HPLC.

Table III gives the content of the individual glucosinolates in each analyzed
sample. The abundance of the individual glucosinolates in the vegetables is
rather different. Whilst indole glucosinolates occur in all samples analyzed,
other ones — glucotropaeolin (water cress), glucocheirolin (Brussels sprouts)
and glucoibervirin (turnip), were found only in one commodity. As regards
the comparison of the total glucosinolate contents, the highest concentration
was found in water cress, followed by horse-radish, black radish and Brus-
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I1. Structure and nomenclature of glucosinolates

HO
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HO '
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Neoglucobrassicin

4-Methoxyglucobrassicin

Glucosinolate class Trivial name Side chain, R-

Sinigrin 2-Propenyl-
Gluconapin 3-Butenyl-

Aliphatic Glucobrassikanapin 4-Pentenyl-
Progoitrin 2-Hydroxy-3-butenyl-
Gluconapoleiferin 2-Hydroxy-4-pentenyl-
Glucobrassicin 3-Indolylmethyl-

Indols 4-Hydroxyglucobrassicin 4-Hydroxy-3-indolylmethyl-

1-Methoxy-3-indolylmethyl-
4-Methoxy-3-indolylmethyl-

Glucoibervirin

Glucoraphasatin

3-Methylthiopropyl-
4-Methylthio-3-butenyl-

Sulphur-containing Glucoiberin 3-Methylsulfinylpropyl-
Glucoraphanin 4-Methylsulfinylbutyl-
Glucoraphenin 4-Methylsulfinyl-3-butenyl-
Glucocheirolin 3-Methylsulfonylpropyl-
. Glucotropaeolin Benzyl-
Aromatic
Gluconasturtiin Phenethyl-

sels sprouts. The amount of glucosinolates in the other vegetables was com-
parable. The presented data are largely in agreement with formerly published
results (Fenwick etal., 1989).

The class of aliphatic glucosinolates prevails in horse-radish and Brussels
sprouts, indole glucosinolates prevail in Chinese cabbage and broccoli, while
the predominating part of sulfur-containing glucosinolates is typical for
members of the genus Raphanus L. Aromatic glucosinolates represent, ex-
cept water cress, minor constituents of all vegetables (Table IV).
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1 = glucoiberin, 2 = progoitrin, 3 = sinigrin, 4 = glucotropaeolin (internal standard), 5 = gluco-
brassicin, 6 = 4-methoxyglucobrassicin, 7 = neoglucobrassicin

1. HPLC profile of cauliflower glucosinolates

The relationships between the individual vegetables (samples) were evalu-
ated using hierarchical cluster analysis. The distances between the objects
were measured using the Euclidean distances for each clustering variable and
between-clusters average distances.

The obtained dendrogram or tree diagram displays graphically the dis-
tances at which clusters were combined (Fig. 2). It can be clearly seen that
botanically similar samples are clustered together according to their glucosi-
nolate content. Six separated clusters can be seen. The most distinct sample
was that of water cress which is in the first cluster, the second cluster con-
tains horse-radish, the third cluster comprises black and white radish and the
remaining two clusters contain little radish and Brussels sprouts and the
other vegetables, respectively.

The obtained results may be compared with botanical origin of the ana-
lyzed vegetables using Table I. It can be concluded that using the above men-
tioned glucosinolates as variables, the vegetables can be easily divided
according to their botanical classification. The genus Lepidium L. (water
cress) differs significantly from the other genera. The genus Armoracia G.,

166



L91

III. Content of individual glucosinolates in analysed vegetables [mg.kg"]

Glucosinolate
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»|OoO| 0|l s|Zz|0|<«|lz|l<+|OC|O|O|OC|O|OC|O| O
Kale 16.8( 0.4 - | 20.2| - | 2L.7] 19 39| 18| - - - - - - - - 66.7
Cauliflower 125.1 -1 - 153 - [128.0] - 12.5| 13.5| - - | 70.6] - - - - - [365.0
White cabbage | 35.8] 1.9] - 57| - | 24.8] - 24| 119| - - - - - - - 1.2| 83.7
Brussels sprouts [474.7| 11.9] - | 49.9( 9.7(120.3| 40.3 - 50.4] - - 89| - - | 27.6| - 7.5/801.2
Cohlrabi 80.0( - - - - | 29.8] 7.5( 39.2| 20| - - | 263 - - - - 5.9/190.7
Broccoli 26| - - - - 51.9| 24.7| 55.0| 12.1| - - - | 46.5| - - - - (192.8
Chinese cabbage | - - - - - | 86.0| — | 15.4] 69.3| - - - - - - - 1.8(172.5
Turnip 17.9( 48.0( 9.8| 38.0| 1.4| 13.3| 31.8| 3.5 3.7| 7.6| - - 14| - - - | 28.0|204.4
Radish - - - - - 10.9( - - 16.4| - |3857| - 7.2 - - - |424.5
Black radish - - - - - 17.9| 11.7| - 40.6| - |[812.5( - 22 - - - 1928.1
White radish - - - - - 6.4 - - 21.1| - |[656.0 - 14.2] 12.0| - - - |709.7
Horse-radish 1419.1] - 13.5| - - 420 59| - 73| - - - - - - - |113.4|1601.2
Water cress 59.5| - - - - - - - | 77.1] - - - - - - |64454| - 6580
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IV. Content of glucosinolate classes in analysed vegetables [mg.kg"]

Glucosinolate class
Vegetable sulfur- Total
aliphatic indole ~containing aromatic esntent

Kale 37.4 29.3 - - 66.7
Cauliflower 140.4 154.0 70.6 - 365.0
White cabbage 43.4 39.1 - 1.2 83.7
Brussels sprouts 546.2 211.0 36.5 7.5 801.2
Cohlrabi 80.0 78.5 26.3 5.9 190.7
Broccoli 2.6 143.7 46.5 - 192.8
Chinese cabbage B 170.7 - 1.8 172.5
Turnip 115.1 52.3 9.0 28.0 204.4
Radish - 27.3 397.2 - 424.5
Black radish - 70.2 857.9 - 928.1
White radish - 27.5 682.2 - 709.7
Horse-radish 1432.6 55.2 - 113.4 1601.2
Water cress 59.5 77.1 - 6445.4 6582.0

M. et Sch. (horse-radish) greatly differs from the rest of the vegetables. The
most similar are the genera Brassica L. and Raphanus L. Exact differentia-
tion of the analyzed vegetables (e.g. according to their variety) based on their
glucosinolate pattern is not possible and some other variables would be nec-

essary.

CASE 0

Label Seq 1
B-WC 3
B~KA 7
B-CC 2
B-BR 8
B-TU 4
B-CO 6
B-CF 1
R-RE 11
B-BS 5
R-BR 12
R-WR 13
A-HR 10
L-WC 9

X)
O
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endrogram of samples analyzed (for abbreviation see Table I)
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The consumption of fresh Brassica vegetables, according to the food con-
sumption tables (Cernoevi&ova etal., 1993), averaged 14.2 g per person
per day in the Czech Republic. The main contributors were cauliflower
(9.5 glperson/day), cabbage (2.7 g/person/day), Brussels sprouts (0.8 g/per-
son/day), radish (0.7 g/person/day) and kohlrabi (0.5 g/person/day). Other
vegetables, excluding broccoli and Chinese cabbage (data regarding their
consumption were not available), contribute only slightly little to the above
mentioned figure. In comparison with other countries — e.g. the UK (1980:
49 g/person/day; Sones et al., 1984) or the Netherlands (1983: 36 g/per-
son/day; Godeschalk, 1987), it appears that the consumption of fresh
Brassica vegetables in the Czech Republic is considerably lower.

The calculated average daily intake of glucosinolates is then 9.6 g per per-
son per day (based on averaged data published for fresh vegetable) and 4.7 g
per person per day (based on presented data in this article), respectively (Ta-
ble V). The difference is caused by the fact that concentrations of glucosino-

V. Calculated average daily intake of glucosinolates

. -1 Average daily intake
Glucosinolate content [mg.kg ']
Vegetable amount consumed 8-X8 [mg/person/day]
[g/person/day]

rzmgel mean' mean’ MDI' MDI?
Cauliflower 9.478 100-1140 620 365.0 5.88 3.46
Cabbage 2.722 260-1560 530 83.7 1.44 0.23
Brussels sprouts 0.787 600-3900 2000 801.2 1.57 0.63
Cohlrabi 0.515 100-750 480 190.7 0.25 0.10
Radish 0.673 420-1170 680 424.5 0.46 0.29
Total 14.278 9.60 4.7

! based on data published (Fenwick et al., 1989); 2 based on this work

lates in analyzed samples were lower than the published ones. However, the
real average daily intake of glucosinolates may be higher, since the con-
sumption of recently introduced vegetables like broccoli and Chinese cab-
bage was not taken into account. Moreover, consumption of processed
cabbage (sauerkraut and pickled cabbage) and other processed vegetables
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may contribute towards the estimated values to a certain extent. On the other
hand, the glucosinolate level in termally processed vegetables is always re-
duced in comparison with fresh ones due to glucosinolate degradation, leach-
ing into cood king water ets. Nevertheless, the average daily intake of
glucosinolates from fresh vegetables in the Czech Republic is comparable
with the intake in Canada (13.5 g/person/day) and the USA (15.1 g/per-
son/day), whilst the intake in the UK is unusually high (46.1 g/person/day).
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Obsah glukosinolata v béznych zeleninach Celedi Brassicaceae

Ve 13 vzorcich zelenin ¢eledi brukvovitych (Brassicaceae) byla metodou vysoko-
uc¢inné kapalinové chromatografie provedena kvantitativni a kvalitativni analyza glu-
kosinolati. Analyzovany byly nasledujici zeleniny: kadefavek, kvétak, zeli,
ruzi¢kova kapusta, kedluben, brokolice, ¢inské zeli, vodnice, fedkvicka, bila a erna
redkev, kien a feficha. Celkem bylo identifikovano 17 glukosinolati, pfi¢emz nejvi-
ce rozsifené byly indolové glukosinolaty, které tvofily znaénou &ast z celkového ob-
sahu glukosinolati zelenin. Vysledky byly vyhodnoceny shlukovou (klastrovou)
analyzou a na zdkladé podobnosti sloZeni glukosinolati v jednotlivych zeleninach
byly rozdéleny do nékolika shlukl. Ze srovnani vysledki ziskanych shlukovou ana-
lyzou s botanickym zafazenim jednotlivych druhii zelenin vyplyva, Ze jednotlivé plo-
diny lze bezpe&né rozdélit podle jejich rodu. K exaktné&j$imu rozdéleni zkoumanych
rostlin (napf. podle druhu, odriidy atd.) neni znalost glukosinolatl dostacujici a bylo
by tfeba sledovat jesté dalsi proménné. Na zaklade udaji spotfebniho koSe potravin
pro rok 1994 bylo vypoéteno primé&mé mnoZstvi konzumovanych erstvych brukvo-
vitych zelenin v Ceské republice, jeZ &inilo 14,2 g/osobu/den a piijem glukosinolati
pro na3i populaci je odhadovan na 9,6 mg/osobu/den. Na pfijmu glukosinolati se
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nejvice podili kvétak, méné pak zeli a rizickova kapusta, pfisp&vek ostatnich plodin
je zanedbatelny. Udaj nebral v ivahu zeleniny, které ziskaly oblibu aZ v posledni
dobé& (napf. brokolice a ¢inské zeli) a rovnéZ zeleniny tepelné a jinak zpracované,
v nichZ je obsah glukosinolati proti ¢erstvé zelening zpravidla vyrazné nizi.

glukosinolaty; zelenina,; HPLC; Brassicaceae
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INFLUENCE OF POLYCHLORINATED BIPHENYLS ON THE
CONTENT AND COMPOSITION OF FATTY ACIDS IN FISH FAT*

Ivan BOHACENKO, Zdenka KOPICOVA

Food Research Institute Prague, Prague, Czech Republic

Abstract: Analyses in our model experiment were performed to determine the
content of respective fatty acids in body fat of 5 control fish and 13 fish contami-
nated with PCBs of the order of tenths of mg PCBs per kg fat. Both fish groups
were kept under the same conditions for 8 months. Statistically significant dif-
ferences in fatty acid pattern due to the presence of PCBs were only found in a
few acids. In saturated acids some 15 % decrease of myristic, pentadecanoic and
palmitic acids was found, whereas the unsaturated acids showed an increase in
octadecadienoic, eicosatrienoic and especially (71%) in the very abundant
arachidonic acid.

fish; polychlorinated biphenyls; fatty acids

Polychlorinated biphenyls (PCBs) are presently the most important organic
pollutants contaminating local fresh water fish. Their content can exceed hy-
gienic limits many times in some cases. It is therefore still most relevant to
follow their fate in surface water ecosystems, as it is indicated by an exten-
sive basic study to enable a complex analysis of food chains contamination
in the Czech Republic (Bldaha et al., 1997). Fish can receive these sub-
stances both from ambient water, through gills and skin, and orally with
food. PCBs are then accumulated in the fat of various body parts, especially
in the liver, guts, skin and muscles, less so in kidney, gills and other organs
(Tanabet etal, 1982; Yoshida etal., 1973; Ito, 1973; Braun, Mey-
hofer, 1977, Karara, McFarland, 1992; Oost etal., 1996). A review
of negative health effects of PCBs on the fish organism, as published by
many authors, was compiled by e.g. Mattheis et al. (1974), Dobson et
al. (1993), Gelnar (1993) and US EPA (1980). On the basis of these works

* Prace byla provedena v ramci tikolu 0117 Minimalizace priniku cizorodych litek do potravnich
fetézc financovaného MZe CR.
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it can be concluded that these effects are very diverse and reveal themselves

mainly by:

— body deformations (scoliosis, lordosis, or kyphosis of the spine,
skin lesions, fin fraying),

— defects of inner organs, mainly the liver (but no cancerogeneity
was established),

— functional defects, mainly in reproduction, bone development (re-
duced content of collagen and increased content of calcium), impaired
regeneration of gills, etc.),

— changes of physiological parameters of enzymatic and hor-
monal systems and serum parameters, where a correlation between PCB
level in plasma and serum triglycerides and HDL cholesterol was also
found,

— reduced resistance to diseases, including an increased occur-
rence of parasites.

Very interesting information on PCB influence on fish growth is presented
as well. This influence is one of the decisive criteria of success in practical
fish breeding. The viewpoints of individual authors vary considerably, from
the opininon that PCBs support the stimulation of the growth
(Bengstsson, 1979;Johansson etal, 1972; Svobodova etal, 1995),
through the view that the body growth remains practically uninfluenced
(Weis,Weis, 1982; Westin et al., 1983), though provable pathological
changes occur in the liver and kidney (Nestel, Budd, 1975; Gruger et
al., 1975; Dacosta, Curtis, 1995), to the conclusion that the growth is
definitely impaired, or significantly retarded (Takeda,1978; Nebeker et
al., 1974, Mauck et al., 1978; Leatherland, Sonstegard, 1978). It
must be pointed out, however, that those experimental data obviously were
significantly influenced both by the species and age of fish studied, by the
PCB concentration in food, the time of exposure, and the properties of ambi-
ent water. On the basis of our experience with experimental rearing of fish
contaminated intentionally with PCBs we are inclined to suggest that the fish
growth, namely the increase in weight, is unambigously negatively influ-
enced by the presence of PCBs (Boha¢enko etal., 1995).

Due to the so far unexplained problem of the impact of PCBs on the growth
of fish, we decided to test whether the long-term presence of PCBs in fish fat
influences the content and composition of its fatty acids, especially of the
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polyunsaturated ones, which affect the development and growth of animal
organism,

MATERIAL AND METHODS

Homogenates of whole carps weighing 300 to 500 g were used in the expe-
riments. The carps were kept to contain PCBs (i.e. the sum of PCB congeners
Nos. 28, 52, 101, 118, 138, 153 and 180, as determined by the standard GC
method) of the order of tens of mg per kg fat for eight months. This was
achieved by their feeding with intentionally contaminated food for the first
ten days of the experiment. As a reference, homogenates of control whole
carps of the same weight were used. These were also reared for eight months
under the same conditions except that they were offered regular food, thus
they contained only traces of PCBs in their fat. Altogether, 18 fat samples,
i.e. 13 samples with enhanced PCB content and 5 control samples, were ana-
lyzed.

Fat extraction

Extraction was performed in accordance with a standard laboratory method
(Kocourek etal., 1992). A 30 g sample of homogenate was extracted con-
sequently three times with a mixture of petroleum ether and acetone (2 : 1),
always for 60 minutes at room temperature, with the addition of ca. 80 g
anhydrous Na,SO,. The extracts obtained were mixed together, filtrated and
then evaporated on a rotary evaporator at 40 °C, the solvent residue was re-
moved with a soft stream of nitrogen.

Preparation of fatty acid methyl esters

The process was performed according to the method by Bannon et al.
1985, modified as follows. A 0.2 g sample of fish fat was heated and conti-
nually stirred with 25 ml 0.2% methanol solution of KOH. After homogeni-
zation, the mixture was heated for additional 10 minutes. The mixture was
then cooled, 25 ml of distilled water was added and the methyl esters obtai-
ned were extracted with 2 x 20 ml diethyl ether. The extracts were poured
together, washed with a small amount of distilled water to neutral reaction,
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dried with anhydrous Na,SO,, and then the diethyl ether was softly evapora-
ted.

Determination of fatty acid methyl esters using GLC method

Before the determination, the evaporated residue after the re-esterification
was dissolved in 5.0 ml isooctane.

Gas Chromatograph: Hewlett Packard 5890 A Column: DB-23, 60 m,
0.25 mm LD, film thickness 25 pum, J&W Scientific.

Temperature: 200 °C, constant.

Inlet: split, T =220 °C

Detector: FID, T =280 °C

Carrier gas: nitrogen (purity 4.8), flow 1.4 ml/min.
Injection: 1 pl

Individual fatty acid methyl esters were identified by means of the follo-
wing standards:

Qualitative mix of a homologous series of saturated fatty acid (C10 to C24)
methyl esters, by SUPELCO, Cat. No.4-7028 and 4-7031.

Qualitative standard mix of polyunsaturated fatty acid methy! esters PUFA1-ma-
rine source Cat. No. 4-7033; PUFA2-animal source Cat. No. 4-7015.

