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40th ANNIVERSARY
of the FACULTY of FOOD and BIOCHEMICAL TECHNOLOGY
in PRAGUE, CZECHOSLOVAKIA

The education of food technologists and food scientists did not begin 40 years
ago. Two hundred years ago, the first study programme in technical chemistry
in the world began in the Royal Czech Technical School in Prague. The second
teacher in chemistry, Professor Steinmann included in the programme
courses on plant and animal substances yet in 1817, and practical courses
comprised agricultural chemistry, fermentation chemistry and technologies of
beer, vinegar and spirit production. Another professor, K. N. Balling was
a prominent scientist both in sugar and fermentation chemistry. In this time, the
school was named the Polytechnical Institute of the Czech Kingdom. In 1855,
Balling founded the Agricultural Chemical Station as a part of the School.

In the seccnd half of the last century, several important food scientists gave
lectures on food technology - Prof. Stanék on sugar technology. Prof.
Bélohoubek on brewing technology (he founded a special school for
brewers), and Prof. Preis and Prof. Andrlik on sugar technology.

After the First World War, the Czech Polytechnics has becn established, and
the School of Chemical Engineering (essentially, chemical technology and
analytical chemistry) became a part of the polytechnics, where programmes of
fermentation chemistry and technology, sugar technology, and food quality
assessment were founded for the education of food technologists. Prof. Hanu §
(food analysis) and Prof. Votoc&ek (sugar chemistry) were scientists of
international importance. Food science was included in the programme of the
polytechnics in Brno, where Prof. Vesely launched a programme of fats and
oils science. Programmes for the education of food technologists were started
on Agricultural Colleges as well, e. g. on dairy chemistry (Prof. Laxa ).

After the Second World War, a great need for graduated food scientists
stimulated the foundation of an independent Faculty of Food Technology. The
Faculty became a part of the new School of Chemical Technology which was
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separated from the Czech Polytechnics. The first name of the faculty was
Faculty of Food Technology, with a strong chemical and physical backgrounds.

In 1952, 40 years ago, Prof. J. Dyr, specialized in fermeniation
technologies, was appointed as the first Dean of the Faculty. Other professors
previously being active in Prague, taught at the new Faculty, i. e. Prof.
Sandera in the Department of Sugar Chemistry and T echnology, Prof.
Janiéek in Food Chemistry, and Prof. Hamp!l in Microbiology. Prof.
Slavicek, a sugar chemist (later giving lectures in physics and computer
science) came from the Moravian Polytechnics in Brno. Several professors
came from School of Agriculture, Prof. Prok$ (dairy technology), Prof.
Kyzling (preservation technology) came from Brno, and Prof. Zelenka
(starch technology) from Nitra. Dr.L d t gave lectures on meat technology, and
Prof. Lom on the economics of food industry. Many new young assistant
professors joined the Faculty, and the number of students has since then steadily
increased.

The growing importance of biotechnology resulted in the introduction of
several new courses on biotechnology, some of them on non-food applications,
and therefore, the name of the Faculty was changed to the Faculty of Food and
Biochemical Technology (in 1969). In 1965 the Faculty moved to another
building located within the Czech Technical University Campus.

Now the Faculty offers the following education programmes:

1. Food Chemistry and Analysis

2. Chemuistry of Natural Substances

3. Enzymic Engineering

4. Biomedical Engineering

5. Fermentation Chemistry and Bioengineering

6. Carbohydrate Chemistry and Technology

7. Milk and Fat Technology

8. Meat and Preservation Technology.

The number of 3tudents in nearly 1,000, and the interest is now growing. We
hope that the 40th anniversary of the Faculty would be the stimulus for further
development

Prof.Dr.Jan Pokorny,
Dean of the Faculty
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FOOD and BIOCHEMICAL RESEARCH
at the FACULTY of FOOD and BIOCHEMICAL TECHNOLOGY,
INSTITUTE of CHEMICAL TECHNOLOGY, PRAGUE

There is a general trend of food science in the nearest future to look for the
projects and their solutions in the nutrition policies bringing radical
improvement in the health of world population. The same trend is pronounced
in our country as well. Under the present transformation of the central planned
economy into the market oriented economy, rapid privatization of the food
industry, and the introduction of foreign capital, intentions of the food research
may be defined as follow:

- 10 increase the hygienic value and the safety of food products,

- to decrease production costs and the input of energy,

- to increase utilization of the production equipment, especially the machinery,

- minimize the contamination from agriculture and food processing in order
to improve the ecologic situation.

Requirements to produce foodstuffs of high quality and of relatively low price
cannot be fulfilled without close cooperation between agricultural production,
processing industry, and distribution, i. e. the food chain from the field to the
consumer.

Projects of food and biochemical research at various Departments of the
Faculty can be divided into five areas as follows:

- food raw materials and wastes,
' - optimization of processing technologies,
- quality of food products,
- application of biotechnology in food industry and ecology,
- chemistry of natural substances.
They are reviewed in more detail in the following text.
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1. Food Raw Materials and Wastes

- rationalization of the utilization of raw materials and wastes in the brewing
industry aimed at improving the product quality and the ecology of beer
production,

- enzymic activities during the pre-harvest period, and post-harvest changes
of plant raw materials,

- evaluation ot the technological quality of sugar beet,

- isolation of substances from products and wastes of the sugar industry,

- standardization of flour characteristics from the viewpoint of the
biologically active component contents,

- degradation of steroid glycoalkaloids in food raw materials and products,

- macromolecular components of fruits and vegetables with respect to their
optimal applications,

- natural food additives,

- lactic fermentation in the processing of fruits and vegetables.

2. Optimization of Processing Technologies

- optimization of discontinuous fermentation processes,

- modelling of the sucrose crystallization,

- optimization of technological processes in the production of fats and oils,

- changes of triacylglycerols in the process of hydrogenation,

- effect of the temperature and time of heating on selected quality
characteristics of canned products,

- theory of heat transport and kinetics of thermoinactivation processes during
sterilization of packed food products,

- thermostability of packaging for the microwave heating, and safety aspects
of food packaging.

3. Quality of Food Products

- chemical changes in food materials during the processing and storage, and
their effect on the nutritional and sensory quality, and on the safety, with
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particular emphasis on the processes of autoxidation and enzymic oxidation,
non-enzymic browning, hydrolytical reactions, and degradation of natural toxic
substances,

- effect of environmental contamination on the hygienic and toxicological
quality of food,

- effect of technologic and organoleptic properties of animal food products
during the storage,

- application of capillary isotachophoresis in the analytical control of starch
production,

- maturation of some selected types of cheeses,

- nutritional and technologic properties of milk fat, effect of feed on the
composition of lipid fraction of milk.

4. Application of Biotechnology in Food Industry and Ecology

- production and utilization of ethanol,

- interaction of cellular population with toxic substrates,
- behaviour of microbial cells under stress conditions,

- enzymes in food industry and ecology,

- development of microbial systems and plant cells,

- bioanalytical methods,

- selection of microbial strains capable of biodegradation of main organic
contaminants, and the application in the protection of food chains,

- genetic control of the thiamin excretion in S. cerevisiae mutants,
- enzymic hydrolysis of starch,

- pure microbial cultures for the food industry,

- application of biocatalysis in the organic synthesis.

5 . Chemistry of Natural Substances

- chemistry of sucrose,
- deoxypentoses,

- aminodeoxy- and azidodeoxy derivatives of hexoses and their chelating
activities,
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- composition and properties of nystatin,

- synthesis of compounds inhibiting the formation of leukotrienes,

- partial acetylation of xylopyranosides,

- hydrophilization of monoacylglycerols, synthesis, characteristics, and
applications as potential food emulsifiers.

The common principle in all the above areas of research is the environmental
concern, which is emphasized in the industrial application. In the research,
graduate students (working for their Ph. D.) in their dissertations, and students
working for their M. Sc. in their diploma works, co-operate with teams of
teachers; undergraduate students are involved as well.

Great advantage of the Faculty of Food and Biochemical Technology consist
in the fact that it is a complex university institute where the pedagogical
activities are combined with scientific research, and that the activities in all
areas of food science, biochemistry, microbiology and technology are in close
co-operation with those of other faculties of the Institute of Chemical
Technology (Faculty of Chemical Technology, Faculty of Chemical
Engineering, and Faculty of Environmental Technology), with research
institutes of the Academy of Sciences (especially, Institute of Theory of Chemical
Technique, Institute of Microbiology, and Institute of Organic Chemistry and
Biochemistry), with applied Food Research Institute (Institute of Food
Research, institutes of various branches of the food industry), with control
laboratories, and with food industry production plants.

Results of the basic research on the Faculty enable for the Faculty members
to take active part in the applied research, and numerous practical projects for
various food organizations, manufacturing companies, factories, control
laboratories, and other institutions of food industry.

Inthe last two years, international relations of the Faculty have grown in their
intensity, especially their participation in various programmes of the European
Community. This development has favourable effect on the knowledge,
experience, and personal contacts of students and faculty members, and thus on
their subsequent activities in the industry, analytical laboratories, and research
both in Czechoslovakia and in the common European market.

