CNIK 13
AHA 1995
'ISSN 0862-8653




An international journal published by the

POTRAVINAﬁSKE VEDY Czech Academy of Agricultural Sciences

FOOD SCIENCES and with the promotion of the Ministry
of Agriculture of The Czech Republic

Abstracts from the journal is comprised in Agrindex of FAO (AGRIS database), Food
Science and Technology Abstracts, Dairy Science Abstracts, Chemical Abstracts,
WLAS, TOXILINE PLUS and Czech Agricultural Bibliography.

Editorial board - Redakéni rada

Head of the Editorial Board - Predseda
ing. Zeno Simunek, CSc.

Members of the Editorial Board — Clenové redakéni rady

ing. Miloslav Adam, CSc., ing. Luisa Bene$ova, ing. Jan Drbohav, CSc.,
prof. ing. Dugan Curda, CSc., prof. ing. Jifl Davidek, DrSc., ing. Jifina Hou$ov4, CSc.,
prof. ing. Ivo Ingr, DrSc., ing. Milan Kovag, CSc., prof. ing. Jan Pokorny, DrSc.,
prof. ing. Alexander Pribela, DrSc., prof. ing. Mojmir Rychtera, CSc.,

ing. Olga Stikova, CSc., MUDr. Bohumil Turek, CSc.

Editor-inchief — Vedouci redaktorka
RNDr. Marcela Braunova

Aim and scope: The journal publishes original scientific papers, short communications,
and selectively reviews, that means papers based on the study of
technical literature and reviewing knowledge in the given field. Pub-
lished papers are in Czech, Slovak or English.

Subscription information: Subscription orders can be entered only by calendar year
and should be sent to the contact address.
Subscription prise for 1995 is 210 Kc, 48 USD (Europe) and 56 USD
(overseas)

Periodicity: The journal is published six time a year.

Contact address: Slezska 7, 120 56 Prague 2, Czech Republic,
tel. 02/251 098; fax 02/257 090

© Institute of Agricultural and Food Information, Prague 1995 MK CR 6696



Potrav. V&dy, 13, 1995 (4) : 257-265

TIME-INTENSITY BITTERNESS EVALUATION
OF BITTER LIQUEURS

Jan POKORNY, Lenka KALINOVA, Jan VELISEK

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

Abstract: The bitterness of a sandalwood-based bitter liqueur was rated by a
time-intensity sensory procedure with use of unstructured graphical scales. The
bitterness was rated after ingestion, at the swallowing, and then every 10 seconds
for 2 min. Three methods of the data evaluation were compared: (1) averaging
the results, (2) multiple regression using an expression of six terms, and (3) the
principle components analysis, which explained the variance in more satisfactory
degree than the other methods. Three principal components could explain 96 %
of total variance. '

bitterness; time-intensity evaluation; principal components analysis; bitter li-
queur; sandalwood

The sensory evaluation of bitter substances is particularly difficult as the
bitterness develops only slowly to its maximum after 10—60 s, slowly fading
again afterwards. Therefore, it is a dynamic (time-dependent) phenomenon.
If the bitterness is evaluated with use of a scalar method (not respecting
time), the variability in reaching the maximum among judges may increase
the error of sensory assessment. Therefore, the time-intensity sensory evalu-
ation was proposed (Lewis et al., 1980), and the results were compared
with the traditional scaling. The new procedure was found more reprodu-
cible. The computerized procedure was reported as equivalent to the tradi-
tional scaling in collecting the data (Guinard et al., 1985). Both the
bitterness and the astringency developed similarly in the evaluation of white
wine containing four different phenolic substances (Robichaud, No-
ble, 1990). Results obtained with use of a category ordinal scale for the
time-intensity evaluation of bitter liqueurs were substantially equivalent to
those obtained with use of an unstructured graphical scale (Pilkova, Po-
korny, 1992).
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The averaging of time-intensity curves is rather difficult. Several ap-
proaches have been used for the analysis of time-intensity curves. The most
common approach is the averaging method with simply averaging the data
over all assessors and replications. Another approach is the regression
method, which substitutes the experimental data by a suitable mathematical
function (Liu, Mac Fic, 1990; Overbosch, 1986). The principal
components analysis (PCA) was found a useful approach for the evaluation
of time-intensity studies, better than the ordinary averaging (Lundahl,
1992). The data extracted from each curve were analyzed by PCA which
gave substantially more information than the category scaling. Time-inten-
sity responses obtained in time-intensity evaluations of beer bitterness were
decomposed into three principal components curves which could be used not
only for estimating the variability of beer samples, but for the variability of
judges as well (Buuren, 1992). Because of the high variability in the input
data, the averaging was not confirmed as the optimum approach for the
evaluation of time-intensity curves (Dijksterhuis, 1993), who found the
PCA preferable, especially the non-centered PCA as recently published
(Dijksterhuis etal., 1994). The centered PCA gives the tightest cluster-
ing of principal curves so that differences between assessors may become
less evident.

Most time-intensity studies were performed for the assessment of beer bit-
terness. We have tried the application for the assessment of cordials, where
the bitterness is combined with various other flavour notes. We have chosen
a cordial based on sandalwood extract as it is both bitter and astringent. San-
dalwood is widely used as food ingredient, mainly as a natural colorant, for
instance, for various meat products (Arneth, Martin, 1987), candy
(Marcus, 1992) orbrandy (Venkataramu et al., 1983), where its spe-
cific odour may contribute to the acceptability (Naipawer, 1986). The as-
tringent taste prevails in sandalwood extracts, due to the presence of various
polyphenolic substances, but the bitter flavour is pronounced as well.

MATERIALS AND METHODS

The sample contained 30.6 vol. % ethanol, 7 mass % sucrose, and distilled
water. Extracts were prepared in the following way: A suspension of 10 g
ingredient in 80 ml of 50 vol. % ethanol was left standing for 6 days with
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occasional shaking, the clear solution was decanted and filtered. The follow-
ing volumes of extracts were added to 1 litre: 50 ml of sandalwood (San-
talum rubrum L.), 10 ml of vanilla, 10 ml of cinnamon, and 10 ml of
lavender. The mixture was then left for several months maturing at room
temperature. The concentration was adjusted in such a way that the recorded
time courses of bitterness and astringency covered most of the rating scale
(Fig. 1).

The sensory analysis was performed in a standard test room (ISO 8589)
provided with six standard test booths. Samples of 20 ml cold sample (10 °C)
were served in the standard way (ISO 6658) to a panel of 6 trained assessors
(ISO 8586) at a session. The assessors passed a course of three months, had
an additional 6-months experience, and were instructed in the time-intensity
evaluation of beer bitterness in 6—8 sessions. They were familiar with the
evaluation of bitter liqueurs as well. The assessors were instructed to ingest
a 15 ml draught, to move it in their mouths for 5 s, to swallow slowly after
10 s in such a way as to cover the back of mouth cavity with the draught.
They recorded the bitterness 5 s after the ingestion (while the draught was
still moving in their mouths), while swallowing, and then every 10 s for
2 min. They used unstructured graphical scales 100 mm long (ISO 4121) for
the evaluation of bitterness. The bitterness was expressed in p. c. of the
scale.

Statistical techniques employed were simple descriptive statistics and
PCA which were performed on an IBM PC compatible computer using soft-
ware purchased from SPSS/PC+, V3.1 (SPSS GmbH, Munich, Germany).

RESULTS AND DISCUSSION

The time-intensity curve (the average curve of five responses by a single
assessor) is shown in Fig. 1. The astringency faded much more quickly than
the bitterness so that the percept of astringency is not likely to interfere with
the bitterness rating.

The total of 24 time-intensity curves were collected from 11 assessors.
The average curve, the regression curve and the individual responses are
shown in Fig. 2. The mean values of bitterness intensity values were calcu-
lated as an arithmetic average over all assessors and replications. The multi-
ple regression equation found to fit best the input data was the following
expression:
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Both the average and the regression curves show the typical shapes of
time-intensity curves such as reported in the literature (e.g. Buuren, 1992,
orDijksterhuis etal., 1994). The curve obtained by averaging explained
49.70% of the total variation, and the multiple regression time-intensity
curve explained 49.65% of the total variation in the data set.

Their maxima lay at the same point, i.e. about 20 to 30 s after swallowing
the draught. Similar values were found when the bitterness of beer was
tested by the same method (Strejéek etal., 1992; Cepiéka etal., 1992).

The responses collected as above were then subjected to the PCA to re-
duce their complexity and to condense the information found in the input
data set in a meaningful way. The PCA showed that only one principal com-
ponent (PC) was needed to describe well the correlation structure. The first
PC accounted for 85.4% of the total variance, the second PC explained
6.9%, and the third PC explained 3.7% of the total variance in the input data
set. The communalities of the variables (assessors and replications) in this
three-PCs solution ranged from 0.87 to 0.99 (Table I).

The component scores for the 12 time intervals seen as objects were plot-
ted on the first two PCs axes, which together accounted for 92.3% of the data
set variance (Fig. 3). It can be clearly seen that whilst the objects “20s“ to
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I. PCA analysis of the data set

Principal component Eigenvalue P.c. of variance Cummulative p. c.
1 20.48556 85.4 854
2 1.66007 6.9 92.3
3 0.89284 3.7 96.0

“110s“ are situated along the first PC axis, three objects (“0s“, “5s* and
“10s“) are distributed away from the main group. It means that the first PC
describes well all results except the results obtained 5 s and 10 s after the
ingestion of the sample, respectively. These two objects are the only ones,
explained substantially by the second PC. It also means that the use of the
first PC alone results in insufficient description of the data recorded 5 s and
10 s after the ingestion, respectively.

The above deviations are due to outliers among the group of assessors. It
would not be correct, however, to eliminate their results, as they reflect the
behaviour of a part of consumers, whose perception pattern deviates from
that of the majority. The application of PCA for the classification of tasters
will be discussed in another paper.

The first PC scores plotted against time (Fig. 4) resemble both the average
and the multiple regression curves (Fig. 2). The first PC curve may thus be
used as an alternative to either the average or the regression curves. The ad-
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2. Time-intensity curves of the set of 24 replication in the determination of bitterness of the
sandalwood liqueur (evaluated by the average and the regression methods)
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vantage of the PCA approach is that the first PC curve accounts for more
variance in the data set than the two former curves (in our case, it explains
85.4% of total variance). If the shape of the curve is more interesting than
the absolute value, the first PC scores are a good alternative to the original

data.

The curve corresponding to the plotting of the second component has a
lower slope in the beginning, a flat maximum after 70—100 s, and the curve
does not return to the zero value. In agreement withBuuren (1992), it may
be attributed to the deviating behaviour of some assessors. If the assessors
designated as outliers should not be eliminated from the data set, it is neces-
sary (particularly, in case of small differences between samples) to construct
a curve not solely from the first PC, but from the first two or even three PCs.
Computations of scores of the individual objects then assume the use of
weights based on percentage of the explained variance (Table I). Such

weighted curves are given in Fig. 5.
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Casova zavislost pii stanoveni intenzity hoFkosti hokého likéru

Hofkost se vyviji pomalu a pomalu odezniva, proto je velmi dileZité pfi stanoveni
intenzity hofkosti definovat ¢as, ve kterém se (od ochutnani nebo od spolknuti) sta-
novuje. Presn&ji je stanoveni celé kiivky vyvoje hotkosti. Casovou zévislost hof-
kosti jsme zkoumali u hotkého likéru (30,6 % alkoholu a 7 % cukru), kde jedinou hotkou
slozkou byl extrakt santalového dfeva. Ten je zaroveii také intenzivné trpky, ale trpkost
odezni velmi rychle (obr. 1), takZe nerusi pii sledovéni doznivani hotkosti.

Hoftkost byla stanovovana za podminek stanovenych mezinarodni normou ISO
a jeji intenzita byla vyhodnocena s pouZitim nestrukturovanych grafickych stupnic.
Hodnoceni délali $kolené a zkusené osoby s urcitou praxi pro vyhodnocovani ¢aso-
vych zavislosti. Celkem bylo ziskano 24 ¢asovych kfivek od 11 riiznych hodnotiteld.

Ke statistickému zpracovani byly pouZity vSechny vzorky, véetné odlehlych. Ve
shod& s ofekavanim byl zjistén znaény rozptyl vysledki (obr. 2), coZ oviem je pfi
senzorickém stanoveni hofkosti normélni a vzhledem k velkému poctu opakovani
neovlivnilo vyznamn& primémou hodnotu. Vysledky byly zpracovany tfemi meto-
dami. Prvni byla primé&rova metoda, av3ak tato zavislost (obr. 2) vysvétlila jen
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49,70 % celkové proménlivosti idajii. Druhym pfistupem bylo vyuZiti mnohonésob-
né regrese, pfi¢emz se jako nejvhodnéjsi osvéd¢il polynom 5. stupné (obr. 2), kterym
se podafilo vysvétlit 49,65 % celkové proménlivosti v souboru daji.

Jako nejvhodnéjsi se osvéd¢ila metoda hlavni komponenty (PCA), ktera byla
v posledni dobé navrZena nékolika autory. Prvni hlavni komponenta (PC) vysvétlila
85,4 % veskeré proménlivosti idaji, druha dalsich 6,9 % a tfeti dalsich 3,7 % (tab. I).
Komunality proménnych (v tomto piipadé hodnotitelé a opakovani analyzy) se pfi-
tom pii pouZiti tfi PC pohybovaly mezi 0,87 a 0,99 (tab. I). Jestlize byly hodnoty
zaznamenané po uréitém ase zpracovany jako samostatny vzorek a vysledky nane-
seny do zavislosti prvnich dvou PC (obr. 3), pozorovali jsme, Ze idaje zaznamenané
po 20 aZ 120 s po ochutnani leZely podél prvé PC, kdeZto hodnoty zji§téné pfi ochut-
navani v ustech (5 s) a pii polykani (10 s) se od ostatnich zna¢né& odchylovaly. Druha
PC tedy vysvétluje piedevsim zmény hoikosti na po¢atku ochutnavani, kdeZto prvni
PC hlavn& zmény po spolknu'ti. Pozorované odchylky jsou dany odlidnym vnimanim
nékterych hodnotitelil. Jejich zpiisobilost 1ze sledovat rovnéZz metodou PCA a bude
ji v&€novana dalsi prace.

JestliZze se hodnoty skore pfislusnych hlavnich komponent (PC) nanesou proti dob&
od ochutnani (obr. 4), ziskaji se podobné kiivky jako na obr. 2, ale ziskana zavislost
1épe vystihuje proménlivost vysledki (pii pouZiti jediné PC se vystihne 85,4 % cel-
kové proménlivosti). Pokud nevynechame odlidujici se hodnotitele, pak je vhodné&;si
uzit ¢asové zavislosti zahmujici prvni dvé PC, nebo jesté 1épe prvé tii PC. Takova
kiivka pak vystihuje 92,3 %, nebo dokonce 96,0 % veskeré proménlivosti souboru
(obr. 5).

hotkost; hodnoceni ¢asovych zéavislosti; metoda hlavnich komponent (PCA); hotky
likér; santalové dievo
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a-GLUCOSIDASES FROM MICROBIAL SOURCES
Katerina BILKOVA, Blanka KRALOVA

Institute of Chemical Technology — Department of Biochemistry and Microbiology,
Prague, Czech Republic

Abstract: Aspergillus niger and Schizosaccharomyces pombe were cultivated on
media with different C-sources. A. niger produced only extracellular a-glucosi-
dases for which maltose was the best inducer. Two different enzymes with tested
activity were present in the medium — maltase and glucoamylase. No one of these
enzymes showed activity with heteroglycosides. The highest a-glucosidase ac-
tivity in the case of Schizosaccharomyces pombe was produced when cultivated
on short dextrines or maltose. Both extracellular and intracellular activity was
found, but intracellular activity was in later phases of cultivation strongly de-
creased. Only one protein with desired activity was present with specificity to-
wards sucrose, maltose and synthetic heteroglycosides, but without activity with
polysaccharides.

glucodisase; Aspergillus niger; Schizosaccharomyces pombe; media with dif-
ferent C-sources; hydrolyse of heteroglycosidic bonds

Glycosidases are enzymes broadly distributed in nature, as they are essen-
tial for normal growth and metabolism of all organisms. They usually take
part in important processes of polysaccharides and glycoconjugates, both
catabolic and anabolic.

Glucosidases are part of the glycosidase group, catalyzing the hydrolysis
of glucosidic bonds, i.e. bonds in which glucose participate. In systematic
enzyme classification, six enzymes are quoted as those catalyzing the hy-
drolysis of o-glucosidic bonds (Barman, 1969): a-amylase, B-amylase,
glucoamylase, isoamylase, o-glucosidase and pullulanase. From above
listed enzymes we were interested in o-glucosidase, the enzyme that hydro-
lytically releases a-D-glucose from non-reducing end of oligosaccharides or
heteroglycosides by splitting o-D-1,4 or a-D-1,6 glucosidic bonds.

o-D-glucoside + HO — alcohol + D-glucose

Substrate specificity of glucosidases varies according to the origin of the
enzyme (Kelly, Fogarty, 1983). a-glucosidase hydrolyzes synthetic
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heteroglycosides (p-nitrophenyl-a-D-glucopyranoside or methyl-a-D-glu-
copyranoside), short oligosaccharides (maltose, nigerose) and in some spe-
cial cases also glucans (starch, glycogen). Majority of a-glucosidases,
however, catalyzes only the hydrolysis of very short oligo- or heteroglu-
cosidic chains.

o-glucosidases are nowadays subject of a great attention because of their
perspective application in science and practice. Next to applications in in-
dustry, their importance in medicine and clinical biochemistry, as well as in
general analytical chemistry, is increasing (Fleet, Karpas, 1988; Sa-
tomura, 1988, Batchelor etal,, 1988; Yoshikumi, 1991). They are
used as a specific reagent for a-amylase determination (Rausher et al.,
1985) in medicine, food science and food industry.

Though a-glucosidases are produced by plant (Chin, Weston, 1974;
Donaldson, Joergensen, 1988; Chapleo, Hall, 1989; Storr,
Hall, 1992) as well as by animal cells (Nakasone et al., 1991; Hett-
kamp et al., 1984) for practical applications microbial enzymes are pre-
ferred (Bfizova et al., 1992; Kelly, Fogarty, 1983). Several
microorganisms produce a-glucosidases as an intracellular or extracellular
enzyme.

Our paper deals with comparing o-glucosidases from two significant mi-
crobial sources: from Aspergillus niger and Schizosaccharomyces pombe.

MATERIALS AND METHODS

Microorganisms and their Cultivation

Microorganisms

Aspergillus niger and Schizosaccharomyces pombe were from the collec-
tion of the Department of Biochemistry and Microbiology, Institute of
Chemical Technology, Prague.