Fatty acid methyl esters, unsaturated kit by SUPELCO, Cat. No. Me-14 : my-
ristoleic acid 14 : 1n-5, palmitoleic acid 16 : 1n-7, petroselinic acid 18 : In-12,
oleic acid 18 : 1n-9, elaidic acid 18 : 1n-9t, vaccenic acid 18 : 1n-7c, linoleic acid
18 : 2n-6, linolenic acid 18 : 3n-3, cis-11-eicosenoic acid 20 : 1n-9, arachi-
donic acid 20 : 4n-6, erucic acid 22 : 1n-9, eicosapentaenoic acid 20 : 5n-3, and
docosahexaenoic acid 22 : 6n-3.

In addition, further unsaturated fatty acid methyl esters were identified
(16 : 2n-5, 18 : 3n-5, 18 : 4n-3, 20 : 2n-6, 20 : 4n-3 and 22 : 5n-3) by means
of evaluation of semilogarithmic curves of the dependence of logarithm of
retention time on carbon number in individual homologous series according
to the degree of unsaturation and the position of terminal double bonds.
The verification of fatty acid methyl esters composition, identified by this
method, was performed by mass spectrometry using the same chromatograp-
hic column. Application of this method also enabled to identify additional
fatty acid methyl ester structures, namely, iso-15 : 0, iso-17 : 0-15 methyl
and iso-17 : 0-14 methyl.
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Sample No.
Fatty acids Mean
1 2 3 4 5

14:0 1.35 1.59 1.52 1.29 1.34 1.42
14 :1n-5 0.22 0.34 0.29 0.30 0.26 0.28
iso-15: 0 0.10 0.17 0.15 0.19 0.15 0.15
15:0 0.31 0.52 0.46 0.47 0.49 0.45
16:0 18.90 19.11 20.36 18.62 18.97 19.19
16 : In-7 7.73 7.21 7.23 5.68 5.95 6.76
iso 17 : 0-15CH; 0.50 0.74 0.64 0.72 0.72 0.66
16 : 2n-5 0.31 0.29 0.31 0.29 0.32 0.30
iso 17 : 0-14CH; 0.06 0.09 0.00 0.00 0.07 0.04
17::0 0.32 0.47 0.42 0.47 0.49 0.43
18:0 4.90 4.81 4.84 491 4.88 4.87
18 : I n-9t 0.23 0.32 0.38 0.27 0.20 0.28
18:1n-9 34.82 25.75 31.07 26.24 25.27 28.63
18 :1n-7 3.82 3.78 3.61 3.61 3.58 3.68
18:2n-7 0.18 0.15 0.00 0.00 0.13 0.09
18:2n-6 11.08 12.27 13.20 16.74 13.36 13.33
18:3n-6 0.15 0.18 0.17 0.18 0.18 0.17
19:0 0.14 0.17 0.00 0.18 0.18 0.13
18 :3n-5 0.00 0.00 0.00 0.00 0.07 0.01
18:3n-3 2.33 4.59 3.30 4.31 4.18 3.74
18:4n-3 0.33 0.72 0.43 0.66 0.71 0.57
20:0 0.18 0.21 0.20 0.26 0.21 0.21
20:1n-9 2.56 2.06 2.73 3.52 1.99 2.57
20:2n-6 0.65 0.58 0.62 0.85 0.68 0.68
20:3n-9 0.34 0.00 0.00. 0.00 0.22 0.11
20:3n-3 0.81 0.51 0.37 0.50 0.52 0.54
20:4n-6 0.81 1.0 0.67 0.90 1.26 0.92
20:5n-3 1.29 2.75 1.37 1.82 2.43 1.93
20:4n-3 0.31 0.65 0.37 0.61 0.75 0.53
22:5n-3 0.60 1.28 0.47 0.73 0.99 0.84
22:6n-3 1.62 3.34 1:.37 2.29 3.54 2.43
Total 96.95 95.65 96.55 96.61 94.10 95.97
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IL Fatty acid content in fat of PCBs-contaminated fish

Fatty acid Samiple No, Mean
1 2 3 4 5 6 7 8 9 10 11 12 13
14:0 1.17 1.39 1.42 1.61 1.28 1.18 1.27 1.35 | 0.96 1.29 1.25 1.22 | 091 1.25
14:I n-5 024 | 033 | 028 ( 027 | 028 | 0.27 | 0.18 | 0.23 | 0.21 023 | 027 | 022 | 0.18 | 0.24
iso-15:0 013 | 015 | 0.16 [ 0.12 | 0.15 | 0.15 | 0.08 | 0.13 | 0.11 0.13 | 0.14 | 0.11 | 0.09 [ 0.14
15:0 038 | 037 | 043 | 039 [ 0.4l 038 | 030 | 037 | 030 | 033 | 035 (| 031 | 0.27 | 0.38
16:0 17.62 | 15.81 | 17.33 | 18.20 | 16.51 | 17.38 | 18.66 | 18.21 [ 15.93 | 16.03 | 15.52 | 16.22 | 15.35 | 16.83
16:1 n-7 638 | 669 | 662 | 658 ( 638 [ 550 | 7.00 | 652 | 5.19 | 567 | 652 | 589 | 560 | 6.19
is017:0-15CH; | 0.61 | 0.75 [ 0.64 | 0.59 | 0.70 | 0.64 | 0.53 | 0.55 | 0.76 | 0.61 0.60 | 0.64 | 0.58 | 0.63
16:2 n-5 024 | 035 | 024 | 031 | 029 | 025 | 032 | 022 | 047 | 028 | 028 | 032 | 0.32 | 0.30
iso 17:0-14CH; | 0.07 | 0.09 | 0.00 | 0.07 | 0.08 | 0.07 | 0.00 | 0.06 | 0.00 [ 0.00 | 0.08 | 0.06 | 0.06 | 0.05
17:0 042 | 040 | 042 036 | 039 | 041 | 033 | 034 | 041 | 039 | 038 | 036 [ 0.36 | 0.38
18:0 487 | 414 | 5.10 | 475 | 4.93 555 | 577 | 652 | 490 | 529 | 447 | 517 | 5.25 5.13
18:1 n-9t 024 | 039 | 030 | 035 | 029 | 033 | 0.31 032 | 044 | 042 | 031 0.40 | 0.41 0.35
18:1 n-9 25.22 | 26.35 [ 25.50 | 31.15 | 26.67 | 26.63 | 33.30 | 28.16 |29.45 | 34.11 |27.53 | 30.45 | 31.23 | 28.90
18:1 n-7 364 | 3.75 | 3.94 | 3.31 3.58 | 3.68 | 337 | 398 | 3.4l 402 [ 3.64 | 3.61 | 3.68 | 3.66
18:2 n-7 0.14 | 024 | 000 | 022 ] 016 | 0.16 | 020 | 0.19 | 0.21 026 | 0.19 | 022 | 023 | 0.19
18:2 n-6 15.39 | 15.59 | 13.46 | 13.82 | 13.77 | 13.84 | 11.69 | 11.55 | 14.52 | 12.85 | 15.26 | 13.31 | 13.55 | 13.74
18:3 n-6 0.18 | 030 | 0.15 0.20 | 0.25 0.15 0.14 | 0.15 [ 0.23 0.17 | 024 | 0.17 | 0.21 0.20
19:0 020 | 020 [ 0.19 | 0.21 022 | 0.21 0.11 020 [ 0.17 | 0.16 | 020 | 0.20 | 0.22 | 0.19
et
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RESULT AND DISCUSSION

Tables I and II show the percentual pattern of fatty acids occurring in fat
samples taken from control fish and from fish contaminated with PCBs.
Standard Student’s t-test (Eckschlager et al., 1980) was applied with the
following assumptions:

The mean percentual abundance of the individual fatty acids in the control
fat and in the fat of fish contaminated with PCBs was considered as equal
only if the critical value t at the significance level o =0.05 and DF = 16 did
not exceed the tabulated value 2.120. Simultaneously the variances in deter-
mination of the individual fatty acids were evaluated by means of Snedecor’s
criterion ¥ (Eckschlager et al., 1980) in the two groups of tested fish fat
similarly like the necessary condition for the application of Student’s f-test.
No differences from the maximum permissible tabulated values were found
with the exception of stearic acid. The statistical parameters of the data obta-
ined are presented in Table III.

The result in Table III indicate that significant statistical differences were
found only in a few fatty acids. Out of the saturated acids, the myristic
(14 : 0), pentadecanoic (15 : 0) and palmitic (16 : 0) acids belong to this
group because the percentages of these acids decreased by 11.6, 21.6, and
12.3%, compared with the controls. The amount of other saturated fatty
acids, including the stearic acid (18 : 0), was not affected in spite of the fact
that the variance of their parallel determination did not correspond to
Snedecor’s test (see above).

As for the unsaturated fatty acids, their increase in contaminated fish was
observed in octadecanoic (18 : 2n-7), eicosatrienoic (20 : 3n-9) and particu-
larly in arachidonic acid (20 : 4n-6), by 102, 236 and 71%, respectively. This
difference is interesting, indicating that the occurrence of PCBs in fish could
affect the metabolism of essential n-6 fatty acids (owing to the significant
increase in the content of the very abundant arachidonic acid) much more
than that of n-3 acids, which showed no statistically significant differences.
This pattern is well illustrated in Table IV.

It should be emphasized that the above mentioned conclusions are to be
considered only as preliminary information on the possible effect of the
PCBs on the content and pattern of fatty acids in fish fat. Because of the
extensive variation of biological tests, verification is needed by subsequent
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I11. Statistics of data presented in Tables I and II

Content of fatty acids [%]
Fatty acids Sontrof ST fish contaminfted with PCBs P
(n=13)
mean STD mean STD
14:0 1.418 0.116 1.254 0.176 2.13071
14 :1n-5 0.282 0.040 0.245 0.041 1.56542
iso-15: 0 0.152 0.030 0.127 0.023 1.52793
15:0 0.450 0.073 0.353 0.046 2.49744
16:0 19.192 0.605 16.828 1.081 5.43766
16 : I n-7 6.760 0.798 6.195 0.535 1.31925
iso 17 : 0-15 0.664 0.089 0.631 0.067 0.68517
16 : 2n-5 0.304 0.012 0.299 0.062 0.25329
iso 17 : 0-14 0.206 0.348 0.049 0.034 0.25002
17:0 0.434 0.062 0.382 0.029 1.62219
18:0 4.868 0.038 5.132 0.574 1.58067
18 : I n-9t 0.280 0.064 0.347 0.058 1.85084
18 :1n-9 28.630 3.730 28.904 2.826 0.13452
18 :1n-7 3.680 0.099 3.662 0.214 0.22284
18:2n-7 0.092 0.077 0.186 0.063 2.21666
18:2n-6 13.330 1.888 13.738 1.214 0.40553
18:3n-6 0.172 0.012 0.195 0.047 1.59751
19:0 0.134 0.069 0.192 0.029 1.63068
18:3n-5 0.014 0.028 0.047 0.038 1.84540
18:3n-3 3.742 0.827 3.716 0.767 0.05508
18:4n-3 0.572 0.161 0.587 0.199 0.15052
20:0 0.212 0.026 0.242 0.039 1.74285
20:1n-9 2.572 0.552 2.592 0.528 0.06438
20:2n-6 0.676 0.093 0.784 0.123 1.84157
20:3n-9 0.112 0.142 0.400 0.111 3.69293
20:3n-3 0.542 0.145 0.468 0.079 0.97910
20:4n-6 0.928 0.198 1.582 0.275 5.14459
20:5n-3 1.932 0.576 2.032 0.474 0.31463
20:4n-3 0.538 0.169 0.576 0.137 0.40900
22:5n-3 0.814 0.290 0.790 0.166 0.15737
22:6n-3 2.432 0.879 2.395 0.525 0.07879
Total 95.972 1.034 94.932 0.708 1.87084
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IV. Comparison of means of selected fatty acid groups

Percentage of selected groups of fatty acids
Fish BPR A monoenoic | unsaturated [unsaturated ratio 20 : 5n-3 and
unsaturated n-3 n-6 (n-3)/(n-6) | 22:6n-3
Control 27.54 42.20 10.57 15.11 1.51 4.37
S‘i’;‘;“c‘:ig"d 25.04 41.95 10.56 16.30 1.60 4.40
Ratio 1.100 1.006 1.001 0.927 0.944 0.993

experiments with more numerous fish groups (at least 30 controls and 30
PCB-contaminated individuals), in which also additional significant factors,
such as age, health state, rearing conditions (climatic factors, kind of food,
population density, etc.) and probably also the effect of the species variety
will have to be examined. Only then will it be possible to estimate seriously
whether the changes in the content and pattern of fatty acids in fish fat due to
PCB presence could contribute to the retardation or inhibition of fish growth,
naturally in concurrence with other factors.
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Vliv polychlorovanych bifenyli na obsah a spektrum mastnych kyselin
v rybim tuku

Polychlorované bifenyly (ddle PCB) jsou v soucasné dobé nejdileZitéj$im organic-
kym polutantem kontaminujicim na3e sladkovodni ryby. Krome prokazateln€ nega-
tivnich zdravotnich i¢inki PCB na organismus ryb byly zvefejnény i studie, tykajici
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se vlivu PCB na vlastni rist ryb, ktery je jednim z rozhodujicich kritérii isp&3$nosti
jejich chovu v praxi. Stanoviska riiznych autoril jsou zna¢né odli¥n4, a to od nazoru,
Ze PCB podporuji lep$i vyuziti potravy a tim i stimulaci ristu, pfes nazor, Ze rist
prakticky neovliviiuji, i kdyZ jsou evidentni patologické zmény v jatrech a ledvinach,
aZ k zaveéru, Ze rist je jednoznaéné horsi, respektive vyrazné zpomaleny. V kontextu
s dosud nejednoznacné vyjasnénou otdzkou piisobeni PCB na vlastni riist ryb jsme se
rozhodli ovérit, zda dlouhodobégjsi pritomnost PCB v rybim tuku neovlivni téZ obsah
a sloZeni jeho mastnych kyselin, zvlasté pak polynenasycenych, které maji vliv na
vyvoj a riist Zivo¢isnych organismi.

K pokusiim byly pouzity homogenaty celych kaprii o hmotnosti 300-500 g, u kte-
rych byla v prib&hu osmi mésicti chovu hladina obsahu PCB, vyjadfen4 jako suma
kongeneru ¢. 28, 52, 101, 118, 138, 153 a 180, stanovenych standartni metodikou
plynové chromatografie, udrzovana radové v desitkdch mg/kg tuku. Jako srovnani
byly pouZity homogenaty kontrolnich kaprii o téZe hmotnosti, chovanych paralelné
osm mésicil za stejnych podminek, obsahujicich v tuku pouze stopova mnoZstvi PCB.
Analyzovano bylo celkem 18 vzorki tuku, z toho 13 se zvySenym obsahem PCB a pét’
vzorki kontrolnich.

Z dosaZenych vysledki vyplyva, Ze vyznamné statistické rozdily byly nalezeny
pouze u obsahu nékterych jednotlivych mastnych kyselin (MK). Pokud jde o nasyce-
né MK, jedna se o kyselinu myristovou (14 : 0), pentadekanovou (15 : 0) a palmito-
vou (16 : 0), kde proti kontrole doslo u kontaminovanych tuki ke sniZeni
procentudlniho zastoupeni téchto kyselin o 11,6 %, 21,5 % a 12,3 %. Zastoupeni
ostatnich nasycenych MK ovlivnéno nebylo.

Pokud se tyka nenasycenych mastnych kyselin, pak u ryb kontaminovanych PCB
doslo naopak ke zvy3eni procentudlniho zastoupeni u kyselin oktadekadienové
(18 : 2n-7), eikosatrienové (20 : 3n-9) a zvlasté u vyse zastoupené kyseliny arachido-
nové (20 : 4n-6), a to o cca 71%. Toto zjisténi je zajimavé a naznaCuje, Ze piitomnosti
PCB v rybim tuku by mohl byt ovlivnén spiSe metabolismus esencialnich MK fady
n-6 (z titulu vyznamného zvySeni zastoupeni kyseliny arachidonové) nez kyselin fady
n-3, v jejichZz primémych procentickych zastoupenich nebyly nalezeny vyznamné
statistické rozdily.

Zavérem je v3ak tfeba zdlraznit, Ze nami prezentované vysledky je nutné povazo-
vat za prvni informaci v oblasti moZného vlivu PCB na obsah a spektrum mastnych
kyselin v rybim tuku. Vzhledem k vysoké variabilité biologickych pokust by bylo
tfeba provést jejich verifikaci naslednymi opakovanymi pokusy s vétsimi soubory ryb
(minimdlng 30 ryb kontrolnich a 30 ryb kontaminovanych), pfi kterych by byly zéro-
ven sledovany dalsi vyznamné faktory, napf. vliv stafi a zdravotni kondice pouzitych
ryb, podminky modelového chovu (klimatické, druh krmiva, velikost obsadky apod.),
popr. 1zavislost na druhové odridé. Teprve potom bude mozné seriozné posoudit, zda
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zmény v obsahu a spektru mastnych kyselin z titulu pfitomnosti PCB v rybim tuku by
mohly, vedle jejich dal3ich vlivii, pfispivat k negativnimu riistu ryb.

ryby; polychlorované bifenyly; mastné kyseliny

Contact address:

Ing. Ivan Bohaéenko, CSc., Vyzkumny ustav potravinaisky Praha, Radiova 7
102 31 Praha 10, Ceska republika, tel.: 00 420 2 702 331, fax: 00 420 2 701 983
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THE LEVELS OF CADMIUM, IRON, TIN, COPPER, ZINC, NICKEL,
LEAD AND MANGANESE IN THE TOMATO PASTE
PACKED IN GLASS JARS, TIN CANS AND STERILIZED POUCHES*

Khalil I. EREIFEJ

Jordan University of Science and Technology, Faculty of Agriculture, Irbid, Jordan

Abstract: The levels of cadmium, iron, tin, copper, zinc, nickel, lead and man-
ganese in fresh tomato and tomato paste packed in tin cans, glass jars and ster-
ilized pouches obtained from three tomato processing plants and their
corresponding saleable paste bought from the supermarkets were determined by
atomic absorption spectrophotometry. The results have been compared with
those reported in recent years. Although metal levels were comparable with
other investigators data, our data showed that the tomato paste picked up metals
_from the tin containers and the naturally contaminated salt. We recommend a
purified salt for tomato paste preservation in order to minimize paste contami-
nation with metals from tin cans and salt.

metals; tomato paste; contamination; tin can; Jordan

The tomato (Lycopersicon esculentum Mill) constitutes one of the major
vegetable crops in Jordan and ranks the first among all processed vegetables.
Tomatoes are used in various daily food preparations and processed into
juice, paste and ketchup.

There are several tomato processing plants in Jordan. They produce paste
which is canned in tin cans or glass jars where 3% salt is added.

