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CHEMOMETRIC INVESTIGATION OF MUSTARD SEED*

Jan VELISEK, Renata MIKULCOVA, Kamila MIKOVA, Bahru W. KASSAHUN,
Jiri LINK, Ji#i DAVIDEK

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

Abstract: Levels of 11 major glucosinolates and 2 other characteristices (thou-
sand seed weight and colour) were determined in mustard seed (seed of Sinapis
alba, Brassica nigra and Brassica juncea) and in the seed of similar Brassica
plants (Sinapis arvensis and Brassica napus) available from local testing stations,
local producers and suppliers. The aim of the work was to rationalize the mustard
seed quality control using multivariate statistical methods discriminating the in-
dividual oilseed types. The obtained data of 19 oilseed samples were subjected
to principal components analysis (PCA). PCA conducted with only 6 original
variables (sinigrin, gluconapin, progoitrin and glucoibervirin level, thousand
seed weight and colour) was able to separate clearly clusters of S. alba and B. na-
pus seeds. A new PCA conducted with a reduced set of 4 variables (gluconapin,
progoitrin and glucoibervirin level and thousand seed weight) readily distinguis-
hed between the seeds of B. nigra, B. juncea and S. arvensis.

mustard seed; glucosinolates; Brassica nigra; Brassica juncea;, Brassica napus,
Sinapis alba, Sinapis arvensis;, principal components analysis (PCA)

The genus Brassica (Cruciferae, Brassicaceae family) consists of over 150
species, most of which are cultivated as oilseed crops or as vegetables. The
oilseed denoted mustard may come from several species, generally belong-
ing to or being closely related to the genus Brassica divided to subspecies,
formae and varieties or cultivars. The mustard seed have been used as a
spice, condiment (table mustard), medicine and also as a source of edible oil
since ancient times (Shankaranarayana etal., 1972).

The composition of table mustard fluctuates considerably but in general
all types contain mustard seed (15 to 35%), salt (1 to 5%), vinegar (1 to 5%)
and water (50 to 80%) (Anonymous, 1989). The main types of mustard

* This work was supported in part by research grant no. 509/93/2483 from the Grant Agency
of Czech Republic.
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seed used is white seed, black seed or brown seed either alone or mixed.
There exists some confusion regarding the identification and proper nomen-
clature of the genus Brassica members and the relations of some Brassicas
are not yet completely clear. The white seed (white or yellow mustard) bo-
tanical name is Sinapis alba L. and synonyms used are Brassica alba (L.)
Rabenh., Leucosinapis alba (L.) Spach, Raphanus albus (L.) Crantz, B. hirta
Moench. The black seed (black or true mustard) botanical name is B. nigra
(L.) Koch and synonyms are S. nigra L., Melanosinapis communis Schimp
et Spenn., M. nigra (L.) Castelani. Both white and black seeds are diploid
species. The brown mustard (oriental, leaf or Indian mustard) having the bo-
tanical name B. juncea (L.) Czern. et Cosson and synonyms R. junceus (L.)
Crantz, S. juncea L. or S. integrifolia West is an amphidiploid plant, a hybrid
variety derived from B. nigra and B. campestris L. Sarepta mustard (B.
besseriana Andr.) is a yellow variety (a yellow-seeded mutant) of the brown
mustard. Char lock (S. arvensis L.) has been used for preparation of poor
quality table mustard (Shankaranarayana et al.,, 1972; Hejny,
Slavik, 1992).

The characteristic flavour of the white mustard seed is derived from the
glucosinolate sinalbin, whereas the black seed and the brown seed owe their
much sharper taste mainly to the glucosinolate sinigrin. Usually more than
one glucosinolate is found in each of these three mustard seeds. During the
mustard manufacture (there are several types of table mustard and the proce-
dures by which they are made and type of mustard seed used differ consider-
ably) the glucosinolates are hydrolyzed by the enzyme termed myrosinase
(thioglucosidase or thioglucoside glucohydrolase, EC 3.2.3.1) to flavour-ac-
tive isothiocyanates (mustard oils) and some other compounds. The biting
taste and the characteristic pungency and odour of table mustard is mainly
due to the presence of isothiocyanates, sinalbin in white mustard seed yields
primarily non-volatile 4-hydroxybenzyl isothiocyanate, whereas sinigrin in
black or brown mustard seed decomposes to volatile allyl isothiocyanate.

Sinalbin concentration in white mustard seed varies from 49.5 to 115.5 pmol
per g (2.1-4.9%) (Haelvae et al,, 1986). The total glucosino-late content of
black mustard seed ranges widely (70—185 pmol/g, 2.5-16.62%). Sinigrin is the
major glucosinolate with a portion of 90 to 100%, gluconapin level is 0 to
10.8%, glucobrassicanapin level is 0-0.3%, progoitrin level is 0—1.1% of the
total contents (Gland et al., 1981). In brown mustard seed, three different
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types of glucosinolate pattern were determined. The “sinigrin type® is simi-
lar to that of black mustard seed. In the second type, sinigrin appears with
only 20% and gluconapin becomes the major glucosinolate amounting to
about 80%. A third type contains sinigrin only in traces, gluconapin is the
major glucosinolate (80%) and glucobrassicanapin and progoitrin are each
present in about 10% of the total contents. Seeds from Europe and Northern
America belong to the “sinigrin type®, while those from Asia exhibit the sec-
ond pattern.

The content of 4-hydroxybenzyl isothiocyanate in the autolyzed white
mustard seeds ranges between 1.5-3.7%. The volatile oil obtained from
B. nigra consists of allyl isothiocyanate (0.4—1.8%), which is the major
compound, whereas the oil obtained from B. juncea consists of a mixture of
allyl isothiocyanate (0.33—0.44%) and 3-butenyl isothiocyanate (0.27 to
0.36%) (Shankaranarayana et al., 1972). Requirements (ISO 1237)
specified for mustard seed include 4-hydroxybenzyl isothiocyanate level
higher than 2.3% in S. alba, allyl isothiocyanate level higher than 1.0% in
B. nigra and higher than 0.7% in B. juncea.

Meeting food industry requirements for mustard seed and table mustard
quality does require an analysis of the glucosinolate content. It is often ex-
tremely important to identify the type of mustard seed as black or brown
seed glucosinolate composition as well as that of some other Brassicas used
for table mustard manufacture is very similar but differences in their chemi-
cal composition (such as a higher amount of 3-butenyl isothio-cyanate, the
absence or low levels of mucilage in some seeds) result in poor flavour and
poor consistency of the mustard paste (Shankaranarayana etal., 1972;
Vangheesdaele, Fournier, 1980). For this purpose, the contents of
the major glucosinolates were determined in the mustard seed available from
local testing stations, local producers and suppliers. The aim of this work
was to rationalize the mustard seed quality control using multivariate statis-
tical methods which are able to distinguish the individual mustard seed
types.

MATERIAL AND METHODS

Material

Total number of 19 oilseeds have been analyzed (Table I). The authentic
samples of S. alba, S. nigra and B. juncea mustard seed came from testing
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stations located in the Czech Republic. Apart from these authentic samples,
S. nigra, B. juncea and S. arvensis mustard seed from the local market were
supplied by Boneco a.s. Samples of B. napus seed were received from Se-
tuza a.s.

Methods

Colour of light (white or yellow) seeds was arbitrarily assigned as being 0,
that of dark (brown or black) seeds was assigned as being 1. The individual
glucosinolates were determined as their corresponding pertrimethylsilylated
desulfoglucosinolates (Minchinton et al., 1982) employing the gas-liquid
chromatographic method described by Heaney and Fenwick (1980).

Statistical analysis

Statistical techniques employed were simple descriptive statistics and
principal components analysis (PCA), which were performed on an IBM PC
compatible computer using software purchased from SPSS/PS+, V3.1 (SPSS
GmbH, Miinchen, Germany).

RESULTS AND DISCUSSION

The aim of the present research was to determine the content of the indi-
vidual glucosinolates in mustard seed available on the market in the Czech
Republic. This work was undertaken to evaluate which variables are relevant
for mustard seed type identification and the corresponding table mustard
quality. The individual and total glucosinolate level and two other variables
(or attributes or characteristics being thousand seed weight and colour) of 19
oilseeds (samples, entities) analyzed are listed in Table II. These variables
were chosen to describe the oilseeds under study. Apart from the main types
of mustard seed (S. alba, B. nigra and B. juncea), seeds of S. arvensis and
B. napus were analyzed for comparison.

The obtained 14 physico-chemical variables of 19 oilseed samples were
subjected to PCA to reduce the complexity of these data and provide the
possibility of visualizing and simply interpreting the achieved array of data.
PCA showed that three principal components (PCs) were needed to describe
the correlation structure. This three PCs solution accounted for 83% of the
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Sample no. Botanical name Supplied from Country of origin
1. SAL1 S. alba (var. Zlata) HOZ Olejniny, Hradec n. S. | Czech Republic
2.SAL2 |S. alba (var. Asta) HOZ Olejniny, Hradec n. S. | Czech Republic
3. SAL3 [S. alba (var. Metex) HOZ Olejniny, Hradec n. S. | Czech Republic
4. SALA |S. alba (var. Ascot) HOZ Olejniny, Hradec n. S. | Czech Republic
5.BNI1 |S. nigra (BRSCHW22531) | Oseva, s.p., VUO, Opava | Germany
6.BNI2  |S. nigra (BRSCHW22533) | Oseva, s.p., VUO, Opava Germany
7.BNI3  |B. nigra Boneco, a.s., Benelov Belgium
8. SAR1 |S. arvensis Boneco, a.s., BeneSov Bulgaria
9. BJU1 B. juncea (BRSCHW22540) | Oseva, s.p., VUO, Opava Germany

10. BJU2  |B. juncea (BRSCHW22541) | Oseva, s.p., VUO, Opava | Germany

11. BJU3  |B. juncea (Trowse 820/A) Oseva, s.p., vUo, Opava Great Britain

12. BJU4  |B. juncea Boneco, a.s., BeneSov Canada

13. BJUS B. juncea Boneco, a.s., BeneSov Canada

14. BJU6  |B. juncea Boneco, a.s., Beneov Canada

15.BJS1  |S.j. Sarepta (WNIIMK-13) | Oseva, s.p., VUO, Opava | Russia

16. BJS2  |[S. . Sarepta Boneco, a.s., BeneSov Russia

17. BNA1 |B. napus Setuza, as., Ustin. L. Czech Republic

18. BNA2 |B. napus Setuza, a.s., Ustin. L. Czech Republic

19. BNA3 |B. napus Setuza, as., Ustin. L. Czech Republic

variance in the data used (the communalities of the variables ranged from
0.49 for gluconasturtiin to 0.97 for progoitrin) providing thus a useful insight
into the inter-relationship existing within this set of analytical data. The
component scores for all 19 samples were plotted on the first two PCs axes
which accounted for 73% of the variance in the data set. It could be seen that
whilst the majority of seeds of B. nigra, B. juncea and S. arvensis were clus-
tered together quite closely, two clusters of S. alba and B. napus seeds were
distributed away from this main group.
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II. Glucosinolate content and other attributes of seeds analyzed

Saad o, Glucosinolate in g per kg fresh weight *

(see TableD) |  gnyp NAPI | BRNA | PROG | NAPO | IBER
1. SAL1 0.0 0.0 0.0 0.8 0.0 0.0
2. SAL2 0.0 0.0 0.0 1.0 0.0 0.2
3. SAL3 0.0 0.0 0.0 13 0.0 0.1
4. SAL4 0.0 0.0 0.0 13 0.0 0.1
5. BNII 61.2 0.1 0.0 0.1 0.0 0.1
6. BNI2 59.8 0.1 0.0 0.1 0.0 0.2
7. BNI3 24.5 0.1 0.0 0.1 0.0 0.3
8. SAR1 46.5 0.1 0.0 0.0 0.0 0.8
9. BIUI 46.2 0.2 0.0 0.1 0.0 0.4

10. BIU2 51.8 0.2 0.0 0.1 0.0 1.0

11. BJU3 60.1 0.2 0.0 0.1 0.0 0.3

12. BJU4 35.5 0.2 0.0 0.0 0.0 0.4

13. BIUS 30.2 0.1 0.0 0.0 0.0 0.5

14. BJU6 16.6 0.1 0.0 0.0 0.0 0.4

15. BIS1 55.1 0.6 0.0 0.2 0.0 0.6

16. BIS2 40.4 0.2 0.0 0.1 0.0 0.3

17. BNA1 0.0 0.9 0.2 5.0 0.3 0.2

18. BNA2 0.0 11 03 52 0.3 0.5

19. BNA3 0.0 0.3 0.1 2.8 0.2 0.3

*  SINI = sinigrin, NAPI = gluconapin, BRNA = glucobrassicanapin, PROG = progoitrin,

turtiin, SINA = sinalbin, BRAS = glucobrassicin, HBRAS = 4-hydroxyglucobrassicin,

Better separation of B. nigra, B. juncea and S. arvensis seeds was
achieved when variables participating to a small extent in this model were
deleted and a new PCA was made on the reduced data matrix consisting of

only six variables. Table III shows component loading matrix and associated
eigenvalues, communalities and variances for the six original variables solu-

tion. The PCs loadings of these six original variables and the corresponding

PCs scores for all 19 oilseed samples were plotted on the first two principal
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Table II continued

Glucosinolate in g per kg fresh weight *

ERUC | NAST | SINA | BRAS | HBRAS | TOTAL | TSW [COLOUR
0.0 0.0 44.4 0.1 0.1 45.4 8.3 0
0.0 0.0 53.0 0.1 0.2 54.5 8.4 0
0.0 0.0 55.0 0.1 0.2 56.7 7.8 0
0.0 0.0 60.2 0.1 0.2 61.9 7.8 0
0.0 0.0 0.2 0.0 0.7 62.4 1.7 1
0.0 0.0 0.9 0.0 0.8 61.9 1.7 1
0.0 0.1 0.3 0.0 0.6 26.0 2.8 1
0.0 0.1 0.1 0.0 0.5 48.1 0.8 1
0.0 0.0 0.5 0.0 1.6 49.0 2.9 1
0.2 0.0 0.6 0.0 0.9 54.8 3.3 1
0.0 0.0 0.0 0.0 1.1 61.8 3.7 1
0.0 0.1 0.2 0.0 0.9 37.3 37 1
0.1 0.1 0.2 0.0 0.6 31.8 2.4 1
0.0 0.0 0.3 0.0 0.7 18.1 2.8 I
0.0 0.1 0.0 0.0 1.1 57.7 4.6 0
0.0 0.1 0.3 0.1 0.9 424 2.9 0
0.0 0.1 0.0 0.0 0.4 7.1 49 1
0.0 0.1 0.0 0.0 0.4 7.9 4.9 1
0.0 0.1 0.3 0.0 0.6 4.7 49 1

NAPO = gluconapoleiferin, IBER = glucoibervirin, ERUC = glucoerucin, NAST = gluconas
TSW = thousand seed weight, COLOUR = arbitrarily assigned colour

axes which accounted for almost 78% (46.1% and 31.4%) of the total vari-
ance in the data set.

As a result, Fig. 1 is a very good representation.- Variable TSW is the one
with the largest variation over the samples, variable TSW and IBER or CO-
LOUR are negatively correlated over the samples. When a sample is rated
higher than the average for TSW, it is rated lower than the average for colour
(the seed is of lighter colour) and glucoibervirin level. The same prevails for

7
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III. Component loading matrix and associated eigenvalues, communalities and variances of all
oilseeds

Original virlabise® Component loadings Com.mu-
PC1 PC2 PC3 PC4 PC5 PC5 nality
1. SINI 0.879 | -0.139 0.792
2. NAPI -0.182 | 0.893 0.831
3. PROG —0.615 | 0.768 0.967
4. IBER 0.610 | 0.340 0.487
' 5. COLOUR 0.618 | 0.556 0.691
6. TSW -0.912 | -0.226 0.883
Eigenvalue 2.77 1.88 0.71 0.48 0.11 0.05
Variance [%)] 46.1 31.4 11.8 8.0 1.9 0.7
Cumulative variance [%] | 46.1 71.5 89.3 97.4 99.3 |[100.0

* SINI = sinigrin, NAPI = gluconapin, PROG = progoitrin, IBER = glucoibervirin,
COLOUR = arbitrarily assigned colour, TSW = thousand seed weight

variables SINI and PROG. Variables NAPI and PROG on the one hand and
IBER and COLOUR on the other are fairly positively correlated. The mean-
ing of the first principal axis is given, on the right, mainly by variable SINI

IV. Results of PCA conducted with B. nigra, B. juncea and S. arvensis seeds

Original variables* Component loadings C ommu-
PCl PC2 PC3 PC4 uality

1. NAPI 0.919 -0.002 0.845
2. PROG 0.042 —0.877 0.771
3. IBER 0.051 0.875 0.769
4. TSW 0.916 0.012 0.839
Eigenvalue 1.69 1.53 0.48 0.30

Variance [%)] 422 38.3 11.9 7.5

Cummulative variance [%] 422 80.6 92.5 100.0

* NAPI = gluconapin, PROG = progoitrin, IBER = glucoibervirin, TSW = thousan seed weight
8
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PROG NAPI Abbreviations of samples see Table I,
\\ COLOUR abbreviations of variables see Table 11
\ IBER
s Z
TSW- TTSINT

Second PC (31.4%)

3 *BNA2
*
5 BNAI
1
BNA3*
BNIS* BIUS ] Ft pe
% A
0 BIUer O wria | BU2 (46.1%)
BIJSI s+ *BNI2
SAL2 *BJS2 ]
H|sAlgRAL |
i
L1000 -0.55 0 000 0 055  L10

1. Result of PCA on data from 19 samples and 6 variables

and on the left, by variable TSW. The same prevails for the second principal
axis and variable NAPIL.

It can be clearly seen that seeds of S. alba and B. napus are located in
separate clusters. Their relative positions may be interpreted by considera-
tion of the PCs loadings of the original variables. The cluster of S. alba seeds
is the most endowed in variable TSW and the least endowed in variables
IBER and COLOUR. It has a rather high TSW value and rather low IBER
and COLOUR values. The cluster of B. napus samples is the most endowed
in variables NAPI and PROG and the least endowed in variable SINI. It has
a rather low SINI level and rather high NAPI and PROG levels.

The seeds of S. arvensis and B. juncea Sarepta are somewhat separated
from the cluster of seeds of B. nigra, B. juncea and S. arvensis due to their
rather high content of SINI and IBER and also due to their rather darker
colour. Unfortunately, the seeds of B. nigra, B. juncea, B. juncea Sarepta

9
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IElER Abbreviations of samples see Table I,
abbreviations of variables see Table II

——TSW
T ——NAPI
PR|OG
Second PC (38.3%)
1.2 L
0.6 *BJU6
BJUS* *BJU4
First PC
0.0 _ (42.2%)
lBUJ3‘
0.6
i3 *BNI2 *BNI3
*BNI1
Tl 06 0 00 06 = 12

2. Result of PCA on data from 10 samples and 4 variables

and S. arvensis could not be clearly separated using the above mentioned six
variables. Therefore, a new PCA has been conducted employing a smaller
set consisting of only 10 samples of B. nigra, B. juncea and S. arvensis
seeds. The samples of B. juncea Sarepta seeds were not included as they can
be readily distinguished from the dark seeds of B. juncea due to their yellow
colour. The best results were achieved using a reduced set of variables con-
sisting of only four variables (NAPI, PROG, IBER and TSW). Table IV
shows the results of PCA made on these four variables (Varimax rotation).
As it can be seen (Fig. 2), the first PC, on the right, describes mainly NAPI
and TSW. The second PC represents, in the upward direction, mainly IBER
and in the downward direction mainly PROG. The seeds of B. nigra, B. jun-
cea and S. arvensis are now distributed in three separate clusters. Their rela-
tive positions may be interpreted as follows. The cluster of B. nigra seeds is

10
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the most endowed in PROG. The cluster of B. juncea seeds is the most en-
dowed in NAPI and TSW and the cluster of S. arvensis seeds is the most
endowed in IBER.