Prof. PavelK adlec,PhD.,D.Sc.
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EFFECT OF DEXTRAN AND INVERT SUGAR
ON SUCROSE CRYSTAL SHAPE

Zdenék BUBNIK, Pavel KADLEC

Institute of Chemical Technology - Department of Carbohydrate Chemistry
and Technology, Technickd 5, CS-166 28 Praha 6, Czechoslovakia

From previous experiments (Mantovani etal, 1991; Bubnik et al,
1991) although it is known that oligosaccharides are involved in sucrose crystal
elongation along the c-axis in cane sugar processing, we have related such
elongation in A, B and C magmas, to the presence of dextran, glucose and fructose.
In order to make the observed effects independent of the presence of other
impurities in the growth syrup, we have carried out a series of laboratory
experiments on artificially-prepared sucrose solutions where crystals were grown
in the presence of different percentages of the three above-mentioned
impurities.Observations under the microscope allowed us to confirm findings with
industrial syrups and to experimentally verify the interference occurring among
the three impurities. The elongation along the c-axis and the morphology
modifications depended upon the relative percentages of these. The different results
obtained which depend upon the differing amounts of the impurities involved and
consequently on their variable interactions with each other, explain the disparity
of often quite contrasting experimental data which can be found in the literature,
in particular as far as the dextrans are concerned.

sucrose crystal; sucrose crystal shape; crystal elongation; crystal morphology and
modifications; crystal forms and faces; dextran; invert sugar

Sucrose crystals are monoclinic and polar crystals occurring in a wide variety
of shapes due to different combinations of forms (pair of like faces). The typical
sucrose crystal is depicted in the Fig. 1. The occurrence and size development
of the particular forms depend on conditions during nucleation and growth of
the crystals, especially on the presence of various impurities in mother syrup.

The elongation along the c-axis of sucrose crystals originating from sugar
cane processing has always been a significant problem and has attracted the
attention of many authors Smythe,1971; Mantovani etal., 1991;
Bubnik etal., 1991). Such elongation has been found to occur not only in
sugar cane factories but also in cane sugar refineries. This elongation obviously
must be ascribed to the presence of particular impurities which, by modifying
the growth rate rations of the different crystal faces, can cause these remarkable
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1. Typical sucrose crystal
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morphological modifications. However, contrary to what has been found with
beet sugar crystal elongation, which is universally attributed to the presence
of raffinose, the conclusions drown by various authors with regard to cane
sugars show only partial agreement or even differing results.

Oligosaccharides and dextrans are the impurities which have been the most
studied but it is possible to find controversial literature data on their effects,
especially with investigations carried out on factory syrups. A careful study of
the morphology of crystals present in a cane sugar factory’s A, B and C magmas
(Vaccari etal, 1990) allowed to point out, not only an elongation along
c-axis, but also an unusual morphology which was mainly related to C magmas,
i. e. disappearance of the small faces on the left pole and the appearance of the
less common faces on the right pole promoted the growth of crystals showing
a peculiar D shape.

The cause of such a phenomenon was ascribed to the presence of glucose and
fructose by Vaccari et al. (1991), because the former promotes the
disappearance of the small faces on the left pole whilst the latter causes the
appearance of the small faces on the right pole.

Bearing in mind that these two sugars, together with dextrans, make up the
main impurities present in cane sugar factory magmas, Mantovani etal.
(1991) have taken into consideration the possibility of correlation between their
presence and the elongation of sucrose crystals along the c-axis. The results they
have obtained (M antovani etal, 1991) show a negative correlation, in
particular for glucose and fructose, thus they have assumed a negative
synergistic influence on the reciprocal effect of the three impurities. In other
words, each impurity tends to hinder the effect of the other two. Of course, such
a hypothesis required confirmation under laboratory conditions, bearing in mind
that other impurities present in the magmas can themselves exert remarkable
influences.
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MATERIAL and METHODS

Crystallization experiments were carried out in pure sucrose solutions and in
the presence of glucose, fructose and dextran either separately or as binary and
ternary systems. Concentration levels were within the ranges found for
industrial magmas. In particular, glucose and fructose concentrations reached
200 g per 100 g of water where as a maximum of 50 g per 100 g of water was
used for dextran, which had an average molecular weight around 87,000 g/ mol.

The crystallization tests were performed by the cooling crystallization
technique. A fixed amount of seed was added to the various sucrose solutions,
both pure and in the presence of the named impurities and having
supersaturation of about 1.05 at 80 °C. Then, the temperature was progressively
decreased at a rate of about 3 °C per hour for pure solutions or those containing
low levels of the impurities, and at a rate of 0.5 °C per hour for the most impure
systems. Samples of the artificial magmas, which were stirred to avoid settling
out, were taken when the temperature fell to between 60 °C and 40 °C, and
examined microscopically after dispersion in a saturated sucrose solution at
room temperature in order to determine the c¢/b ratios of the crystals. Between
60 and 120 crystals were so measured for each crystallization test.

Calculations of the approximate supersaturation in the presence of the various
impurities were made using the literature sucrose solubility data for glucose and
fructose (Honig, 1963) and assuming that the effect of dextran was
comparable to that exerted by
invert sugar. Because the
adopted literature data covered
only a limited solubility range,
we also employed the
experimental data obtained by
Bubnik and Kadlec
(1988) for impure sucrose
solutions. Of course, these
solubility data, bearing in mind
what has been stated above, were P @
only approximate, although they ¥ T
were sufficiently precisc for our
purposes of avoiding either
marked nucleation phenomena 2. Variation of sucrose crystal c/b ratios as function of
on the one hand or seed glucose, fructose and invert sugar concentrations (g per

dissolution on the other. 100 g water) in artificial magmas

o/ RATIO (1)

arm
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Coefficients of variation of measurements made on anyone crystal crop varied
from 5.7 % to 13.4 % . The lowest values were obtained with pure solutions and
the highest came from solutions containing the highest concentrations of
dextran. Fig. 2 shows the c/b ratio data of crystals obtained from sucrose
solutions containing increasing amounts of glucose, fructose and invert sugar
(equal amounts of glucose and fructose).

It can be seen that glucose and fructose and consequently invert sugar show
comparable effects on the elongation of crystals, the ¢/b ratio of which, in the
presence of the highest concentration of these impurities, increases by about
40 % in comparison with the ¢/b ratio of crystals from pure solution.

The curve in Fig. 2 is based on the equation:

0.350
R; = R, + 044 . (1]

where: R; - ¢/b ratio in the presence of glucose, fructose and invert sugar
R, - c/bratio for pure sucrose solution (R, = 0.70)
c; - glucose, fructose or invert sugar concentration

The differences between experimental data and data calculated from equation [1]
ranged between -0.03 to +0.01 which corresponded to percentage differences in the
increase of the experimental and calculated c/b ratios of between -4.0 and +2 %.
Such differences are obviously smaller than coefficients of variation of measurements
made on the same crop. Fig. 3 shows a sucrose crystal grown in the presence of
invert sugar.

The variation of the c/b ratio as a function of increasing concentrations of dextran
is shown in Fig. 4. It can be seen here that the effect of dextran on crystal elongation

3. Sucrose crystal grown in the presence of invert
sugar (100 g invert per 100 g water; i. e. 50 g glucose
per 100 g water and 50 g fructose per 100 g water)
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is much more striking when compared with that obtained with invert sugar and
300 % higher than for pure solution, at the highest impurity concentration.
The curve in Fig. 4 is based on the equation:
R, = R, +0101.c%" + 0.129.c%7 2]

where: Ry - c/b ratio in the presence of dextran
¢4 - dextran concentration

The differences between experimental data calculated from equation [2]
ranged from -0.06 to +0.09 which corresponded to percentage differences in the
increase of the experimental and
calculated c/b ratios of between -9 TT 7710111 1 A
and +13 % . Again, in this case the 2 ‘ >
differences are less than the T
coefficients of variation of
measurements carried out on the
same crop. Figs. 5 and 6 show
sucrose crystals grown in the

presence of dextran, thus A b i
demonstrating the striking i ST T -
differences in dextran and invert = o s s o E e e h
sugar effects on ¢/b ratios (Fig. 3). PPN CRCEIMION T

For the ternary system, glucose,
fructose and dextran it was 4. Variation of sucrose crystal ¢/b ratios as function of
possible to calculate a dextran concentrations (g per 100 g water) in artificial
two-parameter function which magmas

would permit calculation of the ¢/b ratio as the function of both invert sugar and
dextran concentrations:

]

</ RATIO (1)
®
N

i_j.
N

R=R,+K.co'+K,.c& 3]

where: R - ¢/b ratio in the presence of impurities
R; - /b ratio in the presence of invert sugar according to equation [1]
K, K; - coefficients dependend on the invert sugar concentration c;:

K, = 0101 + 0.108.c;" - 0.00165.c" [4]
0.277
K, = 0.129 - 00144 .c° 5]

Obviously, if the dextran concentration is zéro, equation [3] becomes equation
[1], and if the invert sugar concentration is zero, equation [3] becomes equation
[2]. The differences between experimental data and data calculated from
equation [3] ranged from -0.11 to +0.14 which corresponded to percentage
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———

5. Sucrose crystals grown in the presence of 6. One of the crystal shown in Fig. 5
dextran (30 g dextran per 100 g water)

differences in the increase of the experimental and calculated c/b ratios varying
between -8.2 % and +6.4 %. Once more the differences are lower than the
coefficients of variation of the measurements carried out on the same crop.