Winser (1979) reported that the quality and flavor of the tomato prod-
ucts depend upon chemical composition of the tomatoes. Premchandra et
al. (1976) listed the most desirable qualities of tomatoes for processing. Sev-
eral investigators studied the quality of tomato products (Porretta et al.,
1995, 1993; Theymoli, 1984; Sethi,Anand, 1984).

The levels of metals in food stuffs were also investigated (Ereifej,
Gharaibeh, 1993; Meah et al.,1991; Vero et al.,1980; Jorhem, Slo-
rach, 1987).

* The project was funded by the Deanship of Research (J.U.S.T), project no. 28/94.
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The purpose of this study is to determine the levels of some heavy metals
in the Jordanian tomato paste produced by different plants and packaged in
tin cans, glass jars and sterilized pouches and also to determine the source of
contamination.

MATERIAL AND METHODS

Tomato paste samples packed in tin containers and glass jars were col-
lected from three tomato plants (A, B, C). Similar samples were purchased
from Irbid local supermarkets. The samples were collected randomly at a rate
of 20 samples per month. Other tomato paste samples were collected from
the production line and were filled into sterilized pouches sealed with a
screw cap. Fresh clean tomato fruit samples were also collected from one
plant only. One can, jar or pouch (1.5 kg) was considered as one sample.

Sampling

Approximately 5-7 g sample (tomato paste from tin cans, glass jars, pouch)
were accurately weighed in a silica dish and dried overnight at 80 °C, then
dry ashed at 450 °C until white ash was obtained. 10 ml of 50% HCI were
added, evaporated to dryness using a hot plate, while warm, another 10 ml of
10% HCI were added, stirred thoroughly, the mixture was carefully trans-
ferred to a 50ml flask and made up to volume with distilled deionized water.
The sample was introduced to the atomic absorption spectrophotometer
(AAS).

About 10 g of the tin sample was weighed into 200 ml tall wall beaker,
20 ml of concentrated HCI, 8 ml H,O and 5 drops of concentrated nitric acid
were added and covered with a watch glass, the solution was simmered on a
hot plate for 10 minutes. After cooling, the solution was filtered through
whatman filter paper no. 541 into a 50ml flask and made up to volume with
distilled deionized water, the sample was introduced to the atomic absorption
spectrophotometer.

Metal Analysis

Zinc, copper and manganese were determined according to Jorhem et al.
(1989) using a Varion AA06 AAS instrument equipped with a hydrogen
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lamp for background correction. Air-acetylene was used as an oxidizing
agent for these elements.

The concentrations of zinc (Zn) and copper (Cu) were computed from a
calibration curve, manganese (Mn) concentration was obtained by the addi-
tion method. Lead (Pb), tin (Sn), iron (Fe), cadmium (Cd) and nickel (Ni)
concentrations were determined according to Jorhem et al. (1989) using a
graphite furnace AAS in a Perkin-Elmer 3030/HGA 500 interfaced with a
deuterium lamp for background correction.

Analytical Quality Control

Background corrections were performed for all elements. Blanks were also
run with each batch of ten samples. Standard mineral solutions were used to
calibrate the AAS with each batch of samples. Samples were run in duplicate
and the average was recorded.

RESULTS AND DISCUSSION
Cadmium

The cadmium levels in this investigation are shown in Table 1. Fresh toma-
toes contained 0.07 mg/100 g, while the tin contained 0.31 mg/100 g. Canned
tomato paste produced by plant A, B or bought from the market contained
0.03, 0.04 and 0.07 mg/100 g, respectively (Table II) while the paste packed
in glass jars by plant A, B and the market samples contained 0.05, 0.08 and
0.15 mg/100 g, respectively (Table III). Although sterilized pouches are not
used for packaging small volumes, the paste was drawn from the production
lines of plant A, B and C. The Cd levels were 0.04, 0.12 and 0.06 mg/100 g
(Table IV). The Cd concentrations in Tables I-IV compare very well with Cd
levels in canned brined cheese reported by Ereifej and Gharaibeh
(1993). The slight increase in Cd levels in tomato paste might be due to Cd
pick-up from the tin or the salt which contains 0.37 mg/100 g according to
Ereifej and Gharaibeh (1993).

The Cd levels found in this investigation were comparable to those re-
portedby Jorhem and Slorach (1987).
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I. Metal levels in fresh tomatoes and tin containers (mg/100 g dry weight basis)

Fresh tomato fruits” Tin containers”
Metal
mean * SD min max mean + SD min max
Cd 0.07+0.05 | <0.01 0.19 0.31+0.07 0.22 0.47
Fe 19.79+7.72 9.76 49.70 488.70 £3.10 392.47 714.57
Sn 235+2.23 | <0.01 7.88 198.28 + 15.64 150.51 213.87
Cu 1.95+0.46 1.25 2.76 2.081+0.83 1.38 4.47
Zn 4.64+1.14 2.70 7.09 1.45+0.21 1.11 1.84
Ni 0.57+047 | <0.01 2.05 3.28+0.57 2.48 5.12
Pb 1.43+£1.04 | <0.01 4.51 1.49 £0.54 0.87 2.99
Mn 1.32+0.27 0.76 1.92 41.86+4.82 29.56 50.96

? number of samples = 25
b number of samples = 25

Iron

The tomato fruits contained 19.79 mg Fe/100 g (Table I), whereas the level
of Fe in the tomato paste in different containers varied and ranged from 2.74
(canned from the market, plant A) to 16.21 mg/100 g (packed in pouches,
plant B) as shown in Tables II and IV. All other paste samples contained
intermediate concentrations. The tin containers showed the highest Fe levels
(488.7 mg/100 g), the salt also contained 2.7 mg Fe/100 g (Ereifej,
Gharaibeh, 1993).

This suggests that the poorly manufactured tin containers might be a source
of contamination. The salt also might be a contaminating source which was
found naturally contaminated (Ereifej, Gharaibeh, 1993). Our data,
except for tin containers are comparable with the results reported by Vero
et al. (1980) for canned fruits and vegetables.

Tin

The data on Sn levels in this work were found to vary from 0.39 (pouch
from plant C, Table IV) to 198.3 mg/100 g (tin containers), whereas fresh
tomato contained 2.35 mg/100 g (Table I). The canned paste was found to
contain higher levels of tin ranging from 1.74 to 8.87 mg/100 g (Table II).
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I1. The levels of metals in canned tomato paste packed in tin containers from three processing plants and the market”

Metal Plant A® (market) From plant B° Plant BY (market)
mean + SD min max mean + SD min max mean + SD min max
Cd 0.03 £0.02 <0.01 0.11 0.04 £0.02 <0.01 0.16 0.06+0.06 [<0.01 0.34
Fe 2.74+2.79 <0.01 12.97 8.38+3.10 3.99 19.46 1126 £3.14 0.28 18.99
Sn 1.74 £ 2.75 <0.01 17.52 8.87+4.22 3.49 28.12 2.62+2.64 |[<0.01 9.83
Cu 0.87£0.61 0.05 3.19 1.48 £0.39 0.82 2.87 2.33+0.78 0.17 4.49
Zn 1.51 £ 1.07 <0.01 5.52 2.04%0.18 1.24 2.73 2.51+0.86 0.23 5.49
Ni 0.32+0.75 <0.01 5.42 0.10+0.22 <0.01 1.42 0.01£0.01 (<0.01 0.04
Pb 1.45 +6.82 <0.01 48.52 1.00 £ 0.36 0.40 2.27 146 +1.19 |<0.01 8.64
Mn 0.66 *+ 0.49 0.01 2.64 1.04 £0.07 0.76 1.22 1.11+0.18 0.10 1.64

%values are computed on dry weight basis; “number of samples = 50; “number of samples = 150; dnumber of samples = 60

III. The levels of metals in tomato paste preserved in glass jars obtained from plants A,B and from the market processed by plant C*

Metal Plant A® Plant B Plant C (from the market)”

mean + SD min max mean + SD min max mean + SD min max
Cd 0.05 +0.07 <0.01 0.65 0.08 £0.04 0.02 0.13 0.15+£0.21 <0.01 1.49
Fe 5.40+5.41 3.10 68.53 10.23 +2.73 6.07 14.55 12.51 £ 6.66 5.00 41.93
Sn 0.17+0.41 <0.01 5.04 248+ 1.79 <0.01 5.63 6.88 £9.36 1.00 35.48
Cu 1.57+£1.63 0.90 21.67 2.40+0.42 1.70 3.05 1.36 £ 0.53 <0.01 3.73
Zn 2.84+£3.25 0.73 36.28 1.79+0.14 1.60 2.09 235%1.73 <0.01 12.33
Ni 0.60+1.31 <0.01 13.68 0.01 £0.00 0.01 0.08 3.60 £4.25 <0.01 29.88
Pb 0.88x1.13 <0.01 11.59 1.99 £ 0.47 1.39 2.75 2.85+4.51 <0.01 24.11
Mn 1.17+£1.17 0.42 15.91 0.96+0.12 0.84 1.30 1.61+£0.83 0.56 6.35

%values are computed on dry weight basis; bnumber of samples = 162; “number of samples = 46;

!

wmber of samples = 60
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VL. The levels of metals in tomato paste packed in sterilized pouches from the processing plants A, B and C*

i Plant A® Plant B Plant C?

mean + SD min max mean * SD min max mean + SD min max
Cd 0.04 £0.02 <0.01 0.09 0.12z0.15 <0.01 0.71 0.06+0.05 |[<0.01 0.21
Fe 438+ 1.65 0.37 11.88 16.21215.92 0.34 145.45 5.68+1.28 1.69 7.86
Sn 1.56 +1.84 <0.01 6.60 5.1528.26 <0.01 40.62 0.39%£0.47 |[<0.01 2.04
Cu 1.33£0.32 0.12 2.53 22421.13 0.02 7.84 2.75+0.99 1.50 7.66
Zn 1.81+0.68 <0.01 2.93 3.18%+1.34 <0.01 7.93 4.92 + 1.37 2.89 8.55
Ni 0.08£0.25 <0.01 1.24 1.23+ 1.85 <0.01 10.94 0.64 £ 0.47 <0.0 1.92
Pb 0.81+0.56 <0.01 2.65 0.71 £0.20 <0.01 2.87 0.23+£0.11 0.03 0.58
Mn 0.99 £0.37 <0.01 1.59 1.48 £ 0.60 <0.01 3.64 1.82+0.70 0.98 4.37

“values are computed on dry weight basis; “number of samples = 90; “number of samples = 180; “number of samples = 48
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The original Sn levels in the tomato might come from Sn contaminated soil
or environment but the Sn in the paste was probably picked up from the tin
container and/or from the added salt which contains 2.79 mg/100 g as re-
ported previously (Ereifej, Gharaibeh, 1993)) on white brined cheese
preserved in tin cans. Except for Sn levels in tin containers, these data are
comparable with values reported by Jorhem and Slorach (1987) on fruits
and vegetables in lacquered cans. Jorhem and Slorach (1987) reported a
higher value (90 mg/kg) of Sn concentration in fruits and vegetables pre-
served in unlacquered cans.

Copper

The copper content in this investigation ranged from 0.87 (canned in tin
from the market) to 2.75 mg/100 g (paste in pouches). All other paste sam-
ples have intermediate levels. Our data are higher than Cu levels reported by
Ereifej and Gharaibeh (1993) on canned cheese but are comparable
with those reported by Jorhem et al. (1987) on meat, liver and kidney of
Swedish pigs and cattle.

Tin contained 2.08 mg/100 g (Table I) and salt contained 0.11 mg/100 g
(Ereifej, Gharaibeh, 1993).

Zinc

The highest level of Zn was found in the paste packed in pouches
(4.92 mg/100 g) as shown in Table IV. This might originate from tomato
fruits (4.64 mg/100 g) as shown in Table I.

The tomato paste packed in tin contained 1.51, 2.04 and 2.51 mg/100 g as
shown in Table II. All other paste samples had intermediate Zn values rang-
ing from 1.81 to 4.92 mg/100 g (Table IV). Our data are slightly higher than
Zn values reported previously (Ereifej, Gharaibeh, 1993) on white
brined cheese. Also those Zn concentrations are higher than values reported
by Jorhem etal. (1987). In 1980 the Food and Nutrition Board (1980) con-
sidered Zn an essential metal and a daily intake of 15 mg has been recom-
mended for adults.

Nickel

The Ni concentrations found in this investigation are shown in Tables [-IV.
Tomato fruits and tin contained 0.32 and 3.28 mg/100 g (Table I). Paste in tin
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cans contained 0.32, 0.10 and 0.01 mg/100 g (Table IT) whereas paste packed
in glass jars contained 0.60, 0.01 and 3.60 mg/100 g (Table III), but paste in
the pouches contained lower Ni concentrations than the paste packed in both
tin and glass jars (Table IV). This suggests that the Ni content of the paste
might originate from the tin and/or the salt which contains 1.5 mg/100 g as
reported previously (Ereifej, Gharaibeh, 1993).

However, our values for tomato paste preserved in tin cans, glass jars and
pouches (except for those bought from the market, plant B) are comparable
with those of Jorhem et al. (1989) reported on meat, liver and kidney of
Swedish pigs and cattle, but slightly higher than values reported by Ereifej
and Gharaibeh (1993) on white cheese.

Lead

Tables I-1V show the Pb levels in tomato fruits (1.43 mg/100 g), tin
(1.49 mg/100 g) and paste preserved in tin, glass jars and pouches.

As expected the paste in tin containers had higher Pb content. Probably that
was due to migration of Pb from the tin to the paste, or might originate from
the added salt (0.72 mg/100 g) as reported previously (Ereifej, Gha-
raibeh, 1993). These values are comparable with Pb concentration in UK
foods, corned beef and sardines reported previously (Meah et al., 1991;
Hubbard, Lindsay, 1975). Jorhem and Slorach (1987) and Erei-
fej, Gharaibeh (1993) reported lower Pb levels in food preserved in
welded can and brined cheese. The salt might be a contaminating source for
the tomato paste.

Manganese

The highest Mn level was found in tin (41.86 mg/100 g) whereas tomato
fruits contained 1.32 mg/100 g. The tomato paste in tin cans, glass jars and
pouches (Table II-IV) contained Mn less than 2 mg/100 g. The Mn levels
ranged from 0.66 (cans from the market) to 1.82 mg/100 g (paste in
pouches). The data suggest that salt and/or tin contributed to elevated Mn
levels in the paste.

The salt contains 0.22 mg/100 g according to Ereifej and Gharaibeh
(1993). Our data are higher than Mn concentrations reported previously
(Ereifej, Gharaibeh, 1993;Jorhem etal., 1989).
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Manganese is regarded as an essential element in man’s diet and the recom-
mended daily intake for adults is in the range of 2.5-5 mg according to the
Food and Nutrition Board (1980).
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Koncentrace kadmia, Zeleza, cinu, médi, zinku, niklu, olova a manganu
v rajském protlaku baleném ve sklenicich, plechovkich
a sterilizovanych saccich

Atomovou absorpéni spektrofotometrii jsme stanovili koncentrace kadmia, Zeleza,
cinu, mé&di, zinku, niklu, olova a manganu v &erstvych rajéatech a v rajském pro-
tlaku baleném v plechovkach, sklenicich a sterilizovanych sa&cich. Protlaky byly pro-
dukty tif podnikil na zpracovani raj¢at a zakoupili jsme je v samoobsluhach. Vysledky
byly porovnény s vysledky uvadénymi v minulych letech. Ackoliv koncentrace kovii
byly srovnatelné s udaji jinych vyzkumniki, naSe hodnoty ukézaly, Ze rajsky protlak
piijal kovy z plechovych obalii a ze soli kontaminované prirozenou cestou. Abychom
minimalizovali kontaminaci protlaku kovy z plechovek a soli, doporu¢ujeme ke kon-
zervaci rajského protlaku pouzivat purifikovanou stl.

kovy; rajsky protlak; kontaminace; plechovka; Jordansko
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OBSAH SELENU V NEKTERYCH ZELENINACH A MOZNOST
TRANSFORMA CE NETEKAVYCH SLOUCENIN SELENU
NA TEKAVE PRODUKTY*

Content of Selenium in Some Vegetables
Helena CIZKOVA, Roman KUBEC, Richard KOPLIK, Jan VELISEK, Jiri DAVIDEK

Institute of Chemical Technology — Department of Food Chemistry and Analysis,
Prague, Czech Republic

Abstract: The total content of selenium was determined in vegetables of the ge-
nus Allium (family Liliaceae), garlic, onion, chive and leek and vegetables of the
family Brassicaceae, Brussels sprouts, broccoli, cauliflower, Chinese cabbage
(genus Brassica), white and black radish and little radish (genus Raphanus). The
highest selenium content was found in garlic, chive and Brussels sprouts being
31, 22 and 25 pg/kg, respectively. No volatile selenium compound was detected
using gas chromatographic methods. Total selenium content in essential oil iso-
lated from garlic homogenate either in water or in oil was 10 pg/kg. Sodium se-
lenite added to the garlic homogenate in water produced volatiles containing
1.2 mg/kg of selenium, volatiles arising in oil had their selenium content of
0.3 mg/kg. Selenomethionine added to the garlic homogenate in water and oil
produced volatiles with selenium content of 0.1 mg/kg and 0.9 mg/kg, respec-
tively. Sodium selenate substantially increased the amount of selenium-contain-
ing volatiles. Volatiles originating in the garlic homogenate in water had their
selenium content of 93.7 mg/kg which represented 23% of added selenate. Con-
tent of selenium in volatiles arising in the garlic homogenate in oil amounted
34.8 mg/kg (8% of added selenate).

selenium; selenites; selenates; selenomethionine; volatile selenium compounds;
vegetables

Abstrakt: V b&Znych zeleninach rodu Allium (Eeled’ Liliaceae, liliovité), v &es-
neku, cibuli, paZitce, péru a v n€kterych zeleninach ¢eledi Brassicaceae, rizi¢-
kové kapusté, brokolici, kvétadku, ¢inském zeli (rod Brassica, brukev), bilé
a Cerné fedkvi a fedkviéce (rod Raphanus, fedkev) byl stanoven celkovy obsah

* Tento vyzkum byl &aste&ng financovan Grantovou agenturou Ceské republiky (grant
¢&. 509/94/0318).
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piirozené pritomného selenu. Nejvy3si koncentrace selenu byly nalezeny v &es-
neku (31 pg/kg), pazitce (22 pg/kg) a rizi€kové kapust (25 pg/kg). V Eesneku
byl soutasné sledovan obsah t€kavych slouéenin selenu. Pfitomnost Zidné t&ka-
vé sloueniny selenu nebyla metodou plynové chromatografie prokézana. Cel-
kovy obsah selenu v silici izolované z homogenatu Eesneku ve vodé i v oleji byl
10 pg/kg. Po pridani ctyfmocného selenu (seleni¢itanu) do homogenatu ve vodé
obsahovaly t¢kavé produkty selen v mnozZstvi 1,2 mg/kg a tékavé produkty zis-
kané z homogenatu v oleji obsahovaly 0,3 mg/kg selenu. Pfidavek selenome-
thioninu také nemél vyrazny vliv na mnoZstvi vzniklych tékavych produktii,
nebot’ v t€kavych latkach bylo nalezeno 0,1 mg/kg (homogenat ve vodé), resp.
0,9 mg/kg (homogenat v oleji) selenu. U Sestimocného selenu (selenanu) byl
prokdzan vyrazny piechod anorganicky véazaného selenu do tékavych forem.
Izolované tékavé latky ziskané z homogenatu ve vodé obsahovaly selen primér-
né v mnozstvi 93,7 mg/kg, coz predstavuje asi 23 % piidaného selenanu. Obsah
selenu v t€kavych latkach ziskanych z homogenatu v oleji byl niZsi, primémé
34,8 mg/kg (asi 8 % piidaného selenanu).

selen; seleniCitan; selenan; selenomethionin; tékavé slouceniny selenu; zelenina

Selen je v nizkych koncentracich povaZovan za esencidlni stopovy prvek
pro zivocichy, zatimco ve vysokych koncentracich pusobi toxicky a je tudiz
povaZovan za nezadouci kontaminant. Doporu¢ena denni davka selenu pro
¢loveéka se pohybuje od 50 do 200 pg a je kryta béznou dietou Johnson,
1986). Hlavnimi zdroji selenu jsou moiské produkty, vnitinosti (jatra, ledvi-
ny) a obecné maso a z potravin rostlinného ptivodu zelenina a obiloviny.