As a result, the use of the described models and procedures based on the
individual level of certain glucosinolates, easily assayed thousand seed
weight and colour of the seeds clearly distinguishes between all mustard
seeds available on the market.
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Chemometrické hodnoceni hor¢i¢nych semen

U souboru 19 vzorkii semen hoi€ice bilé, Cerné, hnédé a sareptské (Sina-
pis alba, Brassica nigra, B. juncea) a u semen pfibuznych olejnin (hoitice
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rolni — S. arvensis a fepka olejka — B. napus) byl stanoven metodou plynové
chromatografie obsah hlavnich glukosinol4ti (sinigrin, gluconapin, gluco-
brassicanapin, progoitrin, gluconapoleiferin, glucoiber-virin, glucoerucin,
gluconasturtiin, sinalbin, glucobrassicin a 4-hydroxyglucobrassicin). Dile
byla uréena hmotnost tisice semen a arbitrdZné jejich zbarveni. Cilem prace
bylo vyuzit takto ziskané charakteristiky semen k jejich rozliSeni pomoci
metod multivariaéni analyzy. Pfedev§im se jednalo o mozZnost rozliSeni
semen hoi€ice ¢emé (B. nigra) a hnédé (B. juncea) a hoi€ice rolni (S. arven-
sis), které jsou na trhu ¢asto vzdjemné zaméfiovany. Metodou analyzy hlav-
nich komponent (PCA) za pouZiti pouze $esti prom&nnych (obsah sinigrinu,
glukonapinu, progoitrinu, glukoibervirinu a hmotnosti tisice semen) bylo
mozné velmi dobfie rozlisit, resp. identifikovat semena hoi¢ice bilé (S. alba)
a semena fepky olejky (B. napus). Za pouZti pouze &tyf proménnych (glu-
konapin, progoitrin, glukoibervirin a hmotnost tisice semen) bylo moZné
velmi dobfe rozlisit semena hoi€ice erné (B. nigra), hnédé (B. juncea) i se-
mena hoi¢ice polni (S. arvensis).

hoi€ice; glukosinolaty; Brassica nigra; Brassica juncea; Brassica napus;
Sinapis alba;, Sinapis arvensis; analyza hlavnich komponent; PCA

Contact Address:

Prof. ing. Jan Velisek, DrSc., Vysoka §kola chemicko-technologicka,
Ustav chemie a analyzy potravin, Technicka 5, 166 28 Praha 6, Ceské republika,
tel.: 02/2435 3177, fax: 02/311 99 90
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THE CHANGE OF CABBAGE (Brassica oleracea L. var. capitata)
GLUCOSINOLATE CONTENT DURING STORAGE*

Bahru W. KASSAHUN, Jan VELISEK, Ji#i DAVIDEK, Jana HAJSLOVA

Institute of Chemical Technology — Department of Food Chemistry and Analysi.s;,
Prague, Czech Republic

Abstract: The effect of storage on cabbage glucosinolate content was followed
using gas-liquid chromatography. The initial individual and total glucosinolate
contents were determined in three varieties of head cabbages, Aneto F1(summer
early variety), Dobrovodské polopozdni (summer semilate variety) and Pourovo
Servené (summer late variety, red cabbage). All three varieties of cabbage dif-
fered in their total glucosinolate content. These results were compared with those
obtained by analysing the above samples during the storage. Storage brought
about a decrease in total glucosinolate content in each cultivar, about 70% in
Aneto F1 (stored for 5 weeks), 85% in Dobrovodské polopozdni (stored for 8
weeks) and 80% in Pourovo &ervené (stored for 10 weeks). The results also indi-
cated the length of the storage life of the examined cabbage varieties under the
conditions of the experiment used.

cabbage; glucosinolates; changes; storage

Glucosinolates represent one of the well-defined secondary plant metabo-
lites distributed in the Brassica plants (Heaney, Fenwick, 1987). They
form a group of naturally occurring anions with a partial uniformity in struc-
ture-differing mainly in the character of the side chain (Fig. 1). Glucosino-
lates are present in the intact plant together with enzymes, myrosinases
(thioglucoside glucohydrolase, EC 3.2.3.1), which hydrolyse their thioester
bond on the disruption of the plant tissue in the presence of water (Bjer-
gegaard et al.,, 1994). Further rearrangement of the enzymatically formed
thiohydroxamate-O-sulfonate results in the emergence of different physio-
logically active compounds which attract the attention of food chemists,
toxicologists and nutritionists to their resultant effect on human and animal
health. Depending on the reaction environment, pH, the presence of some

* This work was supported in part by research grant no. 509/93/2483 from the Grant Agency
of Czech Republic.
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cations (Fe**/ Fe3*), ascorbic acid, the structure of the side chain, etc., the
hydrolysis products can be isothiocyanates, nitriles, oxazolidine-2-thiones,
and other compounds (Uda et al., 1986; Jen, Wei, 1993; Fenwick et
al., 1983). It has been proven that isothiocyanates formed from certain ali-
phatic glucosinolates showed mutagenicity, antimicrobial activity (2-pro-
penyl isothiocyanate from sinigrin and others), goiterogenicity (5-vinyl-

oxazolidine-2-thione from progoitrin and thiocyanate ion from indole and
other glucosinolates) (Duncan, Milne, 1992; McDanell etal., 1987).
Degradation of the indole glucosinolates and their reaction products such as
indole-3-methanol and ascorbigen (reaction product of indole-3-methanol
with ascorbic acid) were found to be engaged in the induction of enzymes
which metabolise xenobiotics (McDanell etal., 1989, Preobrazhens-
kaya etal, 1993; Williamson, 1994). Recent reports have documented
the advantage of consuming Brassica vegetables (Brussels sprout and cab-
bage) by humans for protecting against breast and colon cancer and for other
benefits (Verhagen, Feron, 1994; Yanai etal., 1994).

The properties of individual glucosinolates, given by their side chain
structure and the multiplicity of their degradation products caused by enzy-
matic hydrolysis were broadly studied under various processing conditions
(Fenwick, Curtis, 1980; McGregor etal., 1983; Kassahun etal.,
1994; Slominski, Campbell, 1989; Vos etal., 1988). But there is still
little information about the influence of storage either on total or individual
glucosinolate content of Brassica vegetables.

Cabbage is one of the most frequently consumed vegetables of the genus
Brassica, either as a part of the main diet (cabbage with pork and dumplings)
or as a complement of usual meals (salads). It often takes a long time before
it reaches the consumer from the producer. Therefore, we found it appropriate
to examine the potencial changes in glucosinolate content of cabbage under
storage.

MATERIAL AND METHODS

Material

Freshly harvested three varieties of cabbage, Aneto F1 (summer early va-
riety), Dobrovodské polopozdni (summer semilate variety) and Pourovo Cer-
vené (summer late variety, red cabbage) were supplied by the Central Seed
Breeding Station, Dobfichovice, Czech Republic.

14
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Chemicals, Reagents and Solutions

Potassium salt of 2-propenyl glucosinolate (sinigrin), gluconapin (2-bu-
tenyl glucosinolate, potassium salt), glucotropaeolin (benzyl glucosinolate,
tetramethyl ammonium salt) and glucosinalbin (p-hydroxybenzyl glucosino-
late, tetramethyl ammonium salt) were kindly supplied by G. R. Fenwick,
ARC, Food Research Institute, Norwich, UK. Other chemicals and reagents
were described elsewhere (Kassahun et al., 1994).

Sample preparation

The initial content of glucosinolates in the fresh material was determined
as follows: representative samples were taken by boring each head of cab-
bage from opposite sides with a steel tube (bore diameter 15 mm) and after
mixing and quartering, the slices amounting 20 g were weighed and ana-
lysed. Three heads of each cultivar having medium size were used for analy-
sis. The effect of storage was followed by storing the above samples at 3 to
6 °C (4.5 £ 1.5 °C). Sampling and analysis were made as in the case of the
fresh material by taking samples every week from Aneto F1 and every ‘two
weeks from Dobrovodské polopozdni and Pourovo Eervené. Detailed proce-
dure was described elsewhere (Kassahun et al., 1994).

Apparatus

A Hewlett-Packard 5890A gas chromatograph was equipped with FID and
a 25 m x 0.25 mm fused silica capillary column with SE-54 (film thickness
0.25 pm). The column temperature was programmed from 200 to 285 °C
with an increase of 4 °C/min.

RESULTS AND DISCUSSION

Glucosinolates in the analysed cabbage samples were identified using
GC/MS and by comparison of the obtained chromatograms with chromato-
grams of standards analysed under the same conditions (Kassahun et al,,
1994; Christensen et al., 1982). Twelve glucosinolates, found in the
tested cabbage samples, were quantified (Fig. 1). Table I to III give the con-
tent of glucosinolates in each cultivar.
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1. General structure of glucosinolates (GLs) g— glucose
&
R—C
NS =
NN—0—80;
R Systematic name Trivial name
Alkenyl and hydroxy alkenyl 3
aliphatic GLs 2-propenyl GLs sinigrin
3-butenyl GLs gluconapin
4-pentenyl GLs glucobrassicanapin
2-hydroxy-3-butenyl GLs progoitrin
2-hydroxy-4-pentenyl GLs gluconapoleiferin
Sulphur containing alkyl GLs methylthio-3-propyl GLs glucoibervirin
methyIthio-4-butyl GLs glucoerucin
Aromatic GLs 2-phenethyl GLs gluconasturtiin
Indolyl GLs 3-indolylmethyl GLs glucobrassicin
1-methoxy-3-indolylmethyl GLs neoglucobrassicin

4-hydroxy-3-indolylmethyl GLs

4-methoxy-3-indolylmethyl GLs

The highest total glucosinolate content was found in Aneto F1, Dobrovod-
ské polopozdni had the medium and Pourovo &ervené the lowest level of
glucosinolate.

Aneto F1 is rich in glucobrassicin and sinigrin. These two glucosinolates
represent about 40% and 30% of the initial total content, respectively (Tab-
le I). It also contains lower amount of gluconasturtiin than the rest of the
cultivars (about 1% of the total content).

During storage, the total content of glucosinolates in Aneto F1 did not
change for the first two weeks (Table I, Fig. 2). Three weeks later the level
fell to about 40% of the initial value. The change in the third week can be
mainly due to a marked decrease in the content of sulphur-containing gluco-
sinolates (glucoibervirin, glucoerucin). Storage for 5 weeks caused a de-
crease in the initial level by about 70%.
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M Sinigrin

& Other aliphatic and hydroxy
aliphatic GLs

B Sulphur containing alkyl GLs

8 Aromatic GLs

& Indolyl GLs
Total

1

8

ARRIRION

ALK 3

mg/kg dry weight

- B8 8 EE

weeks of storage

2. Changes of glucosinolate content in stored Aneto F1

Sinigrin, one of the most abundant glucosinolates in cabbage, showed a
gradual change in content during the storage period (Table I, Fig. 2). After
four weeks the amount obtained was higher than that of the third week (un-
like Dobrovodské polopozdni and Pourovo ¢ervené). This might have been
caused by the nonuniform distribution of this glucosinolate in the same plant
parts.

The decrease in aliphatic glucosinolate content (Table I, Fig. 2) shows a
similar trend like changes in the total glucosinolate content. These com-
pounds seem to be stable within the first two weeks, then a sharp decrease
from the 2nd to the 3rd week and a very small or an unaccountable loss in the
last two weeks (4th and 5th) occurred.

The content of sulphur containing alkyl glucosinolates was decreasing
slowly until the 2nd week. Greater losses had occurred during the last three
weeks. More than 90% of their initial content was lost after 5 weeks of stor-
age.

Although gluconasturtiin is one of the minor glucosinolates of cabbage, no
statement can be made from the results obtained.

The quantity of indole glucosinolates (glucobrassicins) found in the fresh
material was lower than that obtained in the second week of storage. The
case probably is that these compounds migrated (during storage) to or
around the injured or wounded parts of the cabbage as foundby Bodnaryk
(1992). Higher loss occurred in the content of neoglucobrassicin. Its initial
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I. Average concentration of glucosinolates (GLs) in stored Aneto F1 (mg per kg of dry weight)

Weceks of storage
Glucosinolates (grouped in Fig. 1)
0 2 3 4 5 SD
Sinigrin 2528 2038 1179 1281 857 0.11

Other aliphatic

and hydroxy aliphatic GLs 602 606 212 191 190 0.12

Sulphur containing alkyl GLs 638 591 313 125 67 0.17
Aromatic GLs 78 94 24 38 27 0.80
Indolyl GLs 5370 | 5921 1739 1484 1306 0.11
Total 9216 | 9250 | 3467 | 3119 | 2489 0.26

SD = standard deviation for 5 duplicate analyses

content represented about 30% of the total indole glucosinolates and de-
creased to 2% in the fourth week. Its content was reduced to zero in the last
week of storage. Glucobrassicin, found to be a major glucosinolate in Aneto
F1, represented about 60% of the total indolyl initial quantity in the 1st and
2nd, 75% in the 3rd, 79% in the 4th and about 86% in 5th week of storage.
The increment of this ratio (from 60 to 86%) may be a result of the complete
loss of neoglucobrassicin. The decrease in glucobrassicin content was about
60% in the 3rd, 65% in the 4th and 70% in the 5th week of storage (related
to its content in the fresh material). The reduction in the 4-hydroxygluco-
brassicin and 4-methoxyglucobrassicin content was relatively low, about
50% in the last storage week.

In Dobrovodské polopozdni the decrease in total glucosinolate content
started within the first two weeks of storage and after 8 weeks 85% of the
initial content was lost (Table II, Fig. 3). Sinigrin and glucobrassicin were
the major glucosinolates representing 50 and 20% in the fresh material, re-
spectively. In the stored material, greater loss of sinigrin occurred within the
last two weeks of storage. Its content was reduced to about 9% of sinigrin
initial content in the fresh material.

The measured value of the aliphatic glucosinolates in the fresh material
was about 9% of the total, of which gluconapin and progoitrin were the ma-
jor ones (8 weeks of storage reduced 85% of their original value).
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The total content of the sulphur containing glucosinolates decreased in the
same manner as in the case of Aneto F1 except that the change in the content
of these compounds (in Dobrovodské polopozdni) was gradual.

Dobrovodské polopozdni contains a little higher amount of gluconastur-
tiin than Aneto F1, but no reproducible results of this compound were ob-
tained during the analysis of the stored sample. So, the explanation given
above for it in the case of Aneto F1 can apply here too.

The glucobrassicins total content is 30% of the initial total glucosinolate
content in this cultivar. The most abundant was glucobrassicin and the least
4-hydroxyglucobrassicin. The glucobrassicin content was 60% of the initial
total indole glucosinolate content and reached 80% in two, 65% in four, 75%
in six and eight weeks stored material. The variation of this percentage also
seems to contributed by higher losses in the neoglucobrassicin content that
represented 17% of the initial total indolyl content and was reduced to zero
after 8 weeks of storage. The 4-methoxyglucobrassicin content was about
15% of the total indolyls in the fresh material which was reduced to 2% in
the last week of storage.

The red cabbage Pourovo &ervené contains 33% sinigrin, 28% progoitrin
and 23% gluconapin at the beginning of storage. The total glucosinolate con-
tent of this cabbage is the lowest from the tested cultivars (about 30% com-
pared to Aneto F1 and 40% to Dobrovodské polopozdni total glucosinolate
content). Unlike the other two tested cultivars, the content of progoitrin (Ta-
ble III, Fig. 4) and gluconapin is higher and glucobrassicanapin and neoglu-

A Sinigrin

Other aliphatic and hydroxy
aliphatic GLs

B Sulphur contuaining alkyl GLs

0O Aromatic GLs

& Indolyl GLs

@ Total

mg/kg dry weight

weeks of storage

3. Changes of glucosinolate content in stored Dobrovodské polopozdni
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II. Average concentration of glucosinolates (GLs) in stored Dobrovodské polopozdni (mg per
kg of dry weight)

Glucosinolates Weeks of storage

(grouped in Fig.1) . 0 2 4 6 8 D
Sinigrin 3233 | 1523 | 1385 | 1147 | 301 0.1
gg;’y‘::g’;;‘ﬁiph — se2 | 222 | 286 | 294 58 | o012
Sulphur containing alkyl GLs | 446 | 396 | 323 154 74 0.17
Aromatic GLs 164 28 40 22 10 0.80
Indolyl GLs 1899 | 1669 | o11 | 83 | 344 | om
Total 6284 | 3838 | 2945 | 2450 | 787 | 0.6

SD = standard deviation for 5 duplicate analyses

cobrassicin are present in traces. The decrease in total glucosinolate content
was very slow and more extended than in Aneto F1 and Dobrovodské polo-
pozdni; ten weeks of storage decreased the initial total content by 80%.
Sinigrin content was decreased by 90% after 10 weeks of storage.
In the content of aliphatic glucosinolates, gluconapin and progoitrin repre-
sent about 44 and 54%, respectively. Others, like glucobrassicanapin and
gluconapoleiferin represent less than 0.5% each (related to the total content

1I1. Average concentration of glucosinolates (GLs) in stored Pourovo &ervené (mg per kg of dry
weight)

Glucosinolates Weeks of storage

Sinigrin 820 687 512 460 104 84 0.11
Other aliphatic and hydroxy

aliphatic GLs 1248 991 746 658 211 147 0.12
Sulphur containing GLs 123 81 36 33 2 2 0.17
Aromatic GLs 19 10 1 3 11 8 0.80
Indolyl GLs 263 554 |1012 753 135 184 0.11
Total 2473 |2324 2307 |1907 563 425 0.26

SD = standard deviation for 5 duplicate analyses
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B Sulphur containing alkyl G1.s
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weeks of storage
4. Changes of glucosinolate content in stored Pourovo &ervené

of aliphatic glucosinolates in Pourovo ¢ervené, in which gluconapin and pro-
goitrin represent about 50% of the total glucosinolate content).

The indolyls content representing 20% of the total glucosinolate content
in the fresh material increased to about 30% within the 2nd to the 4th week
of the storage period, whereas in the other two cultivars this happened in the
2nd week of storage. It may probably be because of the extended storage life
of the Pourovo Cervené.

The decrease in the content of other groups of glucosinolates in Pourovo
Cervené shows a similar trend like corresponding glucosinolate groups in
Aneto F1 and Dobrovodské polopozdni.

CONCLUSION

Analysis of samples of three cabbage varieties stored at 3—6 °C for 5-10
weeks showed a marked decrease in total glucosinolate content. Most of the
cabbage glucosinolate content was found to start decreasing in or after one
week of storage. The results obtained also revealed that the seasonal variety
of each cultivar has a significant influence either on enhancing or retarding
the loss in glucosinolate content. Thus the decrease in glucosinolate content
of cabbage seems to be proportional to its storage life — a rapid change in
early and a gradual one in late varieties. This phenomenon may also be true
of other compounds contained in cabbage. But since glucosinolates are typi-
cal chemotaxonomical variables of the Brassica genera, the results of such
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an experiment can be recommended to be considered as one of the indicators
to evaluate the quality of vegetables during the interval between harvesting
and consumption; i.e. in the period in which vegetables are transported,
stored and/or processed. It is also important to note that if the glucosinolate
content of cabbage is to be natural (unaltered) the length of storage time
should be taken into account.
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Zmény obsahu glukosinolata zeli (Brassica oleracea L. var. capitata)
pri skladovani

Metodou plynové chromatografie byl sledovan vliv skladovéni na obsah gluko-
sinolatl zeli. Pivodni celkovy obsah i obsah jednotlivych glukosinolati byl stanoven
ve tfech odridach zeli — Aneto F1 (letni odriida), Dobrovodské polopozdni (krouhé-
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renska odriida) a Pourovo &ervené (odritda uréen4 ke skladovani). Viechny tfi odrii-
dy se lisily svymi po&éte¢nimi hodnotami obsahu glukosinoléti. Obsah glukosinolé-
tl zjistény b&hem skladovani byl porovnan s jejich piivodnim obsahem. PH
skladovani do3lo ke sniZeni celkového obsahu glukosinolati ve vech tfech odrii-
dach. Celkovy obsah glukosinolati u odriidy Aneto F1 se sniZil pfiblizn& o 70 % (po
péti tydnech skladovani) a asi 0 80 % u odriild Dobrovodské polopozdni (po osmi
tydnech skladovani) a Pourovo &ervené (po 10 tydnech skladovani).

glukosinolaty zeli; zmé&ny; skladovani
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INTERESTERIFIKACIA TUKOVYCH ZMESi
S ALKALICKYMI KATALYZATORMI

Interesterification of Fat Blends with Alkali Catalysts

Silvia HURTOVA, Stefan SCHMIDT, Jaroslav ZEMANOVIC, Stanislav SEKRETAR

Faculty of Chemical Technology of the Slovak Technical University,
Bratislava, Slovak Republic

Abstract: Randomization of fat blends, formulated by mixing vegetable oil with
fully hydrogenated vegetable oil at various ratios, using alkali catalysts was in-
vestigated. The activity of a water solution of NaOH in the randomization reac-
tion was tested and compared with a methanolic solution of MeONa. The
relationship between the structure and physical properties was examined. The
randomization was followed by changes in the triacylglycerol group composition
of the initial blends and their corresponding randomized products. These changes
in the triacylglycerol group composition of the initial blends and their corres-
ponding randomized products were analyzed by RP-HPLC. The randomization
products analyzed by RP-HPLC were compared with the triacylglycerol group
composition calculated according to random distribution. TAG group composi-
tions of the randomized products were similar to the TAG group compositions
which were calculated according to random distribution. The altered triacyl-
glycerol composition of the randomized fat blends was also reflected in the melt-
ing point and the solid fat content of the fat blends. A decrease in the melting
point of each examined fat blend and a decrease in the solid fat content were
detected after the randomization reaction. The randomization of the fat blends of
VO:FHVO with NaOH as a water solution and by MeONa as a methanolic solu-
tion are compared. The fat blends randomized by NaOH and MeONa have the
similar solid fat content and also TAG group compositions. The lower melting of
fat blends interesterified by methanolic MeONa is very likely to be caused by the
presence of the byproducts, such as fatty acid methyl esters. The high acid values
using a water solution of NaOH were caused by greater hydrolysis of triacyl-
glycerols. The randomization using the water solution of NaOH can be used to
produce fat blends suitable for margarine, for example.

randomization; alkali catalysts; NaOH; MeONa; fat blends; RP-HPLC; GLC;
p-NMR )
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Abstrakt: V préci bol sledovany proces neriadene;j interesterifikacie (randomi-
zécie) tukovych zmesi rastlinného oleja s totdlne stuZenym rastlinnym olejom za
pouZitia bazickych katalyzatorov s ciel'om pripravy tukov s poZadovanymi fyzi-
kélnymi a nutritivnymi vlastnostami. Overovala sa katalyticka G¢innost’ vodného
roztoku hydroxidu sodného v porovnani s beZzne pouZivanym metanolickym roz-
tokom metoxidu sodného. Pre sledovanie procesu interesterifikacie tukovych
zmesi bola aplikovana metéda HPLC pre analyzu zmien v Struktire ich triacyl-
glycerolov. Boli zaznamenané aj zmeny v chemickych a fyzikdlnych paramet-
roch pévodnych a randomizovanych zmesi (¢islo kyslosti, obsah mydla, teplota
topenia) a tieZ ur¢ité rozdiely pri pouZiti katalyzatora metanolického roztoku me-
toxidu sodného a vodného roztoku NaOH. Stcasne sa skiimal aj vzt'ah medzi
Struktiurou a konzistenénymi vlastnostami. Vplyv interesterifikdcie na zmenu
konzistencie tukovych zmesi bol sledovany s ohl'adom na obsah ich tuhych po-
dielov metédou pulznej NMR. Dosiahnuté vysledky potvrdili funk&nost’ vodné-
ho roztoku NaOH ako randomiza&ného katalyzétora pre interesterifikaciu tukov
aolejov.

neriadena interesterifikicia; bazické katalyzatory; NaOH; MeONa; tukové zme-
si; RP-HPLC; GLC; p-NMR

Interesterifikaciou prirodnych tukov a olejov, t. j. zmenou ich triacylgly-
cerolovej $truktiry, je mozné modifikovat’ ich fyzikalne, nutritivne a uZitko-
vé vlastnosti (Hustedt, 1976). Tento proces samotny, resp. v kombinacii
s hydrogenéciou alebo frakcionéciou, rozsiruje moznosti vyuzitia prirod-
nych tukov a olejov v roznych potravinarskych produktoch (Wieder-
mann, 1978, Sonntag, 1982; Konishi etal., 1993). Interesterifikaciou
totalne hydrogenovanych tukov a prirodnych kvapalnych olejov sa daju
pripravit’ zmesi s poZadovanou konzistenciou a Ziadanymi biologickymi
vlastnost’ami (Sreenivasan, 1978).