DISCUSSION

Fig. 2 clearly emphasizes that the increase of the c¢/b ratio with glucose,
fructose and invert increases being equal, is more noticeable at low
concentration of these impurities. This fact could be explained as an inhibition
exerted by the impurity on itself when its concentration reaches sufficiently high
values. A possible explanation of this phenomenon, which needs suitable
confirmation, could be based on association, and subsequent auto-inhibition,
phenomena among the monosaccharides molecules when their concentration
becomes particularly high.

In Fig. 4 shows that the increase of c/b ratio caused by the presence of dextran
is more evident than that caused in the presence of the monosaccharides. Even
in this case, although it is less clear than in the presence of the monosaccharides,
the increase of c¢/b is more evident at low impurity concentration with equal
increases of dextran concentration. The association phenomena mentioned
above could also be taken into account for dextran. Considering the combined
effect of dextran and invert sugar, we have plotted in Fig. 7 the theoretical trend
which could occur if the impurity effects where purely additive, as can be
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7. Theoretical variation of ¢/b ratios, corresponding to different concentrations of dextran and invert
sugar, obtained assuming a purely additive effect on the elongations separately promoted by dextran
and by invert sugar

calculated by summating the effects shown in Figs. 2 and 4. Fig. 8, which gives
the experimental data, clearly demonstrates that, as the impurity concentrations
increase, the additive effect moves away from the theoretical values.

In particular we can observe that, at sufficiently high dextran concentrations,
an invert sugar concentration increase promotes a progressive decrease of the
c/b value compared with the solution containing only dextran. At low dextran
concentrations, a progressive increase of the invert sugar concentration at first
causes an increase of the c/b value above the theoretical value but this is
progressively nullified.

These points are clearly emphasized in Table I which shows the percentage
differences between experimental and theoretical c/b values; a broken line
divides all the data into two parts. To the left of the broken line, corresponding
to relatively low values of dextran and/or invert concentrations, the observed
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8. Experimental variation of ¢/b ratios, corresponding to different concentrations of dextran and
invert sugar

crystal elongaticn along the c-axis is higher than the theoretical value, whereas
to the right of the broken line the elongation is less with percentage differences
becoming greater as the dextran or invert sugar contents increase. At the lowest
dextran and invert concentrations (inside the broken polygon) are found the
crystal elongations.

Taking into account that the amount of water present in such systems is very
low in comparison with the amount of solute and impurities, we cannot exclude
that, as mentioned above, when the concentrations of these impurities exceed
certain values, there are reciprocal inhibition effects which might be related to
eventual association effects. Obviously, although complex, the system
considered is relatively simple in comparison with industrial magmas where the
number and variety of impurities is very much higher. Of course, in a more
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complex system, the ideal boundary line shown in Table I could be moved to
the right or left or rotate around some point thus introducing complications.

I. Percentage differences between experimental and theoretical values of ¢/b ratios corresponding
to differ-nt dextran and invert sugar concentrations

INVERT Percentrage difference between experimenta?l and theoretical values
5 of ¢/b ratios for DEXTRAN concentration (g/100 g water)
concentration (g/100 g)
00 [ 01 | 02 | 0.6 1 S 10 | 20 [ 30 [ 50
0.1 9 9 10 | 11 | 11 | 11 | 10 8 5 1
0.2 10 | 10 | 11 | 11 | 12 | 11 10 7 4 -1
0.5 10 | 11 12 | 12 | 13 | 12 9 5 2 -5
1.0 11 | 12 | 12 | 13 | 13 | 11 9 4 -1 -9
2.0 12 | 12 | 13 | 14 | 14 | 11 8 2 4 | -15
5.0 12 | 13 | 14 | 14 | 14 | 11 6 -3 | -10 | -24
10.0 13 | 14 | 14 | 15 | 14 9 3 -7 | -16 | -33
B 20.0 13 | 14 | 15 | 15 | 14 8 0 J-13 | -24 | 45
40.0 14 | 14 | 14 | 14 | 13 5 -4 | -21 | -35 | -60
70.0 13 | 14 | 14 | 13 | 12 2 }-10 | 29 | 45 | -75
100.0 13 | 13 [ 13 | 12 | 11 -1 | -14 | 35 | -54 | -87
150.0 12 | 12 | 12 | 11 9 5 | -19 | 43 | -64 | -101
200.0 11 11 11 | 10 8 -8 | -24 | -50 | -73 | -111
250.0 10 | 10 | 10 6 f§-11 | -28 [ -56 | -81 |-124
300.0 10 | 10 9 7 5 j-14 ) -32 | -62 | -88 |-133

This hypothesis could explain why a number of authors have reported contrast
results regarding sucrose crystal elongation and its dependence upon the
possible presence of particular impurities. Moreover, all the data confirm what
Mantovani etal (1991) have cbserved by examining magmas coming
from a South African sugar factory during a whole campaign. In fact, by using
a multivariate analysis calculation they pointed out that, by increasing the
concentration of the three impurities considered separately, a decrease of the
c/b ratio value could be observed .

CONCLUSION

The complexity of the composition of the sugar cane processing magmas
makes particularly difficult the evaluation of the effect of impurities when these
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are present at the same time and at variable concentrations. These is particularly
true in the present at the same time and at variable concentrations. These is
particularly true in the presence of even relatively high concentrations of mono-,
oligo- and poly-saccharides any of which can separately more or less influence
the crystal elongation of sucrose. Positive synergistic effects can be replaced by
negative influences when concentration ratios of the various impurities vary.
This fact allows us to examined magmas of different origin and composition.
In fact we can deduce that in such complex it is quite impossible to evaluate the
effect of a single impurity without taking into account the presence of a number
of others.

List of symbols
AB,C crystallographic axes
b crystal dimension in direction of axis B
c crystal dimension in direction of axis C
cd dextran concentration (g per 100 g water)
< glucose, fructose or invert sugar concentration (g per 100 g water)
Ky, K3 coefficients dependent on the invert sugar concentration c; according
equation [4] and [5]
R c/b ratio in the presence of impurities (1)
Rq ¢/b ratio in the presence of dextran (1)
R; ¢/b ratio in the presence of glucose, fruclose or invert sugar (1)
Ry c/b ratio for pure solution (1)
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Z. Bubnik , P. Kadlec (Vysokd $kola chemicko-technologickd,
Ustav chemie a technologie sacharidd, Praha)

Vliv dextranu a invertniho cukru na tvar krystalu sacharosy

Tvar krystall sacharosy, vyristajicich v primyslovych krystalizatorech v pfitomnosti
riznych druhli rozpusténych nedistot, mé vyznamny vliv na pribéh nislednych techno-
logickych operadi - napf. odstfedovani a suSeni krystalického produktu. K nejvyznamnéjsim
necistotdm (necukriim) ovliviiujicim tvar krystali patfi v fepném cukrovamictvi rafinosa
a ve titinovém dextran a invertni cukr (tj. smés glukosy a fruktosy v poméru 1:1).

PredloZend price se zabyvé studiem vlivu dextranu, glukosy, fruktosy a invertniho
cukru na prodlouZeni azmé&nu tvaru krystalli sacharosy s cilem kvantifikovat tyto efekty
a déle pfisp&t k objasnéni nékterych jevil, jeZ popisuji ve svych pracichMantovani
etal.(1991), Vaccari etal.(1990,1991)a Bubnik etal.(1991). Jedn4 se zejména
o vzéjemné pozitivni a negativni plsobeni mezi dextranem a invertnim cukrem pfi
krystalizaci sacharosy ve tftinovém cukrovarnictvi.

Pokusy byly provddény pomoci chladici krystalizace za podminek modelujicich
krystalizaéni proces v prumyslovych aparitech. Polite¢ni nukleace byla realizovdna
pfidavkem suspenze mikrokrystall. U krystali odebiranych v priibé¢hu pokusu byly
mikroskopicky méfeny jejich rozméry b, c ve sméru krystalogratickych os B a C a jako
charakteristickd veli¢ina byla vypoctena primémé hodnota poméru c/b. Soucasné byly
pfi pokusech sledovdny zmény ve vyvinu jednotlivych krystalovych ploch.

Meéfeni probihala v rozmezi koncentraci dextranu 0 aZ 50 g nal00 g vody, glukosy
a fruktosy 0 aZ 200 g na 100 g vody a invertniho cukru 0 aZ 300 g na 100 g vody. Zavislost
poméru c/b na koncentraci necistot byla vyjaddiena funk&nimi vztahy: pro invertni cukr,
glukosu a fruktosu rovnici [1], pro dextran rovnici [2] a pro smés dextranu a invertniho
cukru dvouparametrovou rovnici [3], jejiZ koeficienty jsou popsany rovnicemi [4] a [5].

Graficky jsou priib&hy uvedenych funkci zobrazeny na obr. 2 a 4. Z obr. 2 vyplyvi,
Ze vliv glukosy, fruktosy a jejich ekvimoldrni smési (tj. invertniho cukru) na orodlouZeni
krystalu sacharosy ve sméru osy C je v rimci chyb méfeni shodny. Déle bylo potvrzeno,
Ze glukosa plsobi negativné na rust krystall v oblasti levého pélu krystalu, zatimco
fruktosa naopak blokuje plochy na pravém pélu krystalu. Spoleénym piisobenim pak
vznikd charakteristicky tvar krystalu uvedeny na obr. 3 .