Nedostatek selenu ve vyZivé se projevuje celou fadou piiznaki, které jsou
v8ak zna¢né nespecifické. Patfi sem napfiklad nechutenstvi, otupé€lost a sni-
Zend obranyschopnost organismu. U zvifat s chronickym nedostatkem selenu
v dieté byla zjiSt€na nekroza jater.

Biologicky aktivni slou¢eniny selenu jsou rizné bilkoviny. Bylo prokaza-
no (Johnson, Fischer, 1994) pfiblizné tficet proteini s enzymovou akti-
vitou. Osm z nich obsahovalo selen ve formé selenocysteinu, dalsi zpisoby
vazby selenu nebyly prozatim objasnény. NejdileZitéjsi z t€chto selenopro-
teind je glutathionperoxidasa (GSH peroxidasa).

Zakladni dosud znamou funkci selenu je ochrana lipoproteinovych mem-
bran proti pasobeni hydroperoxidi a jinych toxickych forem kysliku pro-
stfednictvim glutathionperoxidasy. S tim souvisi antikarcinogenni u¢inky
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selenu. Podle literarnich udaji selen déle ovliviiuje aktivitu thyroidniho hor-
monu, ¢innost jater, imunitni reakce organismu, ovliviiuje rist, plodnost,
chovani a nilady u lidi (Arthur, Beckett, 1994).

Vsechny slouceniny selenu jsou ve vy$$§ich koncentracich toxické, nékteré
také vykazuji teratogenni a karcinogenni u€inky. Nejtoxi¢t&jsi jsou rozpust-
né soli selenu (seleni¢itan sodny, Na,SeO;, selenan sodny, Na,SeO,), sele-
nové analogy aminokyselin vykazuji stfedni toxicitu a nejméné toxické jsou
$patné rozpustné formy selenu, jako je elementarni selen, Se a selenid sodny,
Na,Se (Bottino etal., 1984). Chronicka otrava se projevuje bolestmi hla-
vy, nervozitou, unavou a zazivacimi problémy. Nebezpeci predstavuji t€kavé
slouCeniny selenu (selan, H,Se, alk(en)ylované selenidy, R,Se), které drazdi
horni cesty dychaci, o€i a pokoZku a snadno se vstiebdvaji. K akutnim otra-
vam, které kon¢i poSkozenim jater a ledvin, dochazi pfi jednordzovém pfij-
mu selenu vétSim nez stondasobek doporu¢ené denni davky. Akutni otrava se
u pacienta projevuje dechem zapachajicim po ¢esneku, coZ je zptusobeno vy-
lu€ovanim vysokého mnozstvi dimethylselenidu (Whanger, 1991).

Obsah selenu v rostlinich a nasledné v tkanich zivo¢ichu vyuzivanych ja-
ko potraviny se zna¢né lii a je ovliviiovan mnoha faktory. U rostlin hraji
vyznacnou roli pfedev§im povétrnostni podminky béhem riistu, koncentrace
a dostupnost selenu v pude.

Hlavni formou selenu vyskytujici se v potravinach rostlinného plivodu je
selenomethionin, analog sirné aminokyseliny methioninu. Tak napf. v obili
je takto vadzana az polovina celkového obsahu selenu (Olson et al., 1970).
Rovnéz s¢ja obsahuje asi 80 % sclenu ve formé selenoprotein, pii¢emz i zde
pievazuje selenomethionin (Sathe et al., 1992). V ¢esneku byl selen proka-
zan ve form& aminokyselin obsahujicich selen, selenoproteinii a selenopoly-
sacharid. Hlavni aminokyselinou v ¢esneku je selenocystein, v malém
mnozstvi byl také nalezen selenomethionin a Se-methylselenocystein (Cai
etal., 1995). U rostlin schopnych kumulovat vysoké koncentrace selenu byl
identifikovan y-glutamyl-Se-methylselenocystein a Se-methylselenocystein
(Nigam, McConnell, 1969).

Podle schopnosti akumulovat selen béhem vegetace se rostliny déli do tii
skupin. Do prvé skupiny patii rostliny, které jsou schopny akumulovat ex-
trémné vysoké koncentrace selenu (1 000-10 000 mg/kg v susing). Tyto rost-
liny se nazyvaji sclenové indikatory. Patii sem napft. rostliny rodu Astragalus
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(kozinec) z eledi vikvovitych, Viciaceae (Nigam et al., 1969). Vice nez
80 % celkového obsahu selenu se vyskytuje ve formé Se-methylselenocys-
teinu, ktery neni sou¢dsti bilkovin a nevyskytuje se v rostlinich nekumuluji-
cich selen. Do druhé skupiny jsou fazeny rostliny, které akumuluji az
1 000 mg selenu na 1 kg suSiny. Z rostlin rostoucich u nas jde napf. o nékte-
1€ rostliny z Celedi Asteraceae (hvézdnicovité). Treti skupina je nejrozsahlej-
8i a zahrnuje bézné kulturné péstované rostliny. Obsah selenu v jejich susing
nepievySuje 25 mg/kg, obvykle viak ani hodnotu 1 mg/kg. Prevladajici for-
mou selenu v té€chto rostlinich je selenomethionin.

MnoZstvi selenu v rostlinich lze zvySovat i jeho pfidavkem napf. v zavla-
Zovacich vodach béhem vegetace. Timto zptisobem (napf. zavlazovanim roz-
toky obsahujicimi 3-9 mg/kg Na,SeO;) Ize u Cesneku zvysit obsah selenu
béhem vegetace az na 3 890 mg/kg a Eesnek potom vyuzZit pro pfipravu rost-
linnych preparatii, které obsahuji biologicky aktivni latky ¢esneku a soucas-
n€ maji vysoky obsah selenu (Konvicka, 1989). U pazitky Ize takto zvysit
béhem Ctyf tydni obsah selenu aZ o dva fady, z ptivodnich 22 na 2 840 pg/kg
v Cerstvé hmoté (Velisek, 1996).

Chemické formy selenu v Zivo¢iSnych tkanich jsou zavislé na formach se-
lenu obsaZenych v dieté. V selenoproteinech se pfedpoklada majoritni podil
selenomethioninu, ktery je z&4sti zabudovan v enzymech. V mléce je pies
50 % selenu v kaseinovém podilu vazano mezi molekulami cysteinu, resp.
cystinu jako selenotrisulfid (cystein-S-Se-S-cystein) a dale ve formé seleno-
cysteinu. U ryb je nezanedbatelny také obsah anorganickych selenicitant.

Metabolismus selenu u zvifat je ovlivnén pifedevsim formou tohoto prvku
obsazeného v dieté, dale predchadzejicim pfijmem selenu, pfitomnosti dal§ich
mineralnich latek v dieté, obsahem tokoferoli, druhem a mnozstvim pfijima-
nych proteinu apod.

U prezvykavci je mechanismus resorpce selenu jiny nez u monogastric-
kych Zivo¢ichi. I kdyz existuji doklady o vy$8im stupni resorpce selenu
u monogastrickych Zivoc&ichi, dosavadni vysledky neumoziiuji jednoznacné
porovnani obou skupin. U pfezvykavci miZe gastrointestindlni mikrofléra
redukovat slouéeniny selenu obsaZené v potravé na malo rozpustné formy
(selenidy) a tak sniZovat jejich vyuZitelnost. Na druhé stran€ bylo prokdzano,
Ze v bachoru ovci dochazi k biokonverzi anorganického selenu na lépe vy-
uzitelny selenomethionin (Shamberger, 1983;Johnson, Fischer, 1994).
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Cilem této prace bylo stanoveni celkového obsahu selenu a stanoveni téka-
vych slouéenin selenu v nasich béZnych zeleninich a studium moZnosti kon-
verze anorganickych forem selenu na t¢kavé organoselenové slouceniny.

MATERIAL A METODY

Vzorky

Analyzovany byly vzorky z obchodni sité. Pri stanoveni celkového obsahu
selenu se jednalo o zeleniny rodu A//ium (Liliaceae), Cesnek, cibuli, pér a pa-
zitku a o zeleniny z ¢eledi Brassicaceae, raziCkovou kapustu, brokolici, kvé-
tak, &inské zeli, bilou a éernou fedkev a fedkvicku. Cesnek (odriida Ropal)
byl pouzivan rovnéZ pro stanoveni t€kavych slou€enin selenu.

Chemikalie

Ze sloucenin selenu byly pouzity dimethyldiselenid a selenomethionin (fa
Aldrich), pentahydrat seleni¢itanu sodného a selenan sodny (fa Lachema).
Diallyldisulfid byl vyrobek fy Aldrich. Rozpoustédla pro pfipravu vzorkd
byla diethylether p.a. (fa Merck) a chloroform p.a. (fa Lachema).

K mineralizaci vzorki pro stanoveni selenu byl pouzit hexahydrat dusi¢na-
nu hofe¢natého Cistoty suprapur, 65% kyselina dusi¢na p.a. (oboji fa Merck)
a dale 37% kyselina chlorovodikova Cistoty analpur (fa Analytika).

Vznik t€kavych latek Cesneku byl studovan ve vode a v rostlinném stolnim
oleji Ceresol (fa Setuza).

Mineralizace vzorku pro stanoveni selenu

Pro vzorky zelenin (stanoveni celkového obsahu selenu) byl pouZzit kombi-
novany rozklad (Holak, 1976; Hansson etal., 1987), ktery spocival v di-
gesci vzorku smési HNO; a Mg(NO;), , odpafeni kyseliny dusiné a vody
a ve zpopelnéni pii maximalni teploté 450 °C. K navazkam 3-5 g zeleniny ve
sklenénych kadinkach o objemu 100 ml bylo pfidano 10 ml 65% kyseliny
dusi¢né a 4 ml roztoku dusi¢nanu hofe¢natého (¢ = 2,5 mol/ml). Kadinky
byly pfikryty hodinovymi skly a zahfivany na topné desce s nastavitelnou
teplotou. Tato faze rozkladu probihala ve tfindcti teplotnich krocich (od 60
do 300 °C), pfi¢emz ke vzorkim bylo po jejich solubilizaci pfidano jeste
5 ml HNO;. Detailni popis procedury uvddi Dragnarova (1995). Poté by-
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ly kddinky bez hodinovych skel vioZeny do programovatelné elektrické pece,
ve které byly vyhfaty b€hem 5,5 hodiny na 450 °C a pfi této teploté byly
zpopelfiovany 12 hodin. Zpopelnéné vzorky byly rozpudtény v 5 ml kyseliny
chlorovodikové (¢ = 6 mol/ml) a po piikryti hodinovymi skly byly 1 hodinu
zahfivany na topné desce pii teploté 100 °C. Ziskané roztoky pak byly pfeve-
deny do 25ml odmérnych ban¢k a doplnény po znacku redestilovanou vo-
dou. Analogickym zpusobem byly zpracovavany slepé pokusy. Kazdy
vzorek byl paralelné analyzovan dvakrat.

Pii stanoveni selenu v extraktu destilatu t€kavych slozek ¢esneku (Cesne-
kové silici) byla z diivodu eliminace moZnych ztrat selenu béhem rozkladu
pouZita v prvni fazi tlakova mikrovinna digesce vzorku kyselinou dusi¢nou
v uzavienych nddobkach z PTFE o objemu 110 ml. Rozklad probihal v mine-
ralizdtoru BM-1S (fa Plazmatronika). Do PTFE nadobky bylo pfevedeno
10 ml diethyletherového extraktu. Diethylether byl odstranén proudem dusi-
ku a ke zbytku (asi 0,1 ml) byly pfidany 2 ml 65% kyseliny dusi¢né. Nadob-
ky byly uzavieny PTFE vi¢kem, vloZeny do ocelovych pouzder
mineralizaéniho zafizeni a pouzdra byla uzaviena. Mikrovinny rozklad byl
proveden 1 min pifi 60%, 1 min pfi 70%, 1 min pifi 80% a 7 min pii 90%
vykonu zafizeni. Po 10 minutich chlazeni byly reak¢ni nadobky otevieny
a digeraty byly pfevedeny do 100ml kadinek, byly pfidany 4 ml roztoku du-
si¢nanu hofe¢natého (¢ = 2,5 mol/ml) a 5 ml 65% kyseliny dusi¢né. Roztok
byl odpafovan cca 12 h pti 100-120 °C. Po odpafeni na objem asi 5 ml bylo
pridano dal$ich 5 ml 65% kyseliny dusi¢né a ddle bylo postupovéno stejnym
zpusobem jako pfi mineralizaci vzorku zelenin. Kazdy vzorek byl paralelné
analyzovan dvakrat.

Vlastni stanoveni celkového obsahu selenu

Ke stanoveni selenu v mineralizovanych vzorcich byly pouzity dvé meto-
dy. Vysoké koncentrace (nad 2 mg/ml Se v mineralizatu) byly méfeny pla-
menovou atomovou absorpéni spektrometrii za pouZiti spektrometru Varian
SpectrAA 300. Tento piipad nastal pouze u mineralizati esnekové silice,
ktera byla pfipravena z ¢esnekového homogenatu obohaceného o anorga-
nické slouceniny selenu.

Ke stanoveni stopovych mnozZstvi selenu v mineralizatech ostatnich vzor-
ki byla aplikovdna hydridova technika atomové absorp&ni spektrometrie.
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Bylo pouZito spektrometru Pye-Unicam SP-9 ve spojeni s kontinualnim hyd-
ridovym systémem VGA-76 (fa Varian). Atomizace generovaného hydridu
probihala v kfemenné trubici umisténé v plameni acetylen — vzduch. Jako
spektralni zdroj byla pouZita selenova bezelektrodova vybojka. V obou pfi-
padech (F-AAS i HG-AAS) byla absorbance méfena pfi vinové délce
196,0 nm.

Izolace tékavych slozek ¢esneku

Homogenaty ¢esneku byly pfipraveny obvykle ze 100 g Cerstvého esneku
a 100 ml vody nebo 150 ml oleje (Ultra-Turrax T25, fa Janke a Kunkel, N¢&-
mecko). Ke sledovani moZnosti pfemé&ny anorganickych slou¢enin selenu na
tékavé organické slouceniny v enzymové€ aktivnim homogenatu esneku by-
ly dva homogenaty ponechany bez pfidavku slou€enin selenu a ke dvéma
homogenatiim byl jednotlivé pfidin seleniCitan sodny, selenan sodny a sele-
nomethionin tak, aby vyslednid koncentrace pfidaného selenu byla zhruba
300-500 mg/kg. Vzorky ve vodé¢ byly skladovany pfi laboratorni teploté po
dobu 2 hodin, vzorky v oleji byly skladovany za stejnych podminek po dobu
5 dna (doba skladovani odpovidd dobé degradace allicinu vzniklého z pfi-
tomného alliinu). Tékavé slouceniny byly izolovany destilaci s vodni parou,
Jjiméno bylo 1000 ml destilatu. Destilat byl extrahovan jednou 250 ml a dva-
krat 150 ml diethyletheru. Extrakty byly vysuSeny bezvodym siranem sod-
nym a zahu$tény na Snyderové kolon¢ na objem 50 ml. Alikvotni podily
takto piipravenych vzorki byly pouzity ke stanoveni celkového obsahu sele-
nu a k analyze metodou plynové chromatografie.

Analyza tékavych sloZek ¢esneku

Tékavé slou€eniny siry a selenu byly analyzovany plynovou chromatogra-
fii. Pro identifikaci latek byl pouZit pfistroj Hewlett-Packard G1800A vyba-
veny kvadrup6lovym hmotnostnim spektrometrem. Byla pouZita kolona
SPB-5 (fa Supelco Inc.) 60 m x 0,25 mm x 0,25 pm. Teplota injektoru byla
180 °C, detektoru 260 °C, pocatecni teplota 45 °C (10 min), s nirlistem
5 °C/min do 240 °C.

Pro kvantitativni analyzu latek (asi dvojnasobna citlivost ve srovnani s me-
todou GC/MS-SIM) byl pouzit piistroj Hewlett-Packard HP 5291A s atomo-
vym emisnim detektorem (AED) a stejnou chromatografickou kolonou
(emisni ¢ary siry 180,7 nm a selenu 196,1 nm). Jako standardy pro kvantifi-
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kaci t€kavych sirnych a selenovych slouéenin byly pouZity diallyldisulfid
a dimethyldiselenid.

VYSLEDKY A DISKUSE

Celkovy obsah selenu ve vybranych zeleninich rodu A//ium a &eledi Bras-
sicaceae je uveden v tab. I. Nejvy$si koncentrace selenu byly zjistény u ges-
neku (31 pg/kg), ruzickové kapusty (25 pg/kg) a pazitky (22 pgkg).
NejniZsi obsah selenu, na hranici stanovitelnosti, mély fedkvicky (2 pg/kg).
Nalezené hodnoty jsou srovnatelné s vysledky, které udava literatura (Mor-
ris, Levander, 1971; Combs, Combs, 1986). Pfirozeny obsah selenu
se bézné pohybuje ve velmi Sirokych mezich, coZ je s nejvétsi pravdépodob-
nosti zptisobeno lokalitou a mnoha dal$imi faktory. O selenu je obecné zna-
mo, Ze jeho obsah v rostlinnych materidlech je predev§im zavisly na jeho
mnozstvi a dostupnosti v padé.