Proces interesterifikdcie sa ukazuje ako alternativny proces parcialnej hy-
drogen4cie tukov a olejov (Hustedt, 1976; List et al., 1977). Na rozdiel
od parcidlnej katalytickej hydrogenacie, pri ktorej vznikaju neZiadice polo-
hové aj geometrické izoméry mastnych kyselin, sa biologicka hodnota potravin
procesom interesterifikdcie nemeni. Z hl'adiska vyZivy nemé tento proces
negativny vplyv na vyzivovi hodnotu (Pokorny akol., 1986).

V tomto ¢lanku sme sa zamerali na skumanie procesu neriadenej interes-
terifikdcie (randomizécie) tukovych zmesi rastlinnych olejov s totalne stuze-
nymi rastlinnymi olejmi v roznych hmotnostnych pomeroch za i¢elom
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pripravy tukov s pozadovanymi fyzikdlnymi a nutritivnymi vlastnostami.
Overila sa interesterifika¢na u¢innost’ vodného roztoku NaOH v porovnani
s bezne pouzivanym metanolickym roztokom metoxidu sodného (MeONa).
Proces randomizécie bol sledovany metddou vysokouéinnej kvapalinovej
chromatografie na obratenych fazach (RP-HPLC) v kombin4cii s rozdel'ova-
cou plynovou chromatografiou (GLC). Fyzikalne charakteristiky tukov boli,
okrem zakladnych analytickych metdd, sledované metdédou pulznej nuklear-
nej magnetickej rezonancie (p-NMR), pomocou ktorej sa uréil obsah tuhych
podielov (tzv. Solid Fat Content, SFC) v zavislosti od teploty.

MATERIAL A METODY
Suroviny

Rafinovany rastlinny olej (RO, zmes slneénica-repka) bol odobrany z vy-
robného zidvodu Palma-Tumys, a.s. Bratislava a totdlne stuZeny rastlinny
olej (TSRO) bol pripraveny z rastlinného oleja laboratérnou hydrogenaciou.
Zékladné fyzikdlne a chemické parametre surovin, vratane profilu mastnych
kyselin (MK), st uvedené v tab. I.

Priprava interesterifikaénych katalyzatorov

Hydroxid sodny bol pripraveny vo forme 30% vodného roztoku a 20%
metanolicky roztok metoxidu sodného bol pripraveny rozpustenim malych
kuskov kovového sodika v bezvodom metanole.

Proces neriadenej interesterifikacie (randomizacie)

Vzorky rastlinného oleja (po 120 g) s totdlne stuZenym rastlinnym olejom
v roznych hmotnostnych pomeroch boli interesterifikované do rovnovahy
s 30% NaOH (1 hm. % katalyzatora na hmotnost’ tukovej zmesi) alebo
s 20% MeONa (0,5 hm. % katalyzatora na hmotnost’ tukovej zmesi). Kazd4
tukova zmes bola pred pridavkom katalyzatora zahrievana 30 min pri 90 °C
v atmosfére dusika pri zniZenom tlaku. Potom bola teplota zvy$ena na
120 °C a bol pridany katalyzator NaOH po kvapkach v &ase 5—7 minut. Re-
akeny Cas pri zniZzenom tlaku bol 60 minut. Maly privod dusika cez kapildru
zabezpeCil inertnii atmosféru a miesanie reaktantov. V pripade katalyzatora
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MeONa bola randomizécia uskutonena pri teplote 90 °C v &ase 30 mimit.
Vznik tmavého sfarbenia po pridani katalyzitora (v pripade MeONa je to uz
do 5 min, pri katalyzitore NaOH je to v intervale 5—-10 min) indikuje tvorbu
aktivneho katalyzitora (reak&ny komplex medzi katalyzatorom a triacylgly-
cerolmi). Proces interesterifikicie bol ukonteny pridavkom 100 ml horice;j
destilovanej vody s 10% nadbytkom H;PO, vzhl'adom na mnoZstvo kataly-
zatora. Randomizované zmesi boli premyté s horiicou destilovanou vodou
do neutralnej reakcie a susené filtrciou cez bezvody Na,SO, v sudiamni pri
teplote okolo 80 °C.

Laboratérna hydrogenécia

Rastlinny olej (400 g) bol hydrogenovany v reaktore Parr 4563 (USA).
Pracovn4 teplota bola 180 °C a tlak vodika 200 kPa pri ota¢kach 1 000 za
min za pouZitia Ni katalyzatora Pricat 9910 (Unichema) v mnoZstve 0,5 %
na hmotnost’ oleja. Zmes totdlne stuZeného oleja a katalyzatora bola filtro-
vana cez bieliacu hlinku (Istrochema Bratislava) a potom zmie$an4 s nehyd-
rogenovanym kvapalnym olejom v réznych pomeroch pre u¢ely randomi-
z4cie.

Zakladné chemické a fyzikalne parametre

Teplota topenia bola stanovena posunom v otvorenej kapildre (CSN
58 0101) a je ud4van4 ako aritmeticky priemer troch hodnét. Cislo kyslosti
bolo uréené podla CSN 58 0130 a &islo jédové bolo stanovené podl'a Hanusa
(CSN 58 0101) a ich hodnoty st uvidzané ako aritmeticky priemer dvoch
hodnét.

Obsah mydla podl'a Wolfa: navaZi sa 5-40 g oleja (podl'a predpokladané-
ho obsahu mydla), prida sa 1 ml destilovanej vody, zahreje na vodnom kupeli
pod spitnym chladi¢om a silne pretrepe. Pridd sa 50 ml roztoku brémfenolo-
vej modrej (BFM), ktord bola pripravena rozpustenim 0,5 ml 1% aceténové-
ho roztoku BFM v 100 ml aceténu s 2 % destilovanej vody. Zmes sa zahreje
na vodnom kiipeli do varu, pretrepe a nechd stat, aZ sa vytvoria dve vrstvy.
Za pritomnosti mydla je vrchna vrstva modra aZ zelena. Zmes sa titruje
0,01M HCI do ZlItého sfarbenia.

Trans-izoméry MK boli stanovené infratervenou spektroskopiou (AOCS
Cd 14-61) za pouZitia trielaidinu ako Standardu.
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GLC analyza mastnych kyselin

Zastupenie mastnych kyselin bolo uréené analyzou ich metylesterov, prip-
ravenych podl'a Christophersonovej a Glassa (Christopherson, Glass,
1969) na plynovom chromatografe Hewlett-Packard HP 5890 Series II
(USA). Na analyzu bola pouZita sklena niplilova kol6na so stacionarnou fa-
zou Chromaton N-AW-DMCS so zakotvenou fazou 10% DEG]J a ako nosny
plyn bol pouZity dusik pri prietoku 15 ml/min. Analyza bola uskuto&nen4 za
izotermickych podmienok pri teplote kolény 180 °C. ZloZenie mastnych ky-
selinbolo vypoc&itané (ako hm. %) z plochy pikov integratorom Hewlett-
-Packard HP 3396.

RP-HPLC analyza triacylglycerolov

Zmeny tried triacylglycerolov pri randomizicii boli sledované metédou
vysokoudinnej kvapalinovej chromatografie na obratenych fazach. Za pod-
mienok, ktoré uvedli Hurtovd a Schmidt (1993), boli vzorky analyzo-
vané na kvapalinovom chromatografe (Laboratorni pfistroje Praha) na
kolone Separon SGX C18 (150 x 3 mm, velkost’ &astic 5 mm) s mobilnou
fazou acetén-acetonitril (65:35, v/v) pri prietoku 0,5ml/min a za pouZitia RI
detektora (RIDK 101, LP Praha). 5 az 10% roztoky tukovych vzoriek v ace-
tone boli injektované v mnoZstve 20 pl (Rheodyne Loop Injector Model
7010, USA). Rozpustadla pouzité pre pripravu mobilnych faz a tukovych
vzoriek (Cistoty p.a.) boli pred pouZitim destilované a odvzdusnené.

Obsah tuhych podielov pulznou NMR

Hodnoty obsahu tuhych podielov tukovych zmesi, tzv. SFC hodnoty, boli
stanovené metddou pulznej nukledrnej magnetickej rezonancie na pristroji
Bruker Minispec PC 120s (Nemecko). Vzorky boli vysudené vo vakuovej
sudiarni a analyzované za nasledovnych podmienok: v NMR skimavkich
boli roztopené pri 80 °C, potom temperované vo vodnom kupeli pri 60 °C
5 min, nasledne pri 0 °C 60 min a potom pri kaZdej meranej teplote (0, 10,
20, 30 a 60 °C) 30 min. Spin-spin relaxaény signal bol merany 10 a 70 ms po
vysokofrekvenénom pulze. Pristroj bol kalibrovany na referen¢né $tandardy
so znamym obsahom tuhych podielov (0, 30,5 a 73,4 % TP), ktoré su ates-
tom doddvané vyrobcom. Percento SFC kazdej tukovej zmesi (uvadzané ako
aritmeticky priemer troch merani) bolo vypo¢itané firemnym softwarom.
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VYSLEDKY A DISKUSIA

Z3ikladné fyzikalne a chemické parametre surovin, vritane zloZenia mast-
nych kyselin rastlinného oleja, hydrogenovaného rastlinného oleja a z nich
pripravenych zmesi, si uvedené v tab. L.

Totélne stuZeny rastlinny olej (laboratérne hydrogenovany na JC = 1,3),
s obsahom 92,2 % kyseliny stearovej, pouZity na pripravu tukovych zmesi,
bol zmieSany s kvapalnym rastlinnym olejom. Boli pripravené tukové zmesi
RO:TSRO v hmotnostnom pomere 2:1; 2,2:1; 2,6:1 a 3:1, ktoré boli podro-
bené randomizicii s vodnym roztokom NaOH. Pre porovnanie katalyticke;j

I. Fyzikédlne a chemické parametre rastlinného oleja a totalne hydrogenovaného rastlinného
oleja a ich tukovych zmesi — Physical and chemical parameters of vegetable oil, fully hydroge-
nated vegetable oil and their fat blends

Mastné kyselina! | RO TSRO 20z T8R0win)

2:1 2,2:1 26:1 3:1
16:0 6,4 78 6,9 6.8 6,8 6,7
18:0 1,9 92,2 30,9 29,2 26,9 23,8
18:1 34,2 stopy? | 23,1 244 25,2 25,9
18:2 55,1 0,0 37,4 37,9 39,3 41,8
18:3 2,4 0,0 1,7 1,7 1,8 1,8
JC (cgl, /g) 124,4 1,3 85,1 87,25 93,1 94,55
t. top. (°C) <10,0 67,9 61,2 60,9 60,1 59,1
CK (mgKOH/g) | 0,13 0,69 0,28 0,27 0,24 0,21

JC=jédové &islo podl'a Hanuda — iodine value according to Hanus
t. top. = teplota topenia — melting point

CK = &islo kyslosti — acid value

RO = rastlinny olej — vegetable oil

TSRO = totélne stuZeny rastlinny olej — fully hydrogenated vegetable oil
16 : 0 =kyselina palmitova — palmitic acid

18 : 0 = kyselina stearova — stearic acid

18 : 1 =kyselina olejova — oleic acid

18 : 2 = kyselina linolové — linoleic acid

18 : 3 =kyselina linolénova — linolenic acid

lf:smy acid; 2traces

30



Potrav. Védy, 13,1995 (1):25-37

uéinnosti vodného roztoku NaOH boli zmesi v pomeroch 2:1 a 2,6:1 rando-
mizované aj s metanolickym roztokom MeONa.

Obsah kyseliny stearovej v tychto zmesiach sa pohybuje v rozmedzi 20 az
30 %. Z nutritivneho hl'adiska je dolezité zastipenie najmi kyseliny linolo-
vej, ktord patri medzi esencidlne MK. Pomerne vysoky obsah kyseliny lino-
lovej (38—42 %), rovnako aj zastipenie ostatnych mastnych kyselin, sa
v priebehu randomizicie nemeni. Vysoky obsah tejto esencidlnej mastnej
kyseliny je z vyzivového hl'adiska Ziadiuci. Rovnako vyznamné je aj pomer-
né zastipenie polynenasytenych MK ku nasytenym MK (pomer PU/S). Po-
mer PU/S uvedenych tukovych zmesi sa pohybuje v rozmedzi 1,0—1,4 (pre
pomer 2:1 je 1,0, pre pomer 2,2:1 je 1,1, pre pomer 2,6:1 je 1,2 a pre pomer
3:1 je 1,4), ¢o zodpoveda hodnote uvadzanej FAO/WHO a komisiou Eurdp-
skej unie (PU/S 2 1) (Dostdlova, Pokorny, 1994). Z hl'adiska vyZivy
preto uvedené randomizované produkty mdZu n4jst’ uplatnenie pri vyrobe
nutritivne hodnotnych potravindrskych vyrobkov, napr. dietetickych marga-
rinov.

Proces randomizicie bol sledovany zmenou zloZenia tried triacylglycero-
lov (TAG) p6vodnych tukovych zmesi a ich randomizovanych produktov.
Tieto zmeny v zloZeni tried TAG boli analyzované metédou vysokoucinnej
kvapalinovej chromatografie na obratenych fazach a st zndzornené v tab. II.
Vzorky pévodnych a randomizovanych tukovych zmesi boli separované do
tried podl'a tzv. ECN hodndt (Shukla, 1988). Identifikicia a priradenie
ECN prisludnym triedam TAG boli urobené na ziklade porovnavania s re-
tenénymi ¢asmi separovanych &istych TAG, ako aj s ohl'adom na znidme za-
stipenie mastnych kyselin tvoriacich molekuly TAG tukovych zmesi za
suasného porovnania s literArnymi adajmi (Shukla, 1988; Schmidt,
Hurtova, 1992). '

Na zaklade hypotézy distribucie MK spdsobom 1,2,3-ndhodne (Hus-
tedt, 1976; Schmidt, 1988) bolo pocitatom urfené teoretické zloZenie
$truktar TAG molekul uvedenych tukovych zmesi po ich randomizicii v sta-
ve rovnovahy. Ako podklad pre vypocet boli pouZité vstupné udaje o zloZeni
MK prislu§nych povodnych tukovych zmesi, ziskanych analyzou metédou
GLC. Randomizované produkty, analyzované RP-HPLC, boli porovnané so
zloZenim tried TAG vypocitanym podl'a 1,2,3-ndhodnej distribucie. Vysled-
ky ukézali dobri zhodu v Strukture TAG tried zistenych experimentalne
a vypoc¢tom podl'a ndhodnej distribucie (tab. II).
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3 IL ZloZenie triacylglycerolovych tried RO : TSRO (w/w) pred randomizéciou s NaOH a po nej — The triacylglycerol group composition of

VO : FHVO (w/w) before and after randomization with NaOH

RO : TSRO (w/w)
231 22:1 2,6:1 3:1
ECN
NaOH NaOH NaOH NaOH
pov. pév. pov. pov.
‘ exp. teor. exp. teor. exp. teor. exp. teor.
[%]
42 24,2 79 6,9 23,8 82 7,2 23,4 8,6 8,4 23,1 9,0 9,2
44 34,7 15,2 15,3 34,6 15,7 16,4 34,3 17,4 17,5 33,8 19,7 19,7
46 243 25,4 25,1 243 26,6 26,1 24,2 26,7 26,4 24,1 28,2 27,5
48 13,4 25,0 24,9 13,5 24,6 24,9 13,7 24,3 24 13,9 24,3 23,6
50 27 19,1 19,2 2,9 18,1 17,9 3,4 17,1 16,8 3,6 14,3 14,6
52 0,7 7,4 8,6 0,9 6,6 7,5 1,2 6,1 6,9 1,5 4,5 5,4

ECN= ECN hodnoty (Equivalent Carbon Number) ur&ené metédou RP-HPLC — ECN values determined by RP-HPLC

pv. = zloZenie TAG tried pévodnych zmesi, uréené metédou RP-HPLC [ploné %] — TAG group composition of original fat blends de-
termined by RP-HPLC [area %)

exp. = zloZenie TAG tried zmesi randomizovanych s NaOH, urtené RP-HPLC [plo¥né %] — TAG group composition of interesterifi-
ed fat blends with NaOH determined by RP-HPLC [area %]

teor. = zloZenie TAG tried randomizovanych tukovych zmesi vypogitanych podl'a 1,2,3-néhodne;j distribiicie [rel. mol %] - TAG
group composition of randomized fat blends determined by calculation according to random distribution

LE~ST (1) S661 ‘€T “ApA°Aenod
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IIL. Teploty topenia pdvodnych tukovych zmesi RO:TSRO v réznych hmotnostnych pomeroch
a ich randomizovanych zmesi s NaOH — The melting points of fat blends of VO:FHVO in
various mass ratios and their randomized blends with NaOH

2:1 2,2:1 2,6:1 3:1

2 | rand.? pov. | rand. | pbv. | rand. | pév. | rand.

RO : TSRO (w/w)
pov.

Teplota topenia' [°C] | 61,2 | 40,6 | 60,9 | 389 | 60,1 | 37,1 | 59,1 | 34,2

'melting point, Zoriginal fat blend, 3randomized fat blend

Zmena zlozenia TAG randomizovanych tukovych zmesi ma vplyv aj na
zmenu ich fyzikdlnych vlastnosti, najmi teploty topenia a obsahu tuhych
podielov tukovych zmesi.

V tab. III si uvedené teploty topenia tukovych zmesi rastlinného oleja
s totdlne stuZenym rastlinnym olejom pred a po randomizicii s NaOH. Ran-
domizované produkty maju teploty topenia v rozmedzi 34—40 °C. Jedno-
znaény pokles teploty topenia skimanych tukovych zmesi je spdsobeny
randomizaciou. Tento pokles teploty topenia tukovych zmesi rastlinného
oleja s totalne stuZzenym rastlinnym olejom zavisi na zloZeni pévodnej zmesi
a je ovplyvneny najmi pritomnost'ou trinasytenych TAG totilne stuZeného
rastlinného oleja. Najvacsi pokles teploty topenia, t.j. o 25 °C, bol zazname-
nany v pripade zmesi RO: TSRO v pomere 3:1 a najmensi pokles, pribliZne
0 20 °C, bol v pripade pomeru 2:1.

Pokles obsahu vy33ie topiacich sa zloZiek tukovych zmesi procesom ran-
domizicie dokumentuje aj obr. 1, kde je porovnany obsah tuhych podielov
(tzv. SFC hodnota), pévodnych a randomizovanych tukovych zmesi. Rovna-
ko ako v pripade tepl6t topenia, bol zaznamenany jednoznaény pokles obsahu
tuhych podielov randomizovanych zmesi v zavislosti od zloZenia pévodnej
zmesi.

Randomizované tukové zmesi RO: TSRO v uvedenych hmotnostnych po-
meroch maju v porovnant s pdvodnymi tukovymi zmesami zmenené fyzikal-
ne vlastnosti. Najméd vd’aka zniZeniu teplot topenia randomizovanych zmesi
moZu byt tieto vyuZité pre produkciu tukovych zloZiek réznych potravinar-
skych vyrobkov. Randomizované tukové zmesi s teplotou topenia v rozme-
dzi 34-37 °C (RO:TSRO v pomere 2,6:1 a 3:1) mdzu sluZit' pre pripravu
vyZivovo hodnotnych margarinov s nizkym obsahom trans izomérov MK
(pod 5 %) a s pomemne vysokym obsahom esencidlnych MK, najma kyseliny
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60 SFC [%] N RO:TSRO - 2:1, NaOH

i @® RO: TSRO -2.2:1, NaOH
ARO:TSRO - 2.6:1, NaOH
‘ WRO:TSRO - 3:1, NaOH
1 +RO:TSRO - 2:1, original
XRO:TSRO - 2.2:1, original
¥RO: TSRO - 2.6:1, original
—RO:TSRO - 3:1, original

504
40

304
1. Vplyv randomizicie s NaOH na
obsah tuhych podielov (tzv. SFC
hodnoty) rastlinného oleja (RO)

s totdlne stuZenym rastlinnym
olejom (TSRO) v réznych
pomeroch — Effect of NaOH
catalyzed randomization on solid
fat content (SFC) values of various
mixtures of vegetable oil (VO) and
fully hydrogenated vegetable oil

) U 1 L) S‘b 6b
t[°C] (FHVO)

204
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—_—
(=)
N
(=]
W
(=)
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(=

linolovej. Produkty topiace a v oblasti 38—42 °C (RO:TSRO 2:1 a 2,2:1)
modZu byt’ vyuzité ako alternativa bravovej masti alebo hovidzieho loja pri
smazeni a vyprazani. Uvedené produkty, s ohl'adom na ich konzistenéné
vlastnosti, m6Zu byt’ vyuZité aj v pekdrskom a cukrarskom priemysle.