Dextran intenzivné blokuje rist krystalll ve sméru osy B, &imz se vytvéfeji typické
sloupcovité krystaly ( obr. 5 a 6). Plisobeni dextranu na prodlouZeni krystall je mnohem
vyraznéj$i neZ u invertniho cukru. Spole¢nym pilisobenim dextranu a invertniho cukru
pak vznikaji charakteristické krystaly ve tvaru pismene D .

Vzéjemné plsobeni sledovanych necistot pfi krystalizaci sacharosy je velmi ndzorn&
zobrazeno naobr.7a8a v tab. 1. Na obr. 7 je zndzorné&n teoreticky pfedpoklddany pribéh
poméru c/b ve formé& prostého sou¢tu procentudlnich pfirdstkl vyvolanych samotnym
plsobenim dextranu a samotnym plisobenim invertniho cukru. Na obr. 8 jsou uvedeny
skute¢né experimentdlné zjiSt€né hodnoty, jeZ vykazuji proti obr. 7 kladné i zdporné
odchylky.

Numerické hodnoty téchto odchylek jsou shrnuty v tab. I, kde miZeme nalézt dvé
skupiny udaji: kladné hodnoty v levé oblasti relativné nizkych koncentraci reprezentuji
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pozitivni vzdjemny efekt necistot a maji maximum v oblasti nizkych koncentraci dextra-
nu 0,2 aZ 0,6 g 100 g vody a invertniho cukru 20 aZ 40 g na 100 g vody, zatimco zdporné
hodnoty odchylek v pravé €asti dokumentuji vzdjemny negativni efekt, jenZ se zvétSuje
se stoupajici koncentraci necistot. Obé oblasti hodnot v tab. I je moZné oddélit lomenou
¢asou, jejiZ poloha pro rlizné primyslové roztoky bude zdvisld na pfitomnosti a obsahu
dal$ich necukrii.

Zjisténa existence pozitivnich a negativnich vzdjemnych efektli mezi plisobenim
jednotlivych necisto pfitomnych v technickych cukernych roztocich vysvétluje pficiny
rozdild v méfenich tvaru cukernych krystal rliznych autorl (viz odkazy, jeZ uvadi
Vaccari, 1990, 1991).

krystal sacharosy; tvar a morfologie krystalu sacharosy; prodlouZeni krystalu; plochy
a modifikace krystalu sacharosy; dextran; invert
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PROPERTIES AND BEHAVIOUR OF IMMOBILIZED
YEAST CELLS EMPLOYED FOR ETHANOL FERMENTATION

Karel MELZOCH, Mojmir RYCHTERA, Véra HABOVA

Institute of Chemical Technology - Department of Fermentation Chemistry
and Bioengineering, Technickd 5, CS-166 28 Praha 6, Czechoslovakia

Saccharomyces cerevisiae cells immobilized in the alginate gel by the entrapment
method retained high fermentation activity in a packed bed reactor even during
long-term continuous process (1100 h fermentation). All fermentations have been
characterized by the steady-state ethanol concentration in the range from 65 to
80 g/ and by the ethanol productivities up to 30 g/l.h. For the whole experimental
time the calcium alginate beads proved to be stable. It was further confirmed that
beads may be stored for a long time before application or between fermentations,
even for more than one year, without loosing fermentation activity and viability.
The metabolic activity was found out in cells immobilized in calcium alginate
beads even after five years of storage in 4 °C tap water as nongrowing and
starveling immobilized culture.

ethanol; fermentation; immobilization; Saccharomyces cerevisiae; morphology
and physiology; cell viability

The effect of yeast concentration on ethanol production has been well known
for many years. Immobilized cell systems due to high concentration of active
biomass in a fermentor allow to increase significantly the ethanol productivity
and to improve the economy of the whole fermentation process in this way. For
ethanol production the application of immobilized cells has been described in
many reports and books (Chibata, Wingard,1983;Phillips,
Poon,1988;,Moo-Young,1988;Mandenius etal, 1987).

The actual procedure of cell immobilization can markedly modify their
metabolism and growth. The immobilized yeast cells are exposed to quite
different conditions compared with those for free suspended cultures. The
difference in behaviour between immobilized and free cells is often put in
connection with several factors such as nutrient limitation, microenvironment
of cells and physical contact of cells with surrounding material. The first two
factors mentioned are widely used by many authors for explanation of
physiological and morphological changes of cells after immobilization
(Hahn-Héagerdal, 1990; Lee et al., 1983). The third factor
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(phenomenon) closely connected with cytoplasmic membrane changes which
result from matrix-cell and cell-cell contacts is relatively new item
(Galazzo, Bailey, 1990; Jirku, 1991). The fundamental
hypothesis to be proved is whether cellular functions and metabolism are
affected directly and to what extent by the fact that a microbial cell is in direct
cont4ct with a solid surface, gel matrix or other cells. Suggestions such as
permeability changes and nutrient availability are common and factors such as
surface tension, osmotic pressure and water activity may have consequences,
with respect to cell function, similar to the ,skin effect“ (H a m e r, 1990).

In this work we would like to focus our attention on a less known behaviour
of yeast cells immobilized in a gel matrix under extreme conditions. Cell
morphology and physiology are changed as a result of immobilization.
Immobilized cells can acquire such properties which significantly extend their
application possibilities in comparison with free suspended cultures.

MATERIALS and METHODS

Organism - All fermentations were carried out with the production strain
Saccharomyces cerevisiae SL 100 from the yeast culture collection of the
Department of Fermentation Chemistry and Bioengineering, Institute of
Chemical Technology, Prague.

Medium - The complete medium (CM) for batch and continuous fermentations
contained (per liter): 150 - 200 g sucrose, 3 g dry yeast extract (Imuna, Sari$ské
Michalany, CSFR), 2 g peptone (Imuna), 0.5 g KH,PO,, 1 g (NH4),SOy,
1 g CaCl, . 2H,0 and 0.025 g MgSO, . 7H,0. The pH value was adjusted to 4.5
before sterilization carried out for 20 min at 120 °C. Other chemicals were
chemically pure products of Lachema (Bmo, CSFR).

Immobilization procedure - The culture having been grown at 30 °C on CM
for 24 hours was harvested from the second step of aerobic batch cultivation by
centrifugation and washed with physiological solution. 5 g wet biomass was
suspended in a solution of 100 ml 2% sodium alginate (Protanal LF 10/60;
Protan A/S, Dramen, Norway). The homogeneous suspension was dropped into
a solution of CaCl, (20 g/1) by means of a hypodermic needle. These droplets
formed in CaCl, solution spherical beads of average diameter of 2 mm and those
were then stored at 4 °C in a fresh CaCl, solution for at least 12 h with the aim
of a complete gelation.

Bioreactor and continuous fermentations - All fermentations were carried
out under anaerobic conditions at 30 °C in a packed bed reactor. The beads were
packed into a glass column with sintered glass plate placed in a bottom part and
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with nylon sieve fixed on the top of the reactor to keep immobilized cells inside.
The total working volume of the bioreactor was in the range of 50-200 ml. The
column could be filled with biocatalyst (beads) to about 50 % of total working
volume to eliminate gas (CO,) which would be accumulated in the bead layer.
Medium was fed into the bottom part of column with a variable-flow peristaltic
pump and fermented broth with carbon dioxide left the reactor on the top.

Analytical methods - Ethanol, sucrose and glycerol were determined by
HPLC(Ondrous$ek, Basafovi,1986).

The free cell concentration was measured as dry weight. Yeast viable counts
were made by cultivation method on malt agar plates in Petri dishes and/or by
cell microscopic counting after vital methylene blue staining. The entrapped
cells in beads were counted after dissolving calcium alginate particles in 1%
KH,POy4 solution.

The immobilized or free yeast cells were fixed by 1% glutaraldehyde in
cacodylicbuffer and then dehydrated and prepared for observation in a scanning
electron microscope by a standard procedure N e erv e n etal., 1990).

RESULTS and DISCUSSION

In our experiments during continuous fermentations on complete media with
the substrate feed concentrations of 150 - 200 g/1 at dilution rate from 0.2 - 0.5
per hour the steady-state ethanol concentrations ranged from 65 to 80 g/l and
ethanol productivity reached maximum values of at about 30 g/l.h (related to
the bead volume in a reactor).

The growth of cells immobilized in an entrapment system

Living cells immobilized inan cm'fapmcm system if they were in a favourable
environmental form already during short period and due to nutrient limitation
of the dense ,active layer near the particle surface. In this case cells totally
occupy all ,free” spaces in a gel matrix. Furthermore after a short time of
fermentation the ability of entrapped cell to bud is nearly suppressed. The cell
loading after activation and st%t-up periods of fermentation increased up to very
high cell density (order of 107" cells per ml of gel) and subsequently remained
almost constant, as shown in Table I. It is possible to assume that the cell growth
within a calcium alginate matrix nearly stopped (G 6 dia etal., 1985).