Cultivation of microorganisms

A. niger was cultivated on a rotary shaker at 28 °C. A 150-ml aliquot of
Czapek-Dox medium with various C-sources (starch, maltose, glucose) was
inoculated with 7 ml of spore suspension (the spores were washed from the
agar plate with sterile distilled water, and the suspension was filtered and
used for medium inoculation).
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S. pombe was cultivated on complete medium with different C-sources
(dextrines, starch, amylose, amylopectine, glycogen, sucrose, maltose, glu-
cose) on a rotary shaker at 28 °C.

After cultivation the cells were separated by centrifugation at 1 500 g for
20 min at 4 °C.

Cultivation media
a) Complete medium contained 5 g of yeast autolysate, 3 g of peptone, 3 g of
- casein hydrolysate, 10g of C-source and water to 1 000 ml.
b) Czapck-Dox medium contained 2 g of NaNO,, 0.5 g of KH,PO,, 0.5 g of
K,HPO,, 0.5 g of MgSO,.7H,0, 0.01 g of FeSO,.7H,0, 10 g of glucose
and distilled water to 1 000 ml.

Methods

Crude enzyme preparation

After cultivation biomass was separated by centrifugation, disintegrated
after decp freezing using X-press, extracted to phosphate buffer pH 6.5
(A. niger) or to Mcllvaine buffer pH 4.2 (S. pombe) and extract was used as
a intracellular crude enzyme preparation. Dialysed and concentrated me-
dium was used as an extracellular crude enzyme preparation.

Dialysis
Dialysis was performed against 0.01M phosphate buffer (pH 6.5) or MclI-

vaine buffer pH 4.2, respectively, at 4 °C for 16 h with several changes of
buffer. The process was controlled by conductivity measurement.

Utrafiltration

The medium after cultivation and dialysis was ultrafiltered at 4 °C through
Pellicone membrane with an exclusion limit of 10* at 0.5 MPa. After concen-
tration to one-quarter of the original volume the ultrafiltrate was diluted
twice and again concentrated to one-quater of the volume.

Anion-exchange chromatography on HEMA-Bio-DEAE cart

A 5-ml aliquot of dialysed medium was applied to an equilibrated car-
tridge (5 ml of distilled water and 5 ml of 0.01M phosphate buffer pH 6.5)
from a hypodermic syringe and eluted with 3-ml portions of increasing so-
dium chloride concentration in phosphate buffer.
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Activity measurement

Enzyme activity was measured with different substrates.

a) Activity with oligosaccharides or polysaccharides as substrates was mea-
sured by determination of glucose released from substrate. A 1-ml aliquot
of 2% substrate in 0.1 M phosphate buffer pH 5.8 was incubated with 1 ml
of sample for 30 min at 40 °C. The reaction was terminated with 0.5 ml of
the deproteinization reagent Urasol. After 10 min, the precipitate was se-
parated by centrifugation and the glucose in the supernatant was determi-
ned. Two blank controls containing no maltose and no enzyme were
measured for p-nitrophenyl-a-D-glucopyranoside and soluble starch
using the same procedure.

b) Activity with heteroglucoside p-nitrophenyl-a-D-glucopyranoside was
measured in the mixture containing 0.025 ml of 10% substrate, 0.6 ml of
buffer pH 4.2 and 0.125 ml of sample. After 30 min. 0.25 ml of sodium
carbonate was added to stop the reaction and absorbance at 405 nm was
measured against blank (buffer instead of sample).

Glucose determination

The oxygen-selective electrode was covered with a nylon mesh containing
immobilized glucose oxidase and catalase (Vrbova, Marek, 1990). The
determination was performed at 30 °C in a mixture of 1.4 ml of phosphate
buffer and 0.1 ml of sample. Oxygen depletion was measured and evaluated
from maxima height. The system was calibrated before each measurement
with standard glucose solutions.

Protein determination _

Proteins were determined by the Pierce Protein Plus Assay (Pierce Chemi-
cal Company, Illinois, USA.) according to the manufacturer’s protocol. The
method is a modification made to the standard assay developed by Brad-
ford (1976).

RESULTS

Microbial Sources of a-glucosidase

Nine strains of microorganisms were tested on complete medium for a-glu-
cosidase production: Saccharomyces cerevisiae, S. cerevisiae type Malaga,
S. cerevisiae type Palestina, Schizosaccharomyces pombe, Aspergillus niger,
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Penicillium citrinum, Penicillium brevicompactum, Hansenula anomala and
Endomyces magnusii.

With the exception of Endomyces magnusii all tested strains produced ex-
tracellular a-glucosidase activity, A. niger being one of the best producers,
but only Schizosaccharomyces pombe also produced intracellular a-glucosi-
dase activity.

In further studies, o-glucosidases from Aspergillus niger and Schizosac-
charomyces pombe were compared.

a-glucosidase from Aspergillus niger

Production of a-glucosidase activity

Microorganism 4. niger was cultivated for 4 days in Czapek-Dox medium
alternatively with glucose, starch and maltose as C-sources. In medium with
starch and maltose, 1% of glucose was added as a growth starter. The highest
extracellular a-glucosidase activity (with maltose as a substrate) was found
in medium with maltose. Activity in medium with starch was only 40 % and
in medium with glucose 25 % of that on maltose.

Fig.1 shows the growth curve of A. niger on Czapek-Dox medium with
1% of glucose and 9% of maltose, together with produced o-glucosidase ac-
tivity. We can see that the production of a-glucosidase activity practically
followed the growth of biomass with about 24 hours shift, and reached its maxi-
mum shortly (24 hours) after the exponential phase of growth was accom-
plished. After further 24 hours a-glucosidase activity started to decrease.

10 - 130 1. Production of biomass
. —A——a oz = (—B-) and a-glucosidase
X 8- / \\-“. T-52 E activity (- ®-) by
g6l ,"/ y 20 _‘5 Aspergillus niger on the
= i / ~—~ ] = medium with maltose

/ 15
E ;o >
. F B 10 3
z / 110 3
2 4 / s
/7 o
0 J‘—H—-J + ‘I —

0o 1 2 3 4 5 6 7
day of cultivation

Purified enzyme preparations

Crude enzyme preparation, obtained by 16 hours dialysis against 0.01M
phosphate buffer pH 6.5 of medium after 4 days cultivation under optimum
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conditions, was purified using ion exchange chromatography on the column
HEMA-Bio-DEAE-cart. After elution with increasing ionic strength of
NaCl, two active fractions were obtained, the first being eluted with about
0.05M solution of NaCl, the second with 0.3M solution. Table I shows the
results of this purification step.

I. Purification of a-glucosidase by anion exchange chromatography on the column HEMA-Bio-
-DEAE-cart

Total Total Specific Yield
Preparation activity proteins activity Purification | of activity
[nkat] [mg] [nkat/mg] [%]
Crude 71.65 1.25 57.32 - 100
1. active fraction 420 0.07 600.0 10.5 58.6
2. active fraction 24.0 0.41 58.54 1.02 335

Total recovery of activity in both active fractions was 92.1%.

Very similar results were obtained when ion exchange chromatography
was carried out on the column MONO Q HR 5/5 using medium pressure
(FPLC) and linear gradient of increasing ionic strength (NaCl).

Specificity of purified protein fractions with a-glucosidase activity
In both active fractions a-glucosidase activity was measured with mal-
tose, starch (Zulkowski) and p-nitrophenyl-a-D-glucopyranoside (Table II].

I1. Substrate specificity of purified fractions with a-glucosidase activity

Substrate Activity [nkat/ml] 1st fraction | Activity [nkat/ml] 2nd fraction
Maltose 12.5 7.3

Starch 0 25.0

Glucoside 0 0

We can see that two active fractions differ in substrate specificity. The
first fraction cleaved only a-glucosidic bond of maltose and thus can be re-
garded as maltase. The second fraction released glucose from maltose and
starch and can be regarded as glucoamylase. No one of active fractions
showed the activity with p-nitrophenyl-a-D-glucopyranoside.
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o-glucosidase from Schizosaccharomyces pombe

Production of a-glucosidase activity

Growth of microorganisms and production of a-glucosidase activity was
investigated in dependence on time and composition of culture medium.
Various C-sources were tested with complete culture medium: starch, amy-
lopectine, amylose, glycogen, maltose, sucrose, glucose and three types of
dextrines — DE 5-8%, DE 10—-14%, DE 14-20%. Dextrines differed accord-
ing to the degree of hydrolysis. The numbers meant the amount (in per cent)
of hydrolysed dextrine. The higher the number, the deeper the hydrolysis of
dextrins, i.c. shorter sugar chains are present in the mixture.

- i _— o e The results have shown that
. Extracellular a-glucosidase activity produce i _ B
by Schizosaccharomyces pombe in complete medium longc . Sug starch, amy

with different C-sources afier 5 days of cultivation lopectine, amylose, glycogen
and also dextrine DE 5-8% —

C-source Activity [nkat/ml] had no positive effect on the
Dextrine DE 14-20% 0.5 product.ion of extracellular o-
Dextrine DE 10-14% 0.25 ~Blicositiass, Resulls of vrgln:
cosidase activity in medium with
Maltose 0.3 . .
oligosaccharides as C-sources
Glucose 0.18 (measured with p-nitrophenyl-o-
Sucrose 0.18 -D-glucoside as a substrate) are

given in Table III.
Fig. 2 presents the growth of biomass and extracellular enzyme activity on
complete medium with dextrines DE 14-20% that gave the highest enzyme
activity in previous experiment.

1+ 13
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s |
2 /' ! 5 2. Production of biomass
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| activity by
0 + — 0 Schizosaccharomyces
0 3 10 15 pombe on the medium
day of cultivation with DE 14-20%
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An interesting feature of presented results with dextrines DE 14—20% as a
C-source in medium is the increase of activity after 10 days of cultivation,
which was repeatedly obtained and was not caused by contamination of the
medium. It could be seen in other tested oligosaccharides, too, but usually in
lower degree. It was not regarded with A. niger as an enzyme producer. As
we found before, S. pombe has also produced intracellular a-glucosidase ac-
tivity. We suspected that an increase of extracellular activity in late phases
of cultivation could be caused by autolysis of cells and thus transition of
intracellular activity into medium. As we can see in Fig. 3 this may be the
cause, though the increase of extracellular activity is higher than the loss of
intracellular activity (Table IV).

IV. Intracellular and extracellular a-glucosidase activity during cultivation

Activity [nkat)
Day of cultivation
extracellular intracelllular total
4. 22 6 28
25 7.5 325
9. 31 3.5 34.5
10. 33 2.5 35.5

Purification of crude enzyme preparation of extracellular a-glucosidase
For purification of extracellular crude enzyme preparation (after 16 hours
dialysis against 0.01M Mcllvain buffer pH 4.2 and ultrafiltration) various
chromatographic techniques were tested: gel permeation chromatography on
Sephadex G-150, ion exchange chromatography on HEMA-Bio-DEAE and
on MONO Q 5/5HR, affinity chromatography on Concanavalin A-Se-
pharose 4B. In all cases, only one active fraction was obtained. The best
purification effect was observed in the ion exchange chromatography on
HEMA-Bio-DEAE using increasing ionic strength of NaCl for elution (Table V).

V. Purification of extracellular a-glucosidase from S. pombe

Prepafation Total activity Total proteins | Specific activity | Yield of activity
[nkat] (8] [nkat/mg] (%]

Crude 13.0 4473 29.1 100

Purified 11.5 120.0 95.8 88.5
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Substrate specificity of a-glucosidase

Purified a-glucosidase showed the highest activity with sucrose and mal-
tose as substrates, lower activity with DE 14-20% and with p-nitrophenyl-
o-D-glucopyranoside. It was inactive with starch.

Comparison of Michaelis constants for maltose (K= 0.052 mol/) and for
p-nitrophenyl-o-D-glucopyranoside (K,,= 0.180 mol/l) confirmed that mal-
tose is a better substrate for purified enzyme than heteroglycoside (p-ni-
trophenyl-a-D-glucopyranoside).

Comparison of Purified Enzyme Preparations from A. niger and S. pombe

- / ) - - -
Comparison of main characteristics

Two purified active fractions from 4. niger and the only active fraction
from S. pombe were characterized. The results are summarized in Table VI.

VI. Main characteristics of a-glucosidases from Aspergillus niger and Schizosaccharomyces
pombe

A. niger A. niger S. pombe

glucoamylase™ maltase* a-glucosidase'
Optimum pH 4.4-6.3 44-6.3 4.2
Optimum T [°C] 60 40 3745
K, 3.13x 1072 g/ml 7.87 x 10”mol/l 0.052 mol/l
Mim 82.7 g/ml.sec 12.93 mo/l.sec 0.104 mol/l.sec
Mol. weight [kDa] 89 131 30 (subunits)
IP not determined not determined 6.8

Xwith starch as a substrate; ~with maltose as a substrate
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Conclusions

Both tested microorganisms produced enzymes that hydrolysed o-glu-
cosidic bonds either of polysaccharides and/or oligosaccharides (Aspergillus
niger), or of oligosaccharides and heteroglycosides (Schizosaccaromyces
pombe). Produced enzymes differed in substrate specificity, kinetic con-
stants and molecular weight. They were very probably inducible enzymes as
their production depended on C-source in cultivation medium.

For analytical purposes, i.c. for a-amylase assay, the enzyme from
S. pombe proved better properties, because it was inactive towards starch
and was able to hydrolyse also heteroglycoside.
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a-glukosidasa z mikrobidlnich zdroji

Glukosidasy jsou enzymy, které katalyzuji hydrolyzu vazeb, na nichZ se podili
glukosa. Vzhledem k tomu, Ze hraji vyznamnou roli v buné&éném metabolismu, jsou
v piirodé velice rozsifené. Uplatiiuji se zejména v zavéreénych fazich hydrolyzy po-
ly- a oligosacharidii. Produkce a-glukosidasy byla prokazéana u fady mikroorganis-
mu. V predloZené praci byla pozomost vénovéana a-glukosidase z Aspergillus niger
a Schizosaccharomyces pombe.

Mikrobiélni buiiky byly kultivovany na médiich s riznymi zdroji uhliku. Jako nej-
vhodné;jsi induktory o-glukosidasy se ukazaly maltosa v piipadé Aspergillus niger
a kratké dextriny u Schizosaccharomyces pombe.

Aspergillus niger produkoval pouze extracelulami a-glukosidasy. V médiu byly
zjistény dva odlisné enzymy s testovanou aktivitou, jeden se specifitou k maltose
(maltasa) a druhy ke 3krobu (glukoamylasa). Ani jeden z nich v3ak nekatalyzoval
St€peni heteroglykosidové vazby.

V ptipadé kvasinky Schizosaccharomyces pombe byla prokazana produkce jak in-
tracelulami, tak i extracelulami a-glukosidasy. Aktivita intracelulamni a-glukosidasy
v3ak v zavéru stacionarmni faze vyrazné klesala. V médiu byla pfitomna pouze jedna
bilkovina s poZadovanou aktivitou, ktera vykazovala schopnost $t&pit kromé& pfiro-
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zenych sacharidii (maltosa, sacharosa) i synteticky heteroglykosid (PNPG). Polysa-
charidy timto enzymem hydrolyzovéany nebyly.

glukosidasy; Aspergillus niger, Schizosaccharomyces pombe; média s riznymi zdro-
ji uhliku; t€peni heteroglykosidové vazby
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AGAR DIFFUSION ASSAY FOR NISIN QUANTIFICATION USING
Bacillus stearothermophilus AS AN INDICATOR ORGANISM*

Milada PLOCKOVA, Jana CHUMCHALOVA, Jitka HUSAKOVA, Eva SVIRAKOVA

Institute of Chemical Technology — Department of Milk and Fat Technology,
Prague, Czech Republic

Abstract: Nisin activity has been usually quantified by agar diffusion assay using
various indicator microorganisms. In this work three sensitive strains, i.e. Bacil-
lus stearothermophilus 796L, Micrococcus luteus 231 and Lactobacillus del-
brueckii subsp. lactis LTI30 were compared. Bacillus stearothermophilus
inoculated on nutrient agar (pH 5.5 before sterilization), preincubated for 24 h at
3 °C was found the most suitable for nisin quantification. The diameter of zones
of growth inhibition was linear to log concentration of nisin. The sensitivity and
reproducibility of the diffusion assay was good, and the minimal detectable level
(i.e. 0.1 IU/ml) qualifies the test for the detection of low nisin concentrations.

nisin; bacteriocine; agar diffusion assay; Bacillus stearothermophilus;, Micrococ-
cus luteus;, Lactobacillus delbrueckii subsp. lactis

During the past few years, there has been an increasing interest in “bio-
logical preservation“ of fermented and non-fermented foods. Foods may be
preserved either by the addition of starter cultures, that produce antimicro-
bial metabolites, or by the addition of their metabolites (Lucke, Earnshaw,
1991). These microbial metabolites may be used as natural alternatives or
supplements to existing food preservatives. The most used preservatives of
microbial origin are proteinaceous substances such as nisin, produced by
strains of Lactococcus lactis subsp. lactis and pediocin, produced by Pedio-
coccus acidilactici.

Nisin similarly as other bacteriocins, reveals antimicrobial activity against
a limited spectrum of microorganisms. It is bactericidal to the vegetative
cells and out-growing spores of sensitive strains of Gram-positive bacteria,
many of which are associated with the food spoilage and foodborne diseases
(e.g. genera Clostridium and Bacillus). At present nisin addition is allowed

* This work was supported by Grant Agency of the Czech Republic Grant No. 510/95/0990.
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in 49 countries, including Czech Republic. Since the early days of its use as
a preservative in processed cheese, numerous other applications have been
realized (milk, flavoured milks, canned foods, alcoholic beverages)
(Delves-Broughton, 1990).

On commercial scale nisin is used mostly as Nisaplin (Aplin and Barret,
Ltd.). However strains of Lactococcus lactis subsp. lactis either traditionally
used, or newly isolated or modified should be characterized by their nisin
production and tested for its concentration in foods. For these reasons it is
necessary to pay the attention to the improving of the assays for the determi-
nation of low concentrations of nisin.

The most common method for the determination of nisin is the diffusion
assay using L. lactis subsp. cremoris (Mocquot, Lefebvre, 1956),
Pediococcus pentosaceus, Streptococcus agalactiae (Hirsch, 1950), Mi-
crococcus flavus (Tramer, Fowler, 1964) or Lactobacillus sake (Ro-
gers, Montville, 1991). For low diffusion rate of nisin through agar
medium overnight refrigeration (Mocquot, Lefebvre, 1956), or addi-
tion of surfactants to the medium (Mocguot, Lefebvre, 1956; Tra-
mer, Fowler, 1964) were used for improving of diffusion of nisin prior
to the grow of the indicator strain.

In our work studying nisin quantification by agar diffusion assay three
different indicator organisms previously tested for their sensitivity to nisin,
i.e. Bacillus stearothermophilus, Micrococcus luteus and Lactobacillus del-
brueckii subsp. lactis.