Na zaver st uvedené vysledky porovnania interesterifikaénej u¢innosti
vodného roztoku NaOH v porovnani s klasicky pouZivanym metanolickym
roztokom MeONa. V tab. IV si uvedené tukové zmesi RO:TSRO v pome-
roch 2:1 a 2,6:1, randomizované s 1% NaOH ako 30% vodnym roztokom
a 0,5% MeONa ako 20% metanolickym roztokom.

Vysledky prezentované v tab. IV a znazomené na obr. 2 potvrdili vhod-
nost’ pouzitia vodného roztoku NaOH ako interesterifika¢ného katalyzatora
v porovnani s bezne pouzivanym interesterifikaénym katalyzidtorom metano-
lickym roztokom MeONa. Vyhodou NaOH je skuto¢nost’, Ze sa beZne pouZzi-
va v priemysle tukov a olejov, je dostupne;jsi, lacnejsi a dobre skladovatel'ny.
Kym pri pouziti metanolického MeONa sa tvoria ako vedl'ajsie produkty
hlavne zdravotne neZiadice metylestery mastnych kyselin (MeMK), ktoré
v kone¢nom dosledku znizuju aj vysledmi teplotu topenia randomizovaného
produktu, v pripade NaOH vznikaji vo zvy$enej miere najméi vol'né mastné
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IV. Fyzikélne a chemické charaktaristiky randomizovanych tukovych zmesi RO:TSRO (2:1
a 2,6:1) s vodnym roztokom NaOH a metanolickym roztokom MeONa — Physical and chemical
characteristics of randomized fat blends of VO:FHVO (2:1 a 2.6:1) with water solution of
NaOH and methanolic solution of MeONa

RO :TSRO (w/w)
ZloZenie
TAG tried! 2:1 2,631
NaOH MeONa teor. NaOH MeONa teor.
ECN? area % mol % area % mol %
42 7,9 7,9 6,9 8,6 8,9 8,4
44 15,2 15,6 15,3 17,4 17,3 17,5
46 25,4 25,1 25,1 26,7 26,2 26,4
48 25,0 24,4 24,9 24,3 23,6 24,0
50 19,1 19,7 19,2 17,1 17,2 16,8
52 7,2 73 8,6 6,1 6,8 6,9
t. top. [°C] 40,6 37,8 - 37,1 343 -
CK [mgKOH/g] 7,6 0,89 o 7,4 0,83 -
OM?® [%] 3350« L1067 L 2,8.10% | 3.10% i
OM" [%] 0 0 = 0 0 =

NaOH = randomizovana tukovd zmes s 1% NaOH (ako 30 % vodny roztok) — randomized fat
blend with 1% NaOH (30% water solution)

MeONa = randomizované tukovéi zmes s 0.5% MeONa (ako 20 % metanolicky roztok ) — ran-
domized fat blend with 0.5% MeONa (20% methanolic solution)

teor. = zloZenie TAG tried randomizovanych zmesi uréenych vypo&tom podl'a ndhodnej distri-
bucie [rel. mol %] - composition of TAG group of randomized blends determined by
calculation according to random distribution [rel. mol. %]

ECN = equivalent carbon number

t. top. = teplota topenia — melting point

CK = &islo kyslosti - acidity value

OM?® = obsah mydla pred premytim - soap value before washing out
OM" = obsah mydla po premyti - soap value after washing out

I'TAG group composition
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2. HPLC z4dznam separdcie tried
0 B & TAG pévodnej tukovej zmesi
RO:TSRO v pomere 2,6:1 (A) a po
jej randomizécii s MeONa (B)
a NaOH (C) — HPLC separation of
e ] TAG groups of original fat blends
6 | of VO:FHVO at ratio 2.6:1 (A) and
46 after randomization with MeONa
44 (B) and NaOH (C)
- 44
48 a = oxidované a hydrolyzované
formy (VMK, MAG, DAG
‘za- a v pripade MeONa aj MeMK) -
50 oxidated and hydrolyzed forms
5 (FFA, MAG, DAG and also FAME
$

§ S : by using MeONa)
50 \J - | 52 j
5 . I
o

5 1510 5 0 1510 5 0201510 3 0
. |min]

42

48

N

kyseliny (VMK), prip. diacylglyceroly (DAG) a monoacylglyceroly (MAG)
ako produkty hydrolyzy. Celkové zastipenie vedl'aj$ich produktov je porov-
natel'né s tvorbou vedl'aj§ich produktov randomizicie pri pouziti metanolic-
kého MeONa (obr. 2). Okrem toho si tieto latky netoxické. VMK sa jedno-
ducho odstrafiuju v rafinanom procese a parcidlne acylglyceroly su zaklad-
nym komponentom emulgétorov pouZivanych pri vyrobe emulgovanych tu-
kov.

ZAVER

Ziverom moZeme na zdklade dosiahnutych vysledkov konstatovat’, Ze ne-
riadend interesterifikacia katalyzovana vodnym roztokom NaOH je vhodna
pre produkciu tukovych zmesi z kvapalného rastlinného oleja a totalne
stuZzeného rastlinného oleja. Zmesi s teplotou topenia 34-37 °C mdZu byt
pouZité pre produkciu margarinov s pomeme vysokym zastipenim esencial-
nych mastnych kyselin (okolo 40 %) a s minimalnym obsahom trans izomé-
rov mastnych kyselin (pod 5 %). Randomizované tukové zmesi s vy$Sou
teplotou topenia (okolo 40 °C) mézu byt pouZité pri vyrobe smaZenych,
resp. vyprazanych potravin.
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CELKOVA MIGRACE SLOZEK VYBRANYCH OBALOVYCH
MATERIALU NA BAZI PLASTU DO POTRAVINOVYCH SIMULANTU*

Overall Migration of Constituents of Plastic Packaging Materials
into Food Simulants

Jana KALACOVA, Jaroslav DOBIAS, Michal VOLDRICH, Dusan CURDA

Institute of Chemical Technology — Department of Food Preservation
and Meat Technology, Prague, Czech Republic

Abstract: The results of determination of overall migration for one-material
plastic films produced in the Czech Republic are described. Tested packaging
materials included films of polyamide (PA), polyethylene terephthalate (PET)
polyethylene of high and low density (HDPE and/or LDPE), polypropylene (PP),
and polyvinyl chloride (PVC). Besides these plastic materials paperboard cov-
ered by polypropylene was also used. The experiments were carried accord to the
regulations accepted in the countries of European Union. Distilled water, 3%
(w/v) acetic acid, 15% (v/v) ethanol and olive oil were used as food simulants,
overall migration was determined at temperatures ranging from 40 °C to 150 °C.
The results of overall migration into olive oil were compared with substance
transfer into proposed volatile simulants of fatty foods, isooctane and 95% (v/v)
ethanol. The total amount of extractable substances were followed using n-hep-
tane. Overall mi§ration into water simulants did not exceed 0.2 mg/dm? for PET
film, 0.5 mg/dm~ for polyolefin films, 0.6 mg/dm2 for PVC, 1.1 mg/dm2 for PA
materials and 1.9 mg/dm? for paperboard. All these migration levels were much
lower than limit 10 mg/dm?. The migration into olive oil was also rather low, e.g.
in the range from -0.5 t0 3.2 mg/dm? for plastics and 7.6 mg/dm2 for paperboard.
The obtained results confirmed the possibility of using the volatile simulants of
fatty food for migration testing.

overall migration; specific migration; packaging material; plasts; phtalates

Abstrakt: V préci jsou uvedeny vysledky sledovéni celkové migrace sloZek vy-
branych jednomaterialovych folii pro baleni potravin produkovanych v Ceské
republice, tj. polyamidovych pegicich félii Cutisin FF/M a FF/S, félie Mikroten

z polyetylenu vysoké hustoty pro pripravu vamych sa&ki, polyetylentereftalatové
félie Tefolan pro baleni peenych pokrmi, déle f6lie z rozvétveného polyetyle-

* Préce byla provedena v ramci vyzkumného tkolu &. 509/93/1099 financovaného GA CR
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nu, polypropylenu, polyamidu a polyvinylchloridu, do potravinovych modelo-
vych roztoki podle sm&mic platnych od 1. 1. 1993 v zemich EU, tj. destilované
vody, 3% (w/v) kyseliny octové, 15% (v/v) etanolu pfi teplotach 40 a 100 °C
a do olivového oleje pfi teplotach 40 aZ 150 °C. Vysledky celkové migrace do
olivového oleje byly porovnany s hodnotami ziskanymi za pouZiti isooktanu jako
potenciélniho t€kavého simulantu tuénych potravin a s celkovym mnoZstvim ex-
trahovatelnych latek uvoln&€nych do n-heptanu. Kromeé jednomateridlovych oba-
lovych f6lii byla sledovéana i celkova migrace do modelovych roztoki z kartonu
zuslechténého nanosem polypropylenu. Pfi pouZiti vodmjch simulantii nepfekro-
¢ila troveii celkové migrace hladinu 0,2 mg/dm? pro polyetylentereftalatové
a 0,5 mg/dm? pro polyolet'mové obaly. U materiall na b4zi polyamidu ¢&inil ma-
ximdlni nélez 1,1 mg/dm pro félie typu PVC 0,6 mg/dm2 a pro laminovany
karton jsme v tomto pfipadé& nalezli aZ 1,9 mgldm2 V3echny tyto hodnoty jsou
hluboko pod uznavanym limitem 10 mg/dm2 Také troveii celkové migrace do
olivového oleje u viech t&stovanych materiald byla nizk4, pohybovala se v roz-
mezi od -0,5 do 3,2 mg/dm , jen pro laminovany karton jsme v tomto pfipadé
nalezli 7,6 mgldm Hodnoty migrace stanovené pomoci isooktanu po dvou ho-
dinéch pfi 40 °C a 95% etanolu po 10 dnech pfi 40 °C byly z praktického hlediska
velmi blizké hodnotdm stanovenym pfi aplikaci oleje, pouze pro polyamidové
folie poskytoval 95% etanol vyrazn& nadhodnocené vysledky v porovnani s iso-
oktanem a olivovym olejem. V préci jsou uvedeny i vysledky stanoveni specific-
ké migrace ftalatl z folie Tefolan do vodnych simulanti.

celkovéa migrace; specifickd migrace; obaly; plasty; ftalaty

Kontaminace potravin slozkami obalového materidlu patfi k nejzdvaznéj-
$im hygienickym problémim plynoucim ze vzajemné interakce obalu a ba-
leného produktu. Kromé rozpous$téni obalového materidlu v prostiedi
potraviny, které je typické pro kovové obaly, dochazi Casto také k extrakci
pouze ur¢itych komponent obalu do potraviny. Tento druhy pfipad je typic-
ky pro obalové materidly na bazi plasti a vzhledem k prudkému rozvoji sor-
timentu téchto obalovych prostiedki v poslednim desetileti se stava stile
vyznamé&j$im, a to i s ohledem na rostouci z4jem ne;j3irsi vefejnosti o neza-
vadnost Zivotniho prostiedi.

V Ceské republice neni celkové mnoZstvi latek uvolitovanych obaly z po-
lymeri do potravin omezeno zvla$tnimi hygienickymi pfedpisy. Smérnice
Ministerstva zdravotnictvi CR &. 49 z roku 1978 o hygienickych pozadav-
cich na plasty a pfedméty z plasti pfichazejici do styku s poZivatinami sta-
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novi pouze zdkladni podminky vyroby plasti uréenych pro kontakt s potra-
vinami a nékteré vlastnosti hotového polymeru v€etné povoleného obsahu
Skodlivych pfimési, celkového obsahu sloZek extrahovatelnych do dietylete-
ru, mnoZstvi popela atd. V zemich Evropského unie (EU) plati od 1. ledna
1993 jednotny systém legislativnich opatfenim (Tice, 1992) pro posouzeni
obalovych materidli z hlediska migrace jejich komponent do potravin. Za-
kladnim kritériem v tomto systému je hodnota celkové migrace sloZek obalu
do potravin, pfi¢emZ celkové mnoZstvi latek uvolnénych z obalu nesmi pie-
kro&it limit 60 mg na 1 kg potraviny, coZ odpovid4 10 mg na dm? plochy
obalového materialu.

Vzhledem k tomu, Ze se pfedpokladd postupné sjednoceni tuzemskych
pfedpisii s legislativou EU, zaméfili jsme se v rimci studia tepelné stability
obalovych materialii, jimZ se na naSem pracovisti zabyvame, i na posouzeni
celkové migrace z vybranych obalovych materidld béZné& pouZivanych
v Ceské republice podle predpist zavadénych v zemich EU. Pfitom jsme sle-
dovali i vhodnost ndhrady olivového oleje jako simulantu tuénych potravin
odpafitelnymi modelovymi roztoky. Tyto experimenty jsme doplnili také
posouzenim specifické migrace izomerii kyseliny ftalové ze vzorku polyety-
lentereftalatové folie do vodnych modelovych roztokii.

MATERIAL A METODY
Sledované obalové materialy:

— Tefolan, polyetylentereftalatova félie tloustky 36 pm uréend pro baleni
pecenych pokrmi, a félie Durofol na bazi PVC o tloustkach 200 pm, resp.

300 pm, vyuzivana pro termoplastické tvarovani potravinovych obald —
vyrobce Technoplast, a.s., Chropyné;

— Cutisin FF/M a FF/S, polyamidové pecici félie tloustky 15 pm, resp.
30 pm, a polyamidové umélé stfevo pro baleni masnych vyrobku tloustky
50 pm — vyrobce Cutisin, a.s., Jilemnice;

— Mikroten, f6lie z nizkotlakého polyetylenu o tloust'ce 50 pm uréena i pro
vyrobu varnych sa¢kt — vyrobce Granitol, a.s., Moravsky Beroun;

— folie z rozv€tvéného polyetylenu (LDPE) o tloudt’ce 60 pum — vyrobce Fat-
ra, a.s., Napajedla;
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— fdlie z polypropylenu (PP), nelakovana, tlou$tka 100 pum — vyrobce Che-
mosvit, a.s., Svit, Slovensko;

— potravinafsky karton (plo$n4 hustota 250 g/m?) zu$lechtény polypropyle-
nem (80 g/m?) — vyrobce TAPA, a.s., Tabor.

P1i stanoveni hodnoty celkové migrace slozek testovanych materiald jsme
pracovali podle metodiky platné pro zemé& EU (Council ..., 1982, 1985). Jako
modelovych roztoki jsme pouZili destilovanou vodu, 3% (w/v) vodny roztok
kyseliny octové, 15% (v/v) vodny roztok etanolu a rektifikovany olivovy
olej. Pro porovnani jsme provedli i extrakci testovanych vzorki do isookta-
nu, 95% etanolu a n-heptanu.

Ve viech piipadech jsme 2 dm? obalového materialu zalili 100 ml roztoku
simulantu a uloZili na 10 dni pfi 40 °C, resp. u vodnych simulanti zahfivali
pod zpé€tnym chladi¢em k varu po 1 hodinu, u oleje na teplotu 100 °C,
121 °C po 1 hodinu a 150 °C po 30 minut (podle tepelné odolnosti testované
folie). Pfi pouZiti alternativnich odpafitelnych simulantd tuénych potravin
jsme pouzili podminky doporuované v literatufe, tj. u isooktanu dvé hodiny
pii 40 °C, pro 95% etanol 10 dni pfi 40 °C a 2 hodiny varu (98 °C) pod
zpétnym chladi¢em pro n-heptan.

U t€kavych simulantii jsme pak po odpafeni modelového roztoku stanovili
mnozstvi uvolnénych latek gravimetricky a vysledek vztahli na 1 dm? testo-
vané félie. V pripadé olivového oleje jsme zjiStovali rozdil hmotnosti folie
pfed plisobenim oleje a po ném. Polarnéjsi testované materidly (PET a PA
folie) byly pred kontaktem s olejem a po ném kondiciovany v exikatoru
s 35% H,S0,, coz odpovida relativni vlhkosti 50 %, dokud se jejich hmot-
nost béhem 24 hodin nezménila 0 méné nez 1 mg. Rozdil hmotnosti f6lie
pred migraéni zkouskou a po ni jsme potom korigovali na hmotnost oleje
vazaného po zkousce na obalovy materidl, kterou jsme urcili na zdklad¢ sta-
noveni obsahu kyseliny olejové po extrakci simulantu z félie trichlorotriflu-
oroetanem (150 ml), uvolnéni mastnych kyselin a jejich pfevedeni na
metylestery plynovou chromatografii. Postup spo€ival v odpafeni alikvotni-
ho podilu freonového roztoku obsahujiciho zhruba 0,1 g oleje na vodni lazni,
zahievu olejového zbytku pod zp€tnym chladiCem 2 hodiny spolu s 10 ml
2% roztoku kyseliny sirové v metanolu a s pfidavkem vnitiniho standardu
kyseliny heptadekanové. Jedté za varu jsme pak pfidali 3 ml n-heptanu a po
zchladnuti a vysoleni nasycenym roztokem NaCl jsme 1 pl heptanové faze
nastiikovali do plynového chromatogafu. Podminky analyzy byly nasleduji-
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ci: plynovy chromatograf HRGC 5300 (Carlo Erba Instruments) s plameno-
vé& ionizaénim detektorem a kapilarni kolonou délky 50 m a vnitinim primeé-
rem 0,25 mm's chemicky vazanym metylsilikonem (HP 1); nosny plyn dusik
(pritok 0,6 ml/min); teplota injektoru 240 °C, detektoru 260 °C a kolony
190-260 °C po 2 °C/min; délici pomér 1:20.

Pii vypoltu obsahu oleje v testované obalové folii jsme pouZili korek&ni-
ho faktoru zohlediiujiciho rozdily v odezvé detektoru a zm&ny sloZeni oleje
béhem migracni zkousky.

V piipadé destilované vody jsme migraéni testy doplnili i senzorickym
posouzenim rozdilu mezi simulanim roztokem po migranim testu a desti-
lovanou vodou vystavenou stejnému reZimu jako modelovy roztok pfi -
zkousce aviak bez obalového materidlu.

K porovnani jsme pouzili tetrddového testu (Pokorny, Davidek,
1990), hodnoceni provadéla Sesti¢lenna komise §kolenych posuzovateli
z fad pracovniki na$eho tustavu. Kazdy z posuzovateli obdrzel oznateny
srovnavaci vzorek (destilovana voda zpracovana stejnym zpusobem jako pii
stanoveni migrace, av§ak bez vzorku obalového materidlu) a k nému trojici
vzorkil oznaenych ndhodnymi &isly, z nichZ jeden nebo dva jsou totoZné se
srovndvacim, ostatni jsou vyluhy. Posuzovatel vZdy oznail vzorek shodny
se srovndvacim a uvedeny postup zopakoval celkové se Ctyfmi trojicemi
vzorki, takZe celkem bylo hodnoceno 24 trojic.

Izomery kyseliny ftalové uvolnéné ze vzorki polyetylentereftalatové folie
do modelovych roztoki jsme stanovili plynovou chromatografii po pfevede-
ni na trimetylsilylestery. Izomery kyseliny ftalové jsme nejprve izolovali né-
kolikanasobnou extrakci do dietyleteru po okyseleni na pH 2 pfidavkem
10% HCI. Spojené eterové faze jsme zakoncentrovali na vodni lazni za po-
uziti Snyderovy kolonky a vysu$enim na vakuové odparce. K odparku jsme
pfidali 500 pl roztoku kyseliny benzoové v pyridinu (20 mg/ml) jako vnitini-
ho standardu a 100 pl BSA pro pfevedeni stanovovanych latek na silyleste-
ry. Po 25 minutdch jsme 1 pl reakéni smési nastfikovali pfimo do plynového
chromatografu. Podminky analyzy byly stejné jako pro stanoveni mastnych
kyselin, pouze teplota injektoru byla 250 °C, teplota detektoru 280 °C a tep-
lotni program kolony 200-280 °C po 8 °C/min. Vyhodnoceni jsme opét pro-
vedli metodou vnitfniho standardu za pouziti korekéniho faktoru
zohlednujiciho odezvu detektoru a vytéZnost metody.
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VYSLEDKY A DISKUSE

Vysledky stanoveni celkové migrace testovanych obalovych materiali do
modelovych naplni, isooktanu, 95% etanolu a n-heptanu jsou uvedeny v tab.
I aII. Volba testovanych vzorki byla ovlivnéna skute¢nosti, Ze uvedené ex-
perimenty jsou soucasti projektu studia tepelné stability potravindfskych
obalii a pouzité vzorky (kromé& obalovych félii na bazi PVC a LDPE) pted-
stavuji v soucasnosti hlavni typy jednomateridlovych folii (s vyjimkou kar-
tonu laminovaného polypropylenem) vyrdbénych v Ceské republice, resp.
na Slovensku, a pouzivanych pro spotiebitelska baleni, v nichZ jsou potravi-
ny zahfivany. Laminovanym materidlim, jejichZ zkouseni vyZaduje poné-
kud odli$nou konstrukci zkus$ebni cely pro stanoveni migrace umozZnujici
pouze jednostranny kontakt s modelovou nédplni, se hodlame vénovat poz-
dé&ji. Vysledky uvadéné v této praci byly ziskany zkouskami, pfi nichZ vzo-
rek folie byl zcela a oboustranné smacen simulantem, pouze u kartonu
s nanosem polypropylenu byl modelovy roztok naplnén do misky z testova-
ného materidlu tak, aby do styku s naplni pfichdzela pouze vnitini strana
obalu. Proto jsme v tomto piipadé sledovali pouze migraci pfi 40 °C.