1. Obsah selenu v nékterych zelenindch — Content of selenium in some vegetables

| Koncentrace selenu (v g na kg ptivodni hmotnosti)2
SRR Morris (1971) Coml:fg,g;))mbs ta!((;pirit):e:‘
Cesnek* 222-276 14-246 31,3+0,9
Cibule® 15 2-34 3,3+0,1
Por® X 2-3 2,0£0,1
PaZitka’ = = 22,0%0,8
Rizickové kapusta® & 22 25,2+0,3
Brokolice® - - 3,1+£0,1
Kvétak'? 2-7 6 50+0,1
Cinské zeli'! A - 2,5+0,1
Bila fedkev'? = -~ 2,5+0,1
Cemé fedkev'? = - 2,5+0,1
Redkvitka'* 2 3642 1,5+0,1

lvegetables; 2concentration of selenium (in g per kg fresh weight); 3this study; *garlic; ° onion;
Schive; "leek; ® Brussels sprouts; 9 broccoli 19 cauliflower; !! Chinese cabbage; 12 white radish;
13 black radish; 'little radish
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Dalsi ¢ast prace byla vénovana studiu t€¢kavych organickych slouéenin se-
lenu. Pro toto studium byl vybran jako zéstupce cibulovych zelenin Eesnek,
nebot’ je zndmo, Ze obsahuje velké mnoZstvi sirnych aminokyselin a to pie-
devSim aminokyselinu alliin v mnoZstvi 4 120-6 300 mg/kg, kterou dopro-
vazi jeji homology methiin a isoalliin. Tyto aminokyseliny jsou hlavnimi
prekurzory tékavych sirnych sloucenin. Cesnek také soutasné obsahuje po-
mémé znané mnoZstvi selenu (tab. I). Byly pfipraveny dva druhy homoge-
nati, ve vodé a v oleji, nebot’ je zndmo, Ze transformace sirnych
aminokyselin na t¢kavé produkty probiha riznymi mechanismy v zavislosti
na polarité prostiedi (Kubec et al., 1996).

Hlavni tékavé slouceniny identifikované ze zméfenych hmotnostnich
spekter po rozdé€leni latek metodou plynové chromatografie (GC/MS — Ciz-
kova, 1996) v silici ziskané z Cesneku homogenizovaném ve vodé byly mo-
no-, di- a trisulfidy odvozené od alliinu (diallylsulfid, diallyldisulfid
a diallyltriulfid), v mensim mnozstvi byly pfitomny latky odvozené od me-
thiinu a isoalliinu (allylmethyldisulfid, allylmethyltrisulfid, oba geometrické
izomery allyl-1-propenyldisulfidu). Cesnekovy homogenit v oleji obsahoval
jako hlavni tékavé sirné slouCeniny vinyldithiiny, 2-vinyl-4H-1,3-dithiin
a 3-vinyl-4/1-1,2-dithiin, které jsou typickymi degrada¢nimi produkty allici-
nu v nepolarnim prostfedi (v malém mnozZstvi byly tyto latky pfitomny také
ve vodném homogenatu). Z minoritnich sloZek byly pfitomny sulfidy a oli-
gosulfidy identifikované ve vodném homogenatu. Metoda GC/MS-SIM vsak
neprokézala pritomnost Zadné t€¢kavé slouceniny selenu.

Celkovy obsah selenu v silici izolované z homogenatu ¢esneku ve vodé
i v oleji byl nizky, v priméru 10 pg/kg (asi pétindsobek stanovitelného
mnozstvi — tab. II a IIT). Stanoveni takto malych mnozZstvi selenu, pfitomné-
ho navic ve slou€enindch t€kajicich s vodni parou, je v§ak zna¢né problema-
tické, stejné tak jako mineralizace a stanoveni malych mnoZstvi selenu
v biologickych materidlech obecné, na ¢emz se shoduje fada autori. Jak je
zfejmé z tab. II, predstavuje mnoZstvi selenu pfitomného v t€kavych slouce-
ninach silic izolovanych z homogenatu ¢esneku ve vodé a v oleji asi tfetinu
celkového mnoZstvi selenu piitomného v ¢esneku. Celkovy obsah tékavych
sirnych slou€enin (vyjadfeny jako diallyldisulfid) byl asi 10 000krat vyssi,
coZ odpovida zjiSténi jinych autori (Cai etal., 1995).
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II. Transformace anorganickych forem selenu na t&kavé organické slouteniny (homogenat Eesneku ve vodé) — Transformation of inorganic

forms of selenium into volatile organic compounds (garlic homogenate in water)

Vzorek! Pfidané mnoZstvi slougeniny Se [mg)? Pridavek Se Havgsid Se[vg t:l;l\;y ch étkich Vyjadreno jako
k homogenatu® : DMDSe®
& nav[agka Na,Se0;.5 H,O| Na,SeO, | selenomethionin® (mgkg™'] [mg.kg™) (y‘é: sr;mz f: (mg.ke™]
1 115,5 0 0 0 0 0,01 0 0,01
2 109 146 0 0 395 1,2 0,3 1,5
3 105,5 0 105 0 418 93,7 22,8 112
4 96 0 0 89 436 0,1 0,03 0,1

primérné hodnoty dvou paralelnich stanoveni — average values of two parallel determinations
DMDSe = dimethyldiselenid — dimethyldiselenide

lsample no. (amount in grams); 2 added amount of selenium compound (in mg); *added amount of selenium to homogenate; ‘amount of

selenium in volatiles; Sexpressed as DMDSe; selenomethionine
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IIL. Transformace anorganickych forem selenu na t€kavé organické slougeniny (homogenit Eesneku v oleji) — Transformation of inorganic
forms of selenium into volatile organic compounds (garlic homogenate in oil)

n , |
Vzorek! Pfidané mnoZstvi slougeniny Se [mg]? Phdavakge | MOEMISeV ‘f kv Jeh MIKAD™ |-y i diencgaky
k homogenatu? [eke™] DMDSe’

navézka . [mg,kg‘l] 5 % z pridanych [mg.kg'l]

& (&) Na,Se0;.5 H;O| Na,SeQ, [selenomethionin [mg.kg™] S sloudenin

1 102,5 0 0 0 0 0,01 0 0,01

2 112,5 130 0 0 347 0,3 0,1 0,4

3 101 0 108 0 458 34,8 8,0 41,3

4 10 0 0 10 487 0,9 0,2 1,0

prim&mé hodnoty dvou paralelnich stanoveni — average values of two parallel determinations
DMDSe = dimethyldiselenid — dimethyldiselenide

!sample no. (amount in grams); 23dded amount of selenium compound (in mg); 3added amount of selenium to homogenate; 4amount of
selenium in volatiles; >expressed as DMDSe; Sselenomethionine

012-L61 : (£) L661 ‘ST ‘APRA "Aenod
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MozZnost transformace anorganickych forem selenu na tékavé selenové
slouCeniny piisobenim enzymovych systémi &esneku byla studovana v sys-
témech obsahujicich dvé anorganické soli, seleni¢itan sodny a selenan sod-
ny. Pro porovnani byl pouZit také selenomethionin jako reprezentant
organoselenovych slou€enin. Opét byly pfipraveny dva druhy homogenati
¢esneku, homogenat ve vodé a v oleji.

Vysledky s inkorporaci anorganickych forem selenu do té¢kavych organic-
kych sloucenin selenu ve vodném homogenatu a v homogenatu v oleji jsou
uvedeny v tab. II a III. Vyplyva z nich, Ze za podminek pokusu (kdy byl
Cesnekovy homogenat ponechdn 2 h v destilované vodé nebo 5 dnil v rostlin-
ném oleji) je moznost transformace anorganickych forem selenu na tékavé
organické slou¢eniny silné zavisla na mocenstvi selenu. Cesnek bez piidav-
ku selenu, jak bylo jiZ uvedeno, poskytoval tékavé slouceniny obsahujici se-
len v priméru v mnozstvi 0,01 mg/kg. 4

Po pfidani ¢tyfmocného selenu (seleni¢itanu) do homogenatu ve vodé ob-
sahovaly t€kavé produkty selen v mnozstvi 1,2 mg/kg a t€kavé produkty zis-
kané z maceratu v oleji obsahovaly 0,3 mg/kg selenu. Zd4 se tedy, Ze k Zddné
transformaci selenu na tékavé organické slou¢eniny nedochazi.

Pridavek selenomethioninu nemél rovnéZ vyrazny vliv. V t€kavych latkach
bylo v tomto piipadé¢ nalezeno 0,1 mg/kg (homogenat ve vod¢), resp. 0,9 mg/kg
(homogenat v oleji) selenu.

U Sestimocného selenu vsak byl prokazan vyrazny pfechod anorganicky
vazaného selenu do tékavych forem. Izolované t€kavé latky ziskané z homo-
genatu ve vodé obsahovaly selen primémé v mnoZzstvi 93,7 mg/kg, coz pied-
stavuje asi 23 % z pridaného selenanu. Obsah selenu v t€kavych latkach
ziskanych z homogenatu v oleji byl niZ8i, primémé 34,8 mg/kg (asi 8 % pfi-
daného selenanu).

Chromatograficky, za pouziti metody GC/AED, byly u vzorki obsahuji-
cich anorganické slou¢eniny selenu zji§tény dvé (v pfipadé selenomethioni-
nu &tyfi) té€kavé slouéeniny obsahujici selen. Tyto latky v3ak nebyly
identifikovany. Jejich identifikace a kvantifikace bude pfedmétem dalSiho
studia.

Prace prokdzala, Ze enzymové aktivni materidl (homogenat Cesneku) je
schopen transformovat nékteré anorganické formy selenu na t€kavé organo-
selenové slou¢eniny béhem pomérné kratké doby. O vlastnostech a biologic-
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kych ucincich téchto slou€enin v8ak neni nic zndmo. Lze pifedpokladat, Ze by
jejich vys8i koncentrace mohly ovlivnit organoleptické vlastnosti produkti.
Je pravdépodobné, Ze by se popsané schopnosti ¢esneku (a zfejmé i jinych
cibulovych zelenin) dalo vyuZit pfi pfipravé novych dietetickych nebo far-
maceutickych piipravki s vysokym obsahem organoselenovych slou¢enin.
V soudasnosti se tento problém fesi obohacovanim pidy selenem b&hem ve-
getace. Dosavadni studie prokazaly pouze schopnost cibulovych zelenin
v prub&hu vegetace kumulovat selen ve formé neté¢kavych slouenin.
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MIKROVLNNY OHREV - VLIV KOVOVEHO OBALU NA ROZLOZENI{
TEPLOT A RYCHLOST OHREVU POTRAVIN*

Microwave Heating — the Effect of Metallic Package
on Temperature Distribution and Rate of Food Heating

Jirina HOUSOVA, Karel HOKE

Research Food Institute Prague, Prague, Czech Republic

Abstract: The suitability of aluminium trays for packaging of microwaveable food
products was followed in a systematic experimental study. Four types of shallow
rectangular aluminium-foil trays, mashed potatoes as a heated material and a
household microwave oven of 850 W rated power with a glass shelf were used in
the experiments. One type of the rectangular plastic (PP) tray (similar in the size to
the smallest type of the Alu tray) was also used in experiments to comparise the
heating uniformity and the rate of heating. The LUXTRON fluoroptic system was
used for local temperature monitoring. The effect of the material and the size of the
used trays and the thickness of the layer of the heated material (the thicknesses of
18, 24 or 30 mm were tested) on the local temperature distribution (horizontal and
vertical distribution was compared) was followed. The position of the coldest and
hottest places in the heated samples and the local and average heating rate (°C/min)
were followed too. It was verified that the tested aluminium trays are convenient
for microwave heating. For the safety heating (prevention of an arcing) a proper
placement of the metal tray in the cavity of the oven is necessary. For the packaging
of microwaveable food products in the aluminium trays a limited thickness of the
food layer is necessary. The effect of the type of package both on the local
temperatures distribution in heated samples and the heating rate was found. A
decrease of the heated material temperature from the surface to the bottom was
found in all experiments with aluminium trays regardless of their sizes. Difference
between the hottest surface layer and the coldest bottom layer was in those cases
influenced namely by the thickness of the material layer. The vertical temperature
profile in the layer of the heated material for the plastic package was influenced by
transparency of plastic material and partly also by the oven (a non-symmetrical

* Prace vznikla v rimci feSeni projektu financovaného MZe CR (NAZYV, &. projektu
EP 096098 6629).
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profile). The temperature distribution in the horizontal direction was influenced
both by the material and the size of the package — smaller differences in tempera-
tures were found out for the aluminium trays than for the plastic ones and from the
aluminium trays types for the biggest size. The difference in the temperature
between the coldest and the hottest places was also smaller for the aluminium than
for plastic package. The hottest spots for plastic packages were at the upper surface
comner, for the aluminium trays in the upper surface layer between the corner and
the centre. The coldest spot in the samples was for the plastic trays in their middle,
for the aluminium trays at the bottom, near the comer. The heating rate was
influenced by the material and the size of the package and by the thickness of the
heated material. The heating rate (local, average) for the aluminium trays was lower
than for plastic trays. A certain effect of the oven used in the experiments on the
heating non-uniformity was found out in experiments both with aluminium and
plastic trays. A little worse reliability of the results was found in the experiments
with aluminium trays.

microwave heating; metallic trays; temperature distribution; heating rate

Abstrakt: Experimentalni studie sledovala vliv kovového obalu na priibéh mikro-
vinného ohfevu modelové latky. Byly pouZity ¢tyfi typy plochych hlinikovych
obalii hranatého tvaru rozdilnych rozméri a jedna miska z polypropylenu, bram-
borova kase jako ohfivany material a mikrovinna trouba pro doméacnosti se $titko-
vym vykonem 850 W bez oto&ného talife. Pro pritbéZné monitorovani lokalnich
teplot ohfivaného materialu byl pouZit méfici systém LUXTRON se ¢tyfmi sonda-
mi. Pro jednotlivé typy obald, tfi riizné vysky vrstvy modelové kaSe a ur€itou dobu
ohfevu bylo vyhodnoceno rozpéti teplot po vysce vrstvy materialu i ve vodorov-
ném sméru, poloha teplotnich extrému i lokalni a priimé&ma rychlost vzriistu teplot.
Vysledky potvrdily pouZitelnost hlinikovych obalii pro mikrovinny ohfev, ale
1 vliv materialu obalu na rozloZeni lokalnich teplot ohfivané latky a rychlost
ohievu. Pokles teploty po vy3ce vrstvy materidlu smérem ke dnu byl zjiStén ve
viech zkouskach s hlinikovymi obaly a zvySoval se s vySkou vrstvy materidlu. Tato
skutegnost limituje vy3ku potraviny pii jejim davkovéni do obalu. Hlinikovy obal
odstraiuje piehfivani materidlu v blizkosti rohli obalu, nerovnomémost ohfevu
viak zcela neodstranuje. Priibéh ohfevu je pii pouZiti hlinikovych oballi pomalejsi
v porovnani s obaly transparentnimi. Vysledky sledovani lokélnich teplot ukazuji
i na ur¢ity vliv pouzitého mikrovlnného zafizeni.

mikrovinny ohfev; hlinikové obaly; rovnom&most ohfevu; rychlost ohfevu
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Vzhledem k riziku vzniku elektrickych vyboji a piipadného poskozeni
magnetronu jsou kovové obaly ¢i jiné kovové pfedméty tradi¢n€ oznalovéany
za nevhodné pro mikrovinny ohiev.

Piesto se od 2. poloviny 80. let objevuji publikace se zavéry, které tradi¢ni
odmitdni kovovych obalii pro baleni potravin uréenych pro mikrovinny ohiev
vyvraci. Zména tohoto stanoviska souvisi s konstrukéni zménou zakladni
soucasti mikrovinnych trub, k niZ doslo v tomto obdobi. Zatizeni s datem
vyroby po roce 1980 jsou vybavena keramickymi magnetrony, u nichZ je
riziko poskozeni vracejicimi se mikrovinami odraZzenymi od povrchu kovo-
vého pfedmétu i riziko sniZeni jejich Zivotnosti minimalizovano (Schiff-
mann, 1987;Bolliger, 1987; Hoecke, 1992).

Vylouceni rizika vzniku elektrickych vybojt jako druhy problém kovovych
obali a mikrovinného ohfevu vyZaduje dostate¢nou vzdalenou kovového
obalu od dalSiho kovového povrchu, tj. stén a dvefi mikrovinné trouby,
pfipadné konstrukéni zménu obalu (potaZeni vnéj§iho povrchu obalu plastic-
kou hmotou) ¢i vloZeni kovového obalu s potravinou pfi ohfevu do dalsi
nekovové niadoby (keramické ¢i sklenéné, kartonového obalu) (Ahvenai-
nen, 1992).

Kovy patfi mezi materidly, které mikroviny odrdZeji, a proto potravina
zcela zabalena do kovového obalu se mikrovinami nemiZe ohiat. Kovové
obaly pouzitelné pro mikrovinny ohfev musi mit proto urcité parametry.
Vhodny je plochy tvar s dostate€nou horni plochou, z niZ se pfed ohfevem
odstrani kovové vicko €i kryci kovova folie a kterou pak mikrovlny pronikaji
do ohfivaného materidlu. Obaly se zhotovuji pfedev§im z tenké hlinikové
folie, s vysokou Cistotou hliniku (Ahvenainen, 1992). Odrazivosti kovo-
vych materiald, resp. jejich stiniciho efektu viiéi mikrovinam se cilené vyuzi-
vé 1 pfi konstrukci oball z materidlii, které mikrovliny propousti (plasty, sklo,
karton). Tam, kde je tfeba mistné sniZit intenzitu ohfevu (napf. v rozich
hranatych obali ¢i u nékteré ¢asti vicedilného obalu pro kompletni hotovy
pokrm), je prisludna Cast transparentniho obalu zcela nebo Easte¢né piekryta
hlinikovou folii.