MATERIAL AND METHODS

Microorganisms

Bacillus stearothermophilus 796L was maintained on nutrient agar
(Oxoid) at 3 °C and grown on nutrient agar for 24 h at 52 °C, Micrococcus
luteus 1231 was maintained on nutrient agar at 3 °C and grown on nutrient
agar 24 h at 30 °C (both strains were obtained from the Collection of Milk
Microorganisms of Milcom, Prague 6, CR). Lactobacillus delbrueckii subsp.
lactis LTI30 (Institute of Chemical Technology, Prague 6, CR) was main-
tained at —235 °C in freeze-dried form and grown in MRS broth (Oxoid) for
16 h at 37 °C prior to use in the assay.

280



Potrav. Védy, 13, 1995 (4) : 279-285

Nisin
Nisin standards were prepared from Nisaplin (Aplin and Barrett, GB). The
working standard was prepared by disolving 0.1 g of Nisaplin in 10 ml of
sterile solution of saline in 0.02 mol/l HCI (i.e. 10.000 IU/ml). Working di-
lutions used in the assay were prepared by mixing the working standard with

sterile saline solution in 0.02 mol/l HCI. Only freshly prepared standards
were used.

Assay Arrangement

The agar diffusion assay using B. stearothermophilus and M. luteus as the
indicator microorganisms were perfomed on nutrient agar with 1.5% noble
agar (Oxoid), for the assay using L. delbrueckii subsp. lactis MRS agar with
1.5% of agar No.1 (Oxoid) was used. The molten agar cooled to 45 °C was
inoculated by indicator microorganism to the final density of approximately
10° to 10° cfu per ml as published previously (Rogers, Montville,
1991). To fix the size of the agar layer, 20 ml of molten agar per Petri dish
(90 mm diameter) were used. The wells for the application of nisin standards
were cut by means of a sterile cork borer (6.8 mm diameter) and 50 pl of
nisin standard was pipetted into each well. The plates were incubated at op-
timal temperature for each indicator strain, both with and without preincuba-
tion at 3 °C for 24 h. Zones of the growth inhibition were measured after 16
h of incubation at optimal temperature for each indicator strain and their size
diameter was expressed as the distance of the edge of the growth from the
edge of the well. The result values were averages of five zones measured for
each nisin concentration.

RESULTS AND DISCUSSION

As we found in our preliminary tests that the size of the zones of inhibition
depended on pH of agar medium used for diffusion assay, the optimal pH for
each indicator strain was tested. It can be concluded from the results pre-
sented in Fig. 1 that the size of zone inhibition depended on pH of nutrient
agar in B. stearothermophilus and M. luteus. The size of growth inhibition
of L. delbrueckii subsp. lactis inoculated on MRS agar was independent on
pH of agar used in the range of pH 4.5 to 7.0. On the basis of these tests pH
5.5 was used for the nutrient agar for assas using B. stearothermophilus or
M. luteus. The assay with L. delbrueckii subsp. lactis was performed on
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MRS agar of pH 6.5 as is used for testing the other antimicrobial substances
(e.g. acidocin CHS5) (Plockovd, Chumchalova, 1995).

For each indicator strain the dependence of zone of growth inhibition on
the nisin concentration was measured (Fig. 2). Similarly as in previously
published works (Tramer, Fowler, 1964; Rogers, Montville,
1991) it was proved that the size of the inhibition zone was linear to the log
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of nisin concentration. The linear regression analyse was applied and R val-
ues for each indicator strain were for B. stearothermophilus, M. luteus and
L. delbrueckii subsp. lactis 0.952, 0.993 and respectively 0.994.

B. stearothermophilus formed the largest zones of growth inhibition and
also exhibited the highest sensitivity to low nisin concentrations (minimal
detectable level was 0.1 IU/ml with B. stearothermophilus, 0.5 IU/ml with
M. luteus and 1 IU/ml with L. delbrueckii subsp. lactis). The minimal detect-
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able level of B. stearothermophilus was also lower than with M. Juteus used
by Tramer and Fowler (1964) and Lactobacillus sake used by Rogers
and Montville (1991).

In further experiments we used preincubation of inoculated plates for 24 h
at 3 °C to allow nisin diffusion prior to growth of indicator strains. The re-
sults for all indicator strains are presented in Fig. 3. The results were ana-
lysed as above and R values calculated (B. stearothermophilus — 0.989,
M. luteus — 0.990 and L. delbrueckii subsp. lactis — 0.961). Preincubation
increased the nisin diffusion that resulted in the larger zones of inhibition but
on the contrary to the previously published results (Rogers, Montville,
1991) the preincubation did not influence the minimum detectable level of
any of three indicator strains.

It can be concluded that the agar diffusion assay using B. stearothermo-
philus T96L inoculated on nutrient agar of pH 5.5 and preincubated for 24 h
at 3 °C was more sensitive than tests using M. /uteus 231 and L. delbrueckii
subsp. lactis LT130. Preincubation increased the assay sensitivity by increas-
ing the size of inhibition zones and minimized the variability between read-
ings as published Rogers and Montville (1991). As the minimal
detectable level was 0.1 IU/ml, the assay can be used for the detection of low
concentrations of nisin in culture media and foods.
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Kvantitativni stanoveni nisinu agarovou difuzni metodou
za pouZiti indikdtorového kmene Bacillus stearothermophilus

Pfi stanoveni nisinu agarovou difuzni metodou byly testovany tii indikatorové
kmeny — Bacillus stearothermophilus, M. luteus a L. delbrueckii subsp. lactis.

Nisin pfipraveny ve formé& nafedénych roztoki o vytipovanych koncentracich ze
standardu Nisaplinu (Aplin a Barrett, GB) v 0,02 mol/l HCI obsahujici 0,75 % NaCl
byl aplikovan do otvirkii vytvofenych korkovrtem do agaru. Pro kultivaci B. stea-
rothermophilus 796L a M. luteus 231 byl pouzit Zivny agar o optimalni hodnoté pH
5,5 a pro L. delbrueckii subsp. lactis LTI30 MRS agar o pH 6,5. U L. delbrueckii
subsp. lactis LTI30 hodnota pH neovlivnila mez detekce (obr. 1). VSechny pouzité
indikatorové kmeny vykazovaly linedmi odpovéd’ na koncentraci nisinu vyjadfenou
logaritmicky. Na agaru s B. sfearothermophilus 796L se vytvorily nejvétsi inhibi¢ni
z6ny u viech sledovanych koncentraci v porovnani s obéma kmeny a dosazitelna mez
detekce s pouzitim B. stearothermophilus 796L byla 0,1 IU/ml, pro M. luteus 231
0,5 IUMl a L. delbrueckii subsp. lactis LTI30 1 IU/ml. PouZiti pfedinkubace (24 h,
3 °C) urychlilo difuzi nisinu, coZ mélo za nasledek veétsi inhibi¢ni zoény, ale minimal-
ni detekovatelna hladina zistala stejna (obr. 2 a 3).

Popisovana difuzni metoda s indikatorovym kmenem B. stearothermophilus 796L
dosahla ve srovnani s publikovanou zahrani¢ni metodou (Rogers, Montville,
1991) vyuzivajici ke stanoveni nisinu kmen Lactobacillus sake 3irsi meze detekce,
coz ji dava velké piedpoklady pro vyuZiti v potravinaiském priimyslu doma i v za-
hraniéi.

nisin; bakteriocin; agarova difuzni zkouska; Bacillus stearothermophilus, Micrococ-
cus luteus;, Lactobacillus delbrueckii subsp. lactis
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THE FATTY ACID COMPOSITION IN Hippophae rhamnoides L. OILS

Jitka MORAVCOVA, Viadimir FILIP', Kamila KRISTKOVA,
Viadislav KUBELKA?, Valentina JEDINAKOVA

Institute of Chemical Technology — Department of Chemistry of Natural
Compounds, ! Department of Milk and Fat Technology, and 2Central Laboratories,
Prague, Czech Republic

Abstract: Gas-liquid chromatography of fatty acid methyl esters was used to
determine the composition of Hippophae rhamnoides L. oils isolated from seeds,
skins, and flesh. Two varieties were examined and the results were compared
with those reported previously.

fatty acids; gas-liquid chromatography; Hippophae rhamnoides L., sea buck-
thorn; vegetable oil

Hippophae rhamnoides L. (sea buckthorn) berries have been used as a rich
source of vitamin C for a long time (Sabalitschka, Michels, 1946;
Mascherpa, Marangoni, 1947, Feldheim, Jarmatz, 1956; Ge-
bauer, 1958; Kolodziejski etal, 1960; Lipparini, 1964; Shnaid-
man et al,, 1965; Ikramova et al., 1977). Ascorbic acid content ranging
from 0.2 to 0.9% (w/w) varied with the region in which the fruit was grown.
Carotenoides with A-provitamin activity (3-carotene, cryptoxanthin, y-caro-
tene, and B-zeacarotene) have been also found (Kudritskaya etal., 1989)
as well as vitamin E and B-vitamins (Feldheim, Jarmatz, 1956). Such
a unique composition of vitamins is due to the relative high fat content both
in seeds and pulp. The sea buckthorn oil can be isolated by various methods
including centrifugation (Goryaev etal., 1972), diffusion in any vegetable
oil (Kazantsev, Okhin, 1958; Golubev et al., 1990) and extraction
with organic solvents (Abutalybov et al.,, 1978; Vetrov et al., 1981,
Pimenova et al., 1984; Jing et al., 1991; Moniava et al., 1986;
Speteanu et al., 1992) or with supercritical carbon dioxide (Gao, 1989).

Major fatty acids of neutral lipids in seed oil included oleic acid, linoleic
acid, and other largely unsaturated acids (Chen et al., 1990; Kaufmann,
Roncer, 1955; Aslanov et al.,, 1985; Bolotova et al., 1984) while
pulp oil contained unusually high amount of palmitoleic acid (Shugam,
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Shnaidman, 1967, Mamedov et al.,, 1984; Zhmyrko et al., 1978).
The crude oil is coloured deep orange-red by the high amount of caro-
tenoides. The unsaponifiable fraction of sea buckthom oil further contains
tocopherols, sterols, phenolic compounds, free fatty acids, and essential
amino acids (Shaidman, Shugam, 1966; Lagazidze et al., 1984;
Zhmyrko etal, 1978; Mirgayosiyev, 1992).

The sea buckthorn oil has been widely used for various purposes in the
countries of origin. The vitamin concentrates have been produced, it is added
as a quality improver to the foamed confectioneries based on agar-contain-
ing syrups (Koryachkina et al., 1992), or it is a constituent of skin rege-
nerating cosmetics (Speteanu et al., 1992; Hasegawa, Koresawa,
1990), and hair shampoo (Klokova et al., 1993). The oil also had a
therapeutical effect on eye burns (Nikulin et al., 1992), on gastric ulcer
(Nasyrov et al., 1981), and on skin re-epithelization (Motoroi et al.,
1983). The healing time of postoperative wounds was shortened by adding
this oil into the ointment (Kalnbers et al., 1985) and finally, the hepato-
protective actions of seed oil against injury induced by tetrachloromethane
were described (Cheng et al., 1992). In rats fed a high-lipid diet, the oil
lowered the total serum cholesterol (Chou et all., 1986).

These results briefly summarized above in connection with increasing in-
terest in the cultivation of sea buckthorn prompted us to focus on the lipid
composition of two licensed Hippophae rhamnoides L. varieties grown in
the Czech Republic which were never studied before.

MATERIAL AND METHODS

Material

The fruits of two Hippophae rhamnoides L. varieties, e.g. Hergo and Lei-
kora, were collected on the plantation of the agricultural cooperative
ADAVO Velky Osek in October, 1992. Berries were immediately frozen,
stored at —20 °C and used as received.

Sample Preparation

Defrosted berries (50 g) were crushed and the flesh was filtered off
through a thin cotton net. The seeds and the skins were separated by hand
after drying for 2 h at 105 °C. The yields of flesh, seeds and skins as an
average of three experiments are given in Table I.
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I. The yield (%, w/w) of flesh, seeds and skins obtained from Hippophae rhamnoides L.

Hergo Leikora
Number of berries/50 g 134 107
Flesh 78.8 85.5
Seeds and skins (wet) 21.2 14.5
Seeds (dry) 5.1 43
Skins (dry) 44 3.9

Qil Isolation

A 5-g amount of dried and pulverized sceds or skins was refluxed with
150 ml of dichloromethane under nitrogen atmosphere for 3 h. After cooling,
the mixture was filtered through a glass filter (G3, pore size 1640 pm,
Schott, Jena, Germany) covered with a filter-paper (LS 14, pore size 4.4 um,
Schleicher-Schull, Feldbach, Switzerland). The supernatant was washed
with 100 ml of dichloromethane. The filtrate was evaporated under vacuum
to dryness and dried.

Flesh (30 g) was extracted three times with 75 ml of chloroform. The or-
ganic layers were collected, dried with magnesium sulfate, and evaporated
under vacuum to dryness. The yiclds of oils are given in Table II.

Transesterification

The oil (0.2 g) was stirred with sodium methoxide in methanole (0.5 mol/l,
15 ml) at ambient temperature under nitrogen atmosphere for 6 h. The mix-
ture was then neutralized with acetic acid and evaporated under vacuum to
dryness. The residue was separated between water (50 ml) and dicthyl ether
(50 ml), and the water layer was further extracted with diethyl ether (30 and
15 ml). Ether fractions were collected and washed with sodium bicarbonate
solution and water. After drying with magnesium sulfate, ether solution was
evaporated to dryness. A solution of fatty acids methyl esters in hexane was
filtered prior being analyzed by GLC.

Gas-liquid Chromatography

Analyses were performed on a Chrom 4 Chromatograph (Laboratorni
pfistroje, Prague, Czech Republic) equipped with FID detector. The solution
(10%, whw) of fatty acid methyl esters in hexane was analyzed on the packed
column 2 400 x 3 mm filled with 15% ethylenglycol adipate on Chromaton
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N-AW-DMCS (0.125-0.160 mm). Isothermal run at 190 °C was applied
with nitrogen as a carrier gas at flow rate 30 ml/min. Fatty acid methyl esters
were identified according to retention time of standards and results are given
as % (wiw).

RESULTS AND DISSCUSION

Hippophae rhamnoides L. seems not to be a typical oily plant because
lipids are distributed between all parts of berries (Table II). The highest con-
tent of lipids was found in the skins for both varieties and these contents as
well as those for the seeds and the flesh are comparable to the results pub-
lished previously. Concerning the total oil content practically no significant
difference was cropped up between Hergo and Leikora varicties.

II. The comparison of the oil content (%, w/w) in Hergo and Leikora varieties to published
data

Production | Eastern ; Czech Republic
it Siberi Pamir Dagestan | Germany
BRSS 1oeets Hergo Leikora

Seeds 10.3 5-36 11.9 8.2-10.4 14.6 16.3
Skins - 23.0 - 36.0 25.2 35.8 18.8
Flesh - 5.5-17 9.3 - 3.5 42
Fruit - 5.1-13 3.3-45 48-5.4 6.6 5.9
References a b c d this paper

3Sai-Moiseeva (1940); ®Yusufbekov et al. (1978); “Dalgatov et al. (1983); %Fran-
ke, Mueller (1983)

Interestingly, the seeds of varieties Hergo and Leikora contain only ap-
proximately 12 and 19% of the total oil, respectively. This fact clearly pre-
fers the whole fruits for the manufacturing of sea buckthom oil. In addition,
the tocopherol concentration in oil from flesh and seeds is similar but the
carotenoid content of the flesh oil exceeds many times that of the seed oil
(Dalgatov etal., 1983; Zhmyrko etal.,, 1978).

The fatty acid composition in the seed oil of both varieties was quite dif-
ferent from the composition of the flesh and skin oils (Table III). The major
acid of seed oil was oleic acid followed by palmitic and linoleic acid which

290



Potrav. V&dy, 13, 1995 (4) : 287-297

III. The fatty acids composition (%, w/w) of Hippophae rhamnoides L. oils

Hergo Leikora
Acid
seeds skins flesh seeds skins flesh
a 8.7 2.1 2.0 44 0.6 23
10:0 0.2 <0.1 0.3 <0.1 <0.1 0.4
12:0 0.4 <0.1 0.3 <0.1 <0.1 0.2
14:0 0.3 0.2 0.3 0.3 <0.1 0.6
16:0 14.8 353 45.8 18.1 31.1 36.4
16:1 24 16.6 18.2 2.1 20.2 21.4
18:0 6.6 1.6 1.2 7.0 2.4 0.7
18:1 29.9 26.8 22.9 31.6 243 34.1
18:2 13.6 1.6 <0.1 13.9 33 <0.1
18:3 3.5 1.7 0.3 5.7 2.5 <0.1
20:0 1.4 0.2 0.4 0.9 0.2 0.4
20:1 0.8 <0.1 0.2 0.4 0.1 0.2
22:0 11.0 5.6 1.9 4.5 4.9 0.6
22:1 42 3.0 0.6 23 3.5 0.1
24:0 0.8 5.4 0.3 1.1 42 0.3
24:1 1.3 <0.1 33 5.1 1.2 1.3
b 0.1 0.2 49 2.4 1.2 0.8
Z unst. FA 68.0 49.9 45.6 61.1 55.1 57.3
Istd. FA 23.2 47.8 47.5 32.1 43.1 39.6

®yolatile compounds with retention time shorter than those of palmitic acid; °r

identified compounds

emaining un-

are undoubtedly involved in constitution of principal triglycerides. The total
concentration of unsaturated acids is strongly prevailing over saturated fatty
acids (unsaturated/saturated): Hergo 1.6, Leikora 1.9. Seed oils also contain
about 10% C,,, C,,, and C,, saturated fatty acids and about 6.5% C,, C,,,
and C,, unsaturated fatty acids which were not reported previously. Com-
pared with fatty acid distribution known from literature (Table IV), Hergo
and Leikora varieties exhibit the higher level of saturated acids and an oppo-
site ratio of oleic to linoleic acid. Interestingly, the linolenic acid concentra-
tion estimated is about five times lower than it was published. These observations
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IV. Distribution of fatty acids (%, w/w) in Hippophae rhamnoides L. flesh and seed oil

Acid Flesh Seeds
14:0 - 0.3 - 0.2 0.3 = 0.2
16:0 28.5-44.6 | 262 47 30.9 28.1 11.6" 13.2
16:1 10.4-22.2 - 222 45.6 283 19.3 41.1
18:0 - 3.2 - 1.1 4.2 = 7.7
18:1 20.9-37.9 - 379 9.4 18.4 44.9 11.0
18:2 = 10.8 3.9 22 9.2 34.7 39.6
18:3 ~ 4.5 2.2 1.6 6.1 27.0 21.8
T unst. FA = 70.3 53.0 68.0 67.4 88.3 78.8
Istd. FA = 29.7 47.0 32.0 320 11.6 21.1
References b c d e f g b

*F std. FA expressed as palmitic acid; "Mamedov et al. (1984); “Shugam, Shnaidman
(1967); dFranke, Mueller (1983); “Muravev et al. (1984); l'Aslanov, Novruzov
(1976); BEKaufmann, Roncero (1955)

are not so surprising because the proportions of different fatty acids may
vary considerably. It is now known that few vegetable oils reflect the influ-
ence of climate, temperature, genetic factors, and ripening.