Z uvedenych udaju je zfejmé, Ze nalezené hodnoty migrace do potravino-
vych simulantti ani zdaleka nedosahuji limitni hodnoty 10 mg/dm?, pouze
v pfipadé€ zuslechténého kartonu pii migraci do olivového oleje byl nalez po-
n&kud vy3si, tj. 7,6 mg/dm?.

V souladu s oéekdvanim jsme nalezli nizké hodnoty celkové migrace do
vodnych simulantd u vzorki polyolefinovych a polyetylentereftaldtovych
f6lif, u nichZ nejvyssi nalez &inil 0,5 mg/dm? pro félii z rozvétveného poly-
etylenu do 15% etanolu. Pon€kud vy$8i hodnoty celkové migrace jsme
v tomto piipad¢ zjistili u folii na bazi polyamidu, resp. PVC, coZ je pochopi-
telné vzhledem k jejich poldméj$imu charakteru, a u zuSlechténého kartonu,
aviak ani v téchto ptipadech hodnoty migrace nepiekro¢ili 0,9, resp. 1,9 mg/dm’.

Senzorické porovnani destilované vody po migraéni zkousce také u viech
testovanych vzorku neprokazalo jejich vyznamny vliv na organoleptické
vlastnosti modelového roztoku.

Uvedené vysledky jsou srovnatelné s hodnotami uvaddénymi v literatufe
pro podobné typy obalovych félii (Ahvenainen et al.,, 1988; Ashby,
1988), kde se pro polyetylentereftaldtové a polyetylenové félie uvadi pro
migraci do vodnych simulant hodnoty vét§inou pod 1,5 mg/dm? pochopitel-
né v zavislosti na tloust’ce testovaného materidlu.
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I. Celkova migrace slozek obalovych materidli do vodnych modelovych roztoki vyjidfena
jako hmotnost latek v mg uvoln&nych za uvedenych podminek z 1 dm? obalového materialu —
Overall migration of constituents of packaging materials into water simulants expressed as
substance weight in mg released from 1 dm? of packaging material under the given conditions

; p Modelové roztoky7
Obalovy material Podminky migrace L L 30/:; ;’S‘;‘;"“ I ol
Cutisin FF/M 40 °C/10 dni® 0,3 0,5 0,4
(15 pm) teplota varu %/ 60 min 0,3 0,6 0,3
Cutisin FF/S 40 °C/10 dni 0,5 0,8 0,5
(30 pm) teplota varu/60 min 0,5 0,9 0,6
Polyamidové 40 °C/10 dni 0,6 0,8 0,5
stevo’ teplota varu/60 min 0,7 1,1 0,8
Tefolan (36 um) | 40 °C/10 dni 0,1 0,1 0,1
teplota varu/60 min 0,1 0,2 0,1
Durofol (200 pm) | 40 °C/10 dni 0,1 0,5 0,5
teplota varu/60 min 0,2 0,5 0,4
Durofol (300 pm) | 40 °C/10 dni 0,1 0,6 0,4
teplota varu/60 min 0,2 0,5 0,4
Mikroten (50 pm) | 40 °C/10 dni 0,2 0,2 0,4
teplota varu/60 min 0,1 0,2 0,3
LDPE (60 jtm) 40 °C/10 dni 0,1 0,2 0,5
teplota varu/60 min 0,1 0,1 0,3
PP (100 pm) 40 °C/10 dni 0,1 0,1 0,3
teplota varu/60 min 0,1 0,1 0,3
Karton® + PP 40 °C/10 dni 0,9 1,5 1,9

Ipackaging material; 2polyamide film; 3paperboard; “condition of migration; >days; Sboiling

temperature; Twater simulants; Swater;

9

acetic acid; %ethanol

Také nalezené hodnoty migrace do oleje, tj. 1,4—3,2 mg/dm? pro polyole-
finové folie a hodnoty do 1,3 mg/dm? pro polyetylentereftalat, resp. do
0,5 mg/dm?® pro polyamid, jsou v souladu s publikovanymi udaji (Ashby,
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II. Celkovéd migrace sloZek obalovych materidlii do olivového oleje vyjddfena jako hmotnost
latek v mg uvolnénych za uvedenych podminek z 1 dm? obalového materialu — Overall migra-
tion of constituents of packaging materials into olive oil expressed as substance weight in mg
released from 1 dm? of packaging material under the given conditions

o 5 eid 4 s| 95%
Obalovy Olivovy olej n-heptan Isooktan I
-1l
materidl 40 °C/ 100°C/ | 121 °C/ | 50°C/ | 98°C/ 40 °C/ 40 °c/
/10 dni’ | /60 min | /60 min | /30 min | /120 min /120 min | /10 dni

Cutisin FFM | —0,5 0,2 — - 3,5 0,9 23
Cutisin FF/S | —0,3 -0,4 = 2 4,7 1,3 3.4
Polyamid

0,5 = % « 3,5 1,1 9,1
(50ym)
Tefolan

0,2 0,3 0,2 1,3 1,9 0,6 1,9
(36um)
Mikroten

1,8 2,5 - - 4,1 27 2,6
(50pm)
Durofol
(200pm) 1,3 — - - 5,0 1S I |
Durofol
(300pm) 1,7 - - - 4,5 1,4 0,8
LDPE 3,1 - - —  |rozpoustise®| 5,5 2,3
PP (100p1m) 1,4 1,7 32 - 3,9 1,9 2,1
Karton?+PP | 7,6 - - - 21,8 11,3 8,1

Ipacklaging material; 2paperboard; 3olive oil; "n-heptane', Sisooctne; Sethanol; 7days; 8it dissolves

1988; Kruijf et al., 1988; Baner et al., 1992) (ziporné vysledky v tomto
pfipadé charakterizuji nizkou troveii globalni migrace a jsou dany pouZitou
metodikou).

Pfi migra¢nich testech do olivového oleje jsme sledovali i zmény simulan-
tu béhem zkousek a dosli jsme k zdvéru, Ze jsou nevyznamné vzhledem
k vlivu ostatnich operaci na chybu stanoveni, napi. dokonalosti extrakce ole-
je z testovanych vzorku. I pfi nejnepfiznivé€jdich podminkich migra¢nich
zkousek, tj. teplotich 121 a 150 °C, se obsah kyseliny olejové vztaZzeny na
celkovy obsah mastnych kyselin zvy$il maximalné€ o 2 % (w/w). Pfesto jsme
pii zpracovani vysledki zmény sloZeni simulantu zohlednili.
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Je zfejmé, Ze hodnoty migrace do n-heptanu jsou podstatné vétsi nez
u potravinovych simulantii a za pouZitych podminek se jiZ bliZz celkovému
mnozZstvi extrahovatelnych latek v testovanych vzorcich. Uvedené vysledky
také potvrzuji, Ze aplikace isooktanu za uvedenych podminek poskytuje hod-
noty velmi blizké migraci do olivového oleje, a to i pro materialy nepolarni,
napf. polyolefiny. To je umozZnéno zkradcenou dobou migra¢ni zkousky
(2 hodiny proti 10 dniim). Pro nepolarni materialy je teoreticky vhodny 95%
etanol, u polarné&jsich folii 1ze pfedpokladat interakci polymeru s modelo-
vym roztokem usnadiiujici pfechod sloZek obalového materidlu do simulan-
tu. Z uvedenych vysledki lze tento i¢inek dokumentovat porovnidnim
hodnot migrace do olivového oleje, isooktanu a 95% etanolu pro polyamido-
vé folie — napf. pro umélé polyamidové stfevo poskytlo pouZiti etanolu de-
vétkrat vy$si hodnoty v porovnani s isooktanem a témé&f dvacetkrat vy$si nez
¢inil nalez pro olivovy ole;j.

Vysledky stanoveni specifické migrace ftalatii z folie Tefolan do vodnych
simulanti (tab. III) odpovidaji podobnym udajim v literatufe — podle pod-
minek stanoveni migrace se uvolnéna mnoZstvi kyseliny tereftalové pohybu-
ji v mnoZstvich az 25 pg.dm? pro destilovanou vodu, 35,3 pg/dm? pro roztok
etanolu a aZ témé&f 50 pg/dm? pro 3% kyselinu octovou (Steiner, 1990;
Tsaja et al., 1989). V souladu s publikovanymi udaji je nizky i nilez uvol-
néné kyseliny isoftalové.

I11. Migrace isomenri kyseliny ftalové z félie Tefalon do vodnych modelovych néplni — Migra-
tion of phthalic acid isomers from Tefalon films into water simulants

Tereftalat® Ftaldt* Isoftalat’®
Podminky migra.cel Modelovy roztok’
[1g/dm’]

voda’ 3,0 7,6 0,2
40 °C/10 dni’ 3% kyselina octova® 13,6 11,2 49

15% etanol’ 2,1 5.4 0,2

voda 4,5 17,2 0,0
Teplota varu®/60 min | 30 kyselina octova 3,6 182 0,0

15% etanol 3.2 10,6 0,2

lconditions of migration; 2water simulant; 3terephthalate', ‘phthalate; 5isophthalate; 6days;
"boiling temperature
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HEAD SPACE STANOVENI ACETALDEHYDU V PET PREFORMACH
A LAHVICH POUZIVANYCH V CESKE REPUBLICE *

Head Space GC Determination of Acetaldehyde in PET Preforms
and Bottles used in the Czech Republic

Michal VOLDRICH, Jaroslav DOBIAS, Dusan CURDA

Institute of Chemical Technology — Department of Food Preservation and Meat
Technology, Praha, Czech Republic

Abstract: Polyethylene phthalate (PET) polymers have been used for food pack-
aging for many years. Typical applications of PET packaging are PET based
laminates for vacuum, MA or CA packaging, packaging for “ready to eat“ meals,
packaging for microwave heating and the most important are the bottles for car-
bonated soft drinks, oil, vine, etc. In addition to their good mechanical and barrier
properties, resistance to high temperatures, etc. the PET packaging materials are
relatively safe concerning the risk of potential migration. From the polymer itself
residual monomers (ethylene glycol or terephthalic and isophthalic acids), oli-
gomers, catalyst residues and degradation products (acetaldehyde) may migrate
(Ashby, 1988). Acetaldehyde is a thermal degradation product, which is formed
during the melt polycondensation reaction and melt processing of PET. The level
of acetaldehyde in PET preforms and bottles can be affected by conditions of its
production (Gramiccioni etal.,, 1986; Dong et al., 1980). Free acetaldehyde
is dissolved in polymer and slowly liberates, usual contents of acetaldehyde in
fresh PET preforms vary from 0.5 to 10 ppM and depending upon the production
conditions they could be higher (Dong et al., 1980; Eberhantinger etal.,
1990). When bottles are filled acetaldehyde migrates into the beverage, the usual
contents are from several tens to hundreds pg/l (Eberhantinger etal., 1990).
In spite of its natural occurrence in various flavoured soft drinks (Coca-Cola,
Pepsi-Cola, Seven Up, Fanta, etc.) acetaldehyde evolved from packaging can
affect the flavour of beverage (Kim-Kang, 1990). The distinctive odour of
acetaldehyde is very unpleasant in the case of mineral waters and soda, which are
also often packed in PET bottles. The acetaldehyde contents in 22 PET preforms
and bottles used by Czech producers of soft drinks were analysed. The modified
procedures of Dong (1980) and Johnson Controls (1980b) were used. Bottle
was cut (0.5 x 0.3 cm pieces), preform was cooled with liquid nitrogen and

* Préce byla provedena v ramci vyzkumného tikolu &. 509/93/1099 financovaného GA CR.
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ground to power. Polymer was placed into head space vial, closed by septum and
heated one hour at 130 °C. After at least 30 min of equilibration at 90 °C 0.5 to
1 ml of head space volume was analysed by GC. The capillary columns (HP1
50 m, 0.22 mm 1.d., DB23 30, 0.33 mm i.d.) operated in low flow rate at 60 °C
were used. Detection limit of the procedure was 0.5 ppM, relative standard de-
viation (7 = 5) was lower than 5 %. The content of 22 analysed preforms varied
from 1.8 to 10.2 ppM of acetaldehyde, the levels in bottles were slightly lower.
(about 78% of the average content of preforms).

polyethylene terephthalate; PET; migration; acetaldehyde; head space GC; food
packaging

Abstrakt: Byla modifikovéna a ov&fena metoda head space stanoveni obsahu
volného acetaldehydu v polyetylentereftalatovych preforméach a lahvich: Vzorek
polymeru nakrdjeny na kousky (lahev) nebo rozemlety po podchlazeni kapalnym
dusikem (preforma) je zahfivan v uzaviené baiice 60 min pii 130 °C, po nejméng
30min vyrovnéni koncentrace pfi 90 °C je 0,5 aZ 1 ml atmosféry head space
davkovafem nastfikovano do kolony plynového chromatografu. Limit detekce
metody je 0,5 mg volného acetaldehydu na 1 kg PET. Relativni smérodatna od-
chylka stanoveni je men3ineZ 5 %. Metoda byla pouZita k analyze 22 vzorkii PET
preforem a lahvi, obsah volného acetaldehydu v preforméch se pohyboval v roz-
mezi od 1,8 do 10,2 mg/kg, v lahvich od 1,2 do 6,8 mg/kg.

polyetylentereftalat, PET;, migrace; acetaldehyd; head space plynové chromato-
grafie; baleni potravin

Obalové materidly na bazi polyetylentereftalatu (PET) jsou pouZivany
v kontaktu s potravinami mnoho let. PET je €astou sou¢asti laminovanych
materiald, kterym ddva pevnost a bariérové vlastnosti. Typické jsou aplikace
PET f6lii pro vakuové baleni, pro baleni v modifikované a fizené atmosféfe.
Velmi dobri tepelnd stabilita je pieduruje pro $iroké spektrum obali ure-
nych k zahfevu spolu s ohifivanou potravinou a je perspektivnim materidlem
pro obaly hotovych jidel pro mikrovinné trouby. Nejvétsi uplatnéni nachazi
pii vyrobé oballi pro sycené nealkoholické napoje, mineralni vody, pivo, vi-
no, jedlé oleje a dalsi potraviny.

Vyhodou PET je kromé zminénych vlastnosti také zanedbatelny obsah
aditivnich latek (zmé&k&ovadel, antioxidantli nebo stabilizatoni) ve srovnani
s daldimi plasty. Av$ak vedle barviv a plnidel mohou byt z PET obalt do
potraviny uvolfiovany monomery (ethylenglykol, kyselina tereftalova a iso-
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ftalova), oligomery kyselin, zbytky katalyzatora a také degrada¢ni produkty,
zejména acetaldehyd (Ashby, 1988).

K uvoltiovani acetaldehydu dochazi tepelnou degradaci b&€hem polykon-
denzaéni reakce pii vyrobé polymeri a miize byt tvofen také pfi jeho dalim
zpracovani, napi. béhem tvarovani polyetylentereftalatovych preforem. Jeho
tvorba je ovlivilovana zejména technologickymi podminkami vyroby prefo-
rem, napf. teplotou zpracovani, ¢asovou prodlevou ve forme, rychlosti stiihu
a stupném pfedsuseni polymeru (Gramiccioni etal., 1986; Dong etal,,
1980). Vytvofeny acetaldehyd je obsaZen v polymeru, ze kterého postupné
té€ka. Obvyklé obsahy volného acetaldehydu v preforméch a lahvich se po-
hybuji v rozmezi 0,5 az 10 mg/kg, pii nedodrZeni spravného postupu vyroby
vSak mohou byt ivys$si (Dong etal., 1980; Eberhantinger etal., 1990).

Po naplnéni lahvi pfechazi acetaldehyd do obsahu. Nalezenid mnoZstvi
acetaldehydu kolisaji podle podminek od jednotek do stovek pig na litr obsa-
hu. Bé€hem skladovani se postupné ustavi rovnovdha mezi koncentraci vol-
ného acetaldehydu v obalu a v baleném napoji. Pfi teploté skladovani 40 °C
piejde asi 10 % obsaZeného acetaldehydu do napoje, pii teploté 60 °C to
muzZe byt az 50 %. Vzhledem k organoleptickym vlastnostem acetaldehydu
muzZe byt obalem negativn€ ovlivnéna senzoricka hodnota produktu. Riziko
neni vyznamné v pfipadé ochucenych napoji (Cocal-Cola, Pepsi-Cola, Se-
ven Up, Fanta a dalsi), u kterych je acetaldehyd pfirozenou slozkou jejich
aroma, a to v koncentracich né€kolikrat vy3sich neZ je maximalni mnozstvi
uvolnitelné z obalu (Eberhantinger etal., 1990), aviak podle n€kterych
autori (Kim-Kang, 1990) je kvalita viing a chuti Coca-Coly a podobnych
napoju velmi citliva na zvy$eni obsahu acetaldehydu migraci z obalu. Velmi
nepiijemné disledky v§ak miiZze mit v pfipadé€ baleni mineralni a stolni vody,
u nichZ je pro svij relativné nizky prah vnimani zdrojem pfipachu.

Obsah volného acetaldehydu je proto dileZitym kvalitativnim parametrem
PET granulatu, preforem a vyrobenych lahvi. Jeho obsah je vyjadfovan riz-
nymi zpisoby v zavislosti na pouZité metodé stanoveni, nej¢astéji se uvadi
obsah volného acetaldehydu v polymeru, v pripadé Eerstvé vyrobenych lahvi
je sledovano mnozZstvi uvolnéného acetaldehydu do prazdné uzaviené lahve,
pripadné je zjiStovana migrace acetaldehydu do potravinového simulantu,
nejcastéji destilované vody. Ruznym zpusobim méfeni odpovidaji i legisla-
tivni limity a maximalni obsahy deklarované riznymi vyrobci. U nas je
maximalni obsah acetaldehydu uveden v Navrhu doplnéni vynosu ¢. 73
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Ministerstva zdravotnictvi, ktery méni a dopliiuje smérnici 49/1978 o hygie-
nickych poZadavcich na plasty a pfedméty piichdzejici do styku s potravina-
mi (1992), doporu€uje limitni obsah acetaldehydu max. 0,0005 % (5 mg/kg).
Tato hodnota odpovida limitim uZivanym vyrobci, napf. granulat pro vyro-
bu preforem a lahvi pro napoje obsahuje méné neZ 3 mg acetaldehydu na
1 kg (Anonym, 1994). V piipad€ obsahu migrujiciho acetaldehydu do
prazdné uzaviené lahve jiny vyrobce deklaruje maximalni priméry obsah
acetaldehydu v erstvé bilé PET lahvi 3 mg/l (maximalni koncentrace v jed-
né lahvi nesmi byt vy3$si nez 4 mg/l) a v zelenych PET lahvich primé&rn&
12 mg/l (max. 15 mg/l) (Anony m, 1980a).

Pti stanoveni volného acetaldehydu v PET granulatu, preformach a lah-
vich je vzhledem k nizkym koncentracim nejéastéji pouZivdna head space
plynova chromatografie tuhych vzorki. Polymer je kryogenné (po zmrazeni
kapalnym dusikem) rozemlet a navaZen do baiiky opatfené septem. Néasledu-
je zahfev do 150 °C a vyrovnani koncentraci v tuhé a plynné fazi pfi teploté
pod 100 °C pied analyzou plynovou chromatografii (Anonym, 1980b). Dong
et al. (1980) doporuduji 1 hodinu zédhfevu na 130 °C a alespoii 20 minut pfi
92 °C. Stejny postup pouzila v mirné modifikaci Eberhartingerova et
al. (1990), pfi¢emZ kryogenni rozemleti nahradila nakrdjenim na kousky.
Dal$i modifikace postupu spoéivaji v pouZziti purge and trap zafizeni pracu-
jiciho pfi teplotach do 150 °C. Obecné se pfedpoklad4, Ze vystavenim PET
materidli zdhfevu do 150 °C nedochazi k dal$i degradaci polymeru a je uvol-
nén pouze volny acetaldehyd.

V piipadé stanoveni migrujiciho acetaldehydu v prazdné lahvi je Cerstvé
pfipravend lahev ponechdna 15 aZ 20 min vychladnout, pak je 20 s proplachovéna
dusikem a uzaviena vitkem opatfenym septem. Po 24 hodin4ch pfi teplot&
22 °C (po jeji pfedchozi evakuaci a naplnéni atmosférou z lahve) je smyc&kou
5 ml obsahu lahve ddvkovano do plynového chromatografu (Anonym, 1983).
Podobny postup je pouzivan pro stanoveni acetaldehydu v potravinovych si-
mulantech, pfi¢emZ niddobka pfiméfeného objemu je z 50 % napln€na vzor-
kem simulantu a po dosaZeni rovnovahy je atmosféra nad simulantem
analyzovana ply novou chromatografii (napf. Eberhantingeretal., 1990).

Ke stanoveni acetaldehydu plynovou chromatografii jsou nej¢astéji po-
uZivany napliiové kolony s Porapakem Q; QS, Chromosorbem 101 a dal$imi
vysoce polarnimi staciondrnimi fazemi, aby byl retenéni &as acetaldehydu
dostate&ny.

52



Potrav. V&dy, 13,1995 (1) : 49-56

V pfedkladané praci je ovéfen modifikovany postup stanoveni volného
acetaldehydu podle autori Dong et al. (1980) a Eberhantinger et al,,
(1990) a je provedena analyza PET preforem a lahvi pouzivanych v Ceské
republice.