Omezeni priniku mikrovin do potraviny balené a ohfivané v kovovém
obalu pouze na ur¢itou plochu jejiho povrchu (napf. na homi povrch po
odstranéni vicka obalu) ovliviiuje kinetiku jejiho ohfevu i rozloZeni lokalnich
teplot. Z publikaci k tomuto problému vyplyva urcité sniZzeni rozpéti lokal-
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nich teplot v ohfivané latce (nerovnomé&mosti ohfevu) proti ohfevu v obalu
transparentnim a ur€ité zpomaleni ohfevu o 10 aZ 20 % (Schiffmann,
1987). Zpomaleni ohfevu a sniZeni rozpéti lokdlnich teplot v potraving,
balené a ohiivané v kovovém obalu mizZe zvysit jeji senzorickou kvalitu po
ohievu zejména v piipad€é ohfevu pifimo ze zmrazeného stavu (Bolliger,
1987, Ahvenainen, 1992). Ahvenainen (1992) upozoriiuje na pravdé-
podobnou zavislost kinetiky ohfevu a rozlozeni teplot v ohfivané latce i na
tvaru a rozmérech obalu, dale na vysce vrstvy ohfivané latky i na pouZitém
mikrovinném zafizeni. Pouhd ziména plastového obalu za obal z kovové folie
vSak nefe$i problém nerovnomérného ohfevu viceslozkovych vyrobku se
slozkami vyrazné odli§nych fyzikalnich vlastnosti (Bows-Richardson,
1989). Vyska vrstvy potraviny balené do obalu z kovové félie by, jak uvadi
Ahvenain (1992), neméla prekrocit 2 cm.

Monitorovani kinetiky ohfevu modelového materidlu v né€kolika typech
plochych hlinikovych misek bylo predmétem vlastni studie, jejiz vysledky
v tomto ¢lanku publikujeme (Hou$Sova, Hoke, 1995). V ramci experi-
menti jsme sledovali i rozdil v prib&hu ohfevu identického materidlu v obalu
z hlinikové a transparentni folie a vliv vySky vrstvy ohfivané latky na
rozloZeni teplot a rychlost ohfevu.

MATERIAL A METODY

Experimentalni zafizeni

Ke zkouskam byla pouzita mikrovinna trouba pro domécnosti MOULI-
NEX FM 2915 Q se $titkovym vykonem 850 W a objemem dutiny 24 1.
Zatizeni ma pét zakladnich vykonovych stupiii, Ctyfi mezistupné, je bez
oto¢ného talife, s vyjimatelnou sklenénou polici na dné€ dutiny a se vstupem
mikrovin v jednom misté v zadni ¢asti stropu dutiny.

Material

Jako modelovy material byla pouZita bramborova kaSe pfipravena smiché-
nim su$eného polotovaru (Skrobamy Bohdalov) s pitnou vodou v poméru:
300 g suseného polotovaru, 1 200 ml vrouci a 800 ml 20 °C teplé vody. Smés
byla michdna 1 min pfi nejniz§im otdc¢kéach a 1 min pfi stfednich otaCkach
elektrického $lehate. Po promiseni a vychladnuti byla bramborova kase
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temperovana v chladniéce pii teploté cca 5 °C do doby zkousky. Prim&mé
sloZeni vzorki kase podle chemické analyzy: voda 86,94 %, suina 13,06 %,
bilkoviny 1,59 %, chloridy 0,04 %, tuky 0,06 %, sacharidy 11,12 %.

Navazka kase do jednotlivych typu obali, provadéna pied zkouskou ohfe-
vu, byla odvozena od ur€ité vysky jeji vrstvy. Zkousky ohfevu byly alterna-
tivné provadény se vzorky kase o vysce 18, 24 a 30 mm.

Pfi experimentech byly pouZity jednodilné hlinikové misky (Alcan,
GmbH) Ctyt velikosti: typ A o rozmérech dna 138 x 90 a vySce 36 mm, typ B
(dno 145 x 145 mm, vyska 28 mm), typ C (dno 160 x 110 mm, vyska 38 mm),
typ D (dno 138 x 90 mm, vy$ka 30 mm) a jednodilna miska z polypropylenové folie
(vyrobce VUSAPL Nitra) o rozmérech dna 116 x 92 mm a vysce 58 mm.
Vsechny obaly mély mirn¢ §ikmé stény. Tvar jednoho z pouZivanych hlini-
kovych obali (typ A) a polypropylenové misky jsou ziejmé z obr. 1.

a) b)
£y ‘ ffr 3
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1. Tvar a rozméry a) hlinikové misky typu A a b) polypropylenové misky — The shape and size
of a) aluminium tray of type A and b) polypropylene tray

MEéfFici pristroje

K priibéZznému méfeni teploty materidlu pfi ohfevu byl pouzit fluorop-
ticky méfici systém LUXTRON 755 (Luxtron Corporation, California, USA)
se Ctyfmi sondami s optickymi vldkny, typ MIW-2 m (rozsah méfeni 195 aZ
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300 °C), pfenos dat na pocitaé PC AT pomoci sériového portu RS 232.
K pfesné instalaci sond ve zvolenych mistech ohfivaného materidlu byla
pouZita teflonova deska s otvory o priméru 6 mm se specidlnimi priichodka-
mi. Deska byla pfi ohfevu bud’ poloZena volné na misku a tvofila tak jeji
vi¢ko, nebo byla instalovana v urcité vzdalenosti nad jejim hornim povrchem
(cca 20 mm).

K n€kterym méfenim byla dale pouZita vpichovaci termoé&lankova sonda
(Feko, primér dratu 0,2 mm). Registrace teplot byla provddéna na méficim
pfistroji THERM 3201 (AHLBORN Mess- u. Regelungstechnik, Holzkir-
chen, Némecko).

Hmotnost byla zji§tovdna na vize OWA s vrchni miskou pfi vaZivosti
5 kg (vyrobce OWA Labor, Némecko).

K méfeni ¢asu slouzily digitalni stopky DS 30 (Pragotron, CR).

M¢éfeni energie bylo provadéno specidln€ upravenym elektromérem fir-
my Dukla-KfizZik PreSov pfi kontrole stalosti vykonu magnetronu.

Postup a parametry zkou$ek

Z piedem pfipravené a vytemperované bramborové kase bylo do testova-
n¢ho obalu navdZeno mnoZstvi odpovidajici pozadované vysce vrstvy (18,
24, resp. 30 mm) pro jednotlivé pokusy (tab. I).

Naplnéna miska byla umisténa do stfedu sklenéné police na dné mikrovin-
né trouby, byly instalovany sondy Luxtronu a nastaveny parametry ohievu
a snimani okamzZitych teplot.

I. Navéazka kasSe pro jednotlivé pokusy [g] — Amounts of mashed potatoes used in the experi-
ments [g]

Typ miskyl Vyska vrstvy® [mm]
18 24 30
Hlinikova? — typ> A 260 315 405
—typB 575
—typC 440
—typD 310
Polypropylenova® 230 285 375

llray type; 2Alu tray; Sof type A; 4plastic; Slayer thickness
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U této série zkousek byly hlinikové misky pokladdny na sklenénou polici
trouby jednim rohem misky smérem ke dvefim (ihlopfi¢ka misky rovnob&z-
né s dveimi trouby). Stejnym zptsobem byly uklddany i vzorky kase ohfivané
v polypropylenovych miskach.

Sondy Luxtronu byly ve viech piipadech instalovany po thlopfi¢ce misky
tak, aby v urcité vzdalenosti ode dna misky méfily teplotu kase v blizkosti
rohu misky, v geometrickém stfedu pfislu$né vrstvy a ve dvou dalSich bo-
dech. Takto rozmisténé sondy byly postupné instalovany do tii riznych
vzdalenosti ode dna (dolni vrstva 2,5 mm; stfedni vrstva ve stiedu vrstvy;
homi vrstva 2,5 mm pod povrchem). Poloha obalii i mista instalace teplomér-
nych sond jsou vZdy schematicky zndzornény na pfislu$ném grafickém za-
znamu prubéhu zkousky.

Ohiev se provadél pii plném vykonu magnetronu (stupeii III) po dobu,
kterd odpovidala dosaZeni teploty 80 °C v dolni vrstvé materiélu (tab. II).

1I. Doba ohfevu pro jednotlivé pokusy [s] — Experimental heating times [s]

Typ miskyl Vyska vrstvy® [mm]
18 24 30
Hlinikova® — typ® A 220 346 210*
—typB 630
-typC 406
—-typD 240
Polypropylenova® 270 285 314

* Zkricena doba ohfevu vzhledem k pretékani kaSe pres okraj misky (zvétSovani objemu pfi
zvySovani teploty); v dolni vrstvé dosaZena teplota 36,7 °C — Shortened time of heating because
mashed potatoes started brimming over the tray (volume enlargement with increasing tempera-
ture); the temperature recorded in the lower layer was 36.7 °C only

llray type; 2Alu tray; Sof type A; 4plastic; Slayer thickness
Kazdy parametr ohfevu byl tiikrat opakovan vzdy s novym vzorkem kase,
mezi jednotlivymi zkouskami byla dodrZovana 30minutova pauza.

Lokalni teploty ohfivaného materidlu zaznamenavané v dvousekundovych
intervalech Luxtronem byly zpracovany do grafii zndzorfiujicich vyvoj &tyt
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sledovanych lokélnich teplot v ur€ité vrstvé materidlu b€hem ohfevu s vyzna-
¢enim zikladnich informaci o typu zkousky. Podobné grafické zavislosti byly
zpracovany i pro €asovy vyvoj zprimérovanych hodnot lokalnich teplot,
ziskanych v opakovanych zkouskéch pro urdity parametr ohfevu (piiklad na
obr. 2 a 3). Pro vybrana mista vzorki kase (stfed, roh atd.) a jednotlivé typy
obali bylo déle graficky znizoméno rozloZeni lokélnich teplot po vysce
vrstvy (vertikdlni teplotni profily — pfiklad na obr. 4 a 5).

Pro kazdy typ obalu, resp. vysku vrstvy modelové latky a urcity okamzik
ohfevu bylo dale vyhodnoceno rozpéti méfenych lokalnich teplot (7, — 7, . )
charakterizujici nerovnomérnost ohfevu. Rozpéti teplot bylo vyhodnoceno
pro horizontélni i vertikdlni rozloZeni teplot i ze viech naméfenych teplot pro
urCity parametr ohfevu (obal, vySka vrstvy kase).

Podobné byla pro kazdy typ obalu, resp. vySku vrstvy v ném ohfivaného
vzorku a rizné faze ohievu vyhodnocena lokalni i primé&rna rychlost ohfevu
(°C/min), a to ze vzestupu teploty v urlitych mistech vzorku (predeviim
v mistech s naméfenou nejvyssi 7, , resp. nejniZsi teplotou 7, ; ) a ze vzes-
tupu primémé teploty (T yrm — VYPOLLENO jako aritmeticky primér ze vSech
naméifenych teplot pro urcity pifipad ohfevu).

Jako priklad uvadime vysledky takto zpracovanych hodnot pro 2. minutu
ohievu (tab. III-VIII).
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2. Vyvoj vybranych lokalnich teplot ve stfedu vrstvy vzorku bramborové kade (vrstva 24 mm,

hlinikova miska typu A) — Curve of some local temperatures in the center of layer of
mashed potatoes sample (layer thicknesses 24 mm, Alu tray of type A)
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3. Vyvoj vybranych lokélnich teplot ve stfedu vrstvy vzorku brambové kase (vrstva 24 mm,
propylenova miska) — Curve of some local temperatures in the centre of layer of mashed potatoes
sample (layer thicknesses 24 mm, plastic tray)

VYSLEDKY A DISKUSE

Vliv obalu na rozloZeni lokalnich teplot v ohFivané modelové latce

Vysledky potvrdily, Ze rozloZeni lokalnich teplot ve vzorcich modelové
latky pfi téZe vysce jeji vrstvy zavisi jak na materidlu obalu (kovovy, trans-
parentni), tak i na jeho konstrukci (rozmérech).

III. Rozpéti naméfenych lokdlnich teplot (Tmax — Tmin) Ve vodorovném sméru ve °C (2. minuta
ohfevu, vyska vrstvy 24 mm) — The range of local temperatures in °C (Tmax — Tmin) recorded in a
horizontal direction (2nd minute of heating, layer thicknesses 24 mm)

Typ misky’ Horni vrstva® Stredni vrstva® Dolni vrstva’
Hlinikova® — typ® A 33,33 30,36 19,74
-typ B 12,29 19,41 8,63
—-typC 6,93 4,41 6,23
—typD ) 16,13 30,11 18,87
Polypropylenova® 56,76 57,77 29,11

1tray type; Al tray; Sof type A; 4plastic; Supper layer;smiddle layer; "ower layer
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5. Vyvoj vertikalniho rozloZeni teplot ve vzorku brambové kase ohfivané v hlinikové misce typu
A (vrstva 24 mm, stfed vzorku) — Curve of vertical temperature distribution in a mashed potatoes
sample heated in Alu tray of type A (layer thicknesses 24 mm, middle of the sample)

Zameéna obalu z transparentniho za kovovy ovlivnila rozloZeni teplot jak ve
vodorovném, tak ve svislém sméru a ovlivnila polohu teplotnich extrémi
v ohfivaném vzorku. Neodstranila vS§ak nerovnomérnost ohfevu.

RozloZeni lokalnich teplot ve vodorovném sméru bylo vzdy vyrazné
hor$i pfi ohfevu vzorki v polypropylenové misce bez ohledu na vysku
ohfivané latky (tab. III a V). Nejmensi nerovnomémost ohfevu (nejnizsi
hodnoty rozpéti méfenych lokélnich teplot) odpovida zkouskdm s hliniko-
vym obalem typu C (vétsi miska obdélnikového tvaru). Pfi pouZiti malych
typt hlinikovych misek (A a D) byly rozdily v lokalnich teplotidch ohfivaného
materidlu vyrazné vy$si (20 i 30 °C), i nez v pripadé pouZiti nejvétsi misky
(typ B).

Nejvétsi rozdily mezi naméfenou maximalni a minimalni teplotou byly
v pfipadé vzorki ohfivanych v hlinikovych obalech naméfeny obvykle v hor-
ni vrstvé vzorki, coZ muze souviset s lokalnimi rozdily v intenzité¢ mikrovin-
ného pole, tedy s pouZitym zafizenim.

Vy$8i nerovnomémost ohievu (vyrazné veétdi rozdily v teplotach kase ve
vodorovném sméru) pfi zkouskach s polypropylenovou miskou souvisi pie-
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5. Porovnani vertikalniho rozloZeni teplot vzorku bramborové kase v blizkosti rohu obalu (2. mi-
nuta ohfevu, vrstva 24 mm, viechny testované misky) — Comparison of vertical temperature
distribution in a mashed potatoes sample near the tray corner (2nd minute of heating, layer
thicknesses 24 mm, all tested trays)

dev$im s vyraznym piehiivanim vzorku v blizkosti rohu obalu (koncentrace
energie mikrovin souvisici s transparentnosti obalu).

RozlozZeni lokalnich teplot vzorku ohfivané kaSe ve svislém sméru
vykazovalo pfi v8ech zkou3kéch s hlinikovymi miskami stejnou tendenci
— vét§inou monoténni pokles teploty od nejvy3si hodnoty v horni vrstvé
vzorku k nejniz8i nad dnem obalu (obr. 4 a 5). Toto rozloZeni teplot odpovida
pouzitému obalu, tj. mozZnosti vstupu mikrovin do ohfivané latky pouze pres
kovem nezakryty povrch. Mira poklesu teploty, resp. tvar teplotniho vertikal-
niho profilu byly zavislé na ¢ase (obr. 4), na misté vzorku (stfed, roh atd.),
urity vliv mély i rozméry obalu. Rozdil mezi teplotou v horni a dolni vrstvé
vzorku ¢inil pro 24mm vrstvu kase a 2. minutu ohfevu 20 i vice stupiii (podle
typu obalu a méfen¢ho mista).

RozloZeni teplot po vysce vrstvy vzorku ohiivaného v polypropylenové
misce odpovid4 transparentnosti obalu (mozny vstup mikrovln jak pfes homni
povrch vzorku, tak pfes dno a boéni stény), koncentraénim efektiim mikrovin
souvisejicim s materidlem obalu a jeho konstrukci (hrany) a jiz diive ovére-
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IV. Rozpéti naméfenych lokélnich teplot (Tmax — Tmin) ve svislém sm&ru ve °C (2. minuta ohfevu,
vyska vrstvy 24 mm) — The range of local temperatures in °C (Tmax — Tmin) recorded in a vertical
direction (2nd minute of heating, layer thicknesses 24 mm)

Typ miskyl Stred misky’ 2 m:‘ rg:u%ﬁedu Roh misky7
Hlinikova® —typ® A 28,15 26,81 13,22
—typ B 17,77 22,34 18,87
—typC 18,37 26,92 30,20
—typ D 34,47 30,66 32,33
Polypropylenova® 6,30 6,25 21,66

llmy type; 2Alu tray; Sof type; "plastic; Scentre;sbetween centre and edge; 7edge of tray

nému nerovnomémmému rozloZeni intenzity pole v dutiné této mikrovinné
trouby pfi poloze vzorku na sklenéné polici v malé vzdalenosti ode dna (nizsi
intenzita ohfevu ve spodni vrstvé vzorki —Hou$ova, Hoke, 1995).

Rozpéti teplot po vysce vrstvy modelove latky ohfivané v tomto typu obalu
bylo mendi — pro 24mm vrstvu kade ve stfedni ¢asti vzorku kolem 6 °C,
v blizkosti rohii obalu byly rozdily teplot vyssi.

Vliv pouzitého obalu (material, rozméry) na miru nerovnomérnosti ohievu
potvrdily i hodnoty rozpéti teplot (7, — 7)) pro vSechna monitorovana

ax

V. Rozpéti namé&ienych lokalnich teplot (Tmax — Tmin) ve vodorovném sméru ve °C (2. minuta
ohfevu, vyska vrstvy 18, 24 a 30 mm) — The range of local temperatures in °C (Tmax — Tmin)
recorded in a horizontal direction (2nd minute of heating, layer thicknesses 18, 24 and 30 mm)

Typ misky’ Homni vrstva? Stredni vrstva’ Dolni vrstva®
Hlinikov4, typ? A — 18 mm 44,42 37,15 2737
—24mm 33,33 30,36 19,74
—30mm 33,43 19,76 7,31
Polypropylenova® — 18 mm 62,11 57,21 48,05
— 24 mm 56,76 57,77 29,81
—30mm 63,28 46,61 17,19

ltray type; 2Alu tray type A; 3plastic; 4upper layer; Smiddle layer; Slower layer
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VI. Rozpéti namé&tenych lokalnich teplot (Tmax — Tmin) Ve svislém smé&ru ve °C (2. minuta ohfevu,
vyska vrsty 18, 24 a 30 mm) — The range of local temperatures in °C (Tmax — T'min) recorded in a
vertical direction (2nd minute of heating, layer thicknesses 18, 24 and 30 mm)

Typ miskyl Horni vrstva® Stredni vrstva’® Dolni vrstva®
Hlinikova, typ? A — 18 mm 36,07 28,03 14,86
-24mm 28,15 26,81 13,22
-30 mm 40,50 46,13 74,03
Polypropylenova® — 18 mm 7,72 421 6,34
-24mm 6,30 6,25 21,66
-30mm 12,53 7,36 36,42

ltray type; 2Alu tray; 3plastic; 4upper layer; middle layer; Slower of tray

mista vzorku. Nejvétsi rozdil teplot odpovida zkouskam s polypropylenovou
miskou, nejmensi zkouskam s vétsimi typy hlinikovych misek (B a C). Pro
2. minutu ohfevu jsou to napf. hodnoty 57,7 °C (polypropylenova miska),
30,2 °C (hlinikova miska typ B), 46,6 °C (hlinikova miska typ A).