The fatty acid distribution of sea buckthorn seed oil is similar to that of
peanut oil for which the following ranges of fatty acid content based upon an
evalution of 82 genotypes were reported: C,¢.9 7.4—12.9%, C,5.0 1.6-5.3%,
C18:1 357—685%, C18:2 140—403%, Czo;o 09—22(%), CZO:l 06—200/0, sz;o
1.3-5.1%, and C,4.( 0.6-2.0% (Sonntag, 1979). Furthermore, the content
of oleic acid increased during ripening while linoleic acid content decreased.
The oleic/linoleic acid ratio correlated with growth cycle time and was also
found to be an excellent indicator of oil stability. Peanut oil contains only
traces of linolenic acid.

The unsaturated/saturated acid ratio for skin and flesh oils shows a differ-
ence between the two varieties studied (Table III). For variety Leikora, total
unsaturated acids are still prevailing, and the ratio was: skins 1.3, flesh 1.4.
On the other hand, both skin and flesh oils of variety Hergo contain approxi-
mately equal levels of unsaturated and saturated acids. The fatty acid distri-
butions in skin and flesh oils correspond to results given by Franke,
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and Mueller (1983), who evaluated sea buckthorn grown in Germany
(Table IV). This can suggest that the fatty acid composition of this type of
pulp oil is influenced less by the various conditions mentioned above. This
conclusion could be important for industry process and pulp oil can be fa-
voured. Palmitic acid and oleic acid are the major fatty acids. The extremely
high content of palmitoleic acid (16—20%) confirms the values reported pre-
viously (Table IV). Sea buckthomn pulp oil seems to be a unique type among
all vegetable oils. The concentration of palmitoleic acid can be advanta-
geously used as a quality criterion in oil production using extraction with
any vegetable oil.

In our opinion, the applicability of Hippophae rhamnoides L. oil will in-
crease in food industry as well as in pharmaceutical or cosmetic production
in the near future. Further attention should be focused on volatile oil compo-
nent identification and characterization of the unsaponifiable fraction.

Conclusion

The results demonstrate that genetic factors and growing conditions can
cause mainly a deviation in Hippophae rhamnoides L. seed oil, whereas the
distribution of fatty acids in skin and flesh oils is kept rather constant. For
the oil production, the whole fruit is suitable raw material. Both Leikora and
Hergo varieties gave similar overall yield of oil with unsaturated acids pre-
vailing only in the case of variety Leikora.
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Slozeni mastnych kyselin v olejich rostliny Hippophae rhamnoides L.

Plody rakytniku fe3etldkového Hippophae rhamnoides L. jsou dlouhou dobu obli-
bené pro vysoky obsah vitaminu C (0,2-0,9 % hmot.) doprovazeného provitaminy
A, vitaminem E a vitaminy skupiny B. Toto jedine¢né sloZeni vitaminového komple-
xu je dano relativné vysokym obsahem lipidii v celém plodu (semena, slupky, duz-
nina). Rakytnikovy olej se vyrabi v oblastech piivodniho vyskytu (vychodni Sibif,
Pamir, Cina, oblast Stfedozemniho mofe) a pouZiva se jako aditivni latka do potravin
a v kosmetice na vyrobu krémi a Samponil. Rakytnikovy olej ma velice zajimavé
biologické u¢inky — urychluje hojeni opera¢nich ran, podporuje reepitelizaci tkéng,
hoji spaleniny vzniklé napf. po ozafovani pii 1é¢bé rakoviny a ma hepatoprotektivni
u¢inek pfi otravach organismu chlorovanymi latkami.
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Zemédeélské druZstvo ADAVO, Velky Osek péstuje dvé& u nas povolené odridy, tj.
Hergo a Leikora. ProtoZe je o jeho rozdifeni a vyrobu oleje zdjem a soucasn& chybi
jakékoli udaje o sloZeni oleje z nasich klimatickych podminek, soustfedili jsme se
v prvnim kroku na studium distribuce mastnych kyselin.

Olej byl izolovan ze semen, slupek a duZniny obou odriid extrakci dichlormetha-
nem a po transesterifikaci byla smé&s methylesteri mastnych kyselin analyzovana
plynovou chromatografii. Pomér nenasycenych kyselin k nasycenym v oleji ze se-
men ¢&inil u odriidy Hergo 1,6 a u odridy Leikora 1,9. Nejvice byly zastoupeny ky-
seliny olejova, palmitova a linolova. Toto sloZeni je odli3né od publikovanych udaju,
podle nichZ je obraceny pomér koncentraci kyselin linolové a olejové a zhruba pét-
krat vy$3i zastoupeni kyseliny linolenové. V oleji ze slupek a duZniny byla ve shodé
s literaturou nalezena kyselina palmitova jako majoritni, dale kyselina olejovéa a mi-
moiadné vysoka koncentrace (az 21 %) kyseliny palmitolejové. Oleje ze slupek
a duzniny obsahovaly v pfipadé odriidy Hergo stejné zastoupeni nenasycenych a na-
sycenych Kyselin, naopak odriida Leikora vykazovala opét vy3si zastoupeni nenasy-
cenych mastnych kyselin (pomér 1,3). Zda se, Ze klimatické podminky a genetické
vlivy plisobi nejvétsi zmény ve sloZeni oleje ze semen, zatimco sloZeni oleje slupek
a duZniny je viceméné stalé.

Pro ucely zpracovatelské je ziejmé vyhodné&;jsi izolovat rakytnikovy olej z celych
plodu, které obsahuji v ¢erstvém stavu u odriidy Hergo 6,6 % a u odriidy Leikora
5,9 % oleje, obsah kyseliny palmitolejové miZe slouZit jako kriterium kvality oleje
zejména tehdy, bude-li vyrabén metodou extrakce jinym rostlinnym olejem. Z hle-
diska o n&co vy3siho obsahu nenasycenych kyselin je vhodné&;jsi odriida Leikora.

V dal8im vyzkumu se zamé&fime na sloZeni t€kavych podili oleje a na dosud ne-
identifikované slouceniny postiZitelné metodou GC-MS. RovnéZ budeme studovat
sloZzeni nezmydelnitelného podilu.

Hippophae rhamnoides L., mastné kyseliny; plynova chromatografie; rakytnik fe3et-
lakovy; rostlinné oleje

Contact Address:

Ing. JitkaMoravcova, CSc., Vysoka $kola chemicko-technologicka,
Ustav chemie pfirodnich latek, Technicka 5, 166 28 Praha, Czech Republic,
tel.: 02/2435 4283, fax: 02/311 99 90, e-mail: fpbt-office@vscht.cz
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Z VEDECKEHO ZIVOTA

Konference o cizorodych litkdch na Slovensku

Ve dnech 9. az 11. kv&tna 1995 uspotadal v Tatranské Strb& Ustav preventivni
a klinické mediciny Bratislava spole¢n& se Slovenskou spoleénosti pro chemii a to-
xikologii Zivotniho prostfedi, Slovenskou zemé&dé&lskou a potravinaiskou inspekci
a Statnim zdravotnim tstavem Poprad konferenci ,,Cizorodé latky v poZivatinach®.
Byla v pofadi jiz 16. setkdnim odbomniki na toto téma a vzhledem k bliZicimu se
Zivotnimu jubileu jednoho z hlavnich zakladatelil této tradice byla v&€novéna Ing.
Alexandru Sokolayovi, DrSc.

Na dobfe navitivené konferenci (kolem 160 uéastnikii ze Slovenska, z Ceské
republiky i z USA) bylo v prednesenych referatech (27) a v posterech (23) prodis-
kutovéano téméf celé Siroké spektrum problematiky cizorodych latek: koncepce
zdravotni legislativy v oblasti vyZivy, kontrola, akreditace laboratofi, monitorovaci
a informacni systémy cizorodych latek v potravinach a krmivech a jejich realizace,
analytika v¢etn& metrologické kontroly méfidel a laboratornich zafizeni, organiza-
ce kruhovych testl atd. Na to navazaly informace o sou¢asné expozici populace SR
a CR (a jejich ur&itych skupin) ke kontaminantiim v konkrétnich potravinach, napf.
v ovoci (polycyklickymi aromatickymi uhlovodiky), v potravinach Zivo¢isného pii-
vodu (tézkymi kovy v imisnich spadech, PCB a rezidui pesticidil), v medu (t&zkymi
kovy), v 1é¢ivych rostlinach (rezidui n€kterych herbicidit), v kavé (polyaromatic-
kymi uhlovodiky), v mléce a krmivu (PCB), v zelening, bramborach a syrech (du-
si¢nany a dusitany), v lihovinach (ftalaty), v pivu (mykotoxinem deoxynivaleno-
lem), jakoZ i v rozli¢nych potravinach (arzenem, selenem). N&které referaty byly
vénovany specialné zatizeni détského organismu toxickymi prvky, organickymi
kontaminanty, dusi¢nany a dusitany ve stravé.

V3echny pfispévky byly v plném znéni zafazeny do sborniku, ktery je k dispozi-
ci u pofadateli.

Organizace byla tradi¢né& na vysoké trovni a celd konference se stala i p€knou
manifestaci potfebné a oboustranné uzite¢né spoluprace Eeskych a slovenskych od-
borniki pii feSeni spole¢nych problémi.

doc. Ing. Jaroslav Prugar, DrSc.
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STANOVENf SALMONEL METODOU ELISA*

Determination of Salmonellas by ELISA

Igor HOCHEL, Katerina MALKOVA, Pavel RAUCH

Institute of Chemical Technology — Department of Biochemistry and Microbiology,
Prague, Czech Republic

Abstract: The sandwich ELISA for determination (detection) of Salmonella en-
teritidis cells has been developed, using either commercially available antibody,
or laboratory prepared antibody against somatic antigen O: 9, 12. The detection
limit of the method is 3.9.10* cells/ml (commercially available antibody — PLK),
or 6.2.10° cells/ml (laboratory prepared antibody — PL1). The antibody PLK does
not exhibit the cross-reactivity with somatic antigens O: 1, 2, 12 and O: 4, 5, 12
and with killed cells of Enterobacter aerogenes, Escherichia coli, Bacillus sub-
tilis and Pseudomonas cepatia. However, the cross-reactivity with somatic an-
tigen O: 3, 10 has been observed for antibody PL1 at the concentration higher
than 1.6.107 cells/ml. In the case of antigens O: 1, 2, 12 and O: 4, §, 12, the
cross-reactivity was conclusive at the antigen concentration higher than
7.5.107 cells/ml. The developed method was verified using the determination
of somatic antigen O: 9, 12 added to selected food samples. The recovery varied
from 91% to 117%.

somatic antigen; cross-reactivity; sandwich Enzyme-Linked Immunosorbent En-
zyme Immunoassay (ELISA); Salmonella enteritidis

Abstrakt: Byla vyvinuta sendviova ELISA pro stanoveni (detekci) bunék Sal-
monella enteritidis za pouZiti jak komer¢ni protilatky pouZivané k sérotypizaci
salmonel, tak laboratorn& piipravené protilatky proti somatickému antigenu
O: 9, 12. Detekéni limit metody je 3,9.10% bungk/ml (komer&né dostupna proti-
litka — PLK), nebo 6,2.10° bun&k/ml (laboratorn& ptipravené protilatka — PL1).
Protildtka PLK nevykazuje kiiZové reakce se somatickymi antigeny O: 1, 2, 12
a4, 5, 12, ani s mrtvymi buiikami Enterobacter aerogenes, Escherichia coli,
Bacillus subtilis a Pseudomonas cepatia. Naproti tomu u PL1 byly pozorovéany
kiiZové interakce antigenu O: 3, 10 pii koncentraci od 1,6. 10" bungk/mla v pri-
padeé antigen1 O: 1,2, 12 a4, 5, 12 pfi koncentracich vy3Sich nez 7,5. 107 bun&k/ml.

* Prace byla provedena v rdamci projektu &. 509/94/1009 podporovaného Grantovou agenturou
Ceské republiky.
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Vyvinuta metoda byla ovéfena stanovenim obsahu somatického antigenu O: 9, 12
pfidaného do vybranych nekontaminovanych vzorkl potravin. DosaZena hodno-
ta recovery se pohybovala v rozmezi 91-117 %.

somaticky antigen; kiiZzové reakce; sendvi¢ova enzymova imunoanalyza (ELISA),
Salmonella enteritidis

Salmonelosy se vyznamné podileji na nemocnosti alimentdrnimi nikaza-
mi, a to nejen u nds, ale i ve vyspélych zemich zdpadni Evropy a USA. Kfiv-
ka nemocnosti salmonelami ma v nadich zemich od roku 1952 stoupajici
tendenci. V roce 1989 bylo zaznamendno prudké zhordeni epidemiologické
situace salmonelos u lidi, coZ se projevilo téméf trojndsobny m zvy$enim ne-
mocnosti v Ceské republice — 333 piipadi na 100 000 obyvatel (D édiéo-
va, Sramkova, 1991). Tento nepfiznivy vyvoj trvd aZ do soucasnosti.
Etiologickym agens byla v pievazné vét§iné pripadi Salmonella enteritidis,
ktera drzi prvenstvi od roku 1984 a ktera se stala hlavni pfi¢inou epidemii
v zavodnich jidelnach, zdravotnickych zafizenich a obcich. Dal$imi frekven-
tovanymi sérotypy jsou: Salmonella typhimurium, S. infantis a S. hadar
(Dédi¢ova, Sramkova, 1991). V roce 1991 bylo hl4geno v Ceské re-
publice 30 337 piipadi vyvolanych S. enteritidis, coz je 84,1 % z cclkového
poctu 36 086 onemocnéni salmonelami. S. tvphimurium byla ctiologickym
agens u 5 % pripadu a na zbyvajicich onemocnénich se podilelo dalsich 64
sérotypl. Ve tietim roce trvani epidemie vyvolané S. enteritidis tak byl za-
znamenan pouze nepatrny pokles nemocnosti, kterd je v3ak stale 2—3krat
vy$8i nez v letech 1982-1988 (Benes, Walter, 1992). V roce 1992 do-
sahl pocet hladenych pripadi zatim nejvyssi hodnoty 43 558.V roce 1993
nepatmé poklesl pocet piipadi onemocnéni salmonelosou na 38 688 pripadu
onemocnéni (stav k 16. 12. 1993). Nejfrekventovanéj§imi séroty py byly Sa/-
monella enteritidis (86,8 %), S. typhimurium (9,6 %) a S. agona, ktery se
podilel na celkovém onemocnéni pouhymi 0,6 % (Srdmkova, Benes,
1994).

Zatimco zdrojem S. fyphi je pouze nemocny Elovek, u ostatnich bakterii
rodu Salmonella jsou to vét§inou zvifata: u S. enteritidis je to nejCastéji dri-
bez, u S. choleraesuis vepii. Nejdilezitéj$im zdrojem puvodct salmonelos je
proto syrové maso, ¢erstva i suSena vejce, vzacnéji suSené mléko, nebo po-
traviny nezivoci$ného pivodu. Mezi hlavni divody zvyseného vyskytu in-
fekci patfi: svétovy obchod, turistika, vefejné stravovani, zkracovani doby
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vafeni, konzumace syrové stravy, omezeni konzervaénich prostredki a mala
informovanost spotiebiteli o trvanlivosti a zachdzeni s riiznymi potravinami.

V Ceské republice se piitomnost salmonel ve studovanych vzorcich zjistu-
je kultivaénimi metodami podle normy CSN 56 0088. Av$ak konvenéni mik-
robiologické metody detekce salmonel vyZaduji nékolik kultivaénich stupii
pro pomnozeni a separaci salmonel, které jsou nasledovany biochemickymi
a sérologickymi testy. Tyto metody jsou pracné, drahé a &asové narolné.
Potvrzeni pfitomnosti bakterii rodu Sa/monella mikrobiologickymi metoda-
mi vyZaduje ¢tyfi az pét dni (Elliot et al., 1978). Proto je nezbytné vyvinout
rychlé, citlivé a levné metody, které umozni potravinaiskému primyslu
1 zdravotnickym a kontrolnim institucim provadét screeningové analyzy po-
dezielych nebo kontaminovanych surovin a kone¢nych potravinaiskych vy-
robku. Pro tyto uc¢ely jsou vhodné imunochemické techniky.

V poslednich letech byla vyvinuta fada enzymovych imunochemickych
technik detekce salmonel (Krysinski, Heimsch, 1977, Mattingly,
1984; Ibrahim et al., 1986; Lee et al,, 1990; Wyatt et al., 1993), ve
kterych jsou vyuzity jak polyklondlni, tak monoklondlni protilatky. Pomoci
téchto metod se podarilo zkrétit dobu stanoveni na jeden az dva dny. V sou-
Casné dob¢ jsou principy enzymové¢ imunoanalyzy vyuzivany &etnymi vy-
robci pfi vyrobé diagnostickych souprav. Dvé z t&chto souprav byly
oficialn¢ dcklarovany organizaci Association of Official Analytical Che-
mists (Flowers et al., 1986, 1988) pro screeningova stanoveni.

Pifedmétem této studie je vypracovat techniku enzymové imunochemické
detekce bakterii rodu Salmonella a otestovat pouZzitclnost jak komeréné do-
stupné protilatky, ktera je vyuzivana k sérologické diferenciaci salmonel pro
tento test, tak vlastni laboratorné pfipravené protildtky proti somatickému
antigenu O: 9, 12.

MATERIAL A METODY
Material

Salmonella O antisérum polyvalentni OA: 1, 2, 12-4, 5, 12-9, 12-[9],
46-3, 10-1, 3, 19-21; Salmonella O antigen 9, 12; Salmonella O antigen
1, 2, 12 a Salmonella O antigen 4, 5, 12 a hovézi sérovy albumin byly zakou-
peny u firmy Imuna Sari§ské Michal'any, Slovenska republika; kienova pe-
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roxidasa 25 000 U, RZ=3, grad I (kat. &. 108090) i firmy Boehringer Mann-
heim GmbH, SRN.

o-fenylendiamin dihydrochlorid, (kat. &. P-1526); 2,2’-azinobis(3-ethyl-
benzthiazolin sulfonova kyselina) diamonna sil, (kat. &. A-1888), Sigma
Chemical Company, St. Louis, USA; Sephadex G-25 coarse, Pharmacia,
Uppsala, Svédsko; Tween 20, (kat. &. 93773), 3,3’, 5,5'—tetramethylbenzidin
byl ziskan firmy Fluka Chemie AG, Svycarsko; ostatni chemikalie Lachema
Bro, CR;.

Vzorky: palainky v prasku, zmrzlinova smés visiiova, livane¢ky s ovesny-
mi vlo¢kami a majonéza Majolka byly odebrany v maloobchodni siti, Sunar
byl poskytnut Ustavem technologie mléka a tuki.