MATERIAL A METODY

Byly analyzovéany vzorky preforem a &erstvé vyrobenych lahvi pouZiva-
nych tuzemskymi vyrobci napoji k baleni stolni vody a nealkoholickych na-
poju. PET preforma byla ponofena do kapalného dusiku, po dostate¢ném
podchlazeni (ukon&eni bouilivého varu dusiku) byla zkiehld preforma umle-
ta na prach s maximem velikosti ¢astic kolem 500 p. PET lahev byla nastfi-
héna na kousky (cca 0,3 x 0,5 cm). Vzorek asi 3 g polymeru byl navaZen do
baiiky objemu 10 ml, batika byla uzaviena septem a hlinikovym uzivérem
a zahfivana 60 min pfi 130 °C. Poté byla ponechana nejméné hodinu v 14zni
head space autosampleru temperované na 90 °C a 1 ml atmosféry v nadobce
byl nastiikovan do kolony plynového chromatografu. Podminky separace:
kolona 50 m, 0,22 mm, HP1 (30 m, 0,33 mm, DB 23), FID, teplota nastfiku
150 °C, detektoru 240 °C, kolony 60 °C, tlak nosného plynu 60 kPa, délici
pomér split nastfiku 1:4. Kalibrace byla provedena metodou kalibraéni pfim-
ky. Bariky s navdzkou PET byly zahfivany oteviené 2 hod pfi 130 °C, po
vychladnuti byly uzavieny septem a stiikackou bylo do kaZdé pfidino 10 aZ

1. Reprodukovatelnost stanoveni acetaldehydu v PET preforméch — Reproducibility of acetal-
dehyde determination in PET preforms

Analyza &.! Obsah acetaldehydu® [mgkg™]
1 2,51
2 2,55
3 2,38
4 2,62
5 2,44
Priimér’ 2,50
Smérodatn4 odchylka® 0,08
Relativni smé&rodatna odchylka5 (%] 3,35

lanalysis no.; 2acetaldehyde content; *average; ‘standard deviation; “relative standard deviation
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50 ml vodného roztoku acetaldehydu, pfipraveného z Eerstvé pfedestllova-
ného acetaldehydu (Aldrich).

VYSLEDKY A DISKUSE

Proti citovanym pracim jsme pouZili kapildrni kolony (nepolarni HP1
a stfedné polarni DB23), ale sniZenim pritoku plynu a pouZitou teplotou by-
lo na obou kolonach dosazeno dostate¢ného retenéniho &asu acetaldehydu.
Acetaldehyd byl za pouZitych podminek eluovan za mrtvym pikem (obr. 1).

7,0{[mV] A 1. Priklad chromatogramil standardnich
vzorki (1, 2, 3) a redlného vzorku PET
6,0 preformy (4) — Chromatograms of Head

space determination of acetaldehyde,
standard samples (1, 2, 3), PET preform

0
5 i sample (4)
A -

3,0 —_ . @
8

10 12 14 [min]

0 3 4 8

Kalibra¢ni kfivka (obr. 2) byla linedrni do 10 mg acetaldehydu v barice
(r=10,9989).

Reprodukovatelnost postupu byla ovéfovana analyzou péti paralelnich
vzorku pfipravenych z jedné preformy. Vysledky jsou uvedeny v tab. I.

Postup byl pouZit ke stanoveni obsahu preforem a lahvi z riznych zdroju,
celkem bylo analyzovano 22 vzorku preforem a 22 vzorki lahvi (obr. 3 a 4),

307 2. Kalibraéni kfivka head space
= stanoveni acetaldehydu [pg]
g v PET preforméch a lahvich —
% 20 Calibration curve of head space
] determination of acetaldehyde
E content [pg] in PET preforms
-§ 10- and bottles
0

0 s 10 15 [ug] 20
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127 [mg/kg]

1 234 56 78 910111213 141516 171819202122
vzorek &'

'sample no.

3. Obsah acetaldehydu [mg/kg] nalezeny analyzovanych vzorcich PET preforem — Acetaldehy-
de content [mg/kg] determined in analysed samples of PET preforms

vysledné hodnoty jsou priimérem tfi paralelnich stanoveni, pfi¢emz relativni
smérodatnd odchylka nepfevysila 5 %. Zjist€éné hodnoty odpovidaji lepSimu
pruméru obsahi citovanych v literatufe (Eberhantinger et al., 1990;
Dong et al., 1980 apod.). Z obrazki je zfejmé, Ze analyzované lahve byly
vyrobeny z preforem ze stejnych $arZi. Pfi tvarovani lahvi dochdzi k mimné-
mu sniZeni obsahu acetaldehydu jeho vytékdnim, analyzované Eerstvé vyro-
bené lahve obsahovaly v priméru asi 78 % obsahu acetaldehydu
v preformach (6,32 mg/kg v preforméch a 4,89 mg/kg v lahvich).

Pii analyze n€kterych preforem byly stanoveny mirn€ zvySené hodnoty
u hrdla, zfejmé v disledku vy3§iho rizika pfehiati béhem tvarovani. Dalsi
analyzou vétSiho souboru vzorkii viak nebyly zjistény statisticky vyznamné
rozdily v distribuci acetaldehydu v preformach.

121 [mg/kg]
10+

O N A O

1 234 5678 910111213 141516 171819202122
vzorek &

lsample no.

4. Obsah acetaldehydu [mg/kg] nalezeny v analyzovanych vzorcich PET lahvi — Acetaldehyde
content [mg/kg] determined in analysed PET bottles
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Limit detekce metody byl za pouZitych podminek asi 0,5 mg acetaldehydu
v bajice, tj. dostateny pro analyzu obsahu volného acetaldehydu v polymeru.

Literatura

ANONYM: A Standard method for determining the 24 hour airspace acetaldehyde
content of freshly blown PET bottles. Appendix A, Part III. Johnson Controls Plas-
tics N.V. 1980a.

ANONYM: Methods of Analysis of Acetaldehyde in Preforms. Johnson Controls
Plastics N. V. 1890b.

ANONYM: Test Method. Residual acetaldehyde by head space GC. SN° 177187,
Carolina Eastman Company, Columbia, South Carolina 1983.

ANONYM: Data sheet of the particular physical properties of Tairilin PET FCB4®.
Nan Ya Plastic Corporation, Taiwan 1994.

ASHBY, R.: Migration from polyethylene terephthalate under all conditions of use.
Food Aditiv. Contam., 5, 1988: 485-492.

DONG, M. — DIEDWARDO, H.— ZITOMER, F.: Determination of residual acetal-
dehyde in polyethylene terephthalate bottles, preforms, and resins by automated
head space gas chromatography. J. Chromatogr. Sci., 18, 1980, 242-246.
EBERHARTINGER, S. — STEINER, 1. - WASHUTTL, J. - KROYER, G.: Unter-
suchingen zur Migration von Acetaldehyd aus Polyethylenterephthalat-Flashen fur
kohlensdurehaltige Erfrischungsgetrinke. Z. Lebensm. Unters. Forsch., 191, 1990:
286-289. :

GRAMICCIONI, L.— MILANA, M. R. — DIMARZI, S. - LORUSSO, S.: La migra-
zione dell‘acetaldeide da contenitori in polietilentereftalato (Pet): aspetti tecnologici
e chimci. Industrie delle bevande. 15, febbraio 1986: 14.

KIM-KANG, H.: Volatiles in packaging materials. Crit. Rev. Food Sci. Nutr., 29,
1990: 255-271.

Névrh doplnéni vynosu &. 73 Ministerstva zdravotnictvi CR, kterym se m&ni a dopl-
fuji smémice 49/1978 o hygienickych poZadavcich na plasty a pfedméty z plasti
pfichézejici do styku z poZivatinami — Polyestery. 18. 12. 1992.

Doslo 10. 11. 1994

Kontaktni adresa:

Ing. Michal Voldfich, CSc., Vysoka kola chemicko-technologicka,
Ustav konzervace potravin a masa, Technicka 5, 166 28 Praha 6, Ceska republika,
tel.: 02/2435 3012, fax: 02/311 99 90

56



Potrav. Védy, 13,1995 (1) : 5769

HORDEINOVE SIGNALNI GENY POVOLENYCH CESKYCH
A SLOVENSKYCH ODRUD JECMENE SETEHO (Hordeum vulgare L.)

Hordein Signal Genes of Certified Czech and Slovak Varieties
of Barley (Hordeum vulgare L.)

Antonin SASEK, Jana BRADOVA, Jivi CERNY'

Research Institute for Plant Production, Praha-Ruzyné;
!Czech Agricultural University, Praha-Suchdol, Czech Republic

Abstract: Model electrophoretic hordein spectra of 25 certified varieties of
spring barley and 10 certified varieties of winter barley have been compiled.
Twenty-five grains of each variety were separately assessed by the method of
hordein vertical electrophoresis in columns of starch gel with Al-lactate buffer at
pH 3.1 with 2 M urea per 1 liter of buffer (Pomorcev et al., 1985). Hordein
allelic blocks were singled out of the electrophoretic spectra of hordeins and they
were characterized by the number of zones, their relative mobility (REM) and
staining intensity (Pomorcev etal., 1985). A degree of hordein polymorphism
and the corresponding genetic constitution of evaluated varieties were determi-
ned. Out of the 25 spring barley varieties, only eight varieties are pure lines
according to the hordein composition, ten varieties are populations constituted
by one main and one or several minor lines, one variety is constituted by two
main lines and three varieties comprise two main and several minor hordein lines.
A high degree of hordein polymorphism was also determined in the varieties of
winter barley. Out of the ten evaluated varieties, only three are hordein homoge-
neous, they are pure lines, four varieties are populations constituted by one main
and one or several minor lines. The remaining variety Sorna contains six lines in
total. It is possible to deduce from the genotypes of hordein lines of the evaluated
varieties that in most cases the components of these varieties are sister lines. The
catalogue of hordein electrophoretic spectra and/or catalogue of singled out sets
of allelic hordein blocks of zones enable to identify the varieties in a grain sample
of seed and mercantile lots. Due to lower genetic variability of hordeins some
varieties (7 varieties of spring barley, 3 varieties of winter barley) have identical
hordein spectra and cannot be discriminated by hordein electrophoresis. The cer-
tified varieties of winter barley can be reliably discriminated from the varieties
of spring barley by hordein electrophoresis.

barley; hordeins; starch gel electrophoresis; allelic hordein blocks; genetic consti-
tution of varieties; identification of varieties
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Abstrakt: Metodou vertikélni elekroforézy v sloupcich Skrobového gelu s Al-lak-
tatovym pufrem byla sledovéna skladba hordeinii 25 povolenych odriid je¢me-
ne jarniho a 10 povolenych odriid je¢émene ozimého. Ziskan4 elektroforeticka
spektra byla geneticky interpretovana v podobé alelickych hordeinovych blo-
ki. Pomoci jednotlivych alel hordeinovych genii byla stanovena geneticka
struktura hodnocenych odriid jako €istych linii ¢i populaci a stupeii homozygot-
nosti hordeinovych genil. Vypracovany katalog hordeinovych elektroforetickych
spekter a jemu odpovidajici katalog souborii hordeinovych alelickych bloku
umoziiuje identifikaci odriid jarniho a ozimého je¢mene ve vzorku semen.

jeCmen sety; hordeiny; elektroforéza ve Skrobovém gelu; alelické hordeinové
bloky; geneticka struktura odriid; identifikace odrid

Hordeinové signdlni geny manifestované na elektroforetickém spektru
hordeinovych bilkovin zrna je¢mene pfedstavuji genetické markery pouZi-
telné pro hodnoceni genetické struktury odriid je¢mene, pro identifikaci jed-
notlivych odrid jeCmene i pro markerovani nékterych hospodaiskych
vlastnosti je¢mene (Sozinov, 1985; Pomorcev et al, 1985; Sozinov
et al., 1989; Cerny, Sasek, 1988; Sasek et al., 1990a, b; Cerny et al.,
1993a, b).

Z metod elektroforézy hordeinid poZivanych pro vy$e uvedené markerova-
ci ulely se vyznaCuje metoda elektroforetické analyzy ve Skrobovém gelu
(Sozinov, Poperelja, 1978) schopnosti identifikovat v ziskaném elek-
troforetickém spektru hordeini jednotlivé hordeinové bloky z6n, odpovida-
jici jednotlivym aleldm hordeinovych lokusu.

Vypracovani vzorovych elektroforetickych spekter hordeind jednotlivych
povolenych odriid je¢mene jarniho a je¢mene ozimého, ziskanych Skrobo-
vou elektroforézou, umoziiuje genetickou interpretaci zjisténych markerova-
cich G¢inki hordeinovych genii pii identifikaci odrid, stanoveni odriidové
pravosti a odriidové Cistoty davek osiv a merkantilu a pfi markerovani hos-
podaisky vyznamnych znaki a vlastnosti jeémene.

MATERIAL A METODY

Bylo hodnoceno 25 povolenych odrid je¢mene jarniho a 10 povolenych
odrid je¢mene ozimého (tab. I).

Pro elektroforetické analyzy hordeini byly pouZity ramSové vzorky osiv
dodanych UKZUZ v roce 1993.
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Z pramémych vzorki osiva (po 100 g) bylo odebrano nihodné pro elek-
troforetické analyzy hordeini 25 zm. Hordeinova elektroforetickd spektra
byla ziskdna Caste¢n€ upravenym postupem vertikdlni elektroforézy ve
sloupcich Skrobového gelu s Al-laktadtovym pufrem o pH 3,1 s 2 M mo&ovi-
ny na 1 litr pufru (Sozinov, Poperelja, 1978; Sasek, Cerny, 1983;
Pomorcev et al., 1985). Intenzita zbarveni zén byla hodnocena stupnici:
plné vykryti, husté Srafovani, fidké Srafovani, nevykryti, Carkovani (odpovi-
da ¢iselnym hodnotam 5, 4, 3, 2, 1).

Jednotlivé hordeinové z6ny byly charakterizovany jejich relativni elektro-
foretickou mobilitou (REM). Hodnoty REM byly stanoveny ve vztahu ke
gliadinové z6n€ s REM 55,0, determinované lokusem Gld 1D (Sozinov,
1985). K manifestaci gliadinové zony s REM 55,0 byla pouZita smés jedno-
ho zrna je¢mene a jednoho zrna p$enice odriidy Mironovska 808.

Alelické bloky z6n hordeini HRD-A, HRD-B, HRD-F, HRD-D, HRD-E
a HRD-G byly vy¢lenény z elektroforetickych hordeinovych spekter podle
katalogu alelickych hordeinovych bloki, ziskanych pomoci $krobové gelové
elektroforézy (Pomorcev et al., 1985). Vy¢lenéné hordeinové alelické
bloky jsou charakterizovany mobilitou jednotlivych zén (hodnotami REM)
a intenzitou zbarveni zon.

VYSLEDKY A DISKUSE

Ziskana elektroforetickd spektra hordeinovych bilkovin jsou pfedstavena
v grafu (obr. 1). Pro genetickou interpretaci ziskanych vysledki jsou tato
spektra transformovédna do podoby soubori vy¢lenénych alelickych hordei-
novych bloki zon, uvedenych v tab. I. Tab. II charakterizuje jednotlivé ale-
lické hordeinové bloky.

Geneticka struktura hodnocenych odrud

Pomoci signdlnich hordeinovych gent lze hodnotit genetickou strukturu
odrid je¢mene jako Cisté linie homogenni ve skladbé hordeind, &i jako popu-
lace hordeinové polymorfni. PoCet hordeinovych linii a jejich relativni
¢etnost v odridové populaci jsou vyznamné pro identifikaci odriid hodnoce-
nych ve vzorku elektroforetickou analyzou hordeini. Nékteré odridy se to-
tiz neli§i spektrem hordeinovych linii, ale jejich podilem v odridé (Sasek
et al., 1990a, b).
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I. Soubory alelickych hordeinovych blokid hodnocenych jarnich a ozimych odriid povoleného
sortimentu je&mene setého - Sets of allelic hordein blocks in the evaluated spring and winter
varieties of the certified collection of barley varieties

Odriida! Oznaéeni 11’1§l. Linie HRD lokus a alela® Minorimis
v SOP n % A B F HRD geny
Jarni odridy®
Akcent ST-145 A 94 12 21 1 (E)
Bonus HE-1626 A 97 2 25 1
Donum SK-3062 A 41 4 45 3
| Bl 7c28infioz ) 229 | o3
C 18 2 45 3
Forum KM-Br-S2 A 98 N1 8 2
Galan SK-2611 A 100 2 N 2
Heran HE-4098 A 70 2 47 1 E
B 23 2 47 1
Horal SK-k-1106-15 A 100 12 21 1
Jarek KM-246 A 100 2 19 1
Jaspis HE-2078 A 100 21 25 1
Jubilant SK-2777 A 92 N2 29 3
(B) 8 23 29 3
Koral HE-748 A 100 32 21 0
Kredit HE-1440 A 82 18 52 1
Krystal HE-950 A 100 32 21 0
Ladik KM-743 A 95 23 21 1 (G)
Malvaz KM-UH-R-1809 A 100 2 17 3
Mars ST-6194 A 100 2 7 2
Novum A 95 32 21 0
Orbit SK-1775-12 A 91 21 25 1
Perun HE-2591 A 78 2 47 1
B 22 2 47 1 E
Profit A 100 2 25 1
S
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Odridal | OZnadeni 3l Linie ® HRD lokus a alela® Minoritai
v SOP 2% % B F | #HRD geny
Rubin HE-902 A 92 4 45 3
Sladko SK-2790 A 89 12 21 1 (©))
B 11 12 21 1 (E) (G)
Stabil SK-3081 A 49 2 47 1
B 13 N1 47 1
o 27 21 25 1
D 8 22011 2% 1
Svit SK-3045 A 40 2 47 1 E
B 60 2 47 1
Temo KM-Br-G-1114 A 57 21 1™ 2
B 35 2 17" 2
Ozimé odridy’
Borwina | (SRN) A 100 14 3 2
Kamil KM-2110 A 100 14 3 2
Kompolti 4 | (Madarsko) A 100 18 11 2
Kromoz KM-908 A 53 3 N1 1
B 37 3 N1 1 |©
Lunet LU-16 A | 100 | 14 3 2 |
Nebelia HVW-453 A 90 3 N1 1 |©
Okal LU-27 A 100 3 N1 1
Sigra (SRN) A 93 3 N1 1
B 7 3 N1 1 | (©)
Sorna HVW-342 A 45 3 3 2
B 38 2 21 1 (¢))
c 17 2 21 1 (G)D
Marinka (Nizozemsko) A 100 3 3 2

S

minorit HRD genes; °spring varietries; ’winter varieties

lvariety; 2designation of new breeding in State Variety Trials; >line; “HRD locus and alele;
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II. Charakteristika jednotlivych alelickych hordeinovych blokil zén — The characteristics of the
particular allelic hordein blocks of zones

HRD
alelicky Charakteristika, parametry bloki (po&et z6n, REM zén)?
blok

A-2 | 280(4)-29,5(2-3)-31,0(5)-35,0(4)-39,0(5)

A-3 | 23,5(3)-27,0(2)-30,0(4)-31,0(5)-34,0(1)-36,0(5)-37,5(5)42,0(5)

A-4 | 28,0(4)-29,5(2)-31,0(5)-36,5(4)

A-9 | 28,0(1-2)-29,5(3)-31,0(5)-35,0(4)-39,0(5)

A-12 | 27,0(3)-31,0(5)-34,0(5)-35,0(5)

A-14 | 27,03)-31,0(5)-33,0(1)-36,5(5)-37,5(4)41,5(5)-42,0(5)48,5(3)~50,5(3)-53,0(3)
A-18 | 27,03)-31,0(5)-34,5(5)-37,5(4)

A-23 | 27,0(3)-31,0(4)-32,0(5)-35,5(5)—40,0(4)—41,0(5)

A-32 | 28,0(4)-29,5(3)-31,0(5)-33,5(3)-35,0(4)36,0(3)~39,0(5)

A-N1 | 25,0(2)-27,0(3)-30,0(4)-31,0(5)-34,5(5)36,0(1)-38,5(2)-39,5(1)~41,5(2)
A-N2 | 25,0(2)-27,0(3)-30,0(4)-31,0(5)-34,5(5)-36,0(1)~37,0(2)-39,5(2)

B-3 | 62,0(1)-66,0(3)-69,5(4)-70,0(5)

B-7 | 62,0(1)-66,0(4)-69,5(4)~70,0(1)~75,0(2)

B-8 | 62,0(1)-66,0(3)-69,5(4)-70,0(5)-85,0(3)

B-11 | 62,0(4)-64,5(3)-66,0(3)-69,0(1)~71,0(3)

B-17 | 60,5(4)-61,5(4)-67,5(1)-69,5(2)~72,5(3)-79,5(2)~86,5(4)

B-17* | 60,5(4)-61,5(4)-67,5(3)~69,5(2)~72,5(3)~76,5(1)~80,5(1)-86,5(4)

B-19 | 58,0(2)-62,0(5)-66,5(3)-67,5(2)~71,5(2)~75,0(2)

B-21 | 62,5(1-2)-66,0(5)-69,0(2)-71,0(2)

B-25 | 58,5(4)-62,0(4)-64,5(1)-67,0(1)-70,5(3)-75,5(2)-79,5(2)-82,5(3)
B-25% | 58,5(4)-62,0(4)-64,5(2)~67,0(3)-70,5(3)-75,5(2)~79,5(2)-82,5(3)

B-29 | 60,5(4)-61,5(4)-68,0(3)-74,0(3)-83,0(3)-86,0(2)

B—(32) | 59,0(5)65,0(4)-70,0(1)-71,5(1)-78,0(1)-82,5(5)

B—45 | 56,5(2)~60,5(4)-61,5(4)-65,5(2)~69,5(2)~74,0(4)~77,5(2)~78,5(1)86,0(2)
B—47 | 60,0(3)-61,5(3)-65,0(5)-68,5(3)-72,0(2)-81,5(4)

B-52 | 55,0(3)-61,5(3)-63,0(4)-66,5(3)-70,5(3)
3

B-N | dosud nekatalogizovan
B-N1 | 62,0(2)-63,5(3)-67,5(2)-69,0(4)-71,0(1)-73,5(2)-74,5(2)-78,5(2)
F-1 86,0(4)
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Pokr. tab. II — Table II continue

HRD
alelicky Charakteristika, parametry blokl (poget zén, REM zc'm)2
blok'

F-2 88,0(3—4)
F-3 90,0(3—4)
F-N | dosud nekatalogizovan

E-1 |36,52)
G-1 |[76,52)
c-1 |39,02)

THRD allelic block; 2characteristics, parameters of blocks (number of zones, REM zones),
intensity of zone staining (in brackets); 3no catalogized yet

Z celkového po¢tu 25 odriid jariho typu je pouze 8 odrid (32 %) homo-
gennich ve skladb& hordeini a pfedstavuji Cisté linie homogenni a homozy-
gotni v hordeinovych genech markerujicich celkovou homogenitu a homo-
zygotnost vazanych geni. Jedni se o odridy Forum, Galdn, Horal, Jarek,
Jaspis, Kordl, Kristal, Malvaz, Mars a Profit. Odridy Forum a Profit se sice
skladaji ze dvou hordeinovych linii, avak sublinie pfedstavuji pouze kvanti-
tativni modifikace linii A, li$ici se expresi zon bloku HRD F 2, resp. HRD B 25.