Irregular cell growth inside of the particles led to forming nonuniform
architecture of the whole gelbead(Nagashima etal., 1983)and likewise
of the pellet outer ,active” layer. Although this cell growth in a particle was
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indirectly confirmed by results of element X-ray microanalysis from which the
distribution maps of calcium and phosphorus atoms on the cut of calcium
alginate bead were received. In beads after the process of hardening both atoms
were homogeneously distributed in the gel matrix. During a long run operation
calcium atoms were slowly being leached out from pellets and those once
remained formed a structure looking like a net which marked out places having
lower Ca-atom concentration in a gel. On the other hand, this observation was
in good agreement with the distribution of P-atoms. Only the cells were the
source of this distribution in a bead. Phosphorus location exactly corresponded
to areas with low Ca-atom concentration in a gel as it was mentioned above. We
can assume that in the gel structure there were certain caverns totally filled with
cells which were surrounded by calcium alginate grating. Thus the long-term
physical contact of cells with a support material and mutually with one another
caused considerable changes of cell morphology and physiology of cells
retaining in a gel matrix (Chen etal., 1990, Melz o ch, 1988). This is
probably due to the endeavour of yeast cells to employ ,,free“ areas in a pellet.

I. The concentration and the viability of immobilized Saccharomyces cerevisiae cells in calcium
alginate beads of different age

,Age" of beads &?::::l')’e'r“:;‘ n‘:f;s"s *Variability of cells [%]
Hardened beads 14.10° 98
Activated beads 50.10° 99

522 h fermentation 4.1.10% 87

1122 h fermentation ATHI0™ 93

determined by cultivation method as colony count

Nevertheless under these conditions the fermentation activity of nongrowing
yeast cells was preserved which was already confirmed for immobilized culture
in an entrapment system (M e 1 z o ¢ h , 1988), for nongrowing free suspended
cultures in fermentation system with total cell recycle in a membrane bioreactor,
Melzoch et al, 1990) etc. To some extent this fact demonstrates that
ethanol formation is not strictly linked with cell growth. As it can be seen from
scanning electron micrographs the whole bead surface was, nevertheless, very
quickly colonized and covered by compact yeast cell layer from which only
little cell leakage occurred during fermentation (Ivanova etal., 1991).
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Morphology of immobilized yeast culture

For morphology studies of immobilized cells in a gel matrix the beads were
thoroughly washed to remove cells from the surface. The cells were then fixed
directly in gel pellets with glutaraldehyde to preserve their original shape and
arrangement in which they had once existed in calcium alginate matrix.
Afterwards previously fixed cells were released from gel particle. The irregular
shape and size diversity of yeast cells document that entrapped cells can grow
within pellet depending on space and steric possibilities in the matrix, and can
form close structured aggregates. The morphology differences between
immobilized and free suspended yeast cultures are demonstrated on scanning
electron micrographs (Figs. 1a and 1b). Finally, the bead size did not suffer any
significant change during activation and fermentation in contrastto L e e et
al. (1984) and practically remained stable for the whole fermentation time
(Pospichalova etal, 1989).

10 um

1. Scanning electron micrographs showing Saccharomyces cerevisiae cells: a) entrapped inside of
a calcium alginate bead (at 530 h fermentation), b) growing as a free cell culture

Viability of immobilized cells

During long-term fermentation in a packed bed reactor on a complete medium
the Saccharomyces cerevisiae cells entrapped in calcium alginate beads, kept
their fermentation activity and viability. Under ,,normal“ conditions when the
immobilized cell growth was very slow it was notable that the cell viability in
the course of long-term fermentation did not fall below 80 % of total number of
immobilized cells in a calcium alginate bead. However, there was a difference
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between a count of viable cells determined by direct microscopic enumeration
after methylene blue staining and a value of colony count found out by
a cultivation test on malt agar plates. The former number gave much lower
values namely with increasing fermentation time. The cell viability was between
40 and 60 %. The higher value of sensitivity of entrapped yeast cells to
methylene blue gave evidence that permeability of cell cytoplasmic membrane
increased. This is probably due to the impact of stress conditions evoked by a
direct contact of a cell with surrounding cells and a supporting material. Using
cultivation method for viability determination the most of blue stained cells
demonstrated their ,,real“ capability to reproduce by forming colonies on malt
agar plates in two days. It means that more than 80% of cells immobilized in
calcium alginate maintained their metabolic activity and viability during
long-term fermentation as reported in Table .

Storage of immobilized cells

When using viable immobilized cells for fermentation we had to answer a few
important questions concerning long-term stability of biocatalyst. It includes a
possibility of multiple application of immobilized cells especially after longer
production intervals (season work), problem of immobilized yeast cells storage
for longer time (several months) when maintaining their activity.

In our experiments the hardened calcium alginate beads with immobilized
yeast cells were stored in two ways: in tap water at 4 °C or in 60% sucrose
solution at room temperature (20 - 25 °C) which the stored entrapped cells were
notable to ferment. The beads of the age up to 13 months were filled into column
reactor and processed continuously in a complete medium. The different pellet
»age" affected fermentation process, namely in the start-up period. The fastest
enhancement of fermentation activity to ,standard“ level was achieved in case
when the fresh prepared biocatalyst (0 month) was used. Later the differences
among properties of biocatalyst disappeared and after 150 h the effect of bead
»age did not seem to be too significant for fermentation activities as shown in
Fig. 2. In addition, after a period of cell adaption and regeneration the beads
stored in a high concentrated sucrose solutions (60% w/v) produced even higher
ethanol amount in comparison with the others. We can assume that in this case
immobilized yeast cells might be adapted to higher osmotic pressure by
a long-term storage in concentrated sugar solution.

In later experiments with immobilized yeast culture in gel beads we tried to
get an answer to a cardinal question ,how long could a metabolic activity and
viability of cells immobilized by entrapment methods be conserved and how.
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could it be influenced by a foregoing history of immobilized cells“ namely if
entrapped cells of a different origin were stocked for a long-time under totally
nongrowing conditions. These experiments were carried out with a collection of
immobilized Saccharomyces cerevisiae cells which were gradually prepared within
more than five years and have a different history. It means that they were used in
various fermentations and afterwards have been stored in water at 4 °C. In many
cases the older beads retained particles, cell debris which had lost their cell
morphology and in which it was difficult to identify yeast cell origin by microscopic
observation. It was a surprise to see that these immobilized ,,cells“ were able to
grow and produce ethanol in batch anaerobic fermentation (Table II).

I1. The effect of immobilized bead storage period and bead , history* on a viability, morphology and
fermentation activity of immobilized Saccharomyces cerevisiaecells

Beads Immobilized cells
»History*
o T;ogtzl 1) = WFmem' Strength | Morphology | Viability m‘:m'
[months] | Age “[months] time>[h] Yy
0 - none +++ + +++ +++
2 7 - none +++ + + +
3 39 0 1122 +++ + +++ +
32 450 -
4 39 0 1122 +++ -
p 40 [ 0 600 4 . + +
15 453
6 40 0 600 +4+4+ -
7 | 63 0 402 +4++ -

Abbrev:atlons and symbols:

Age of beads at the time when a new fermentation started (in months)

? Run time of continuous fermentation (in hours)
Strength, Viability and Fermentation activity: (+++ high, ++ middle, + low)
Morphology: (+ cell motphology maintained, - cell morphology lost)
Explanation to No.3: New prepared beads (0 months) were processed contmuously for 1,122 h in
fermentation, then they were stored at 4 °C in tap water and in the 32" month of bead age lhey
were used again in continuous fermentation lasting 450 h and afterwards they were stored again.
The results mentioned in four last columns were obtained from 39 months old beads

Five years old calcium alginate beads have kept their rigidity and other
mechanical properties. Owing to immobilization the calcium alginate entrapped
cells were capable to survive under unfavourable conditions as nongrowing and
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2. Effect of bead storage on
fermentation activity of

immobilized yeast cells in
calciumalginate beads:
newly prepared beads stored
= T ?‘: in water at 4 °C
3 dosiavis 8 months old beads stored in
water water at4 °C
-a= 13 mo 13 monthsold beads stored in
water water at4 °C
"V 8 mo 8 months old beads stored in
] sucrose solution at 20 °C
in a continuous performance
; . at dilution rate of 0.2 per h
? on complete medium with
o 50 100 150 200 150 g/l sucrose

time (h)

long-term starveling cultures.The fact that after such a long period the entrapped
cells were in viable state confirmed that process of immobilization significantly
increases and supports stableness of living yeast cells.
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Vlastnosti a chovini imobilizovanych kvasni¢nych bunék
pouzivanych pro ethanolovou fermentaci

Produkce ethanolu kvasnou cestou patfi bezesporu k nejzndméj$im a dnes jiZ
»klasickym*® biotechnologickym vyrobdm. I v tomto tradi¢ni fermentaénim procesu se
uplatiiuje fada novych poznatkli a modernich technologii, které vedou zejména ke
zvy3eni produktivity tvorby ethanolu, vytéZnosti procesu a zlepSeni ekonomiky celé
vyroby. Ohromnou vyhodou kvasného ethanolu je fakt, Ze vychozi suroviny pouZivané
pro jeho vyrobu jsou v pfirod€ snadno obnovitelné zdroje, pfipadné odpadni materialy,
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u kterych nehrozi vy&erpdni jejich zdsob jako je tomu u fosilnich zdroji. Ur€itou
nevyhodou v3ak zistdv4 nizkd produktivita tvorby ethanolu v konvenénich procesech,
kterd se pochybuje kolem 2 aZ 5 g/l.h a je zplisobena zejména inhibici reakce produktem
a nizkou koncentraci bun€k v bioreaktoru. Proto se jednotlivé moderni fermenta&ni
systémy snaZi tyto nedostatky rliznymi zplisoby eliminovat, a tak dosdhnout vysokych
produktivit, neziidka aZ 100 g/l.h a vice. Jednou z cest, které vedou k vyraznému
zefektivnéni fermenta&niho procesu, je i vyuZiti systémi s imobilizovanymi buiikami.