Polystyrenové mikrotitraéni desti¢ky typ U byly vyrobeny v zdvodé
KOH-I-NOOR Hardtmuth o.p., Ceské Budé&jovice, CR.

K vyhodnoceni experimentu byl pouZit fotometr Labsystems Multiscan
MCC/340, Helsinky, Finsko.

Izolace a zna&eni imunoglobulinu

Imunoglobuliny byly izolovdny z antiséra podle metody, kterou popsali
Harboe a Ingild (1973). Jejich znaceni peroxidasou bylo provadéno jo-
distanovou oxida¢ni metodou (Wilson, Nakane, 1978). Piipraveny pre-
parat konjugatu imunoglobulin-peroxidasa mél nasledujici parametry:
pomér Px/IgG = 1,65 a koncentrace konjugatu ¢ = 3,07 mg/ml.

Dile byla pfipravena protilatka proti somatickému antigenu OA: 9, 12
imunizaci kraliki ¢inila bila (UHKT Praha). Z izolovanych imunoglobuli-
ni byly pfipraveny konjugaty imunoglobulin-peroxidasa o parametrech: po-
mér Px/IgG = 1,11 a koncentrace konjugitu ¢ = 0,64 mg/ml.

Stanoveni koncentrace antigenu
Koncentrace antigenu byla stanovena pocitanim mrtvych bun€k salmonel
v Biirkerové komiirce pomoci fazové kontrastni mikroskopie.

Kvantifikace antigenu metodou ELISA

Roztok protildtky (imunoglobulinové frakce) fedény v 0,05M karbonat-
-bikarbonatovém pufru pH 9,6 se pipetuje v mnozstvi 0,1 ml do jamek poly-
styrenové mikrotitrani desti¢ky. Imobilizace protilatky na povrch mikrotit-
raéni desky probiha pies noc pii teploté 4 °C. Nenavazané imunoglobuliny
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jsou odstranény odsitim a jamky se tfikrdt promyji karbonat-bikarbonato-
vym pufrem. Pak se do jamek desti¢ky pipetuje 0,1 ml suspenze standardni-
ho antigenu (Salmonella O antigen 9, 12), fedéné v 0,01M fosfiatovém pufru
pH 7.4, ktery obsahuje 0,8% NaCl (PBS). Vzorky se inkubuji dv& hodiny pfi
teploté 37 °C. Po odstranéni nezreagovanych sloZek se jamky destiCky tfi-
krat promyji roztokem PBS, ktery obsahuje 0,05 % Tweenu 20 (PBST). Do
jamek desti¢ky se aplikuje 0,1 ml peroxidasového konjugatu fedéného na
optimdlni koncentraci roztokem PBST, do kterého bylo pfed pouZitim pfida-
no 1 % hovéziho sérového albuminu (BSA). Imunochemicka interakce pro-
bihd 2 hodiny pfi teploté 37 °C. Pak se deska opét Ctyfikrat promyje
roztokem PBST. Nakonec se pfidd 0,1 ml substratu pro peroxidasu (50 mg
o-fenylendiaminu na 100 ml 0,1M citrat/fosfatového pufru pH 5,0 + 0,03%
H,0,). Enzymova reakce se zastavi po 30 minutach inkubace pfi teploté
37 °C pomoci 0,05 ml 2M H,SO,. Absorbance reakéni smési se méfi pfimo
v jamkéch mikrotitra¢ni desti¢ky pfi vinové délce 492 nm.

Vyhodnoceni vysledka

Kalibraéni kiivky byly hodnoceny pomoci &tyfparametrové regresni funk-
ce (Karpinski etal., 1987):

D-C
U = C + W [l]
kde: C, D — dolni a horni asymptota
a — posun a smémce
x - dekadicky logaritmus koncentrace antigenu
U - absorbance

Detekéni limit stanoveni byl vypoéitdn ze sou¢tu priméru hodnot absor-
bance pro nulovou koncentraci antigenu a trojnasobku smérodatné odchylky
vypocitané pro tutéz hodnotu. Koncentrace odeétena z kalibra¢ni kiivky od-
povidajici této absorbanci pak vyjadiuje citlivost testu (Manc&al, 1987).
Odlehlé hodnoty byly vylu€ovany pomoci Grubbsova testu pro hladinu vy-
znamnosti & =0,01 (Eckschlager et al., 1980).
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VYSLEDKY A DISKUSE

Stanoveni optimélni koncentrace imobilizované protilatky a konjugatu
imunoglobulin-peroxidasa

- Pfi vyvoji metody ELISA uréené k detekci (stanoveni) salmonel byly tes-
tovany dvé€ protilatky. Komerén€ dostupné polyvalentni antisérum proti O
somatickému antigenu OA: 1, 2, 124, 5, 12-9, 12-[9], 46-3, 10-1, 3, 19-21
(dale PLK), které se pouZiva k sérotypizaci salmonel, a laboratorné piiprave-
na protilatka proti O somatickému antigenu 9, 12 (ddle PL1).

Pfi vyvoji sendvi¢ovych imunochemickych metod je nezbytné nejprve sta-
novit optimdlni koncentraci imobilizované protilatky, coZ je takova koncen-
trace imunoglobulinové frakce, pfi které se za danych podminek vaze
nejvice antigenu. Postupem popsanym dfive (Rauch et al., 1989) byla ur-
¢ena jako optimalni koncentrace 7,8 g/ml, a to jak pro komercni, tak pro
laboratorné pfipravené protilatky.

Optimalni koncentrace znacené protilatky (PLK) byla stanovena dfive po-
psanym zpusobem (Rauch et al., 1989) a ¢inila 6,1 g/ml.

Kalibraéni kfivka pokryva koncentrace antigenu 3,9.10%az 1.10® bun&k/ml.
Detekeni limit 3,9.10% bunék/ml byl uréen jako primér detek&nich limitd
Sesti samostatnych stanoveni. Citlivost ELISA testu je 1,3krat vy$si ve srov-
nani s metodou posanou v literatufe (Lee et al., 1989).

Pro protilatku PL1 byla nalezena optimalni koncentrace konjugétu 0,15 pg /ml.
V piipadé této protildtky pokryvala kalibraéni kfivka koncentaci antigenu
v rozmezi 5.10°-108 bun&k/ml. Detek&ni limit byl 6,2.10% bunék/ml. Protilét-
ka PL1 vykazuje vy$si specifitu ke studovanému somatickému antigenu
a poskytuje témér 8krat citlivéj$i metodu ELISA ve srovnéni s protilatkou
PLK.

Testovani imunoreaktivity riznych druhi O antigent salmonel

Pouzita protildtka (PLK) byla pfipravena vyrobcem proti nasledujicim 3esti
druhiim somatickych antigent salmonel: 1, 2, 124, 5, 12-9, 12—[9], 46-1,
3, 19-21. Vzhledem k této skuteCnosti a vzhledem k tomu, Ze se k detekci
salmonel vyuzivala celd imunoglobulinova frakce, byla porovnavana imuno-
reaktivita vybraného standardniho somatického antigenu 9, 12 se somaticky-
mi antigeny 1, 2, 12 a 4, 5, 12.

Jak vyplyva z obr. 1, nejvétsi afinitu k protilatce vykazuje antigen O: 9, 12.
Somatické antigeny 1, 2, 12 a 4, 5, 12 nemaji prakticky Zadnou imunoreakti-
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absorbance A ‘92

1. Imunoreaktivita somatickych antigeni
salmonel (za pouziti protilitky PLK) —
Immunoreactivity of salmonella somatic
antigens (antibody PLK used)

0.60

O somaticky antigen — somatic antigen O: 9, 12
0 somaticky antigen — somatic antigen O: 4, 5, 12
A somaticky antigen — somatic antigen O: 1, 2, 12

0,40 -

020} labsorbance Aug2; 2log ¢ [cells/ml]

: A - & i J
2,00 4,05 6. 10 8,15 10,20
loge [buhky/ml]

vitu k pouzité protilatce ve sledovaném rozsahu koncentrace antigenu. Tes-
" tovana protildtka tedy miiZe byt prokazateln¢ pouZita k detekci (stanoveni)
bunék Salmonella enteritidis.

Rovnéz byly studovany kiiZové reakce mrtvych bunék dal§ich kmeni mik-
roorganismui: Enterobacter aerogenes, Escherichia coli, Bacillus subtilis
a Pseudomonas cepatia, a to v rozsahu koncentrace hetcrologniho antigenu
30-1.10"% bunék/ml. Mrtvé buiiky studovanych mikroorganismii nevykazo-
valy prakticky Zadnou kifiZovou reakci s testovanou protilatkou. Rovnéz ne-
byla pozorovana kfiZova reakce Zivych bunék Pseudomonas cepatia
(vysledky nejsou uvedeny). Z uvedeného tedy vyplyva, Ze vySe jmenované
mikroorganismy neovliviiuji stanoveni (detekci) salmonel.

U laboratorné piipravené protilatky byl vedle somatickych antigeni
0:1,2,12a0:4, 5, 12 (o koncentraci 5.10°-3,1.10® bun¢k/ml) také testovan
somaticky antigen 3, 10. Tato protilatka vykazovala kfiZzové interakce s vy-
sokymi koncentracemi (od 1,6.107 bunék/ml) antigenu O: 3, 10 (obr. 2). Pro-
toZe vsak nebyl k dispozici vice koncentrovany antigen, nebylo moZné
odhadnout kiiZové interakce pro 50% nasyceni testované protilatky. Piesto
je viak z obr. 2 patmé, Ze koncentrace 1.10% bun&k/ml antigenu 3, 10 odpo-
vid4 koncentraci 1.8.10° bunék/ml standardniho antigenu O: 9, 12. Antigeny
0:1,2,12a0: 4,5, 12 pfispivaji k absorbanci teprve pfi vysokych hladi-
nich bunék (7,5.107 bungk/ml a vice).

Podobné jako u PLK nebyla prokdzina nezadouci kfiZova interakce PL1
s mrtvymi buttkami Enterobacter aerogenes, Escherichia coli a Bacillus
subtilis.
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0.65 | absorbance A, ;) 2. KfiZzové interakce somatickych antigenid

salmonel s protilitkou PL1 — Cross-reactivity of
salmonella somatic antigens with antibody PL1

@ somaticky antigen — somatic antigen O: 9, 12
Q somaticky antigen — somatic antigen O: 4, 5, 12
A somaticky antigen — somatic antigen O: 1,2, 12
O somaticky antigen— somatic antigen O: 3, 10

045

oask labsorbance A192; Zlog ¢ [cells/ml]

240 455 5,70 685 8.00
log ¢ [butky/ml)?

Vliv doby inkubace znafenych imunoglobulini na citlivost detekce salmonel
metodou ELISA

Dal3im faktorem, ktery ovliviiuje citlivost a €asovou naro¢nost analyzy, je
doba inkubace konjugatu.

Peroxidasou zna¢ené imunoglobuliny (PLK) se po aplikaci do jamek mik-
rotitralni desti¢ky inkubovaly pfi teploté 37 °C po dobu 0,5; 1; 2 a 3 hodiny.
Po uplynuti pfislu$né doby se obsah dvou fad jamek odsal, jamky byly pro-
myty PBST a pak byl aplikovan substrat pro peroxidasu.

Nejslabsi odezva byla pozorovéna po pulhodiriové inkubaci peroxidasové-
ho konjugatu, kdy hodnota absorbance pro nejvy3si koncentraci antigenu
2,2.10° bunék/ml byla pouze 0,195, a nejsiln&jsi pak po tfech hodinach inku-
bace, kdy absorbance pro koncentraci antigenu 2,2.10° bunék/ml &inila
0,862. Nejvétsi citlivosti metody bylo dosaZeno po dvouhodinové inkubaci
zna&enych imunoglobulinti. Detekéni limit za té&chto podminek &inil 3,7.10*
bunék/ml, zatimco po tiihodinové inkubaci vzrostl na hodnotu 1,80.10° bu-
nék/ml (tab. I). S rostouci dobou inkubace byl rovnéZ pozorovan narist ne-
specifickych interakci (pozadi). V tab. I jsou vedle detek&niho limitu
a hodnot pozadi uvedeny také parametry ziskanych kalibra&nich kfivek, vy-
po¢tené podle vztahu [1].

Optimalni doba inkubace konjugatu byla pro PL1 rovnéZz dv€ hodiny pii
teploté 37 °C.
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L. Vliv doby inkubace konjugétu na citlivost ELISA salmonel — Influence of incubation time on
sensitivity of ELISA for salmonella determination

. Parametry kalibraéni kfivky? Detekini |\ oo cificka vazba
inkubace! ] | 5 R g A I::;;:nlf (absorbance Ass2)*
0,5 0,0381 | 0,2076 | —5,9932 | 0,7799 | 2,22.10° 0,038+0,006
1,0 0,0262 | 0,4138 | —5,0249 | 0,5829 | 2,50.10° 0,026+0,003
2,0 0,0717 | 0,8293 | —4,2601 | 0,4924 | 3,69.10* 0,073+0,004
3,0 0,1202 | 1,0186 | -5,1088 | 0,6329 | 1,80.10° 0,088+0,038

lincubation time; 2parameters of calibration curve; 3detection limit; 4 non-specific bond (ab-
sorbance A,q,)

Z uvedenych vysledku je ziejmé, Ze zkraceni doby inkubace konjugétu za
danych podminek vede sice k urychleni analyzy, ale zaroveii k podstatnému
snizeni jeji citlivosti.

Porovnani riznych druhi chromogeni a substratu pro enzymovou
imunoanalyzu

Kfenova peroxidasa je pro svou snadnou dostupnost, pfiznivou cenu a malou
molekulovou hmotnost nejéastéji pouzivana. Substratem pro peroxidasu je
obvykle peroxid vodiku, ze kterého se pusobenim enzymu uvoliiuje kyslik.
Uvolnény kyslik pak oxiduje bezbarvy chromogen za vzniku barevnych pro-
duktid. VéEtsina pouzivanych chromogeni je na bazi aminobenzenu, které po
oxidaci tvofi azobenzeny. Rada z t&chto latek je mutagennich (Holland et
al,, 1974; Scharpe etal., 1976).

Byly testovany tfi v literatufe popsané druhy substrati, které se lisily jed-
nak obsahem peroxidu vodiku, jednak pouZitym chromogenem:

1. OPD - 50 mg o-fenylendiamin dihydrochloridu na 100 ml 0,1M ci-
trat/fosfatového pufru pH 5,0 +0,03% H,0, (Mancal, 1983).

2. TMB - 1 ml roztoku 3,3’,5,5"-tetramethylbenzidinu o koncentraci 10 mg na
1 ml dimethylsulfoxidu do 100 ml 0,1M citrat/acetatového pufru pH
5,8 +0,006% H,0,.

3. ABTS-1mM ABTS v 0,1M citrat/fosfatového pufru pH 4,3 + 0,002%
H,0, (Porstmann et al, 1981).

Testované substrity byly inkubovany 30 minut pfi teploté 37 °C a pak byla
enzymova reakce zastavena pfidavkem 0,05 ml 2M H,SO, v pfipad¢ OPD
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a TMB, nebo 0,05 ml 1,5mM roztoku azidu sodného v 0,1M kyseling citro-
nové (ABTS). Absorbance se méfila pfi vinové délce 492 nm (OPD), 450 nm
(TMB) nebo 414 nm (ABTS). ’

Detek&ni limit kalibraéni kfivky (pro PLK) pfi pouZiti OPD byl az 62krat
niz$i nez pii pouziti ABTS a jen o 12 % vy$3i neZ po aplikaci TMB (tab. II).
Za optimalnich podminek vykazuji OPD a TMB téméf identickou citlivost
(Bos etal., 1981). I kdyz je roztok ABTS z testovanych substratii nejméné
citlivy poskytuje v prib&hu enzymové reakce zelené oxidaéni produkty s ab-
sorpénim maximem pii vinové délce 414 nm. Zelena barva reakéniho pro-
duktu je zv1asté vhodna pfi vizudlnim vyhodnocovani vysledki oproti
Zlutym produktim OPD.

II. Vliv druhu substrétu na citlivost ELISA salmonel — Influence of the type of substrate on the
sensitivity of ELISA for salmonella determination

Substrét! Detecni limit [busiky/ml]? zfs‘:’r‘:::cfx‘:?
OPD 4,2.10* 0,15610,016
TMB 3,7.10* 0,16010,018
ABTS 2,4.10° 0,12040,010

OPD = o-fenylendiamin
TMB = tetramethylbenzidin
ABTS = 2,2’-azinobis(3-ethylbenzthiazolin sulfonova kyselina) diamonna sl

Isubstrate; 2detection limit [cells/m1]; *non-specific bond (absorbance A 492)

Bos et al. (1981) pouzili TMB jako chromogen v EIA. Oxida¢nim pro-
duktem je nejprve radikalovy kation odpovédny za vznikajici modré zbarve-
ni reak&ni smési, ktery po jejim okyseleni pfechdzi na Zluté difenochinonové
barvivo s absorpénim maximem pii vinové délce 450 nm. Proti ostatnim tes-
tovanym chromogenim je obtizn& rozpustny ve vodé€, av3ak je dostateCné
citlivy a nema mutagenni vlastnosti. Z testovanych substratu byl nejcitlivé;jsi.

OPD je b&Zn¢ pouzivany a velmi citlivy chromogen. Je oxidovan kyslikem
uvolnénym peroxidasou za vzniku 2,2’-diamino-azobenzolu (2,2"-DAB). Vznik-
ly produkt vykazuje $iroké maximum pfi vinové délce 450 nm pfi pH kolem
5. K posunu absorp&niho maxima dochdzi, je-li hodnota pH sniZena na 1,0
jednotek. Byly zaznamenény uréité rozdily ve vzniku 2,2°-DAB v disledku
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rozdilné pfipravy OPD. Pouziti o-fenylendiamin dihydrochloridu vedlo
k 2—3krat niz§im extinénim koeficientim neZ pfi pouziti volné baze
(Porstmann, Porstmann, 1988). :

V literatufe je ¢asto uvadéna citlivost OPD na svétlo. Av3ak nestabilita to-
hoto substratu v prib&hu stanoveni a po zastaveni enzymové reakce je zpu-
sobena pfedevs§im samovolnym rozkladem peroxidu vodiku pfi nizké
hodnoté pH reakéniho roztoku (Porstmann et al., 1985).

Obr. 3 ukazuje ¢asovou zavislost tvorby 2,2”-DAB pro rizné koncentra-
ce Salmonella O antigenu 9, 12. Je ziejmé, Ze reak¢éni doba 30 minut je
dostate¢nd pro spolehlivou detekci vzniku komplexu imobilizovana proti-
latka—antigen—znacena protilatka. Po uplynuti této doby je jiZ prakticky
ustavena chemicka rovnovaha a pii prodlouZeni doby inkubace dochazi po-
uze k nezddoucimu naristu hodnot negativnich kontrol (pozadi).