K odriidam sloZenym z jedné hlavni hordeinové linie a jedné &i dvou, pii-
padné tfi vedlejSich hordeinovych sublinii patfi Akcent, Bonus, Heran, Jubi-
lant, Kredit, Ladik, Novum, Orbit, Rubin a Sladko, tedy celkem deset odrid,
tj. 40 %. Odruda Svit se charakterizuje skladbou dvou hlavnich linii zastou-
penych v odriidé s pfiblizné stejnou Cetnosti.

Zbyvajici odridy Donum, Stabil a Terno se vyzna&uji vy$§im hordeino-
vym polymorfismem. Skladaji se ze dvou hlavnich a dvou az tfi vedlejsich
hordeinovych linii. Celkova ¢etnost hordeinové poly morfnich odrid dosahu-
je 68 %, coz spolu s identitou hordeinovych spekter nékterych odrid kom-
plikuje identifikaci odrid je¢mene ve vzorku semen analyzou hordeinovych
bilkovin.

Pozorované rozdily ve spektru a &etnosti hordeinovych linii odrid-popu-
laci hodnocenych skliziiovych ro¢niki 1990, 1991, 1992 a 1993 jsou vyvo-
lany nepouzivdnim elektroforézy hordeinti v genetické kontrole jednotlivych
cykld udrZovaciho $lechténi téchto odrid. PoZadavky odriidového zkudeb-
" nictvi a zejména poZadavky tzv. pravni ochrany odriid podle smérnic UPOV
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1. Elektroforetickd spektra hordeinovych bilkovin hodnocenych jarnich odrid povoleného
varieties of the certified collection of barley varieties
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2. Elektroforeticka spektra hordeinovych bilkovin hodnocenych ozimych odrid povoleného
sortimentu je¢mene setého — Electrophoretic spectra of hordein proteins of the evaluated winter

varieties of the certified collection of barley varieties

na dostate&nou uniformitu a stabilitu odrid podporuji zasadu pouZivani

elektroforézy hordeinti v udrZzovacim $lechténi odriid je¢émene setého.

Vysoky stupeii hordeinového polymorfismu byl zji$tén i u odrid ozimého
jeCmene. Z deseti povolenych odrid pouze odriidy Borwina, Kamil, Kom-
polti-4, Lunet a Marinka jsou hordeinové homogenni, pfedstavuji Cisté linie.
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Jejich Cetnost tedy €ini jen 50 %. Jednu hlavni a jednu &i dveé vedlejsi linie
hordeinti vykazuji odriidy Kromoz, Nebelia, Okal a Sigra. Odriida Sorna se
sklada ze étyt hlavnich linii a dvou vedlejich linii. Podle genotypi hordei-
novych linii hodnocenych odriid—populaci 1ze soudit, Ze ve vét§iné pfipadi
komponenty téchto odrid pfedstavuji sesterské linie pochazejici ze stejného
kfiZeni, hybridni kombinace.

Linie B odriidy Orbit, linie D odridy Rubin, linie C odriidy Terno, linie B
odridy Nebelia a linie A odridy Sorna se odli$uji od ostatnich komponent
svych odriid zcela odli$nou genetickou vybavou hordeinovych lokusi.

Odrudova specifi¢nost hordeinovych elektroforetickych spekter

Pro identifikaci odrid, stanoveni odriidové pravosti a odridové &istoty
vzorki, davek a osiv i merkantilu je€mene se pouZivaji rovnéZ metody poly-
akrylamidové elektroforézy, umoziiujici v8§ak doposud pouze biochemickou
interpretaci ziskanych spekter (Giinzel, Fischbeck, 1979; Hauzer et
al., 1987; Cerny, Sasek, 1987). Postupy $krobové elektroforézy (Sozi-
nov, 1985; Pomorcev etal., 1985; Sagek etal., 1990a, b) jsou v8ak pro
identifikaci odrid vhodné&j$i, nebot’ umoZiiuji detekci jednotlivych alelic-
kych gend majoritnich a minoritnich hordeinovych signalnich geni v&etng
stanoveni jejich homozygotniho ¢&i heterozygotniho stavu.

Hordeiny se ve srovnani s pSeni¢nymi gliadiny vyznaduji niZ§i genetickou
variabilitou (Cerny, Sasek, 1988). Jejich rozlifovaci schopnost pi iden-
tifikaci odriid je proto proti gliadimim rovnéZ niZ$i a projevuje se vy3si &et-
nosti odrid, linii s identickym hordeinovym elektroforetickym spektrem.
Takové odrudy s identickou skladbou hordeinii nelze béZnym postupem jed-
norozmérné elektroforézy rozlisit.

Shodn4 elektroforetické spektra byla zji$téna u jednoliniovych odrid jar-
niho jeCmene Bonus a Profit (HRD A2-HRD B25-HRD F1), Jaspis a Orbit
(HRD A2 1-HRD B25-HRD F1), Koral, Krystal a Novum (HRD A32-
HRD B2 1-HRD FO0). Identicka jsou rovnéz elektroforeticka spektra hordei-
ni linii A odrid Heran a Svit a linie B odriidy Perun. Podobné jsou shodné
linie A odriid Donum a Rubin. Tyto odridy—populace lze viak elektroforé-
zou hordeini rozlisit zjisténim jejich dalSich linii-komponent, které se
u téchto odrid-populaci lidi relativnim zastoupenim a zejména odli§nou
skladbou hordeinovych geni.
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K rozlideni jednoliniovych odrid s identickymi hordeinovymi elektrofo-
retickymi spektry je moZné pouzit dalsich bilkovinnych genetickych marke-
i, napf. glutelini (Pomorcev et al., 1987), isoenzymii (Jones, 1987) &i
RFLP lokusti (Ananiev, 1987). N&které hordeinové identické odriidy jed-
mene jarniho se podafilo rozlisit pomoci elektroforézy isoesterdz (Sykoro-
va,Hadacova, 1992).

Z odrid ozimého je¢mene jsou hordeinové shodné odriidy Borvina, Kamil
a Lunet. Identické hordeinové spektrum vykazuje i B linie odriidy Nebelia
(HRD A14-HRD B3-HRD F2). Odridy—populace Kromoz, Nebelia, Okal
a Sigra maji po jedné hordeinové totoZné linii A (HRD A3-HRD BN1-HRD
F1). Daji se v8ak identifikovat pomoci dal$ich komponent téchto odrid, tj.
linii B, resp. C.

Odrida dvoufadého je¢mene ozimého Marinka ma identickou skladbu
hordeint s linii C odriidy Okal, resp. s A linii odridy Sorna. Pfedstavuje
vSak hordeinové jednoliniovou odriidu, zatimco ostatni odridy se odli$uji
piitomnosti dal§ich dvou, pfipadné péti linii. Odriidu Soma lIze identifikovat
podle pfitomnosti tfi hlavnich hordeinovych linii A, B, C a dalsich tfi vedlej-
$ichlinii D, EaF.

Vyznamné je potvrzeni dfiv&j$ich poznatki (Cerny etal., 1993b), Ze od-
ridy je¢mene ozimého se daji spolehlivé rozliit elektroforézou hordeinti od
odrid je¢mene jarniho. Pro ozimé odridy je charakteristickd vysoka Cetnost
genii HRD A14 a HRD A3, které nebyly zjistény u &s. odnid je¢mene jarniho.
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STRATY NIEKTORYCH VITAMINOV SKUPINY B
PRI PRIPRAVE MASOVYCH POKRMOV

Loss of some Vitamins of Group B
in the Course of Preparation of Meat Dishes

Bernadetta HOZOVA, Frantisek STRMISKA, Zuzana BARTEKOVA

Faculty of Chemical Technology of the Slovak Technical University,
Bratislava, Slovak Republic

Abstract: Changes in thiamine, riboflavin, pantothenic acid and vitamin B, were
experimentally determined in the course of cooking, stewing, roasting and frying
in 30 samples of beef and pork and entrails (liver). The average losses ranged in
dependence on the way of used heat treatment and on the kind of material from
16.1 to 82.6% in thiamine, from 0 to 56.3% in riboflavin (shrinkage loss), from
8.6 to 91.9% pantothenic acid and from 32.2 to 82.7% in vitamin B.

thiamine; riboflavin; vitamin Be; pantothenic acid; technological processes

Abstrakt: V préaci sa uvadzaju vysledky experimentalneho $tidia zmien tiaminu,
riboflavinu, kyseliny pantoténove;j a vitaminu B pri vareni, duseni, peeni a vy-
prazani 30 vzoriek hovidzieho a bravéového mésa a vnitornosti (peéeit). Zistilo
sa, Ze priememné straty tiaminu sa pohybovali v zavislosti od pouZitého tepelného
procesu a od druhu materilu v intervale od 16,1 do 82,6 %, riboflavinu (straty
vylihovanim) od 0 do 56,3 %, kyseliny pantoténovej od 8,6 do 91,9 % a vitaminu
Bgod 32,2 do 82,7 %.

tiamin; riboflavin; vitamin Bg; kyselina pantoténova;, technologické procesy

Pre uplynulé obdobie vySe 40 rokov je charakteristické, Ze v fiom vznikli
a dynamicky sa rozvijali rozne formy spolo&ného stravovania — retauraéné,
zavodné a predovSetkym Skolské stravovanie. Za ten €as sa v doterajSom vy-
voji odskusalo niekol’ko modelov organizicie a riadenia spoloéného stravovania,
takZe dnes predstavuje spolo¢né stravovanie vyznamny usek spoloensko-
-ekonomickej €innosti. Su¢asny stile prevazujici malovyrobny charakter
vyroby pokrmov s prevahou ru¢nej prace, s nedostatoénou mechaniziciou
a $pecializaciou, s nizkou technologickou a vyZivovo-ekonomickou u¢in-
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nost'ou tvori este vel'ké rezervy pre ciel'avedomy a kvalifikovany pristup pre
zdokonalenie technolégie vyroby pokrmov verejného stravovania. Udaje
o spotrebe potravin dokumentuju nie celkom opodstatneny odklon od
povodne jednoduchsej stravy a rychly prechod k spotrebe poZivatin vyzna-
¢ujucich sa bohatym obsahom energie a pritom iba s pomerne nizkym zastu-
penim vitaminov a minerdlnych latok. Tak pretrvdvaju urCité nedostatky
prijmu Zivoc¢iSnych bielkovin, vitaminov A, B, a najmi C, z minerélii vipni-
ka a Zeleza. Z toho vyplyva, Ze nadmemost’ objemovej zlozky vyZivy ucho-
vava, alebo dokonca e$te zhorSuje nespravnu $truktiru hlavnych Zivin
a prijem latok zo skupiny vyZivovych faktorov. Preto je opodstatnena snaha
o0 exaktné $tudium vyZivovych faktorov surovin, ich raciondlne vyuZitie pre
vyZivu Cloveka a predchadzanie zbyto&nému plytvaniu v technologickom
procese. Délezitou skupinou nutriéne ddlezitych latok v metabolizme I'ud-
ského organizmu su aj vitaminy skupiny B, ktorych bohatym zdrojom je
hovédzie a brav€ové miso a vnatornosti.

Literdrne udaje z oblasti vplyvu roznych spdsobov kulindmej Gpravy (va-
renia, dusenia, pefenia, vypraZania, grilovania a i.), ale aj velkokapacitnej
termosterilizicie (staciondrnej a rota¢nej) na zmeny najmé termolabilnych
vitaminov (tiamin, B¢) su rozsiahle (Guilland et al,, 1991; Kimura et
al., 1990; Gerster, 1989). Najvicsie straty su spdsobené sterilizdciou
(55 az 77 %), pecenim a vyprazanim (50—89 %), varenie ma za nasledok
straty okolo 25-50 %, kym mikrovinovy ohrev je Setrnej$i v porovnani
s konvenénymi procedirami (Gerster, 1989; Barbeau, Schnepf, 1989).

V rdmci $tidia obsahu Zivin a ich zmien pri priprave méisovych pokrmov
v Skolskom stravovani sme v priebehu dvoch rokov analyzovali rdzne tepelne
upravené (varenim, dusenim, peéenim a vypraZzanim) brav€ové a hovidzie
maiso a vnutornosti spdsobmi najviac pouZivanymi pri kulindmej uprave je-
dal. Sledovali sme zmeny niektorych vitaminov skupiny B (tiamin, ribofla-
vin, B, kyselina pantoténova). Experimentilne vysledky budi podkladom pre
spracovanie do banky dat v tabul’kach vyzivovych hodn6t poZivatin.

MATERIAL A METODY

Pre experimentalne $tudium zmien koncentricie zvolenych vitaminov
skupiny B sme pouZili hovidzie a brav€ové miso a vnutornosti odobraté
z Misového priemyslu, $. p., Bratislava-Ra¢a (marec 1991 az oktéber 1992).
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Vzorky boli rozdelené do troch podskupin (a, b, ¢) reprezentujicich rdzne
svalové partie:

Hoviddzie méso

a) hovidzie chudé — zmes svaloviny stehna a rotenky
b) hovidzie tu¢né — zmes misa hrude a boku
¢) hovidzia noZina

Braviové miso

a) brav&ové stehno
b) brav&ové pliecko
¢) bravovy bdlik

Vnutornosti

a) hoviadzia peceii
b) bravCova pecei

Uvedené druhy misa a vnitornosti boli podrobené rézny m tepelnym tpra-
vam zvolenym podl'a kulindmych zvyklosti. Hmotnostné proporcie misa,
vody, prip. oleja alebo bravovej masti (bravCova peceil) zodpovedaju para-
metrom noriem pre $kolské stravovanie, sol’ sa pri experimentoch nepouZila.
Pri vareni a duseni sa pouZilo miso nakrajené na kocky, pri pe€eni a vypra-
Zani bolo méso nakrdjené na platky. VSetky tepelné upravy sa vykonali
v smaltovanych nidobach bez kazov.

Priprava vzoriek

Z misa bol odstraneny tuk, Slachy a blany (asi 7 %). Aplikovany &as
a teplota pri uprave vzoriek zodpovedali tradi¢nej kulindrnej priprave pokr-
mov v domécnostich alebo vo verejnom stravovani (varenie — 2 h, dusenie —
1,15 az 2 h, pe€enie — 1,15 aZ 2 h, vyprdZanie — 3 aZ 15 min). Hmotnost’
vychodiskovej suroviny bola nasledovna: hovidzie miso — 1 500 g, brav&o-
vé miso — 1 500 g, vnitornosti — 1 200 g. Pri uprave vzoriek varenim bol
pridany dvojnasobok (brav€ové miso), trojndsobok (peceil) a pit'niasobok
(hovddzie miso) pitnej vody; pri duseni to bol dvojnasobok, pri pe€eni troj-
nasobok pitnej vody vzhl'adom na vychodiskovii hmotnost’ misa; pri vypra-
zani bol pouzity olej tvoriaci 1/5 a brav€ova mast’ 1/10 hmotnostného
podielu mésa a vnitornosti. '
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Po skonéeni technologickych operécii a po vychladnuti vzoriek sme vyko-
nali vystupni materidlovi bilanciu vzhI'adom na vstupné hmotnostné podie-
ly. Vzorky boli zhomogenizované v mixéri (dusené a pe¢ené spolu so
$tavou), nasledne boli zabalené do PE vreciek a boli uskladnené v mrazia-
renskych podmienkach (—15 °C) aZ do vykonania analyz. Spolu bolo pripra-
venych 30 vzoriek (+ 7 vyvarov), z ktorych kazda predstavovala tri stano-
venia s dvomi paralelnymi analyzami (n = 6). Vysledky stanoveni (v mg)
boli prepocitané na 1 kg jedlého podielu a na 1 kg susiny vzhl'adom na vy-
chodiskovy materidl (surové médso). Z priestorovych dévodov uvadzame iba
percentudlne vyjadrenie strat jednotlivych B vitaminov pri pouZitych upra-
vach tepelného spracovania modelovych vzoriek v prepocte na 1 kg suSiny.

PouZité metody

Stanovenie tiaminu (podl'a CSN 56 0052). Tiamin sa v silne alkalickom
prostredi oxiduje hexakyanoZelezitanom draselnym na tiochrom, ktory sa
kvantitativne prevedie do izobutanolu a zmeria sa intenzita fluorescencie.

Stanovenie riboflavinu (podla CSN 56 0054). Riboflavin sa v hydrolyzo-
vanom extrakte vzorky po alkalizacii prevedie oZiarenim na lumiflavin. Po
vycisteni extraktu sa vzniknuty lumiflavin preextrahuje do chloroformu a z in-
tenzity fluorescencie tohto roztoku sa vypocita koncentracia riboflavinu.

Stanovenie vitaminu Bg (podI'a CSN 56 0056). Vitamin B sa stanovi mik-
robiologickou metédou so Saccharomyces uvarum ATCC 9080 na principe
merania zakalu buniek uvedeného kmena v zavislosti od koncentricie vita-
minu B¢ vo vzorke.

Stanovenie kyseliny pantoténovej (podl'a CSN 56 0060). Kyselina panto-
ténova sa stanovi mikrobiologickou metddou so S. uvarum ATCC 9080 na
principe merania zakalu buniek uvedeného kmena v zavislosti od koncentra-
cie kyseliny pantoténovej vo vzorke.

VYSLEDKY A DISKUSIA

V tab. I az III sa nachadzaju vysledky percentudlneho vyhodnotenia strat
sledovanych vitaminov skupiny B (tiamin, riboflavin, B, kyselina pantoté-
nova) v priebehu tepelnej tpravy hovidzieho mésa (chudé, tuné, noZina),
brav¢ového misa (stehno, pliecko, bocik), ako aj hovidze) a bravéovej pecene.
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Hovédzie miso
Tiamin
Surové hovidzie chudé méiso obsahovalo 2,94 mg tiaminu na 1 kg susiny.
Ako vidiet' z tab. I, pri uprave hovidzieho misa boli straty tiaminu po&as
varenia, dusenia a pefenia pomerne vyrovnané — okolo 50 % (hodnoty strat
pri varenom mése kazdého druhu si vzt'ahované len na svalovinu; ked’Ze do
vyluhu prechddza priblizne od 5 do 15 % vSetkych B vitaminov, su skutoéné
straty pri vareni redlne niZ$ie neZ straty uvedené v tabulkiach — jednotlivé
spOsoby upravy sa teda moZu brat’ ako rovnocenné). VypraZzanim hovidzie-
ho chudého misa sa straty tiaminu pohybovali okolo 40 %. prmvou ho-
vidzieho tu¢ného misa a hoviddzej noZiny boli straty dusenim celkove niZ8ie
v porovnani s tepelnou Gpravou hovidzieho chudého misa (koncentrécia ti-

aminu v hovddzom surovom tu¢nom mése 0,84 mg na kg su$iny, v hovidzej
nozine 1,76 mg na kg susiny).

I. Straty tiaminu, riboflavinu a vitaminu Bg po&as tepelnej upravy hovadzieho misa — The
losses of thiamine, riboflavin and vitamin Bs during heat treatment of beef

Straty B vitaminov® [%]
Vzorka a tepelnd 1’xpraval
tiamin'® riboflavin'! By

Hovadzie chudé?

varené’ 58,3 56,3 76,9

dusené’ 51,3 46,1 46,3

petené’ 52,9 43,7 67,0

vyprézané® 39,4 46,9 82,3
Hovadzie tutné’

varené’ 32,1 17,2 70,9

dusené’ 18,5 0,0 60,2
Hovédzia noZina®

varens’ 53,1 a 82,7

dusena’ 40,0 b 32,2

prirastok — increment: a =21,8 %;b=54,2%

lsampl«;: and way of heat treatment; 2jean beef:, 3cooked; ‘stewed; >roasted; Sfried; 7fatty beef;
8skins and shanks; ®losses of B vitamins; °thiamine; 'riboflavin
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Riboflavin

Straty riboflavinu v hovidzom chudom mise, priemernd koncentricia
9,21 mg na kg susiny boli v priemere niZSie v porovnani so stratami tiaminu
a B, pravdepodobne v dosledku vy33ej rezistencie proti tepelného zidsahu.
Vysoke straty pri vareni (56,3 %) nastali v dosledku vylihovania. Naproti
tomu sme zaznamenali niZSie straty vo vzorkiach hovidzieho tuéného misa
a hovédzej noZiny, kde boli namerané ,,prirastky* 21,8 az 54,2 %, preto ich
v tabul'kdch neuviddzame (surové hovidzie tuéné miso obsahovalo priemer-
ne 2,67 mg a surové hovidzia noZina 4,06 mg na kg susiny).