V préci byl sledovén vlivimobilizace v systému entrapment na chovénf{, metabolickou
aktivitu a morfologii kvasinkovych bun&k Saccharomyces cerevisiae dlouhodob&
zadrZovanych v gelovych peletich algindtu vépenatého. Imobilizované buriky jsou
vystaveny zcela rozdilngym podminkdm neZ volné kvasinky. Rozhodujicimi faktory,
které ovliviiuji jejich morfologii (obr.1a a 1b) a fyziologicky stav a které vedou k vytvo-
feni ,,mikroprostredi“ kolem buriky v gelové siti, jsou urcitd limitace pfenosu hmoty
(transport substrdtu a produktu) v systému médium - gel - buiika a vliv vlastniho procesu
imobilizace na buiiku. Pfi fermentaci dochézi rychle k nirlistu imobilizované buné&né
populace v gelovésiti a diky limitaci Zivinami k vytvofenf asymetrickeé struktury v peleté,
tzv. aktivni vrstvy buné€k pfi povrchu pelety. Koncentraol% bun&k v peleté algindtu
vépenatého pak b&Zné dosahuje vysokych hodnot, fidové 10" bunék na ml gelu (Tab.I).

Imobilizované buiiky Saccharomyces cerevisiae pouZité v népliiovém kolonovém
reaktoru si zachovévaly v priibéhu dlouhodobych kontinudlnich fermentaci (1100 h)
vysokou kvasnou aktivitu. Fermentace byly provddény na kompletnim médiu
s koncentraci sacharosy 150 - 200 g/l a v ustilenych stavech se koncentrace ethanolu
pohybovala v rozmezi 65 aZ 80 g/l a produktivita tvorby ethanolu dosahovala aZ 30 g/ |
za hodinu. V prib&hu vSech fermentaci algindtové pelety byly mechanicky stabiln{
a Zivotaschopnost zadrZovanych bunék neklesala pod 80 % (Tab. I).

Zikladni otdzky, které byly dile studovény, se tykaly problematiky dlouhodobé
stability biokatalyzatoru - moZnosti opakovaného pouZiti pelet v kontinuélni fermentaci,
zplsobu jejich skladovéni a otdzky po jak dlouhy Casovy interval jsou imobilizované
buiiky schopné si zachovat svoji Zivotaschopnost a fermenta¢ni aktivitu. V kontinudlnich
fermentacich s peletami rlizného ,,plivodu“ (od nové pfipravenych aZ po pelety skla-
dované vice jak jeden rok za nerlistovych podminek) bylo potvrzeno, Ze vytvrzené pelety
mohou byt pfed pouZitim nebo mezi jednotlivymi fermentacemi dlouhodobé€ skladovény
bez ztraty kvasné aktivity a Zivotaschopnosti imobilizovanych bunék. To potvrzuje také
skute&nost, Ze buiiky se velmi rychle v pfiznivych podminkich adaptovaly a po&itecni
rozdily v kvasné aktivité téchto pelet se vyrovnaly b&éhem dvou aZ tif dni fermentace
(obr. 2). RovnéZ piekvapivé bylo zjisténi, Ze metabolickd aktivita byla zachovéna
i u bunék zadrZovanych v peletich algindtu vapenatého star3ich jak pét let, které byly
skladovény ve vodé pfi teplot& 4 °C jako hladovéjici a nerostouci kultura (tab. II).

ethanol; fermentace; imobilizace; Saccharomyces cerevisiae, morfologie a fyziologie;
Zivotaschopnost bunék
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DETERMINATION OF MOLECULAR WEIGHT
OF PECTIN PREPARATIONS

Michal VOLDRICH, Jaroslav DOBIAS, Anna SLAVICKOVA,
Jitka CAUDROVA

Institute of Chemical Technology - Department of Food Preservation
and Meat Technology, Technickd 5, CS - 166 28 Praha 6, Czechoslovakia

Three different procedures for determination of molecular weight of pectin
preparations - viscometry, osmometry and HPSEC were compared. Fifteen
samples of pectin preparations from various producers were analyzed and relations
between determined molecular weights and gelling power of pectin preparations
were studied. A good correlation was found for the results of HPSEC procedure
and viscometry. The chromatographic procedure seems to be the most valuable
for evaluation of pectin quality.

pectin; molecular weight determination; viscometry; osmometry; HPSEC

The polysaccharide pectin is widely used as the gelling and thickening agent
in food processing. For the technological use the pectin preparations are
produced from apple pomace, citrus albedo and other sources. Depending on
the plant source, method of extraction, chemical treatment after extraction,
about 80 % of pectin preparation is composed of a-1,4-linked D-galacturonic
acid units with varying degrees of the carboxyl groups methylated. The
remaining part of pectin preparation is composed of the neutral sugars
L-arabinose, D-galactose, and L-rhamnose. Small quantities of D-glucose,
D-mannose and D-xylose could be contained as well. Besides that the pectin
preparation can contain other impurities like starch and related substances
Doesburg,1965;Fishman,1984).

In addition to the composition, purity and degree of esterification the
molecular weight and/or size of pectin molecule are the main factors affecting
technological properties of pectin preparations. The molecular weight of pectin
can be studied by boundary electrophoresis, ultracentrifugation, electron
microscopy, end group analysis, viscometry, osmometry, light scattering, gel
filtration and high performance size exclusion chromatography (HPSEC)
(Fishman, 1984). Since the evaluation of the molecular weight is very
important also for the control of technological process of pectin production and
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quality evaluation of pectin preparations, the aim of presented paper was to
compare viscometric, osmometric and HPSEC methods of the pectin molecular
weight determination from the point of view of their use in pectin technology.

MATERIAL and METHODS

The analyzed samples were pectin preparations of various producers listed in
Table I. The preliminary analyses of those were made after the usual procedures:
the content of alcohol insoluble solids was determined by washing of pectin sample
with acidified ethanol/water solution (60 % of ethanol, 1.8 % of HCI). The
esterification degree of preparations was determined titrimetrically
(D o e s b urg,1965). Gelling power of preparations was analyzed using the U.S.
sag method modified by the I.LF.T. Committée on pectin standardization
(Doesburg, 1965). The galacturonic acid content was determined
colorimetrically after the reaction with 3-hydroxy-biphenyl(Blumenkrantz,
Asboe-Hansen,1973).

I. List of the pectin preparations tested

ample Jellying Ethanol Esterification
umber Preparation power m§olube degree [%]
[°SAG] | solids [%]
1. |GENU pectin D, slow set 142 733 544
2. |GENU pectin citrus, medium rapid set 195 68.1 61.9
3. |HP Bulmer 121, slow set 141 65.7 54.0
4. |HP Bulmer 161, slow set 184 95.7 56.7
5. |Grinsted Mexpectin, slow set 400 148 59.8 69.7
6. |Grinsted Mexpectin, slow set 200 142 67.5 57.9
7. |GENU pectin citrus, slow set 197 93.9 64.2
8. |Pektin Smifice 1986 86 75.6 37.6
9. : 119 81.5 52.5
Tor| e P Sk 130 59.7 51.0
11. 148 86.3 552
12. 100 86.3 60.4
13. |Pektin Smifice 116 85.0 58.9
14. 110 80.8 58.7
15. 138 84.5 66.7
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Viscometric determination

Viscosity measurements of pectin solution were done using the Ubdelohde
viscometer, which was calibrated with distilled water at 20 - 70 °C. The time of
outflow of pectin solutions (t) was corrected after the equation:

t‘-t-ﬂ

T

where: t* - corrected time of outflow
H - constant of viscometer

Using the corrected time (t*), the relative viscosity 1, was found:

*
T
T]rel'—"
To

where: t*0 - time of outflow of distilled water at 20 °C

The limit viscosity number of pectin ( [n] = limﬂc52 ) was found by

Cc—

extrapolation of the function log "]_ng = f(c) forc=0, wheren,, = 1, - 1.

From the limit viscosity number the relative molecular weight of pectin was
calculated using the Mark-Howink empirical equation with the constants after
Berth etal (1977):

Ml - 2.16.107%. MuP7° [ml.g"]
Osmometric determination

Stock pectin solution (0.5 % w/v) was purified using diafiltration tube
(KALLE, Wiesbaden, i.d. 20 mm). Osmometric measurements were done with
osmometr Knauer with semipermeable membrane Sartorius 115 539. The
device was rinsed with ,,solvent“ (0.1M NaCl, 0.005N Na oxalate, 0.02 % NaN3)
and one of the chamber was filled with the pectin solution (stock solution diluted
with ,solvent). Low molecular substances passing the membrane into the
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chamber filled with pectin caused the pressure changes which were followed.
For a very diluted solution the state function can be used:

ntV = nRT
where: n-%-cw‘{
and
. X RT
lim > = [1]
c~oU ™M

where: n - osmotic pressure [Pa]
C - concentration of pectin solution [g.I"]
V - volume [1]
M - relative molecular wei%ht
R - gas constant [J.mol "K' ]
N - Avogadro constant [mol ]
T - temperature [K]

Measuring the osmotic pressure of pectin solution of different concentration
the function

L.f()

.-
was drawn and from that the value forc = 0 (lim %) was found and using

c—0
the equation [1] the molecular weight was calculated.