1.10 ¢ absorbance A o] 5 3. Casova zavislost tvorby
o—O°— 2,2’~diamino-azobenzolu z OPD —
/0/0/ Time dependence of 2,2’-diamino-
0.88 | /O ',F"*--m -azobenzol production from OPD
¢ g
P = Koncentrace antigenu — Concentration of
0,66 | / ﬂ" antigen O: 9, 12:
- gl O bunék/ml - cells/ml = 8.80.10°
A O bundk/ml - cellsiml = 1.76.10°
Laal i AT e A bunsk/ml - cells/ml = 1,41.10°
a—E e @ bunék/ml — cells/ml = 0.0
A" o
022 I o & o labsorbance A402; Zincubation time [min]
1 > i 1 2 J
S 20 40 60

" doba inkubace [min] 2

Ovéreni spravnosti metody

Spravnost vypracované metody sendviCového stanoveni (detekce) bunék
salmonel byla ovéfena metodou standardniho pfidavku somatického antige-
nu O: 9, 12 do vybranych vzorki potravin. ProtoZe u Zadného vzorku nebyly
pozorovany nezidouci interference s testovanou protildtkou (PL1) nebylo
nutné extrakty dale fedit. Nalezené hodnoty recovery (tab. III) se pohybuji
v rozmezi 91-117%.
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III. Ovéfeni spravnosti stanoveni somatického antigenu O: 9, 12 metodou standardniho pfidav-
ku do vzorkil potravin (n = 6) — Verification of the correctness of determining salmonella
antigen O: 9,1 2 by the standard supplement method (n = 6)

Standardni pi‘ic‘.lavek2

Vzorek! 3,6.10° | recovery | 1,3.107 | recovery | 4,79.107 | recovery

(bunék/miP | [%] |[bunek/ml]| [%] [[bunk/ml])| [%]
Sunar 4,0610,1 109,6 1,4610,1 104,4 4,861+0,1 100,8
Palacinky? .| 416201 | 1124 [ 136202 | 955 | 50601 | 1046
Livanegky® 3,4640,2 93,7 | 1,5620,1 | 111,1 | 466203 | 96,0
Zmrzlinova smes® | 3,5610,1 96,4 | 1,76£0,1 | 117,0 | 4,96+0,3 | 102,1
M ajonéza7 3,7610,2 106,3 1,2610,1 91,5 4,5610,2 94,6
Vaje&ny salat® 406402 | 11,6 | 1,2620,1 | 91,5 | 4,86+0,3 | 100,2

Cerstvy zloutek® | 3;3610,2 90,9 | 1,2620,1 | 91,5 | 4,86+0,4 | 101,0
Cerstvy bilek'? 3,7610,1 | 1027 [ 136+0,2 | 955 |4,76£03 | 97,5

Isample; Zstandard supplement; 3cells/ml; 4pancake; 5griddle-cake; Sice mixture; 7mayonnaise;
8 mayonnaise salad with eggs; “egg yolk; '%egg white

Zavér

Je mozné konstatovat, Ze se podafilo vypracovat metodu ELISA vyuZitel-
nou ke stanoveni (detekci) bunék Salmonella enteritidis a dal$ich kmenu sal-
monel, jejichZ buriky nesou na svém povrchu somaticky antigen 9, 12. Byly
pfitom vyuZity jednak komeréné dostupné protilatky, které se pouZzivaji k sé-
rotypizaci salmonel, jednak laboratorn¢ pfipravené protilatky proti somatic-
kému antigenu O: 9, 12. Citlivost metody je srovnatelnd s technikami
ELISA, které vyuzivaji polyklondlnich protilatek a které byly publikovany
v literatufe.
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DISTRIBUCIA ORTUTI V MLIEKU

Distribution of Mercury in Milk

Mria KORENOVSKA, Olga POLACEKOVA

Food Research Institute, Bratislava, Slovak Republic

Abstract: The distribution of mercury was studied in different fractions of arti-
ficially contaminated milk, gained after fractionation by centrifugation and acid
coagulation. 20.4% of the total amount of mercury added as Hg(NO,), went to
the cream, and 71.3% to the skim milk. The milk fat contains 16%, the casein
49%, and the whey 22% of mercury. In technological process of cream and butter
production, higher content of mercury was determined in cream by 70% and in
butter by 145% in comparison with base material — milk. The mercury content in
milk and selected milk products was determined. The mercury content in diffe-
rent fractions was determined on one purpose atomic absorption spectrometer.

mercury; distribution; {ractionation; milk; milk products

Abstrakt: V préci je sledovana distribicia ortuti v jednotlivych frakciach umelo
kontaminovaného mlieka, ziskanych frakcionaciou pomocou odstred’ovania
a Kyslého zrazania. Z celkovej ortuti, pridanej vo forme Hg(NO;),, preslo do
smotany 20,4 % a do odstredencho mlieka 71,3 % ortuti. V mlieénom tuku bolo
16 %, v kazeine 49 % a v srvatke 22 % ortuti. V technologickom procese vyroby
smotany a masla sa zistilo zvy3Senie obsahu ortuti v smotane o 70 % a v masle
o 145 % oproti vstupnej surovine — mlieku. Stanovil sa obsah ortuti v mlicku
a vybranych mlie¢nych vyrobkoch. Obsah ortuti v jednotlivych frakciach sa sta-
novil na jednoucelovom atomovom absorpénom spektrometri.

ortut’; distribucia; frakcionacia; mlieko; mliecne vyrobky

V Zivotnom prostredi, ktoré ¢loveka obklopuje, je dokazané, Ze obsah or-
tuti stdle vzrastd. Zdrojom si nieclen odpadové vody a exhalaty zo zavodov
elektrotechnického, chemického a farmakologického priemyslu, ale aj jej
uvol'iiovanie pri spalovani fosilnych paliv a pri spracovani rid. Sekundar-
nym zdrojom kontaminicie su aj niektoré pesticidne prostriedky, ktoré sa
pouzivaju v pol'nohospodarstve. Kazdy d'al$i prisun mdZe znamenat’ pre
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I'udsky a zv1ast detsky organizmus ohrozenie. Je preto potrebné poznat’
a sledovat’ nielen absolutne mnoZstvo jednotlivych toxickych kovov v potra-
vindrskych surovindch, ale aj ich distribuciu do ich hlavnych zloziek, ktoré
su zvyc&ajne zdrojom pre vyrobu potravin, ktoré maji vyznamné postavenie
vo vyzive obyvatel'stva.

Vel'mi vyznamnou surovinou a poZivatinou pre vietky vekové kategorie
konzumentov je mlieko. Sledovanim distribicie kovov v mlieku s vyuzitim
izotopov sa zaoberalo viacero prac. King et al. (1959) sledovali distribiciu
medi a Zzeleza, Roh etal. (1975a, b) kadmiaaortutia Mirchi etal. (1989,
1990, 1991) olova, cézia a zinku. Sledovanim dynamiky vyskytu kadmia,
olova a zinku pri technologickom spracovani mlieka sa zaoberali Papajo-
vda Hermanova (1989).

V nadej praci sme sa zamerali na sledovanie mnoZstva a distribucie ortuti
v mlicku a mlieénych vyrobkoch. Prica bola jednym z podkladov pre zmenu
najvyssich pripustnych mnoZstiev ortuti v mlicku a mlie¢nych vyrobkoch
platnych v Slovenskej republike do zaciatku roku 1994 (0,002 mg Hg v 1 kg).

MATERIAL A METODY

Na distribuciu ortuti v mlicku sme pouzili surové mlicko s obsahom tuku
4,0 % odobrané v mlickarni Milex, Bratislava. Namerany obsah ortuti bol
0,0004 mg/kg, preto sme mlicko v laboratérnych podmienkach umelo konta-
minovali roztokom Hg(NO;), tak, aby obsah v mlieku bol priblizne 1,0 mg
Hgna 1l kg.

Na sledovanie prirodzenej distribucie ortuti v technologickom procese vy-
roby smotany a masla sme vstupnu surovinu a jednotlivé frakcie odoberali
z vyrobného procesu mlickarni Milex, Bratislava.

Analyzované mlie¢ne vyrobky boli zakipené v obchodne;j sieti v Bratisla-
ve. Na meranie mnoZstva ortuti sme pouzili jednoucelovy analyzitor AMA
254, Altec s.r.0., Praha, kde sme priamo navazZovali 100-200 mg vzorky bez
predchadzajucej mineralizécie.

Vsetky pouzité chemikalie boli istoty p.a., voda bola dvakrat destilovana.

Frakcionacia mlieka

Kontaminované mlieko sa zohrievalo na vodnom kupeli pri 37 °C za ob-
¢asného premiesavania a po dvoch hodinich sa v fiom stanovilo mnoZstvo
ortuti. Smotana sa odstredila na odstredivke pri 5 000 otd¢kach po dobu
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10 minut, premyla destilovanou vodou o teplote 40 °C, odstredila a ziskali sa
dve frakcie: mlie¢ny tuk a voda. Odstredené mlieko sa previedlo do izoelek-
trického bodu kazeinu (pH = 4,6) opatrnym prid4dvanim HCI (¢ = 1 mol/dm?).
Kazein vyvlotkoval do druhého diia v chladni¢ke. Po odstredeni sa srvatka
zliala, kazein sa premyl 2-krat destilovanou vodou a nechal sa volI'ne vysu-
8it’. Za staleho mieSania sa previedol do roztoku, postupnym priddvanim NaOH
(c =0,1 mol/dm?®) a odstredenim sa z neho oddelil zvy3ok tuku, fosforenanu
vapenatého, eventudlne zvy3ok kazeinatu vapenatého. Z presného objemu
srvatky sa vyzrazal globulin pomocou nasyteného roztoku (NH,4),SO,. Fil-
trat sa zahrial na 90 °C, vyzréZali sa z neho albuminy a v roztoku zostala
lakt6za. V pricbehu frakciondcie bol v kazdej frakcii stanoveny obsah ortuti
a zistena jej hmotnost’. Schematické znazornenie frakciondcie je na obr. 1.

Mlieko!
smotana2 ' odstredené mlieko3
voda!3 HCl
5 ' 4 I I 6 | 7
mlietnytuk = premyvacia kysly kazein srvétka

V()da5 | voda'3 | (NH),5Q
8

kazein  premyvacia gJobulinyp filtrat
voda® 90 °C

10

11 12
albuminy laktéza

Imilk; Zcream; 3skim milk; *milk fat; "’washing water; 6acid casein; 7whey; 8casein; 9globulin;
filtrate;! 'albumin; Zlactose; Pwater

1. Schéma frakcionédcie kontaminovaného mlieka - Scheme of fractionation of contamined
milk
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VYSLEDKY A DISKUSIA

Z celkového mnozstva pridanej ortuti do mlieka sme vo frakcidch namerali
92 % ortuti. Do smotany pre$lo priblizne 20,4 % a do odstredeného mlicka
71,3 % ortuti. V mlie¢nom tuku bolo namerané 16 % ortuti, v odstredenom
mlieku v kazeinovej frakcii 49 % a v srvatkovej proteinovej frakcii 22 %
ortuti. Malé mnoZstvo ortuti vo vymytej kazeinovej vode (0,2 %) a v srvat-
kovom filtrite po vyzraZani globulinu a albuminu (1,2 %) dokazuje, Ze ortut’
je pevne naviazana na mlie¢nych proteinoch a neviaZe sa na laktdzu.

Relativne vacsie mnozstvo ortuti bolo namerané v prvej oplachovej vode
(3,4 %), ¢o suvisi s mliekom, ktoré sa dostalo do tejto frakcie pri oddel'ovani

I. Distribiicia pridanej ortuti v mlieku — Added mercury distribution in milk

Nazov frakcie' [n:’;'/{lgg] [hm:L %)
Mlieko? 0,995 100,0
Smotanas 5,011 20,6
Mlieény tuk? 4,444 16,0
I. premyvacia voda® 0,225 3,4
1. premyvacia voda® 0,045 0,9
Odstredené mlieko® 0,742 71,3
Kysly kazein’ 4,340 49,2
I. premyvacia voda5 0,008 0,16
II. premyvacia voda® 0,003 0,06
Premyty kazein® 5,748 49,0
Srvitka® 0,265 21,8
Globulin'® 5,732 15,9
Albumin'! 0,060 4,8
Laktéza'? vypoditané'> 1,2

My, = priememy obsah ortuti namerany vo frakciach — average mercury content measured in
fractions

x = priemema hodnota percentuédlneho obsahu Hg v jednotlivych frakcidch mlicka — average
value of Hg percentage content in different milk fractions

! fraction name; 2milk; 3cream; “milk fat; 5washing water; Sskim milk; ’acid casein; 9wht:y;
loglobulin; Halbumin; Pjactose; Bcalculated
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smotany. Vsetky hodnoty uvedené v tab. I si priemernou hodnotou z troch
frakcionacii umelo kontaminovaného mlieka.

Roh et al. (1975) na zaklade prepo¢tu obsahu frakcii na protein (N x 6,38)
zistili, Ze pridand ortut’ sa koncentruje vac¢sinou v tukovych gul'6¢kovych
membranach. MnoZstvo ortuti v membrane vypo¢itané na gram proteinu bo-
lo skoro 100-krat vécsie nez v srvatkovych proteinoch. Na zdklade toho
mozno predpokladat’, Ze ortut’ sa prednostne viaZze s aminokyselinami, a to
najmai s tymi, ktoré obsahuji -SH skupinu.

Ziskané vysledky distribucie ortuti vo frakciach mlieka sa priblizne zhodu-
ju s vysledkami sledovania distribicie Hg v mlicku po pridani radionuklidu
283HgCl,, ktoré publikovali Roh et al. (1975a).

Pri sledovani technologického procesu vyroby smotany a masla sa
v ddsledku prirodzenej kumulacie v mlie€nom tuku obsah ortuti v smotane
zvy$il priblizne o 70 % a v masle az o 145 % oproti pdvodnému mnoZstvu
v mlieku.

Stanovené mnozstva ortuti v mlicku, smotane a masle si uvedené v tab. II, kde
priemernd hodnota je zistena z piatich odberov vzorick. Prehl'ad o obsahu
ortuti v nicktorych vybranych mlie¢nych vyrobkoch je v tab. III.

II. Obsah ortuti v mlicku, smotane a masle z vyrobného procesu — Mercury content in milk,
cream, and butter from production process

X "
Nézovvfvobior (melke] (make] e
Mlieko? 0,0005 0,0012 0,0009
Smotana® 0,0006 0,0024 0,0016
Maslo* 0,0008 0,0035 0,0023

lproduct name; 2milk; 3cream; ‘butter

Vychddzajuc z vysledkov, ktoré sa ziskali pri sledovani distribucie ortuti
v mlicku a na zdklade vysledkov sledovania technologického procesu vyro-
by smotany a masla, bolo zrejmé, Ze maslo a smotana maju neredlne stano-
veny limit. Ak vstupna surovina obsahovala podlimitné mnoZstvo ortuti
(limit pre mlicko bol 0,002 mg/kg), nie vZdy sa z nej dala vyrobit’ smotana
a maslo, ktoré by vyhoveli platnému limitu (0,002 mg Hg/kg), hoci tvaroh
a syry boli zaradené do kategérie s limitom 0,02 mg Hg/kg. Nakol'ko obsah
ortuti vzt'ahovany na hmotnost’ je priblizne rovnaky v smotane a v kazeino-
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III. Obsah ortuti v jednotlivych typoch mlieénych vyrobkov — Mercury content in different
types of milk products

. 1 W Xmi X Xori

Nézov vyrobku Poéet vzoriek [m é“n'('g] [mgrkxg] [mPg“/i‘(“g]
Milieko plnotuéné® 12 0,0001 0,0012 0,0007
Milieko acidofilné* 5 ©0,0005 0,0015 0,0008
Smotana kysla® 10 0,0003 0,0050 0,0017
Maslo® 10 0,0003 0,0028 0,0012
Maslo nétierkové’ 5 0,0005 0,0007 0,0006
Rama 5 0,0001 0,0004 0,0003
Jogurt biely® 10 0,0001 0,0004 0,0002
Eidam® 10 0,0003 0,0071 0,0013
Parenica’ 5 0,0003 0,0014 0,0009
Lunex’ 5 0,0003 0,0013 0,0008
Syrokrém® 10 0,0002 0,0026 0,0010
Delikates® 5 0,0006 0,0027 0,0011
Dieteticky syr® 10 0,0004 0,0014 0,0008
Tvrdé tavené syry® 11 0,0003 0,0026 0.0009

lpmducl name; Znumber of samples; 3whole milk; 4acidophilous milk; 5ripened cream; Sbutter;
"butter spread; 3white yoghurt; *different types of cheese

vej frakcii, odporudilo sa zaradit’ smotanu, maslo, tvaroh a syry do spolo¢ne;j
kategérie ,,mlie¢ne vyrobky* s limitom 0,02 mg Hg/kg.
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PREHLEDY

PRIPRAVA A POUZITi ESTERU MASTNYCH KYSELIN
SE SACHAROSOU*

Miroslav MAREK, Michal VOLDRICH, Dusan CURDA, Jan KOPECNY!

Vysoka skola chemicko-technologickd — Ustav konzervace potravin a technologie
masa, Praha; ! Ustav Zivocisné fyziologie a genetiky AV CR, Praha-Uhrinéves

Vysoky podil tuki v potravé a s tim spojené riziko onemocnéni ischemickou
nemoci srde¢ni, arteriosklerosou a nemocemi latkové vymény vedou ke snaze redu-
kovat nebo nahradit tuky v potravé. Polyestery sacharosy o stupni acylace 5 aZ 8
odvozené od vyssich mastnych kyselin maji stejné fyzikélni a organoleptické vlast-
nosti jako tuky, nehydrolyzuji se viak lipasami a v gastrointestindlnim traktu piiso-
bi jako lipofilni solvent cholesterolu sniZujici jeho vstfebavani (Boggs, 1986).
Pro tyto své vlastnosti jsou polyestery mastnych kyselin se sacharosou povaZovany
za jedny z nejperspektivngjsich nekalorickych nahrad tuku, v literatufe ¢asto ozna-
Covanych jako ,,nekalorické tuky“. O&ekdva se jejich znaéna produkce a spoticba,
podle optimistickych predpovédi potencialnich vyrobcti (Procter and Gamble) by
spotfeba nekalorickych néhrad tuku na bazi polyesterti sacharosy méla v budoucnu
¢init 35 az 70 % soucasné spotieby stolnich olejii (Akoh, 1994). Problém je
v poslednich deseti letech intenzivné studovan, zejména v USA, zatim v3ak nebylo
povoleno jejich pouziti jako nahrady tuku.