Vitamin Bg

sa prejavil ako typicky termosenzitivny vitamin — najvy$8ie straty boli pri
vareni, a to od 70,9 do 82,7 %, a pri vypraZani (82,3 %), najnizsie pri duseni
— 32,2 az 46,3 % z vychodiskovej hodnoty (surové hovidzie chudé miso

11,22 mg, hovédzie tuéné miso 5,53 mg a hovidzia noZina 7,24 mg na kg
sudiny.
Brav{ové miiso
Tiamin

Koncentricia tiaminu v surovom brav€ovom stehne bola v priemere
34,1 mg na kg susiny. Varenim brav€ového stehna a bd¢ika sa destruovalo
60 aZ 80 % tiaminu, straty dusenim variovali okolo 50 %, peenim vo vSet-

kych vzorkach v intervale od 42,8 do 73,3 % (tab. II), surové braviové
pliecko 13,2 mg a bravCovy surovy bocik 5,3 mg na kg suSiny.

Riboflavin

Surové bravCové stehno obsahovalo 6,12, pliecko 6,13 a b6¢ik 2,63 mg
riboflavinu na 1 kg susiny. Ako vidiet’ z tab. II, tepelnou upravou bravéové-
ho misa sa uchovalo viac riboflavinu v porovnani s jeho obsahom v ho-
vidzom mise. NajniZSie straty sa dosiahli pri duseni (6,2 aZ 12,9 %), vy3sie
straty boli pozorované pri pe€eni (30 az 40 %) a najvy33ie sa vyskytli pri
vyprazani (54,3 %) bravového stehna.

Kyselina pantoténova

Koncentrécia kyseliny pantoténovej vo vychodiskovych surovinich bola
nasledovna: brav¢ové stehno 306,1 mg, pliecko 105,1 mg a bo¢ik 86,3 mg na
1 kg sudiny. Straty kyseliny pantoténovej, ako dokumentuje tab. II, sa pohy-
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IL. Straty tiaminu, riboflavinu a kyseliny pantoténovej po&as tepelnej Gpravy braviového miisa
— The losses of thiamine, riboflavin and pantothenic acid during heat treatment of pork

Straty B vitaminov’® [%)
Vzorka a tepelna x'xpravo,l
tiamin'® riboflavin'! kyselina pantoténovélz
Brav&ové stehno?
varené® 82,6 35,9 59,3
dusené* 51,4 6,2 8,6
peené’ 61,9 31,7 14,1
vypréZané® 84,1 54,3 58,2
Bravové pliecko7
dusené’ 51,8 12,9
petené’ 733 30,5
Brav&ovy bogik®
vareny> 63,4 15,6 39,7
peleny’ 42,8 40,7 40,4

lsample and way of heat treatment; 2pork ham; 3cooked; “stewed; >roasted; ®fried; 7pork shoul-
der; 8pork belly; %losses of B vitamins; 1%hiamine; !!riboflavin; 12pantot.heuic acid

bovali pri vareni v rozmedzi od 39,7 do 59,3 %; najni&ie boli pri dusent
(8,6 %) a najvysSie pri vypraZani brav&ového stehna (58,2 %).

Hové#dzia a bravfova pecen

Tiamin, riboflavin, kyselina pantoténovd, By

Z vysledkov uvedenych v tab. III vyplyva, Ze vo vzorke hovidzej pelene
bola uchovatel'nost’ tiaminu (surova 14,8 mg na kg suiny) a riboflavinu (su-
rova 65,6 mg na kg susiny) vy38ia pri vietkych tepelnych operaciach ako vo
vzorkach brav€ovej peene (surova: tiamin 11,6, riboflavin 81,5 mg na kg
sudiny). Straty kyseliny pantoténovej v hoviddzej peCeni (surova vzorka ob-
sahovala 624,5 mg na kg suSiny) boli naopak extrémne vysoké pri aplikacii
vietkych tepelnych operacii (75 aZ 90 %); podobne pri stanoveni vitaminu
B¢ boli ubytky v bravCovej peceni od 43,9 (dusenim) po takmer 70 % (vare-
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III. Straty tiaminu, riboflavinu, vitaminu Bg a kyseliny pantoténovej po&as tepelnej upravy
hovidzej a bravéovej peene — The losses of thiamine, riboflavin, vitamin Bs and pantothenic
acid during heat treatment of beef and pork roast

Straty B vitaminov’ [%)]
Vzorka a tepeln tiprava’ o copn kyselina :
pantoténova'® 6
Hovédzia peteii?
varend’ 16,1 26,0 91,9
dusena’ 25,2 0,0 75,3
vyprézans® 22,9 16,1 87,0
Bravéova peéeﬁ6
varend’ 61,6 44,5 68,8
dusena® 49,9 34,5 439
vypraans® 34,1 26,6 54,7

lsample and way of heat treatment; 2beef roast; cooked; “stewed; fried; 6pork roast ; 7 losses
of B vitamins; 8thiamine; ®riboflavin; 'opantothenic acid

nim) (surova bravCové peceii obsahovala 10,9 mg vitaminu B, v prepocte na
kg susiny).

Z uvedeného je zrejmé, Ze straty vietkych sledovanych nutriénych zloZiek
podas aplikovanych tepelnych operacii nie su vonkoncom zanedbatel'né,
preto je nutné tutu skuto&nost’ v kulindrnej praxi zohl'adiiovat’ a nepredlZo-
vat’ zbyto¢ne as pripravy pokrmov.
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Kontakmi adresa:

RNDr. Bernadette Hozova, CSc., Slovensk4 technick4 univerzita, Chemicko-
technologicka fakulta, Radlinského 9, 812 37 Bratislava, Slovenska republika,
tel.: 07/326 021, fax: 07/326 021

INFORMACE

HLEDA SE SPOLUPRACE S PRUMYSLEM

Vyzkumni pracovnici zapojeni do nového projektu v rdmci Evropské unie ,,Mode-
lovéani tepelnych vlastnosti a chovani potravinafskych produkti béhem vyroby, skla-
dovéni a distribuce” hledaji podporu a partnery v priimyslu, kteti by méli zdjem
o vyuziti vysledku projektu jiz v pritb&hu jeho feseni a po jeho dokonéeni.

Vyzkum, ktery byl zah4jen v kvétnu tohoto roku, je souéasti programu spolupréce
EU se zemémi stfedni a vychodni Evropy v oblasti v&dy a techniky (tzv. program
PECO). Bude trvat tfi roky a jeho celkovy rozpocet ¢ini 845 000 ECU.

Tepelna degradace produktii v potravinovém fetézci zplisobuje vy33i materialni
ztraty, resp. zvy3ené ohroZeni lidského zdravi. A¢koliv odpovédni pracovnici potra-
vinafského primyslu si jsou t&chto problémi védomi, nemaji vZdy k dispozici prak-
ticky vyuZitelné prostiedky a nastroje, které by jim umozZnily takové situace v&as
pfedvidat. Novy vyvoj na poli hardwaru a softwaru viak brzy umozni — s vyuzitim
stavajicich poznatki o tepelnych vlastnostech a pfestupu tepla — simulaci tepelnych
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pochodil a tepelného zpracovani potravindiskych produkti na osobnich poéitaich.
Vypodlty zaloZené na téchto programech pak umoZni vyrobciim a zpracovateliim
pfedvidat tepelné chovani jejich produktl v potravinovém fetézci a zjistovat, resp.
predchézet vzniku situaci, které by vedly k nepfipustnému zhorSeni kvality.

Vyvoj takovychto nastroji je hlavni sougésti tohoto mezinarodniho projektu. Napf.
COSTHERM, program vyvinuty v 80. letech a umoZiiujici pfedpovidat termofyzikal-
ni vlastnosti potravin, bude aktualizovan. Souasné je v planu vyvoj dvou novych
softwarovych produkti, HEATRANS a SOLTHER. Pomoci programu HEA-
TRANS se budou zjistovat efektivni koeficienty pfestupu tepla pro viechny situace
a operace s potravinafskymi produkty v celém fetézci vyroby, zpracovani a dal$i mani-
pulace. Program SOLTHER bude piedpovidat tepelné chovéani t&chto produkti.

Na programu spolupracuji tato pracoviste:

— CSL potravinafska laboratof Torry, Aberdeen, Velka Britanie;
— Univerzita Aberdeen, katedra inZenyrstvi, Velka Britanie;
— Univerzita Bristol, katedra veterinArmiho 1ékafstvi, Velka Briténie;

— Ustav pro veterinarni lékafstvi a Zivo&iZnou vyrobu, Spelderholt, Beekbergen,
Holandsko;

— Vyzkumny tstav potravinafsky, Praha, Ceska republika;

— Technicka univerzita Sofia, katedra technologie a techniky chlazeni, Bulharsko.

Dil¢i a kone&né vysledky vyzkumného programu budou prezentovany na pracov-
nich setkanich a seminafich v priib&hu tiiletého obdobi a na jeho z4vér. Programy pak
budou zpfistupnény a bude umoZnéno jejich vyuZiti v primyslu, pfi¢emZ sami feSi-
telé budou u¢inn& ndpomocni pii optimélnim zavadéni vysledkil do praxe. JiZ nyni je
vitdna jakdkoliv podpora a pomoc ze strany potravinafského primyslu a vyzkumu -
at’ uZ formou finanéni podpory, nebo odborné spolupréce.

Pro bliZ3i informace kontaktujte prosim dr. Pavla Nesvadbu, koordinitora celého
projektu (CSL Food Science Laboratory Torry, Aberdeen UK), tel. 0044 2248 77071,
fax 0044 2248 74246.

Zajemci o spolupraci z Ceské republiky se mohou informovat pfimo na adrese:

Ing. Milan Hou3ka, CSc.,

Vyzkumny stav potravinafsky Praha,
Radiovéa 7, 102 31 Praha 10,

tel. 02 702 331, fax 02 701 983

Ing. Jifina Safrova
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INFORMATION

EURO FOOD TOX IV
“Bioactive Substances in Food of Plant Origin“

22-24 September, 1994

This meeting, held at Mierki, near Olsztyn, was organized by the Centre for Agro-
technology and Veterinary Sciences, Polish Academy of Sciences, Olsztyn and held
under the auspices of this body, the Olsztyn University of Agriculture and Techno-
logy, FECS Working Party on Food Chemistry, and the European Society of Toxi-
cology.

One hundred and fifty delegates from twenty five countries attended this meeting,
which involved eight plenary lectures, twenty eight oral presentations and fifty nine
posters. The succes of the meeting was set by the lakeside venue, and by the friendly
and hospitable attitude of the Polish hosts.

Considerable interest has been shown in naturally occurring bioactive substances
for many years. Emphasis has recently been laid on compounds exhibiting detrimen-
tal properties (natural or inherent toxicants), but plant secondary metabolites exhibi-
ting positive health attributes (phytoprotectants) are now attracting increased
attention, on the part of researchers, consumers and industry. The problems and
chances (both scientific and financial) of the developing areas of neutraceuticals and
. functional foods were graphically illustrated by Prof. Furst (Hohenheim).

As with the three previous Eurofoodtox meetings (held in Zurich), this conference
brought together chemists and toxicologists with a common interest in food. In ge-
neral, it may be concluded that methods for chemical analyses (as described in seve-
ral presentations by the group of Prof. Sorensen, Copenhagen) are more advanced
than for food toxicology, thus making it difficult — if not impossible — to reach any
reliable conclusion about the biological significance of such compounds in the diet.
Verhagen and Feron (Zeist) described ongoing studies in which the effects of
natural constituents were addressed in cell lines and in human subjects, whilst in
a complementary plenary, Williamson (Norwich) described recent work on the
screening of plant food extracts against phase I, phase II and antioxidant enzymes.
Amongst the plant secondary metabolites addressed during the meeting, glucosino-
lates and their breakdown products received the most attention (which was particu-
larly appropriate given the extensive work in this area of Professors Rutkowski
and Kozlowska). The role of phytate was addressed by Prof. Sandberg
(Gothenberg), the complex structures and activities of plant phenolics by Prof.
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Macheix (Montpellier) and plant protease inhibitors by Prof. Birk (Rehovot).
Prof. Schlatter (Zurich) summarised toxicological aspects of ochratoxin A and
fumonisins, which could be regarded as a model for the understanding of the mode
of action of tumor promoters.

In recent years, pan-European research has been increasing dramatically, stimula-
ted by funding and grants offered by the European Union and other organisations.
The large number of young scientists attending this meeting, the enthusiastic discus-
sions taking place at the coffee breaks and in the evenings, and the exchange of fax
numbers and E-mail addresses suggest that such contacts and collaborations will
continue to develop.

Perhaps the greatest challenge to those working in this complex and demanding
area will be to effectively harness the expertise and knowledge available across such
areas as natural product and analytical chemistry, epidemiology, in vivo and in vitro
toxicology, structure/activity modelling, thereby to most efficiently achieve reliable
risk/benefit analyses for both the population at large and for individual sub-groups
thereof.

Having identified the need to optimise levels of individual (or classes of) com-
pounds, there will be a need for close contacts with plant breeders and molecular
biologists, and with food technologists. Such optimisation must naturally take ac-
count of the demands of the consumer, and the role of these compounds in developing
plant. Indeed, the overlapping identities of natural toxicants, protective factors and
natural pesticides were emphasised by a number of participants.

These issues will undoubtedly feature prominently at the next Euro-Food-Tox me-
eting, to be held in Norwich in the autumn of 1998.

The conference Proceedings have been published in two volumes and on four dis-
kettes. They are available at 75 sFr a set at the following address:

attn. Dr Halina Leman

Division of Food Science

Centre for Agrotechnology & Veterinary Science PAS
10 Tuwima Street

10-718 Olsztyn

Poland

Prof. ing. Jiri Davidek, DrSc.
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ZIVOTNI JUBILEA

K vyznamnému Zivotnimu jubileu
prof. ing. dr. Vladimira Kyzlinka, DrSc., Dr.h.c.

Prof. Vladimir Kyzlink, vyznamny predstavitel oboru konzervace potravin, se
doziva osmdesati let. Narodil se 29. ledna 1915 v Bmé&. Tam rovnéZ studoval na
Vysoké $kole zemé&dé&lského inZenyrstvi a na Piirodovédecké fakulté univerzity v Br-
né. Po dvouletém piisobeni jako vysokoskolsky asistent v oboru agrochemie nastou-
pil jako vyzkumny chemik do zdvodu Biochema v Modficich u Bma. V modiickém
zévodé, ktery mé&l pom&me Siroky vyrobni program v oblasti potravinaiské i v pfi-
druZenych chemickych vyrobéch, ziskal prof. Kyzlink dobrou praxi a $iroky rozhled.
Do doby zfizeni oborového vyzkumného tstavu byla modficka laboratof prof. Kyz-
linka vyznamnym chemicko-technologickym centrem naSeho konzervarenstvi. Po
své habilitaci v roce 1946 se prof. Kyzlink stal pfedsedou komise pro organizaci
zakladaného zahradnického a pak i technologického odboru Vysoké Skoly zemé&del-
ského inZenyrstvi v Bmé&. Na bménské vysoké $kole pozdéji vybudoval tistav ovoc-
nafské a zelinaiské technologie, na ktery v roce 1948 piesel z Modfic s plnym
uvazkem jako noveé jmenovany profesor. Po zfizeni fakulty potravinaiské technolo-
gie na Vysoké Skole chemicko-technologické v Praze byl prof. Kyzlink z Bma
preloZen do Prahy, kde vybudoval ustav podobného zaméfeni, ktery se v roce 1957
stal samostatnou katedrou konzervarenské technologie se 3ir$i naplni pokryvajici ta-
ké technologii masa a pozdé&ji problematiku baleni potravin. Katedra prof. Kyzlinka
se stala jednou ze specializaci fakulty potravinaiské technologie a od té doby az
dodnes zajist'uje vyuku v oboru konzervace potravin a technologie masa.

Kromé Siroké pedagogické aktivity byl prof. Kyzlink velmi &inny také ve vé-
decko-vyzkumné oblasti. Jeho védécké prace pokryvaji Siroké spektrum problémi
zpracovani a konzervace potravin. Vyznamnymi kapitolami jeho prace byly napf.
studium problematiky sueni a rehydratace, chemie pektini, pektolytické procesy,
vyuZiti pektolytickych enzymi, stabilita antokyanovych barviv a velmi $irok4 prob-
lematika oxidoredukénich procestt b&€hem zpracovani potravin, zejména s ohledem
na zmény Kyseliny askorbové. Patmé& nejvyznamné;si oblasti prace prof. Kyzlinka
bylo studium termoinaktivaénich kiivek enzymi a mikroorganismi a jejich matema-
tické zpracovani.

Vysledky publikoval v fadé pivodnich védeckych praci. Kromé& toho je prof.
Kyzlink autorem nékolika rozsahlych monografii. Asi nejvétsiho ohlasu dosahla
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prace Zéklady konzervace potravin, ktera formuluje piivodni zplisob konzervaénich
metod. Kniha byla vydana v n€kolika upravovanych vydanich a dodnes slouZi jako
zakladni zdroj informaci nejen studentim, ale také Sirokému okruhu odbornikit
v konzervérenské praxi a pfibuznych oborech. O kvalit€ uvedeného dila svéd¢i také
jeho vydani v anglické verzi (Principles of food preservation) vydavatelstvim Else-
vier v roce 1990.

Krome své vysokoSkolské ¢innosti pisobil prof. Kyzlink i v fadé narodnich
a mezinérodnich organizaci, byl fadnym &lenem Ceské akademie zem&d&lské a pred-
sedou jejiho VI. odboru (potravinaiska technologie a vyZiva), plsobil v IIF (Institut
International du Froid) a ve vydavatelském kolektivu mezinarodniho &asopisu Con-
fructa.

Rozsahla ¢innost prof. Kyzlinka byla odmén&na fadou vyznamnych uznéni, tu-
zemskych i zahraniénich. Jsou to napf. stfibma medaile Commission International
des Industries Alimentaires et Agricoles v PatiZi, stiibrn4 medaile CAZ, Plaketa Emi-
la Votocka a dal%i. V roce 1992 udélila prof. Ky zlinkovi estny doktorat Vysoka
Skola zemé&dé&lska v Bmé&. V roce 1994 udéluje Fakulta potravinafské a biochemické
technologie VSCHT v Praze prof. Kyzlinko vi nov& zavedenou medaili K. N. Bal-
linga.

Nejvy3siho ocenéni si viak prof. Kyzlink zaslouZi za svoji celoZivotni pedago-
gickou ¢&innost. Vytvofil koncepci oboru, neustile zdokonaloval studijni texty, jiz
zmin&na velmi kvalitni monografie byla vZdy v prvni fad& vysoko3kolskou u¢ebnici.
Béhem svého piisobeni profesor Kyzlink vychoval n&€kolik generaci uisp&snych od-
bomnikil a nesmazateln& ovlivnil vyvoj oboru. I dnes, 1éta po ukonéeni jeho aktivniho
plsobeni v ustavu, vSichni jeho nasledovnici v podstaté pokrauji jim vyty&enym
smérem. '

Jménem viech jeho pokraovatelli mu pfeji zejména dobré zdravi a 1éta spokoje-
ného Zivota. Doufam, Ze pfiméfené svym sildm bude i nadédle v kontaktu se svym
ustavem formou konzultaci a besed se studenty.

Ing. Michal VoldFich, CSc.
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Instructions for authors

Manuscripts in duplicate should be addressed to: RNDr. Marcela Braunové, Ustav
zemé&délskych a potravinafskych informacl, Slezska 7, 120 56 Praha 2, Czech Republic.

Authors have full responsibility for the contents of their papers, including any correc-
tion made by the editors. 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.

Original papers should not consist of more than 12 typewritten pages (2-linespacing),
short communications may not exceed 3 typewritten pages. Tables, figures and photos
shall be enclosed separately. The text must contain references to all these annexes.

Abstract is an information selection of the contents and conclusions of the paper, it
is not a mere description of the paper. It must present all substantial information
contained in the paper. It shall not exceed 170 words. It shall be written in full sentences,
not in form of keynotes. It is published in the language the paper is written in, it should
comprise base numerical data including statistical data. Each manuscript must contain
a short or a longer summary.

Introduction has to present the main reasons why the study was conducted, and the
circumstances of the studied problems should be described in a very brief form.

Material and Methods: Only original method shall be described, in other cases it is
sufficient enough to cite the author of the used method and to mention modifications of
this method. This section shall also contain a description of experimental material.

In the section Results figures and graphs should be used rather than tables for
presentation of quantitative values. The same data should not be presented in both
tables and figures. A statistical analysis of recorded values should be summarized in
tables. This section should not contain either theoretical conclusions or deductions, but
only factual data should be presented here.

Discussion contains an evaluation of the study, potential shortcomings are discus-
sed, and the results of the study are confronted with previously published results (only
those authors whose studies are in closer relation with the published paper should be
cited).

The citations shall be presented pursuant to the standard. They are arranged
alphabetically according to the surname of the first author. References in the text to
these citations comprise the author's name and year of publication. Only the papers
cited in the text of the study shall be included in the list of references. All citations shall
be referred to in the text of the paper.

If any abbreviation is used in the paper, it is necessary to mention its full form at least
once to avoid misunderstanding. The abbreviations should not be used in the title of the
paper nor in the summary.

The author shall give his full name (and the names of other collaborators), academic,
scientific and pedagogic titles, full address of his workplace and postal code, telephone
and fax number. -
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