Poloha mist s maximalni a minimalni teplotou v ohfivaném vzorku zivisela
predevSim na materidlu obalu. Pii zkouskach s obaly z hlinikové félie byly
vzdy nejniz8i teploty naméfeny ve vrstvé nad dnem misky, vétsinou
pobliZ rohu, v ojedinélych pfipadech ve stfedu misky. Pfi zkouskach s poly-
propylenovou miskou bylo misto s naméfenou minimdlni teplotou ve viech
pfipadech situovano do geometrického stfedu vzorku. Misto s nejvy §§i
naméienou teplotou lezelo v pfipadé ohfevu materidlu v hlinikovych
miskach v homni vrstv€ mezi rohem a stfedem misky (vyjimkou byly zkousky
s 30mm vrstvou kase v nejmensi hlinikové misce). V piipadé pouZiti poly-
propylenové misky byla vZzdy nejvyS$si teplota vzorkii naméfena v hornim
rohu misky. VSechny udaje se vztahuji k poloze mist, v nichZ byla monitoro-
vana teplota, a k pouzitému zafizeni.

Vliv pouzitého obalu na rychlost ohfevu vzorki modelové latky

Zkousky predevsim prokazaly velké mistni rozdily v rychlosti vzristu
teplot ohfivané latky, a to ve vSech typech obali. Tyto rozdily, které jsou
pfi¢inou nerovnomé&mosti ohfevu, byly zvyraznény jesté rostouci vyskou
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vrstvy vzorkil. Rozdily mezi nejrychleji a nejpomaleji prohfivanymi misty
pro 2. minutu ohfevu jsou patrné z tab. VII a VIII.

Rychlost vzestupu pruimémé teploty vzorkii kase zavisela vedle druhu
obalového materidlu i na rozmérech obalu a na vysce vrstvy kase, resp. jejim
objemu. Pii stejné vySce kase (24 mm) probihal ohfev v polypropylenové
misce aZ o0 40 % rychleji nez v hlinikovych miskach typu A, B a C, ohiev
v hlinikové misce typu D (nejmensi rozméry) probihal zhruba stejnou rych-
losti (tab. VII). Rozdil v rychlosti ohfevu zivisel na velikosti obald, resp.
objemu (navazce) ohrivané latky. Nejpomaleji se ohfivaly vzorky ka$e v nej-
vEtsi hlinikové misce (typ B) a ze vzorku balenych a ohifivanych v hliniko-
vych obalech nejrychleji vzorky v obalu typu D. Ponékud vy$§i primé&ma
rychlost ohfevu vzorki v hlinikové misce typu D proti vzorkiim balenych do
obalu typu A stejné plochy dna pfi velmi malych rozdilech navazky kase
koresponduje s niz8§imi hodnotami teplot naméfenych v ur€itych mistech
vzorki balenych do vys$siho obalu typu A.

Vyska vrstvy ohifivané modelové latky ovliviiuje pfedev§im vertikalni
rozloZeni teplot, a to zejména pii pouziti kovového obalu (tab. V a VI).
Vyrazné rozdily byly zjistény zejména mezi vysledky ohfevu vzorki se
30mm vyskou vrstvy kaSe a vysledky zkouSek s niZ§i vrstvou (18 a 24 mm).

VIL Vliv vysky vzorku (18, 24, 30 mm) na rychlost vznistu teploty vvbranych lokalnich teplot
a priimémé teploty (dva typy obalil, 2. minuta ohfevu) — The effect of layer thicknesses of sample
(18, 24, 30 mm) on the rate of increase in some local temperatures and in average temperature
(two types of package, 2nd minute of heating)

Ty Rychlost ohfevu* [°C/min]

Tmax Trmin Tpritm

Hlinikovi typ? A — 18 mm 45,00 14,65 28,27
—-24 mm 36,35 14,65 24,30

—30 mm 4491 8,00 21,89

Polypropylenova® — 18 mm 47,80 18,50 30,91
- 24 mm 44,02 16,53 27,19

—30 mm 40,62 10,05 21,82

ltmy type; 2Alu tray of type A; 3plastic tray; *heating rate
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VIIL Vliv typu obalu (material, rozméry) na rychlost vzristu teploty vzorku 24 mm, 2. minuta
ohfevu — The effect of package type (material, size) on the rate of temperature increase in sample
thicknesses 24 mm, 2nd minute of heating

a3y Rychlost ohfevu? [°C/min)
Typ misky

Trmax Tmin Tprim

Hlinikova® — typ® A 36,35 14,65 24,30
-typB 24,47 10,23 15,21

—typC 28,17 : 12,70 20,60

—typD 42,47 i 16412 28,17
Polypropylenova® 44,02 16,53 29,19

(Tmax, Tmin = mista s maximalni a minimalni teplotou ve 2. minut& ohfevu — places with
maximum and minimum temperatures in the 2nd minute of heating
Tpram = primérna teplota — average temperature '

ltray type; 2heating rate; *Alu tray of type A; 4plastic tray

Vys$ka vrstvy materidlu s penetradni hloubkou kolem 9 mm by pro pfipad
pouziti kovového obalu neméla pfesahnout 20 mm.

S rostouci vySkou vrstvy materidlu (rostouci hmotnosti, resp. objemem
vzorku) klesala rychlost ohfevu jak pro pfipad polypropylenovych misek, tak
vSech misek z hlinikové folie (tab. VIII). Zde se projevuje ziejmé jak vliv
objemu ohfivané litky na vzestup teploty pfi stejné davce absorbované
energie, tak i pravdépodobny pokles vykonové hustoty v pripadé obali
s vétSim volnym povrchem (v&tsi typ misek).

Zavér

Studie potvrdila, Ze testované hlinikové misky jsou pouZitelné pro baleni
vyrobki pro mikrovinny ohfev s tim, Ze volba jejich rozméri spolu s vySkou
vrstvy v nich ohfivané potraviny miZe ovlivnit jak rychlost, tak rovnomér-
nost ohfevu. Vybér obalu a ddvkovani potraviny nesmi byt proto nahodilé,
ma-li se predejit kvalitativnim problémim souvisejicim s pfili§ nerovnomér-
nym ohfevem potraviny.

Pfi pouZiti kovovych obali je nutné pocitat s vyraznéj$i nerovnomérnosti
ohfevu po vysce vrstvy potraviny. Rychly ohfev povrchové vrstvy potraviny
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pii mnohem pomalej$im ohfevu vrstvy nad dnem miZe vyustit v pfehfivani
a vysouseni horniho povrchu pii nedostateéném prohféti vrstvy potraviny
u dna. Tato skute¢nost limituje maximalni vysku vrstvy potraviny pro tento
typ baleni a musi byt zohlednéna pii ddvkovani potraviny do obalu i pii
tvorbé instrukci pro uZivatele.

Ndhrada transparentniho obalu za kovovy se projevila ve sniZeni nerovno-
mémosti ohfevu ve vodorovném sméru, odstranénim piehiivini materidlu
v blizkosti roht atd., ale ani zde nebyly lokélni teploty vyrovnané.

Studie potvrdila, Ze pouZité zafizeni, resp. rozloZeni intenzity mikrovinné-
ho pole v jeho dutin€ se mize podilet urCitym zpisobem na nerovnomémosti
ohfevu materidlu jak v pfipad¢ pouZiti transparentnich obali, tak pii pouziti
obali kovovych. Zda se, Ze rozloZeni teplot v materidlu ohfivaném v kovo-
vém obalu kopiruje do zna¢né miry lokalni rozloZeni intenzity pole mikrovin
v duting zafizeni.

RozloZeni lokalnich teplot v ohfivaném materidlu a tedy i nerovnomérnost
ohfevu se zda byt pii pouziti hlinikovych obald zavislé i na poloze obalu
v zafizeni. Na tuto skute¢nost upozornily orientaéni zkousky a tato zavislost
bude dale podrobnéji sledovana. VSechny vysledky uvadéné v prici a zavéry
je proto tfeba vztahovat k poloze vzorki pii experimentech.

Specialni sada experimentti upozornila ddle na ponékud horsi reproduko-
vatelnost vysledki ohfevu pii pouziti hlinikovych obalii v porovnani s obaly
transparentnimi. Tato zavislost bude déle sledovana.
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REVIEW

NUTRIENT CHANGES DURING FISH CANNING

Santiago P. AUBOURG

Institute of Marine Research, CSIC, Vigo, Spain

Many marine species produce excellent canned products, which is supported by
significant market demand in countries such as Spain, where they play an important
role in the field of human nutrition. Among the most common species on the Span-
ish market, sardine, anchovy, herring, albacore (bonito), tuna, mackerel and mussel
can be mentioned.

The canning of fish belongs to the most important means of preservation of such
a highly perishable food. The extensive heat treatment involved in the sterilization
process substantially alters the nature of the raw material so that, in effect, a new
product is formed. Many marine species do not, however, adapt to canning because
fish flesh disintegrates under severe thermal processing conditions, deteriorating
the texture, or as a result of excessive development of nonenzymic browning.

Labile Nutrients in Fish

From a nutritional point of view, marine species are known to provide very im-
portant constituents for the human diet (Cheftel, Cheftel, 1976). Proteins are
built up by fundamental amino acids, with relatively high content of essential
amino acids, such as lysine, methionine and histidine, providing thus a high bio-
logical value. As fish are living in a medium rich in minerals, they supply important
quantities in many oligoelements, such as iodine, fluorine, phosphorus, calcium,
copper, zinc and iron (Piclet, 1987).

The lipid composition deserves a very special comment. Marine lipids are
known for their highly unsaturated fatty acid composition (Ackman, 1989).
These lipids are now the subject of great attention due to their high content in (n-3)
polyunsaturated fatty acids (PUFA). They have shown a positive role in preventing
certain important human diseases such as cardiovascular diseases, tumorigenesis,
hypertension, etc. (Carroll, Braden, 1986). The lipid fraction also provides a
high supply of liposoluble vitamins some fish liver onls are very important sources
of vitamins A and D (Piclet, 1987).
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Main Changes of Nutrients during the Canning of Fish

The process of canning should retain as much as possible all the nutritional con-
stituents present in the initial material. Some changes may be beneficial, other
changes may decrease the nutritional quality. Different kinds of damage mecha-
nisms can be summarized as follows: microbiological contamination, activity of en-
dogenous enzymes, nonenzymic lipid oxidation, and nonenzymic browning. The
relative incidence of each damage mechanism will depend on the type of process
considered, both on the quality of raw material and on the conditions of canning.
Components of fish constitute a labile system, capable of reactions which may pro-
ceed in different directions, depending upon the conditions imposed.

Changes in the Coating Medium

Changes in the composition of coating media during canning have been studied
only very little. Vegetable oil and brine are the most common filling media em-
ployed. It is believed that canning and subsequent storage can facilitate the drop of
constituents in the coating medium.

When an aqueous medium (mostly brine) is employed, constituents, such as
amino acids, minerals and hydrophilic vitamins, could be lost.

If canning is carried out in vegetable oils, fish muscle can also lose proteins and
minerals into the exudate phase, but they are also converted into a more energetic
food because of the dipping medium.

It is well known that interactions between fatty acid compounds from the filling
oil and those from fish muscle occur during the sterilization and storage of cans
(Aubourg etal., 1990, 1995; Garcia-Arias et al., 1994). In the flesh lipids, a
steep increase in PUFA abundant in coating oil (linoleic and linolenic acids) was
notified, the characteristic (n-3) PUFA of fish flesh lipids (docosahexaenoic and
eicosapentaenoic acids) were present in the filling oil.

Changes of Mineral Constituents

Some lossses in mineral constituents were detected on sodium, potassium, mag-
nesium and phosphorus. It was observed that higher fat content in the flesh pro-
duced lower loss of minerals, indicating a kind of interaction between both kinds of
constituents (Gall et al., 1983; Beamonte, 1988). Among advantages of fish
canning, it can be mentioned that bones become edible, providing an important cal-
cium source (March, 1982).

Changes of Vitamins

Variable results were reported for vitamin changes. Water-soluble vitamins leach
into the filling medium in a 10-20% proportion so that retention remains at accept-
able levels (March, 1982). Komata et al. (1956) measured the effect of canning
on the levels of some B vitamins in mackerel and tuna. After canning, mackerel
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mackerel retained 48, 93, 95 and 102% of thiamin, riboflavin, niacin and vitamin
B2, respectively. The corresponding values for tuna were 30, 84, 87 and 96%.
Later on (Seet, Brown, 1985; Navarro, 1991) it was reported that losses in
thiamin, niacin and riboflavin were 5-80%, 72% and 50%, respectively.

However, the most abundant vitamins (the liposoluble vitamins A, D, and even
E) are acceptably retained (Bender, 1978).

Changes of Lipids

Lipid hydrolysis and oxidation were studied. The hydrolysis itself would not
mean any loss in essential fatty acids. However, the formation of free fatty acids
could contribute to the interaction with proteins, and the development of oxidation.

The lipolysis during freezing and chilling occurs preferentially in the sn-1 and
sn-3 acyl positions of triacylglycerols with a consequent cleavage of saturated and
monounsaturated fatty acids. However, after thermal processing, an increase in do-
cosahexaenoic acid was found in the fraction of free fatty acids as well as a relative
decrease of docosahexaenoic acid in the sn-2 position of triacylglycerols. This ob-
servation indicated a different mechanism of free fatty acid release during the fro-
zen storage and the thermal processing of raw fish (Medina et al., 1994). The
extent and mechanism of lipolysis seemed to be independent of the filling medium
employed (Medina et al., 1995).

Studies concerning the lipid oxidation during fish processing and storage have
been focused into the PUFA composition. Insignificant changes in PUFA concen-
trations, due to heat processing in sealed cans, were demonstrated in sardine, mack-
erel, herring (Hale, Brown, 1983) and tuna (Aubourg et al., 1990). The
PUFA composition of the polar lipidic fraction (phospholipids) did not show any
difference as a result of tuna canning (Medina et al., 1993).

Changes in the Protein Fraction

Fish is primarily consumed as a source of protein. Damage to the nutritional
value of this component is accordingly of major concern.

No appreciable quantitative loss of protein or decrease of nutritional quality of
proteins has been demonstrated during the fish canning. Such results were obtained
for canned sardine (Navarro, 1991), concerning the digestibility and the biologi-
cal value, and in tuna (Garcia-Arias, 1987). On contrary, some losses in essen-
tial amino acids were mentioned in a previous report (Seet, Brown, 1985).

Studies on kinetic parameters resulted in the conclusion that standard thermal
processing of canned tuna does not significantly affect nutritional parameters, such
as protein digestibility and the content of available lysine (Banga et al., 1992).
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Non-enzymic Browning

This damage mechanism is known to develop easily, the more unsaturated the
lipids are, and when a high-temperature process is involved (Venolia et al.,
1957, Pokorny, 1981).

The non-enzymic browning in fish is mostly due to reaction of lipid oxidation
products with proteins and other amine compounds.

The formation of interaction compounds between lipid oxidation products and
amine constituents of canned fish muscle was measured by analysis of fluorescent
compounds formed. The formation of fluorescent compounds was studied under
different canning conditions (Aubourg et al., 1992), and starting from fish with
a different quality degree (Aubourg etal., 1996). The fluorescence analysis was
carried out at different wavelength maxima.

As a result of canning, a bathochromic shift of the fluorescence maximum to
higher wavelengths was observed. It was determined as the ratio between the fluo-
rescence measured at 393/463 nm and 327/415 nm. When raw materials of good
quality and proper canning conditions were employed, the fluorescence showed
low values, however, if intensive heating and partially damaged samples were
treated, the fluorescence ratio values indicated significantly higher formation of
interaction compounds (Aubourg etal., 1992, 1996).
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Zmény zivin pri tepelné sterilaci ryb

Konzervace je dileZitym procesem k prodlouZeni idrZnosti ryb, ale citlivé a esen-
cialni slozky (bilkoviny, vitaminy, lipidy, mineralni latky) jsou vystaveny intenzivni-
mu tepelnému plisobeni, coz miiZe sniZovat vyZivovou hodnotu. Soudoby vyzkum
zmeén téchto sloZek ukazal, Ze se tyto sloZky uchovaji na vysoké urovni, pokud se
tepelné opracovani (vaieni a sterilace) pouZije v piiméfené mife bez prehiati.

ryby; konzervovani; chemické slozky; vyZivova hodnota; tepelné zmény
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ZIVOTNI JUBILEA

Zivotni jubileum prof. Ing. Jifiho Davidka, DrSc.

V leto3nim roce se doZiva vyznamného Zivotniho jubilea prof. Ing. Jifi Davi-
dek, DrSc. (*23. 4. 1932). Piipomeinime si pii této piileZitosti nékteré vyznamné
mezniKy kariéry jubilanta. Pochéazi z Krasné Hory nad Vltavou, v letech 1950 az
1954 studoval na Vysoké 8kole chemicko-technologické v Praze, po studiich se stal
v&deckym aspirantem ve Vyzkumném tstavu potravinaiského primyslu v Praze,
v roce 1957 védeckym pracovnikem stejného tustavu, v roce 1958 obhdjil kandi-
datskou diserta¢ni praci, habilitoval se v roce 1967, doktorskou disertadni praci
obhajil v roce 1971 a v roce 1972 byl jmenovan profesorem pro obor chemie a ana-
lyza potravin.

Pro dalsi zivotni drahu jubilanta byl vyznamny rok 1960, kdy se stal odbornym
asistentem tehdej3i Katedry chemie a zkou3eni potravin na VSCHT v Praze, jejimz
vedoucim byl dnes jiZ zesnuly prof. Ing. Gustav Jani¢ek, DrSc. Této katedre, dnes
Ustavu chemie a analyzy potravin a Fakult& potravinaiské technologie (dnes Fakul-
té potravinaiské a biochemické technologie — FPBT), ztstal prof. Davidek vémy
do soucasné doby. V letech 1965-1967 pracoval v National Research Council
v Kanadg.