V 3ir8i mife jsou estery a polyestery sacharosy pouZivany jako potravinarska
aditiva (obvykle v mnoZstvi do 1 %). Estery sacharosy s mastnymi kyselinami
o stupni esterifikace 1 aZ 3 maji vlastnosti povrchové aktivnich latek, jsou utilizo-
vany v travicim traktu, pouZivaji se jako solubilizaéni, hydrata¢ni, disperga¢ni, sta-
biliza¢ni a emulgadni aditiva (Harrigan, Breene, 1989), jako antimikrobidlni
prostiedky a dale jako latky vytvafejici ochranné filmy pokryvajici ovoce a zeleni-
nu(Drake et al., 1987).

Priprava esteri mastnych kyselin se sacharosou

Pii esterifikaci sacharosy miZe vzniknout 8 mono-, 28 di-, 56 tri-, 70 tetra-,
56 penta-, 28 hexa-, 8 hepta a 1 okta-O-acylsacharosa, celkem tedy 255 latek
(Vydra, Capek, 1989). Volba &inidel a reakénich podminek vychazi pfedeviim

* Prace byla provedena v ramci vyzkumného tkolu & 510/94/1691 financovaného GA CR.
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z uCelu, pro ktery jsou pfisludné estery pfipravovany. Pfi esterifikaci do niZsiho
stupn& jsou pfednostn& acylovany reaktivn&jsi primarni hydroxylové skupiny na
C-6 u glukosy ana C-1" a C-6" u fruktosy, pfi¢emzZ substituce na C-1’ probiha z di-
vodu sterickych zédbran ponékud pomaleji. Ziskané mono-, di- a triestery sacharosy
s mastnymi kyselinami pfedstavuji velmi kvalitni neionogenni tenzidy s $irokym
rozmezim hodnot HLB (5-16) a moZnosti biologické degradace. Pfi jejich vyrobé
jsou rozhodujici vyrobni ndklady, naproti tomu lokalizace acylovych skupin na sa-
charosovém skeletu a do jisté miry i druh acylové skupiny jsou podruzné, protoZe
povrchové aktivni u¢inek produktu je dan hydrofobnim charakterem acylu a hydro-
filnim charakterem sacharosového zbytku.

Estery sacharosy s mastnymi kyselinami o nizkém stupni esterifikace je moZn0
piipravit pfimou reakci s mastnymi kyselinami (Bertsch et al., 1965) nebo pomo-
ci chloridii a anhydridit mastnych kyselin (v patfiéném molamim ekvivalentu). Pfi
pfedpoklddaném rozsahu a Gelu pouZiti esteril sacharosy s vy38imi mastnymi ky-
selinami v3ak nepfichézeji tyto klasické metody esterifikace v ivahu. Proto byly
vypracovany technologie zaloZené na transesterifikaci sacharosy metylestery vys-
Sich mastnych kyselin. Tato bazicky katalyzovana transesterifikace byla ptivodné
provadéna za pfitomnosti rozpoustédel jako je dimetylformamid, dimetylsulfoxid
nebo dimetylpyrolidon. Komeréné byla realizovana v roce 1959 v Japonsku firmou
Dai-Nippon sugar Manufacturing Co., Ltd, pro vyrobu potravinaiskych aditiv.
V USA vsak nebylo pouZiti t&chto aditiv povolené pro jejich odér a pfitomnost
toxickych zbytkl rozpoustédel. Relativné bezpe&né&jsi postup spofiva v provadéni
této transesterifikace ve formé& mikroemilze sacharosy v propylenglykolu jako roz-
poustédle s metylestery mastnych kyselin za pfitomnosti uhli¢itanu draselného ja-
ko katalyzatoru (Osipow, Rosenblatt, 1967). Produktem reakce je 85 %
monoesteri a 15 % diesteri sacharosy (po vyc¢isténi). Tento postup byl pozdéji
vylep3en nahradou propylenglykolu vodou (Kosaka, Yamada, 1977).

Nepfipustnost pouZiti organickych rozpoustédel spole¢n& se snahou o zvy3eni
efektivnosti pfipravy esterii mastnych Kkyselin se sacharosou vedly k fadé studii
vénovanych transesterifikaénim reakcim bez pfitomnosti jakéhokoliv rozpoustédla.
Postup, ktery vyvinuli Feuge et al. (1970), spociva v reakci roztavené sacharosy
(b. t. 185 °C) s metylestery mastnych kyselin za pfitomnosti lithného, sodného
a draselného mydla jako rozpoustédla a katalyzatoru pfi teplotich mezi 170
a 187 °C. Nevyhodou tohoto postupu je pfili§ vysoka teplota, pfi které se roztavena
sacharosa rychle rozklada na ¢ernou dehtovitou hmotu. U obou postupil (s rozpous-
t&dly i bez nich) je vyhodné pouZit snizeného tlaku, aby mohl oddestilovavat alko-
hol jako vedlejsi produkt reakce. Z mnoha studii v&novanych pfipravé esteri
mastnych kyselin niZe substituované sacharosy (Lemieux, McInnes, 1962;
Jones, 1981) vyplyva spoleiny zavér, Ze ¢im v&tSi pomér sacharosy k mastnym
kyselindm je pouZit, tim vétsi je vytéZek mono- a diesterit sacharosy, a naopak
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velky pfebytek metylesterli mastnych kyselin poskytuje vy33i podil vysoce substi-
tuované sacharosy.

Technologicky atraktivni je téZ transesterifikace sacharosy pfirodnimi triacyl-
glyceroly (Vydra, Capek, 1989). Produkt reakce vak obsahuje kromé& mono-
a diesterli sacharosy i mono- a diacylglyceroly (majici rovn&Zz povrchové aktivni
vlastnosti). Tato smés esteril, v niZ pfevaZuji estery s acylovymi skupinami v polo-
héach 6 a 6, nepfili§ spravné oznaovana jako ,,cukroglyceridy®, se u nas vyrabi pod
obchodnim nazvem Helavin.

Pro syntézu esterll mastnych kyselin se sacharosou byla pouZita téZ enzymaticky
katalyzovana esterifikace. Této problematice bude v&novéan samostatny souhmny
¢lanek.

Priprava polyesteru sacharosy s mastnymi kyselinami

Pro ptipravu polyesterit mastnych kyselin se sacharosou je moZné pouZit téméf
shodnych postupii jako v pfipad& nizkosubstituovanych esteri s tim, Ze je potfebny
vy33i pfebytek reagujicich derivatd mastnych kyselin. I kdyZ tyto klasické zpiisoby
esterifikace (Hess, Messmer, 1921) byly studovany pfedevim v souvislosti
s pripravou polyesterll sacharosy, pro technologickou realizaci se ukézala jako da-
leko schiidn&j3i bazicky katalyzovana transesterifikace sacharosy (Yamamoto,
Kinami, 1986), okta-O-acetylsacharosy (Mieth et al., 1983) nebo parcidlné
acetylované sacharosy (Musso etal., 1982) alkylestery vy38ich mastnych nasyce-
nych nebo nenasycenych kyselin. Tuto transesterifikaci 1ze provést v roztoku sa-
charosy ve vysokovroucich aprotickych rozpoustédlech nebo bez pfitomnosti
rozpoustédla. VZdy je v3ak tfeba pracovat s pfebytkem alkylesteri vy38ich mast-
nych kyselin, aby reakce prob&hla v uspokojivém vytéZku a s dostaten& vysokym
stupném esterifikace.

~ Piim4 esterifikace sacharosy je limitovéna jeji tendenci ke karamelizaci pfi tep-
lotach nad 185 °C. Rizzi a Taylor (1978) proto rozdélili syntézu bez pouZiti
rozpou$tédél na dva stupné&. V prvnim stupni reaguji metylestery mastnych kyselin
s volnou sacharosou v moldmim pomé&ru 3 : 1 za pfitomnosti draselnych mydel
poskytujici homogenni taveninu b&hem 2-3,5 hodin obsahujici pfevazné estery sa-
charosy o stupni esterifikace 1-3. Ve druhém stupni je pak pfi pouZiti pfebytku
metylestert mastnych kyselin dosaZeno po 6 h pfi 130-150 °C 90% vyt&Zku poly-
esterll sacharosy (vztaZeno na sacharosu). V obou stupnich je reakce katalyzovéna
pfidavkem alkalickych kovii nebo jejich hydridi. Nevyhodou tohoto postupu je
prodlouZeni reakéni doby a hlavné ekonomicky nevyhodné zvyseni poméru mety-
lesteri mastnych Kyselin k sacharose na 16 : 1. Proto byl tento postup déle optima-
lizovan fadou modifikaci, v nichZ napf. je zahfivdna smé&s sacharosy, metylesteri
a 2-metoxyethylesterii mastnych kyselin, jejich alkalickych mydel a uhli¢itanu dra-
selného a uhli¢itanu sodného za tvorby homogenni taveniny (Volpenhein,
1985). Po ptidavku pfebytku metylesterll mastnych kyselin (v poméru 12: 1)
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a zahfivani na 120-180 °C pfi sniZeném tlaku po dobu 2-8 h je ziskdna smé&s vys-
Sich polyesterii obsahujici 36 aZ 85 % oktaesteru.

Pii syntéze polyesterii sacharosy s mastnymi kyselinami vychazejici z oktaace-
tatu sacharosy bylo reakci s metylesterem palmitové kyseliny za pfitomnosti 2 %
sodiku nebo drasliku dosaZeno pfi teploté 110-130 °C po 3—6 h reakce za sniZzené-
ho tlaku (2 000-3 333 Pa) 80-90% vytéZku polyesterii (vztaZzeno na vychozi okta-
acetat) (Mieth etal., 1983). Pokud je pfi reakci dosaZeno vy3Siho vakua (< 666 Pa),
je moZné i pii teplotach kolem 105 °C dosahnou pies 99 % vytézku (Akoh,
Swanson, 1990).

S ohledem na poZadované fyzikaln& chemické a organoleptické vlastnosti final-
niho produktu a jeho hygienickou nezavadnost je tieba z ného beze zbytku odstra-
nit prebytedné alkylestery vy3Sich mastnych kyselin a estery sacharosy s témito
kyselinami o stupni esterifikace niz8im neZ 4. To se dosud provadi extrakci produk-
tu transesterifikaéni reakce sacharosy s alkylestery vy33ich mastnych kyselin alko-
holem, nej¢ast&ji metanolem, a hexanem (Akoh, Swanson, 1990). Pro
odstratiovani nezreagovanych metylesterli mastnych kyselin byla rovnéZ pouZita
ekonomicky zna¢né& narofna molekuldrni destilace pfi 60-150 °C (Volpen-
hein, 1985; Yamamoto, Kinami, 1986).

Poznatku, Ze polyestery mastnych kyselin se sacharosou nejsou hydrolyzovany
lipolytickymi enzymy, vyuZiva biotechnologicky zptisob ¢isténi téchto polyesteri.
Pomoci lipas nebo mikroorganismi vykazujicich lipolytickou aktivitu (napt. Can-
dida lipolytica) at’ jiZ v nativni, nebo imobilizované formé je z reak&ni smési trans-
esterifikace sacharosy a metylesterit mastnych kyselin odstrafiovan jednak
prebytek metylesteri mastnych kyselin a jednak estery sacharosy s témito kyseli-
nami o stupni esterifikace niZz§im nez 5 (Marek etal., 1991).

Fyzikalné chemické vlastnosti

Velka pozomost byla vénovana studiu fyzikdln€ chemickych vlastnosti esteri
sacharosy s mastnymi kyselinami o stupni esterifikace niz$im nez 4 (Osipow et
al., 1956). Tyto latky jsou rozpustné v horké vodg, v etanolu, metanolu a v acetonu.
Dal3imi typickymi vlastnostmi pro tyto latky jsou tvorba p&ny, smacivost, snizova-
ni povrchového a mezifazového napéti a nezanedbatelna je i jejich stabilita. Hyd-
rofilni a lipofilni rovnovaha (HLB) té&chto emulgétori zavisi:

a) na stupni substituce,

b) na délce fetézce mastné kyseliny,

C) na pfitomnosti dvojné nebo trojné vazby, tj. na stupni nenasyceni (Gupta et
al., 1983b).

Tyto estery se ukazaly jako velmi dobré emulgaéni prostfedky a jako neionogen-
ni detergenty s nizkou toxicitou, které mohou byt usp&sné vyuZivany v kosmetice,
ve farmaceutickém priimyslu a v potravinafstvi.
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Fyzikalni vlastnosti polyesterii sacharosy s mastnymi kyselinami, jako je barva,
konsistence, hustota a refrakce, jsou velmi podobné rostlinnym a stolnim olejiim
(Akoh, Swanson, 1990; Jandacek, Webb, 1978). Hodnota HLB 3,5 pfed-
urluje polyestery sacharosy jako vhodna emulgacni aditiva pro emulze vody v ole-
jich, tj. jako emulgatory v masle, margarinu, v nizkokalorickych pomazankach,
karamelu, ¢okoladé, cukrafskych vyrobcich a pokrmovych tucich (Akoh, 1992).

Analytické metody stanoveni esterii mastnych kyselin se sacharosou

K izolaci, purifikaci i vlastnimu stanoveni esterii a polyesterii sacharosy s mast-
nymi kyselinami mohou byt vyuZity viechny metody a pfistroje pouzivané v che-
mii lipidd, jako je sloupcovd a tenkovrstvda chromatografie, plynova
a vysokou¢inna chromatografie, hmotnostni a infradervena spektroskopie a nukle-
ami magneticka rezonance. Pro izolaci esterit s nizkym stupném substituce byla
popsana fada zpisobi, jednim z nejjednodussich je izolace produktu odpafenim
reak¢ni smési dosucha a rozdélenim zbytku mezi n-butanol a 5% chlorid sodny.
Monoestery je poté mozné vysraZet acetonem pii —5 °C (Lemieux, McInnes,
1962). Rovnéz tak pro izolaci polyesterii existuje cela fada postuptl, jejichZ variace
zaviseji na vychozim materidlu, druhu syntézy, pouzitém katalyzatoru i formé pro-
duktu. B&Znym postupem je neutralizace reakéni smési kyselinou octovou, nasled-
né promyti metanolem, vybéleni pfidavkem aktivniho uhli, zfiltrovani a odpafeni
rozpoudtédel. Vlastni stanoveni polyesterit sacharosy s mastnymi kyselinami se
nej¢astéji provadi pomoci tenkovrstvé chromatografie (Mieth et al., 1983) spoje-
né s detekci postiikem kyselinou sirovou s naftoresorcinolem a naslednym zahfa-
tim. Mista s polyestery se zbarvi riZzovo-fialové. [V pfipadé pfitomnosti esteril
sacharosy s niz3im stupném esterifikace (pod 4) je identifikovana cela fada skvrn
indikujicich rizné izomery (Weiss etal., 1971)].

Kvantitativni uréeni stupn& substituce bylo provadéno rovnéZ mnoha zpisoby,
z nichZ nej¢ast&jsi jsou denzitometrickd méfeni tenkovrstvych chromatogrami
(Weiss etal, 1971), plynova chromatografie na stanoveni celkového obsahu es-
terii, vysokot¢inna chromatografie na reverzni fazi (Mattson etal., 1971) a vy-
sokou¢inna gelova permeabilni chromatografie (Birch, Crowe, 1976). Stupei
substituce byl rovnéZz stanoven pomoci protonové a C-13 NMR spektroskopie
(Akoh, Swanson, 1990). Pro infradervenou spektroskopii esteri sacharosy
s mastnymi kyselinami jsou v zavislosti na vychozim materidlu charakteristické
absorpéni pasy 3 420-3 500 cm™' (OH), 1 740-1 750 cm™" (ester C = O), 1 460 a2
1470 cm™ (C-H v CH; a/ebo CH;) a 900-920 cm™! (rota¢ni vibrace). I kdyZ
estery sacharosy s mastnymi kyselinami zdaleka nejsou tékavymi latkami, byla pro
jejich stanoveni pouZita téZ kombinace plynové chromatografie s hmotnostni spek-
troskopii (Gupta et al., 1983a, b). Volné hydroxylové skupiny byly pfedem sily-
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lovény, pfesto potfebny teplotni gradient dosahoval aZ 380 °C. Pro stanoveni stup-
né& substituce se viak Castéji estery sacharosy hydrolyzuji a uvolnéné mastné kyse-
liny se stanovi ve formé& metylesteri.

Pouiiti esterii sacharosy a mastnych kyselin v potravinafstvi

Fyzikaln& chemické vlastnosti esterli sacharosy a tim i zplsob jejich vyuZiti pfi
vyrobé& potravin je dan stupném esterifikace. Polyestery sacharosy se stupném es-
- terifikace 5 aZ 8 maji fyzikaln& chemické vlastnosti tukd — triacylglyceridi, nejsou
ze sterickych dilvodi utilizovany v travicim traktu a byly pfipraveny jako jedna
z mozZnosti nahrady tuki.

Nejdulezit&jimi producenty ve své&t& jsou Mitsubishi-Kasei Corporation a Pro-
cter and Gamble. V Japonsku vyrabé&ji a distribuuji téméf vyhradn& niz3i estery,
zatimco Procter and Gamble vyviji jiZ od poloviny osmdesatych let aktivity sméfu-
jici k zavedeni polyesterii sacharosy s 6 aZ 8 mastnymi kyselinami, tzv. Olestry
jako nahrady tukii (Gillis, 1988; Jandacek, 1991). Povoleni pouZiti Olestry je
ovliviiovano fadou faktorll, polyestery sacharosy nelze chapat jako aditiva, ale jako
potencialni makrosloZku potravin. Zatimco aditivni latky se davkuji v mnoZstvich
do 1 %, v ptipadé& Olestry by podil v potravin& mohl byt vy33i nez 10 % (Swan-
son, Akoh, 1994). Studie Food and Drug Administration (FDA) potfebné pro
schvdleni vyrobku vyZaduji podavani zkouSené latky laboratornim zvifatim
v mnoZstvi, které odpovida stonasobku ofekavané spotieby pro lidskou vyZivu.
Z uvedenych divodi jsou krmné pokusy neproveditelné (Mentzer-Morrison,
1994). To je také jeden z diivodil, pro¢ dosud nebylo povoleni pro pouZiti polyeste-
rit sacharosy jako nahrady tukii udéleno. Dal$imi diivody mohou byt potencialni
rizika spojené s konzumaci vy3Sich mnoZstvi Olestry v potravé. Kromé pozitivnich
nutriénich vlastnosti, jako jsou sniZeni energetické hodnoty stravy pfi zachovéni
senzorickych vlastnosti tuénych potravin, schopnost vyplavovat cholesterol z orga-
nismu a sniZovat hladinu cholesterolu v krvi, pozitivni u¢inek pfi vyplavovani to-
xickych lipofilnich latek z organismu pfi sou¢asném minimélnim vlivu na resorpci
v tucich rozpustnych vitamini a vlivu na vstfebavani oralné& podavanych 1é¢iv, je
pravidelny vy33i pfijem polyesteril sacharosy spojen také s mimymi negativnimi
disledky (Toma et al., 1988). U vétsiny z testovanych jedincl bylo pozorovéano
celkové zrychleni priichodu podané stravy traktem a u né€kterych z konzumenti by-
la zjisténa téZ flatulence, spontdnni exkrece, zvy3ené nuceni a podobné projevy
(Gliick etal., 1980). Pfes uvedené poznatky vétsina publikovanych studii nasvéd-
uje, 2e bezpetna denni davka polyesterit by mohla &init asi 30 g, coZ odpovida
sniZeni kalorické hodnoty o 270 kalorii (Toma et al., 1988; Aggarwal et al,,
1993). V porovnéni s dal$imi nekalorickymi ndhradami tuki je v pfipadé polyeste-
ri sacharosy vyvoj nejdale a jejich 3irsi pouZiti je obecn& olekéavano.
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PouZiti esteru sacharosy se stupném esterifikace 1 az 3

Estery sacharosy s vy$3imi mastnymi kyselinami o nizkém stupni esterifikace
jsou netoxické, rychle a upln& biologicky odbouratelné a ani produkty jejich meta-
bolismu nejsou zdravi $kodlivé. PouZivaji se pfi vyrob& mycich prostfedki, kosme-
tickych pfipravki a v potravinafském primyslu jako aditiva — emulgétory
a stabilizatory. V cerealnich vyrobcich prodluZuji jejich trvanlivost, pfiznivé
ovliviiuji i vlastni technologii. Ve farmacii se pouZivaji k solubilizaci, jako pojidla
a k pokryvani tablet. Slibné je i jejich pouZiti v textilnim, papirenském a tabako-
vém primyslu (Vydra, Capek, 1989). Vyhodou esteril sacharosy je jejich ,,pfi-
rozeny* piivod, v nékterych oblastech svymi vlastnostmi navic pfed¢i jiné
pouZivané latky. .