HPSEC determination

The pectin samples were washed with ethanol (by the same way as for the
determination of ethanol insoluble solids), dried and dissolved in water at
a concentration of 0.5 % (w/v). A 100 ul portion was injected into a column and
separated under following conditions: column - stainless steel 500 x 8 mm, filled
with Sepharon HEMA 1000 Glc, 12 pm, (Laboratorni pfistroje, Praha,
Czechoslovakia); mobile phase - 0.1M acetate buffer solution pH 4.0, the flow
rate was 1.5 ml per min; the refractive index detection was used.
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RESULTS and DISCUSSION

A pectin preparation is a mixture of pectin substances of different molecular
weight, various structure and nonpectin components like starch and other sugar
constituents. All these nonpectin substances as well as the qualities of pectin
(such as distribution of molecular weight, esterification degree etc.) affect the
molecular weight determination.

In the presented paper we compared three different methods for the evaluation
of molecular weight of pectin preparations. Results are given in Table II.

II. Determined qualitative properties of analyzed pectin preparations

Sample A B c D E

number
1 188.4 64.2 235 000 52 600 57
2 286.4 67.6 344 000 28 000 5.6
3 215.0 69.2 303 000 75200 6.7
4 192.0 71.4 197 000 75200 57
5 247.6 69.1 425000 119500
6 206.9 66.8 371 000 21300 6.8
7 209.5 67.4 322 000 23 900 72
8 113.2 60.1 211 000 15900 3.6
9 1453 70.7 242 000 60 500 4.8
10 2174 68.2 331 000 71200 58
11 171.8 60.9 435 000 6.3
12 1152 40.7 630 000 54
13 1364 48.0 471 000 48
14 136.6 52.4 309 000 4.1
15 162.9 56.8 471 000 7.0

A = gelling power related to ethanol insoluble solids of pectin preparation [°SAG]

B = anhydrogalacturonic acid content of pectin preparation related to ethanol insoluble solids [%]
C = relative weight-average molecular weight Mw determined viscometrically

D = relative number-average molecular weight MN determined osmometrically

E = value J calculated from the parameters of HPSEC chromatogram

The reliability of results is significantly dependent on the composition
of pectin preparation. Besides the nonpectin substances, the high molecular
fraction of pectin which is usually branched, containing higher amount
of reducing sugars, so-called microgel Anger, Berth,1985), affectsthe
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measurement, e. g. the presence of the microgel causes the higher results, if
viscometry is used. The other factors affecting the viscometry results are the
constants used in the empirical Mark-Howink plot and/or the precision in
repeating the preliminary sample treatment after the author of an original
measurement. We used the constants and the procedure of Berth (Berth et
al., 1977), who had calculated the constants after parallel viscometric and light
scattering molecular weight determination.

The osmometric procedure based on the state equation gives the absolute
values of the number-average molecular weight MN Nevertheless the
osmometric determination is also affected by several factors and especially the
more complicated sample treatment - removing of ions and other low molecular
substances from the sample is necessary.

The third used method was HPSEC of pectin preparations on Sepharon HEMA
1000 Glc (2-hydroxyethyl methakrylate - ethylen dimethakrylate copolymer with
bonded glucose). Examples of chromatograms are given in Fig. 1.

1. HPSEC chromatograms of
pectin preparations samples
i) HP Bulmer 161, slow set,
sample N° 4

if) Pektin Smifice, sample
N°13

To determine the molecular weight the HPSEC column is usually calibrated
with characterized polysacchandes (blue dextrans etc.) and the dependence of
partition coefficient k,, and M,, is found (M iked etal., 1975). Since the
mentioned calibration of column gives also in the case of hctcrogeneous pectin
preparations relative values only, we used the following equation for the
characterization of pectin samples:

. A
X -Xo

where: y - peak height at the pectin peak maximum
x - elution volume of pectin peak maximum
X o- elution volume of not retained macromolecular fraction

For the calculations the elution volumes were expressed as distances [mm] in
the chromatograms obtained under the described conditions (Fig. 1).
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400 O - pectin preparauons from
P| Smifice GP=2.110" M, +1304;
('sA0) r=0.1280; n = 6 rg 5= 0.71
300'_ ® - the other pectin samples
' . GP = 3.6.10" M, + 100.7;
/. r=0.6692; n= 9 rogs = 0.60
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2. Relationship between gelling power of pectin preparations (GP) and relative weight-average
molecular weight determined viscometrically

The most important property of the compared methods is their informative
value and the utility to evaluate quality of pectin preparations. One of the
decisive qualitative parameters of pectin preparation is the gelling power,
therefore to compare the methods the dependence of gelling power on the
determined molecular weight were calculated. Results are given in Figs. 2 - 4.
400
Fsac) GP = 3.8.10"* My + 181.8;
300 t+ r= 0.2574: n= 10: 'o_°5= 0.58

00

0 " A A 1 i
0 60 [thousands) K. 120

3. Relationship between gelling power of pectin preparations (GP) and relative number-average
molecular weight determined osmometrically
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Bt GP =25.0J +36.2; r = 0.5611;
e n = 14; ry os= 0.50
300 | ®

4. Relationship between gelling power (GP) and the value J calculated from the parameters of
HPSEC chromatogram .

A good correlation was found for the results determined by the HPSEC method
and in the case of viscometry with the exception of samples produced at Smifice.
No correlation was found in the case of osmometric determination, probably
due to an insufficient removing of low molecular impurities from the samples.

o
AGA=1.71y-11.53; r = 0.8538;
n= 14; rO.os = 0.50

= °
rdoits
r ® i 2
: / s
60 f— i
E o«
-
E [
S0 .
L ]
£
F
a0 e . L 1 L T
35 <0 45 50 y[(mm] 55

5. Relationship between the galacturonide content (AGA) of pectin preparation and the height

of ,,pectin* peak (y)
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From the practical point of view the HPSEC method seems to be the best for
the technological use - it is simple, comparing with viscometry and especially
with osmometry. Almost no preliminary treatments of pectin samples are
necessary. Another advantage of the chromatographic procedure is providing
more information, the y value is positively correlated with the maximum
concentration of the high-molecular constituents of the solution, the x value is
in negative correlation with the molecular weight of the most abundant
constituent. The proposed J value takes in both the ,purity“ of pectin
preparation - the content of anhydrogalacturonic acid (Fig. 5) and the molecular
weight. The value J can be expected to correlate positively with the (gelling)
quality of the pectin preparation (Fig. 4). Nevertheless, the possibility to
evaluate the quality from the molecular weight distribution from the shape of
chromatograms (Fig. 1) could be also useful in technological practice.
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Stanoveni molekulové hmotnosti pektinovych prepariti

Pektin je v Siroké mife pouZivan v potravindfské technologii jako Zelirujici a zahu3tu-
jici aditivn{ l4tka. Pro technologické Glely je ziskdvdn z riznych zdrojd, zejména
jable¢nych vyliskd a albeda citrusového ovoce. Podle zdroje , zplisobu extrakce a zpra-
covéni pektinovy preparat obsahuje asi 80 % fetézcl a-1,4 D-polygalakturonové kyse-
liny do rlizného stupné methylované. Zbytek je tvofen neutrélnimi cukry L-arabinosou,
D-galaktosou, L-rhamnosou a v mensich mnoZstvich D-glukosou, D-manosou a D-xylo-
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sou. Kromé& uvedenych sloZek miiZe byt pektinovy preparét zne&istén také zbytky Skrobu
a pfibuznych litek. Technologické vlastnosti pektinovych preparétl jsou ddny &istotou,
stupném esterifikace a zejména molekulovou hmotnosti pektinu. Stanoveni molekulové
hmotnosti je proto vyznamné nejen pro posouzeni pektinovych preparitl, ale i pro
kontrolu a fizeni technologie vyroby pektinu. Cilem pfedloZené price bylo porovnat tfi
metody stanoveni molekulové hmotnosti pektinu - osmometrii, viskozimetrii a vyso-
koucinnou gelovou chromatografii (HPSEC) z hlediska moZnosti pouZiti v technologii
vyroby a aplikace pektinovych preparétd.

Patnéct riiznych pektinovych preparéti bylo posuzovéno tfemi uvedenymi metodami.
Pii viskozimetrickém stanoveni molekulové hmotnosti byl pouZivdn Ubdelohdeho
zfedovaci viskozimetr. V préci byl pouZit postup a konstanty Mark-Howinkova vztahu
podle Berthové (B e t h ,1977). Osmometrické stanoveni bylo provddéno na osmometru
fy Knauer, po pfedchozim ist&ni roztokl pektinl od nizkomolekuldmich litek diafiltra-
ci. Tfeti pouZivanou metodou byla HPSEC na Sepharonu HEMA 1000 Glc, 12 pm.