V letech 1972-1990 byl dékanem Fakulty potravinaiské a biochemické techno-
logie VSCHT, v letech 1976-1990 sou¢asné piisobil jako vedouci Katedry chemie
a analyzy potravin. V letech 1980-1990 byl mistopfedsedou Ceskoslovenské aka-
demie zemédelské.

V soucasnosti piisobi prof. Davidek jako ¢len Americké spolenosti potravinaf-
skych technologii, Ceské spolenosti chemické, Ceské spoleénosti pro biochemii
a molekularni biologii, je ¢lenem redakénich rad Casopisu Potravinaiské védy,
Zeitschrift fiir Lebensmitteluntersuchung und Forschung a Biomedical and Enviro-
mental Sciences, ¢lenem Certifikaniho vyboru pro organické zemédélstvi Minis-
terstva zemé&dé&lstvi Ceské republiky. Jako zakladatel Odborné skupiny pro
potravinaiskou a agrikulturni chemii Ceské spoleénosti chemické a dlouholety ¢len
vyboru je prof. Davidek jednim z hlavnich organizatorti kaZzdoro¢n& poradaného
Sympozia o novych smérech vyroby a hodnoceni potravin. Ve funkci narodniho
delegéta v Divizi potravinaiské chemie Federace evropskych chemickych spoleé-
nosti je jednim z hlavnich organizatori prestiznich konferenci Chemical Reactions
in Foods, konanych v Praze kazdé ¢tyfi roky.

Prof. Davidek se hlavni mérou zaslouZil o zavedeni tzv. mezioborového studia
na FPBT. Pozdégji vznikly na dvou tustavech soufasné obory, na katedie chemie
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a zkoueni potravin tak vznikl po vice neZ 20leté prestdvce obor Chemie a analyza
potravin.

Hlavni pedagogické aktivita jubilanta spo¢ivala a dosud spociva ve vedeni di-
plomovych praci, vedeni aspiranti a pfednasek z pfedmétii analyza potravin, spe-
cialni analyza potravin a chemie potravin (do roku 1990). Tento zékladni pfedmét
pro potravinaiské chemiky a technology byl jeho pfi¢inénym zaveden do uebniho
programu posluchaét fakulty potravinaiské a biochemické technolgie ve $kolnim
roce 1980/81.

Ve védeckovyzkumné ¢innosti se prof. Davidek zabyval zmé&nami jakosti potra-
vin béhem vyroby a skladovani, reakcemi neenzymového hnédnuti, vznikem aro-
matickych latek v potravinach a metodami jejich stanoveni, pfirozenymi toxickymi
latkami v potravinach a jejich zménami b&hem technologického zpracovani a skla-
dovéni. V roce 1972 ziskal spolu s prof. G. Janic¢kem a prof. J. Pokornym st4tni
cenu. Je autorem nebo spoluautorem 15 monografii, z toho 9 cizojazy¢énych, vice
nez 300 publikaci ve v&deckych Easopisech a piiblizné stejného poétu prednasek
a sdéleni na domacich a zahrani¢nich odbornych setkanich.

Mimo tyto profesiondlni aktivity mé prof. Davidek i uzky vztah k vytvarnému
uméni. V této oblasti ma hluboké znalosti, které mu dovoluji kvalifikované zahajo-
vat vystavy a psat k témto vystavam katalogy. To, Ze je mezi vytvamiky uznavan,
dokazuje i jeho ¢lenstvi ve vytvarné skupiné Tolerance ‘95 a ve vyboru Jednoty
umélcn vytvarnych — spolku, ktery v pfidtim roce oslavi sté vyro¢i svého zaloZeni.

Prof. Davidek patfi mezi vyznamné osobnosti potravinaiskych véd. Do dalsi ¢i-
norodé prace pro rozvoj tohoto oboru mu piejeme jesté mnoho let dobrého zdravi,
uspéchii a spokojenosti z dobfe vykonané prace.

Prof. Ing. Jan Velisek, DrSc.
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FROM THE SCIENTIFIC LIFE

Symposium Quality Assurance in Food Laboratories
Lisbon, 15-17 September 1996 [FECS Event No. 216]

Some ninety participants gathered in the National Institute for Engineering and
Industrial Technology (INETTI) in Lisbon for this conference, which dealt with quality
assurance in and for food laboratories and the importance of mutual recognition
systems. This was the first ever event on this subject and was organised by the
Institute of Biotechnology, INETI, on behalf of the FECS Food Chemistry Division,
FECS Analytical Division and AOAC International, Europe Section. The conference
was formally opened by Professor Freire de Sousa, Secretary of State for Competiti-
veness and International Relations, and delegates from 18 countries were welcomed
by Professor Barata Marques, Director of INETI.

The conference was structured in three sessions. The first was devoted to Quality
Assurance Systems and Industry and Quality Control Labors, the second to
Assessment Systems across Europe — Accreditation and Certification; and the
third to Trends and Activities for Harmonization.

The opening presentation of A. Boehnke (European Commission, DG XII), read in
absence by J. Empis, emphasised the commitment to quality assurance in the labora-
tory through the Commission’s Standards, Measurement and Testing [SMT] Progra-
mme. Themes in the ongoing SMT Programme were reviewed and opportunities for
proposals from industry and SMEs, public and private research organizations descri-
bed.

H. van’t Klooster (RIVM, the Netherlands) spoke on The Common Care of QA
Standards for Analytical Chemical Laboratories, he emphasized that only minor
differences exist between EN 45001 and ISO Guide 25, and that the former explicitly
considers the laboratory’s competence. As a result of discussions between the OECD
Panel on GLP and EDL (European Co-operation for Accreditation of Laboratories),
there is a realistic possibility of combining EN 45001 and OECD-GLP. Ph. Lienart
(Roquett Labo, France) offered a French industrial perspective in his speech Indu-
stries’ Experience — Certification and Accreditation. Addressing documentation, he
advised Write what you do — do what you write and check you have done what you
have written. He entered a particular plea for the elaboration of validated and
practically usable methods.

K. W. Mandelatz (Interlabor Belp AG, Switzerland) described his experience using
EN 45001 and GLP in a single laboratory. He concluded that whilst a commercial
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laboratory could introduce both systems, it would have to pay twice the price for
establishing and maintaining these systems.

The second session focused on examples of accreditation and certification from
across Europe. V. P. Martin (IPQ, Portugal), stressed accreditation and certification
in Portugal within an overview of that country’s System for Quality (SPQ). Reference
was also made to the EAL P1 paper on mutual recognition agreements.

H. Beenaert (IHE, Belgium) provided an insight into the accreditation of food
laboratories in Belgium. Nineteen of the 110 laboratories which had requested
accreditation were in the food area, and nine had already been accredited. Costs for
accreditation ranged between 50 000-300 000 BEF for the entire procedure.

M. Zupanc (Kos, Slovenia), in the paper read by Professor F. Cameos (Portugal),
detailed the organisation of accreditation and GLP in Slovenia, as supervised by the
Ministry of Standards and Metrology.

Finally A. Nilsson (National Food Administration, Sweden) considered problems
and advantages associated with QA and accreditation of food laboratories. He indica-
ted that the main advantages lay in the improvement of analytical quality and in
providing results which more effectively address the needs of the customers.

The third session was introduced by R. Visiers (EAL/RELE, France), who spoke
on Mutual Recognition of Accreditation Systems — A Tool to Build up the Internati-
onal Market. He traced the route from protectionism to a free and common European
market and indicated the importance of co-operation between EAL, CEN/ENELEC
and other bodies for achieving a new dimension in the future.

A round table discussion chaired by R. Battaglia (Chairman, FECS-WPFC),
brought together H.-.P Ischi (SAS, Switzerland), R. Wood (FSL, United Kingdom),
M. C. Walsh (Ireland), A. Severo (INETI, Portugal), R. Stadler (Nestlé, Switzerland),
R. Ring (HSB, Hungary) and J. Schulz (AKS, Germany). The Chairman pointed out
problems in mutual recognition originating from different standards and methodolo-
gies. Dr Wood pointed out the stepwise approaches in Codex Alimentarius and the
norms which WTO relies on, and European QA programmes. He emphasized that the
analysts’ freedom would be maintained by setting effective and professional criteria
rather than supporting perceptions of methods in food analysis. The discussion
identified proficiency testing as significant element of QA; in this respect SRM is of
prime importance as for thetractability of results. In Dr. Stadler’s view, accreditation
was a management tool for laboratories, with the certificate having the added value.
He emphasized that accreditation must include the whole laboratory and not just a
part. However, he was of the opinion that research laboratories did not require
accreditation. Dr. Walsh focused on EURACHEM activities and the assistance which
they could provide in editing and updating guides, and in providing expertise and
training. Dr. Ischi reiterated that accreditation is the formal recognition part a test
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laboratory will carry out/has carried out a competent analysis. EAL provides guideli-
nes and offers help to improve a laboratory’s competence. Dr. Ring concluded an
overview of activities in C/E Europe with a plea for greater co-operation on the
European level. Mr. Schulz was firmly of the opinion that flexibility was central to
good analytical performance and that the expert should be available to offer critical
assessments of analytical data.

The need for more and better regulations on sampling was stressed. Concern was
also expressed over financial burdens of accreditation and maintenance of a QA
system. Typically 20-25% of a laboratory’s turnover would be spent on QA in the
first 12 months, this being reduced to 5-10% per annum thereafter. There was an
agreement that the main achievements and advantages of successfully implementing
a QA system were the enhanced practical sense of quality throughout the organizati-
on, higher professional competence, reduced complaints and greater self-confidence
amongst analytical staff. In summarizing, Dr. Battaglia admitted that there were
frequently bureaucratic problems, that implementation was costly and end benefits
were often intangible but that improved performance and reliability was the goal.

As mentioned above this was the first FECS event addressing Quality Assurance,
and in thanking INETI and the audience, Dr. Battaglia concluded that it had been a
success. Candido dos Santos (IPQ, Portugal) was pleased that this initial meeting had
been held in Portugal and restated the Portuguese government’s efforts and commit-
ment to quality assurance and control. He officially closed a meeting which all
participants agreed had been stimulating and expertly organized by INETI and the
organizing committee, headed by José Empis.

Prof. Ing. JifiDavidek, DrSc.

239



Nejcerstvéjsi informace o ¢asopiseckych ¢lancich
poskytuje automatizovany systém

CURRENT CONTENTS
na disketich

Ustfedni zem&d&lska a lesnicka knihovna odebira Gasopis Current Contents fadu
Agriculture, Biology and Environmental Sciences a fadu Life Sciences na disketéch.
Rada Agriculture, biology and Environmental Sciences je od roku 1994 k dispozici
1 s abstrakty. Ob& tyto fady vychazeji 52krat roéné a zahmuji viechny vyznamné
Casopisy a pokracovaci sborniky z uvedenych obort.

UloZeni informaci z Current Contents na disketdich umoZiiuje nejrozmanit&;jsi
referenéni sluzby z prakticky nejéerstvéjsich literarnich pramenti, nebot’ baze dat je
dopliiovina kazdy tyden a neprodleng expedovéna odbérateltim. V systému si lze
nejen prohliZet jednotliva &isla Current Contents, ale po pfesném nadefinovani
sledovaného profilu je moZné adresné vyhledavat informace, tisknout je nebo
kopirovat na disketu s moZnosti dal$iho zpracovéni na vlastnim poéita¢i. Systém
umozZiiuje i tisk Zadanek o separat apod. Kumulované vyhledavani v Sesti ¢islech
Current Contents najednou velice urychluje reSer$ni praci.

Pristup k informacim Current Contents je umoZnén dvojim zpusobem:

1. Zakazkovy pristup — po vyplnéni prislusného zakazkového listu (objednavky)
je vhodny pfedevsim pro mimopraZské zajemce.

Finanéni podminky: - pouziti PC — 15 K& za kaZdou zapo&atou piilhodinu
— odboma obsluha — 10 K¢ za 10 minut prace
— vyti§téni reSerSe — 1 K¢ za 1 stranu A4
— Zadanky o separat — 1 K¢ za 1 kus
— poStovné + reZijni poplatek 15 %

2. Self-service — samoobsluzna prace na osobnim poéita¢i v UZLK.
Finanéni podminky jsou obdobné. Vzhledem k tomu, Ze si uZivatel zpracovava
reSersi sam, je to maximaln& isporné. (Do kalkulace cen nezapocitivame cenu
programu a databéze Current Contents.)

V ptipadé zajmu o tyto sluzby se obrat'te na adresu:
Ustitedni zem&d¢&lska a lesnicka knihovna
Dr. Soia BartoSova
Slezska 7
120 56 Praha 2
Tel.: 02/242 579 39, 1. 520, fax: 02/242 539 38

Na této adrese obdrZite bliz8i informace a ziskate formulafe pro objednavku
zakazkové sluzby. V piipadé , self-servisu® je vhodné se predem telefonicky objed-
nat. V pfipadé zajmu je moZné si objednat i prib&€Zné sledovani profilu (cena se
podle sloZitosti zadani pohybuje ¢tvrtletng kolem 100 az 150 K¢).

SRS ERERNERN

et




Instructions for authors

Manuscripts in duplicate should be addressed to: RNDr. Marcela Braunova,
Ustav zemé&délskych a potravinaiskych informaci, Slezska 7, 120 56 Praha 2,
Czech Republic. '

Manuscript should be typed with a wide margin, duuble spaced on standard A4
paper. Articles on floppy disks are particularly welcome. Please indicate the editor
programme used.

Text

Full research manuscript should consist of the following sections: Title page,
Abstract, Keywords, a short review of literature (without “Introduction subtitle),
Materials and Methods, Results, Discussion, References, Tables, Legends to figures.
A title page must contain the title, the complete name(s) of the author(s), the name and
address of the institution where the work was done, and the telephone, fax and e-mail
numbers of the corresponding author. The Abstract shall not exceed 120 words. It shall
be written in full sentences and should comprise base numerical data including
statistical data. As a rule, it should not give an exhaustive review of literature. In the
chapter Materials and Methods, the description of experimental procedures should
be sufficient to allow replication of trials. Organisms must be identified by scientific
name. Abbreviations should be used if necessary. Full description of abbreviation
should follow the first use of an abbreviation. The International System of Units (SI)
and their abbreviations should be used. Results should be presented with clarity and
precision. Discussion should interpret the results. It is possible to combine Results and
Discussion in one section. References in the text to citations comprise the author’s
name and year of publication. If there are more than two authors, only the first one
should be named in the text, followed by the phrase “et al.“. References should include
only publications quoted in the text. They should be listed in alphabetical order under
the first author’s name, citing all authors, full title of an article, abbreviation of the
periodical, volume number, year, first and last page numbers.

Tables and Figures

Tables, figures and photos shall be enclosed separately. The text must contain
references to all these annexes. Figures should be referred solely to the material
essential for documentation and for the understandig of the text. Duplicated docu-
mentation of data in figures and tables is not acceptable. All illustrative material must
be of publishing quality. Figures cannot be redrawn by the publisher. All figures should
be numbered. Photographs should exhibit high contrast. Both line drawings and
photographs are referred to as figures. Each figure should contain a concise, descriptive
legend.

Offprints: Forty offprints of each paper are supplied free of charge to the author.

Authors have full responsibility for the contents of their papers. The board of editors
of this journal will decide on paper publication, with respect to expert opinions,
scientific importance, contribution and quality of the paper.



OBSAH — CONTENTS

Irnéitik K., Velisek J.: Glucosinolate content of commoon Brassicaceae
family vegetables — Obsah glukosinolat v béZznych zeleninach ¢eledi Brassica-
COAB: » ssiww s v 5 v ks § § & SI9A § § DRSHRIF § @ ERAE 6 ¢ SIREICE ¥ 8 SN N b SR § ¥ A 161
Bohacenko I.: Influence of polychlorinated biphenyls on the content and
composition of fatty acids in fish fat — Vliv polychlorovanych bifenylii na obsah
a spektrum mastnych kyselinvrybimtuku ........... ... ... ... ... . ... 173
Ereifej K. I.: The level of cadmium, iron, tin, copper, zinc, nickel, lead and
manganese in the tomato paste packed in glass jars, tin cans and sterilized pouches
— Koncentrace kadmia, Zeleza, cinu, médi, zinku, niklu, olova a manganu
v rajském protlaku baleném ve sklenicich, plechovkach a sterilizovanych
SATCTCIN. vinsies v 3 5 s 5 5 5 90 o & PRGNS  SHEHOVED 3 & SSYRNA. 18 5 B, 1 B TR @ 58 s 187
Cizkova H.,Kubec R.,Koplik R.,Velisek J.,Davidek J.: Obsah selenu
v nékterych zeleninach a moznost transformace netékavych sloucenin selenu na
tékavé produkty — Content of selenium in some vegetables ................. 197
Housova J., Hoke K.: Mikrovinny ohfev — vliv kovového obalu na rozlozeni
teplot a rychlost ohfevu potravin — Microwave heating — The effect of metallic
package on temperature distribution and rate of food heating ............... 211

PREHLEDY - REVIEW
Aubourg S. P.: Nutrient changes during fish canning — Zmé&ny Zivin pfi tepelné

SEETUACIIN D & 5 5 commn s 4 5 omims 5 5 SS000 5 55 SOBH & § HAa & 5 & AN & § 5 SR F & W 229

ZIVOTNI JUBILEA — JUBILEUM
Velisek J.: Zivotni jubileum prof. Ing. Jitiho Davidka, DrSc. ............. 235

Z VEDECKEHO ZIVOTA - FROM THE SCIENTIFIC LIVE

Davidek J.: Symposium “Quality Assurance in Food Laboratories*
Lisbon, 15-17 September 1996 [FECS Event No. 216] ..................... 237

Védecky ¢asopis POTRAVINARSKE VEDY # Vydava Ceské akademie zemédélskych
véd — Ustav zemédélskych a potravinaiskych informaci, Praha € Redakce:
Slezska 7, 120 56 Praha 2, tel.: 02/251 098, [ax: 02/242 539 38, e-mail: ['o['o@.uzpi.cz 2
Sazba: RNDr. Marcela Braunova, Nad Palatou 54, 150 00 Praha 5 € Tisk: UZPI Praha
@ © Ustav zemé&délskych a potravinaiskych informaci, Praha 1997 '

Rozsifuje Ustav zemédelskych a potravinaiskych informaci, referat odbytu,
Slezska 7, 120 56 Praha 2


uzpi.cz