Velmi &asté je pouZiti emulgatorii na bazi esteri sacharosy v mlé¢nych a mléku
podobnych vyrobcich, napf. pfi pfipravé umélého mléka (emulgovaného tuku) pro
krmné ucely. V kombinaci s monoglyceridy a dal§imi emulgatory jsou uZivany také
pii vyrob& nemlééné smetany do kavy (Walker, 1984). Uplatnéni nachaze;ji také
pii vyrobé §lehanych polev nebo Slehacky, do kterych jsou pfiddvany v koncentra-
cich niz8ich nez 1 %. Pridavek 0,2 % do zmrzlinovych smési pomaha stabilizovat
zmrzlinu v 3ir$im intervalu teplot (zmrzlina drZi bez poruseni konzistence delsi do-
bu), udrZovat jeji viskozitu a sniZovat riziko vydéleni tuku b&hem zmrazovani
a mrazirenského skladovani. Obecné piidavek esterll sacharosy zlep3uje charak-
teristiky tdni zmrzliny (Walker, 1984).

Piidavek 0,05 % esterli sacharosy do nizkotu¢ného jogurtu pozitivné ovliviiuje
vlastnosti produktu, zejména stabilitu konzistence, homogenitu a senzorické vlast-
nosti. Jogurty pfipravené s pfidavkem esterit sacharosy s kyselinou stearovou
s HLB hodnotami od 5 do 9 byly hladsi s pfijemnou konzistenci proti jogurtim
pripravenym bez pfidavku esteri, které mély drsnou aZ zrnitou konzistenci. Uginek
pfidavku esterii sacharosy spoéiva v jejich vlivu na sniZeni protein-protein interak-
ci a omezeni agrega¢nich pochodl ve vyrobku. Jogurt s pfidavkem niZ3ich esterti
sacharosy s mastnymi kyselinami je rovnéZ stabilni del3i dobu pfi vy3sich neZ chla-
direnskych teplotach skladovani (Farooq, Haque, 1992).

Siroké uplatn&ni nachazeji niZ$i estery sacharosy s mastnymij kyselinami v pe-
kafstvi. Piidavek esterii sacharosy zvy3uje mékkost stfidky, zvysuje objem bochni-
ku a udrZnost bilého chleba (Walker, 1984). Optimalni koncentrace esterti
sacharosy je asi 1 % hmotnosti mouky pro estery sacharosy s vy$si HLB hodnotou.
Estery sacharosy zlep3uji vlastnosti chleba podobné jako 2-O-stearyl-mlé&nan sod-
ny (SSL), ktery je obecné& pouZivén pro zlep3eni objemu bochniki a vy3$§i m&kkost
stiidky.

Princip G¢inku esteri sacharosy v pekarenskych produktech spoéiva ve dvou ob-
lastech: v emulga¢nim ¢inku a v ovlivnéni retrogradace $krobu. Emulgaéni vlast-
nosti zajidtuji, Ze viechny pfisady jsou rovhom&meé rozptyleny v celém objemu
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té€sta. Zatimco estery sacharosy nepiisobi v t&sté jako emulgatory v klasickém
smyslu slova, udrZnost, objem, zrméni a struktura jsou po jejich pfidavku lepsi
(Ebeler, Walker, 1984). Estery sacharosy zpomaluji slepeni a Zelatinizaci
Skrobovych zm v tésté a pozitivng ovliviiuji jeho vlastnosti pfi dalsim zpracovani.
Teplota Zelatinizace pSeni¢ného Skrobu se piidavkem esterii sacharosy zvy3uje. Jak
uvadi Walker (1984), miZe maly pfidavek esterii sacharosy do tésta znamenat
zlep3eni vlastnosti ceredlnich vyrobki, zvy3eni produktivity vyroby a sniZeni na-
kladu.

V masném primyslu nalezly estery sacharosy s nizkym stupn&m esterifikace
mastnymi kyselinami uplatnéni jako emulgatory pii vyrob& masovych pomazanek
(Hara, 1989).

Estery sacharosy s mastnymi kyselinami jsou také soucasti smési uréenych
k povrchovému o3etfeni ovoce a zeleniny (Shi, Gu, 1986; Fukushima, 4
1989). Prikladem takového pouZiti je povlékani povrchu ¢erstvych plodi ovoce
a zeleniny k prodlouZeni jejich skladovatelnosti. OSetfeni plodi povle¢enim lipo-
filni vrstvou nahrazuje zabaleni do plastové folie — hlavnim efektem je zamezeni
ztrat vody vysychanim béhem skladovani. Dal$im pfiznivym disledkem je ovliv-
néni rychlosti vymény plynd, i pro plyny (kyslik, oxid uhli¢ity) propustny film
lipofilniho povlaku omezi vyménu plyni a sniZi rychlost dychéni pletiv a tim i fy-
ziologickych zmén spojenych s dozravanim plodi. PouzZiti povlakii také sniZuje ri-
ziko poskozeni vici chladu citlivych druhit ovoce a zeleniny (Chen, Paull,
1986) a brani sniZeni senzorické a nutri¢ni hodnoty v disledku poskozeni chladem,
jako je napf. enzymové hnédnuti uvnitf poskozenych pletiv.

Obvykle jsou aplikované latky nanaSeny postiikem plodii nebo naméac¢enim do
emulzi nebo roztoki, sou¢asné mohou byt pouZity povolené pesticidni pfipravky.
Tim je také optimalizovano pouZiti agrochemikalii, které jsou nanaSeny homogen-
né v nejnizsi u¢inné koncentraci a jsou fixovany po celou dobu na povrchu oetfe-
nych plodi (Kopec, 1977). Popsany zpiisob o3etieni se pouziva v kombinaci
s chladirenskym skladovanim u jablek, manga (Joseph, Aworh, 1992), citruso-
vého ovoce (Cohen et al, 1990), nékterych peckovin, ananasi, hrudek, rajskych
jablek, melount, okurek, paprik, brambor a dal$ich druhil ovoce a zeleniny (Ko-
pec, 1977). Vyhodou pouziti esterit sacharosy proti dal3im prostfedkiim pouZiva-
nym k povlékéani ovoce a zeleniny je jejich definovana Cistota, zaruCené sloZeni
a charakter blizky pfirozenym sloZzkam ovoce.

Pro svoje antimikrobni vlastnosti (Beuchat, 1980; Kato, Arima, 1970,
Marshall, Bullerman, 1986) nalezly estery sacharosy s mastnymi kyselinami
rovné&Z uplatnéni pfi sterilizaci potravin (Nakamura, Kawaguchi, 1993).

PouZiti polyesteri sacharosy se stupném esterifikace S az 8

Potenciélni aplikace polyesterii sacharosy jsou také 3iroké. Vice neZ polovina
spotfebitelil dnes dava pfednost nizkokalorickym vyrobkiim — pomazénkam se sni-
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Zenym obsahem tukii, odlehéenym zmrzlindm, nizkotuénym syrim apod., jesté vi-
ce konzumentl vyjadfilo zdjem o &astednou ndhradu 4uki ve smaZenych a podo-
bnych vyrobcich (Swanson, Akoh, 1994). Chut a vin& srovnatelna
s vyrobkem vyrobenym klasickou cestou je v t&chto ptipadech rozhodujicim fakto-
rem. Proto je nezbytné, aby nahrada tukii méla také srovnatelné funkéni vlastnosti.
Z uvedeného pohledu polyestery sacharosy naroky spliiuji.

Polyestery sacharosy mohou byt syntetizovany z riiznych tukd (mlééného tuku,
sadla, loje, rostlinnych olejii apod.). Vlastnosti polyesteri mohou byt upraveny
podle narokii na bod tani, konzistenci a dalsi funkeni vlastnosti vyb&rem mastnych
kyselin z pfirozenych triglyceridi a dalsich zdroji. Pfipravené polyestery mohou
¢astedné nebo uplné nahradit tuk nebo olej v pe€ivu, syrech, v mléénych vyrobcich,
stejné jako mohou byt pouZity pro smaZeni.

Firma Procter and Gamble intenzivné pracuje na zavedeni pouZiti polyesteri sa-
charosy jako nahrady tuku jiZz od roku 1971 (Swanson, Akoh, 1994). V roce
1987 v petici pro Food and Drug Administration navrhovala tyto podminky pro
pouziti Olestry jako nekalorické ndhrady tuki:

— pouziti pfidavki maximalné 35 % hmotnostnich do tuku do pediva, salatovych
oleji, tukil a olejii na vafeni pro malospotiebitele v domacnostech;

— pouziti Olestry do 35 % hmotnostnich jako pfidavek do tuki a olejii pro hro-
madné stravovani a pro vyrobu a distribuci potravin a piidavek Olestry do 75 %
hmotnostnich do tukil a olejii pouZivanych ke smaZenti;

— pouziti Olestry do 75% podilu v olejich a tucich pro vyrobu snacki, bramboro-
vych lupinkil, kukufi¢nych ¢ipsi, extrudovanych vyrobkt a podobnych produk-
ti(Ziller, 1987).

Béhem let bylo patentovano 3iroké spektrum aplikaci polyesterii sacharosy, ze-
jména firmou Procter and Gamble. Patenty (Adams etal., 1990; Kong-Chan et
al., 1991; Young et al., 1992) na pouZiti polyesterti sacharosy uvadéji zlepSeni
chuti, viin€ a konzistence (pozitivni Gipravu taktilnich vlastnosti potraviny vyvola-
vajici pocit hladkosti v uistech) pro ledové polevy na pecivu, $lehatkové pény, cuk-
raiské polevy, zeleninové zalivky, pomazankova masla, ztuZzené tuky, araSidové
madslo, smetanové krémy, smetanové syry, mraZzené dezerty atd. PouZiti polyesteri
sacharosy v koncentraci do 0,1 % hmotnostnho do salatovych oleji zpomaluje
krystalizaci vysokotajicich sloZek oleje a brani jeho zakaleni béhem skladovani
v chladu. Obdobné prispiva ke stabilit® majonéz pfi jejich dlouhodobém chladiren-
ském skladovéani (Baur, Lutton, 1964). Naslehané vyrobky pfipravené jako
disperze dusiku jsou vysoce odolné proti sednuti, beze zmén struktury jsou sklado-
vatelné vice neZ Sest mé&sicii pfi pokojové teplot® (Adams et al., 1990). Podle
udajit uvedenych v patentech maji ¢edar a smetanové syry, bramborové lupinky,
popcorn, puffy, pelety a dalsi extrudované vyrobky, krackery i extrudované pléatky
ovoce v pfipad€ pouZiti polyesterii sacharosy lepsi vlastnosti, chut’ i viini. Estery
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sacharosy s vy3$§im stupném esterifikace se rovnéZ pfidavaji jako soucést jedlych
povlaki pouZivanych pro zabrané&ni pfistupu vody k trvanlivému peivu a k udrZeni
jeho kiehkosti (Greener, Fennema, 1992).

Vedle srovnatelnych nebo lep3ich senzorickych vlastnosti vykazuji estery sacha-
rosy také podobné funkéni vlastnosti. Porovnani stability oleje a Olestry stejného
kyselinového sloZeni pfi dlouhodobém tepelném naméahéni odpovidajicimu hlubo-
kému smaZeni ukazalo, Ze Olestra se svoji stabilitou miniméaln& vyrovna oleji na
smaZeni (Henry et al., 1992). Podobny srovnavaci pokus s oxidaci b&hem 12 ho-
din zéhfevu na 100 °C vedl ke zji5t&ni vy33i stability oktaesteril sacharosy. Olej se
stejnym sloZenim mastnych kyselin se za stejnych podminek oxidoval rychleji nez
smés &istych oktaesteril sacharosy (Rios et al., 1992).

Dal¥ oblasti pouZiti

Vzhledem k riistu vyznamu produkce tzv. nutriceutik — vyrobki na hranici pot-
ravin a lé&iv — nejsou z hlediska potravinaiskych aplikaci nezajimavé farmakolo-
gické aplikace esterii a polyesteri sacharosy.

Mattson (1977) patentoval preparat na bazi polyesterii sacharosy obohaceny
vitaminy rozpustnymi v tucich jako nizkokalorickou potravinu a v upravené formé
jako prostiedek pro prevenci hypercholesterolemie. Podobné jsou polyestery sa-
charosy navrhovany pro detoxikaci organismu zasaZeného toxickymi lipofilnimi
produkty (napf. DDT a PCB), podavéni polyesterii urychluje vylougeni toxickych
latek z organismu (Volpenhein, Jandacek, 1980).

Polyestery sacharosy podévané oralné samotné nebo v kombinaci s lithocholo-
vou kyselinou jsou pokladany také z bezpe&ny a ucinny prostfedek pro rozpousténi
ZluCovych kameni (Jandacek, 1981).

Estery sacharidi a derivaty glykosidi byly popsény téZ jako perspektivni pros-
tfedek proti neoplasmam, akné, psoriase, alergickym a zanétlivym dermatézam pfi
povrchové aplikaci (Bollag, Wys, 1982).
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Preparation and use of sucrose fatty acid esters

Review deals with different ways of synthesis of sucrose fatty acid esters and
their application in food industry and in other fields of practice. Experimental, tech-
nical and environmental aspects of preparation of esters with low degree of esteri-
fication (up to three fatty acids in the molecule) and sucrose polyesters of higher
degree of esterification are discussed. The analytical procedures for their determi-
nation are described as well. The possibilities of practical use and general proper-
ties (nutrive value, antimicrobial effects, physical properties, etc.) of the both types
of sucrose esters are summarized.
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ZIVOTNi JUBILEA

Zivotni jubileum Ing. Alexandra Szokolaye, DrSc.

V &ervenci t. r. oslavil v Bratislavé své okrouhlé harozeniny jeden z nejvyznam-
n&jsich ¢eskoslovenskych potravinaiskych chemiki — Ing. A. Szokolay, DrSc.
(*15. 7. 1925). Od ukonéeni studii v roce 1952 se dodnes nepfetrZité zabyva prob-
lematikou cizorodych latek potravinového fetézce a obecnou ekotoxikologii.

Podstatnou &ast svého odbomého Zivota proZil jubilant ve zdravotnickém vyzku-
mu, zprvu v byvalém Vyzkumném ustavu hygieny a poté ve Vyzkumném ustavu
preventivniho lékafstvi v Bratislavé. Zde jej také zastihla éra intenzivni chemizace
naseho zemédélstvi se svymi pozitivnimi i negativnimi dopady. Pravé méné& pfizni-
vé dusledky na zdravi ¢lové&ka a Zivotni prostiedi se staly hlavnim pfedmétem jeho
zajmu. Nejhloubgji propracoval problematiku pesticidi, zejména v Zivo&isnych
produktech.

V obdobi 1967 aZ 1969 pracoval v Némecku jako stipendista Nadace Alexandera
von Humboldta. Plnych 16 let byl externim spolupracovnikem FAO/WHO. Od ro-
ku 1966 do roku 1991 prednasel na Slovenské technické univerzité (byvalé SVST).
V letech 1981 aZ 1988 zastaval funkci feditele Vyzkumného ustavu potravinéfské-
ho v Bratislavé. V soucasné dobé je expertem Statniho zdravotnického tustavu SR.

V oblasti cizorodych latek je jubilant vSeobecn& uznavanym a vysoce cenénym
odbornikem a je moZné bez nadsizky hevofit o jim zaloZené védecké Skole této
discipliny. Za vyvrcholeni jeho neoby&ejné bohaté publikaéni &innosti (pfes 280
védeckych a odbornych stati v&etn& 3esti knih a téméf tolik pfednéasek na konfe-
rencich, sympoziich a seminafich doma i v zahraniéi) je moZné oznacit tyto mono-
grafie: Szokolay, A.: Cudzorodé ldatky v poZivatinach (Martin 1969 a 1983)
a Rozsival L., Engst R., Szokolay A.: Fremd- und Zusatzstoffe in Lebensmitteln
(Leipzig 1978). Tyto publikace stile slowZi jako jedny ze zakladnich pfiru¢ek pot-
ravinafskych a zdravotnickych vyzkummych a kontrolnich pracovist’.

Vyznamny podil v odborné ¢innosti Ing. Szokolay e zaujimaji i prace z analy-
tické oblasti. Neziistaval pfitom jen u samotnych metod stanoveni, vZdy se snazil
odevzdat své poznatky do praxe cestow mavrhi na legislativni ipravy a kritéria
uplatiiovana pfi- hodnoceni irovné vyZivy obyvatelstva.

A. Szokolay je také jednim z hlavmich zakladatelll a organizatorl konferenci
o cizorodych latkach, které jsou uZ po m&kolik desetileti pravideln& pofddany v Tat-
rach. Leto3ni v pofadi uz X VI. konferemce v Tatranské Strb& byla vénovéna pravé
jubilantové pocté.
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Ing. Alexandr Szokolay, DrSc., patfi do elitni skupiny osobnosti ¢eskosloven-
skych potravinéiskych véd. Po rozdéleni statu je horlivym zastdncem co nejsirSich
a nejéasté&jSich kontaktl a konkrétni spolupréace Eeskych a slovenskych odbomikil.

Piejeme mu jesté mnoho let dobré duevni a télesné kondice, kterd mu umozni
dalsi ¢inorodou préci v oboru, ktery ma rad a v némz stale mnoho znamena.

doc. Ing. Jaroslav Prugar, DrSc.
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