Pfi hodnoceni ziskanych vysledkl byla nalezena korelace mezi stfedni hmotnostni
molekulovou hmotnosti Mw stanovenou viskozimetricky a rosolotvornou mohutnosti
pektinovych preparétd. Z4dn4 souvislost nebyla nalezena pro stfedni &iselnou mole-
kulovou hmotnost pektinu MN stanovenou osmometricky a rosolotvornou mohutnost
preparétli. Pro charakterizaci pektinovych prepardtl na zdkladé gelové chromatografie
byla navrZena hodnotaJ zahmujici vy$ku a retenéni objem nejkoncentrovanéjsi sloZky
preparétu, hodnota J se ukézala byt mé&fitkem, jak &istoty pektinu (korelovala s obsahem
kyseliny galakturonové v praparétu), tak molekulové hmotnosti, resp. rosolotvorné
mohutnosti pektinového prepardtu. Kromé toho chromatogram daného pektinu posky-
tuje informaci o celkové distribuci molekulové hmotnosti vzorku.

Z hlediska ndro&nosti na pfipravu a tpravu vzorkd a informa&ni hodnoty vysledku
pfeddi vysokotcinnéd gelovd chromatografie ob€ dal3i srovndvané metody a je vhodnd
pro poufZiti v technologii vyroby pektinu i k technologickému hodnoceni kvality pekti-
novych preparatd, pfi kterém by mohla doplnit a v nékterych pfipadech nahradit klasické
pracné a Easové ndroZné metody.

pektin; stanoveni molekulové hmotnosti; viskozometrie; osmometrie; HPSEC
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TEXTURE OF CANNED APRICOTS
Dusan CURDA, Jaroslav DOBIAS, Petra ZAKOVA

Institute of Chemical Technology - Department of Food Preservation and Meat
Technology, Technickd 5, CS-166 28 Praha 6, Czechoslovakia

The texture changes of apricots of the sort Velkopavlovick4 in two stages of
technological ripeness sterilized by heating at 70, 80, 90 and 95 °C was followed
using the reverse extrusion method and sensory evaluation. The difference
between fruit of various ripeness decreased with increasing intensity of heating
treatment. The best sensory evaluation was found for apricots heated at lower
temperatures. The conditions for achieving the optimal texture are compared with
possibilities of inactivation of microorganisms and enzymes, which are important
for fruit processing.

apricot; ripeness; texture; sterilisation

Apricots are very suitable for the production of canned fruit. While for the
direct consumption it is preferable to use the ripe fruits, in the production of
canned fruit so called ,,canning ripeness is important. This state is generally
described by means of subjective characteristics(Bourne, 1978).

During heating vegetal tissues undergo typical changes. We described them
in connection with canning of apples (K y z 1 i n k etal., 1982). They comprise
chemical (hydrolysis of glycosidic bounds, 8-elimination), physico-chemical
(swelling of macromolecular components) and mechanical processes (extension
of gases and their escape through the tissue) which, besides other effects, also
affect the tissue texture. The changes of texture can be influenced by some
additives. Special attention has been paid to calcium salts which can enhance
the ﬁrmncss of fruit (Ky z1ink, 1988). On the other hand, the shortage of
Ca“” ions, i. e. in presence of sequestring agents (especially organic acid), can
accelcratc the tissue softening (Mohammadzadeh-Khayat,
L uh, 1968).

The aim of presented work was to contribute to study of the changes of apricot
texture during differentsterilization treatments. The changes were characterised
both by means of physical parameters and sensorically. The results were
confronted with some kinetic parameters for sterilization of acid food.
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MATERIAL and METHODS

The sort of apricots Velkopavlovickd was used in canning ripeness. The fruits
were divided into two groups. The riper ortion was marked as ,apricot I and
had soluble solid content 13.2 % (w/w), acid content (as citric acid) 1.37 % and
firmness (measured by the manual penetrometer developed in Research
Institute of the Food Industry in Prague) 10.7 N. The rest, i. e. less ripe fruit,
was marked as ,apricot II“ and its analogical characteristics were 12.6 %,
1.49 % and 19.8 N, respectively.

The halved and destoned apricots (250 g) were filled into cans (diameter
99 mm; volume 454 ml), poured on with sugar brine (30 % sucrose solution)
and subjected to heating in hot water bath. During that process samples at
20 time-temperature combinations were taken and tested (Table I). The
temperatures in cans were taken in the least heated place (i. e. in fruit
particles) with thermocouple. The F values for each treatment were calculated
using Tref = 80 °C and z =5 °C which pertains Paecilomyces varioti thermal
inactivation (Kyzlink, 1988).

I. Time-temperature conditions of samples taken for texture tests

Temperature [°C] Holding time [min]/Corresponding F value
70 30/1.14 45/1.46 60/1.61 751.75 90/2.43
80 10/16.2 15/28.6 20/38.8 25/46.8 30/51.7
90 2/574 4/723 6/855 8/908 10/984
95 1/6340 2/7300 3/8500 49700 511110

The texture was determined by the reverse extrusion method using Instron
1152 apparatus. The extrusion vessel made of stainless steel (inner diameter
40 mm) was filled with four quarters of apricot (about 80 - 90 g). The fruit was
then pressed by piston (diameter 32 mm) the speed of which was 125 mm/min.
From the extrusion diagram, i. e. the stress-time curve, the maximum force Fmax
[N] and the work exerted during the whole extrusion process A [J] were
determined (Kyzlink etal., 1982).

For the sensory evaluation of heated apricots the graphic scale method was
used in which five samples of processed fruit were presented to ten panelists.
The texture of fruit was expressed as B value, i. e. distance from the beginning
of the graphic scale (100 mm) when B = 0 mm corresponds to ,,very hard“,
B = 50 mm to optimum and B = 100 mm to ,,very soft“ texture.
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RESULTS and DISCUSSION

We found the Fmax and A values 185 N and 3.9 J for the fresh apricots I, resp.
340 N and 5.8 J for the apricots II. Figs 1 and 2 show the results of the texture
measurements after heating. Both Fiyax and A values have evidently the compa-
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1. Changes of Fmax [N] value during apricots heating at different temperatures sensorically

rable ability to demonstrate the influence of heat treatment on apricots texture.
The graphs are plotted in semilogaritmic scale in which many thermodegradable
processes (e. g. inactivation of microbes, enzymes, destruction of some
pigments etc.) show mostly a linear course, typical for the first order reactions.
In this case the changes are more complex. Besides the main chenZial reaction,
i. e. hydrolysis of pectic substances, a lot of thermophysical processes fake place. We
have dcscn’bed the influence of gas in vegetal tissue on texture changes during the
heatmg ( urda etal, 1993)\Under certain conditions the expanding gas can
increase the firmnessof lISSUC and cause unexpectable texture changes (Figs. 1 and
2).

It is evident that texture differences between fruit heated at 90 °C and 95 °C
were low even when comparing apricots of different ripeness. In this case the
softening of tissue reached such an extend that the effect of other factors
could not beobserved observed as confirmed also by sensory tests

We found out the greatest texture differences between riper and less ripe apricot at
the lowest tested temperature, i. e. 70 °C, after 30 minutes of heating when the Fmax
value for riper fruit was about one the third (36 %) lower then for less ripe ones. At
80 °C this difference diminished and at temperatures above 90 °C, as stated above,it
was not significant Considering that the difference for fresh. apricots was nearly 50 %
we can conclude that the higher intensity of heat treatment the lower texture difference
for fruit of various ripeness.
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Compiaring the texture of fresh
apricots and fruit heated at 70 °C
for 30 minutes the maximum '%1
force Fmax and total work A for au LA
riper raw 1naterial decreased to Ry N P
23 %, resp. 20 % of the original 1. e B
values. For apricots II these char- e
acteristics drop to 19 %, resp. e T \ \
23 %. The relative changes of g, | f—c \3
texture during heating are
obvious from Figs 1 and 2. For BIC sl
example, Fmax decreased after :
heating at 95 °C to about 7 N for ! 10 A i} 100
apricots of both ripeness (3.8 %,
resp. 2.1 % of original value of 2.Changes of A [J] value during apricots heating at
fresh fruit). The changes of A differengl temper[al]ures e ¢
value were similar.

The sensory analyses of sterilized apricots indicated, that acceptable texture
corresponded with Fmax above 37 N and/or A above 0.8 J (values in fields
marked with letter S in Figs. 1 and 2). More detailed results of sensory analyses
are given in Fig. 3. It is evident that most of tested samples were evaluated.as
,Soft“ or ,very soft“, i. e. corresponding B > 60 mm. The optimum or slightly
harder texture was found for samples heated at 70 °C for less than 60 min
(apricots I), and 75 min (apricots II), respectively.

Like reverse extrusion measurements the sensory analyses indicated that
apricots texture is affected mainly by the temperature of heating. The effect of

. SN
9%0°C - -
‘ Le-e
ta..c—u—.
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100 ---- apricots |
ARy — apricots I
S /
:};:%!_4.;#9/--"' ; B [mm] - grafic scale expression of
1 (o] e -({ \g e % apricots texture (0 mm corresponds
/ A to ,,very hard" fruit, 50 mm to opti-

o I ~— mum texture, 100 mm to ,very soft*
e Db fruit)

 fmin] 1o

3. Sensory evaluation of heated apricots
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1 - thermoinactivation line of microorga-
nisms typical for sterilized fruit
products

2 - thermoinactivation line of Paeci-
lomyces varioti

3 - thermoinactivation line of fruit
redoxases

4 - thermoinactivation line of apri-

100

S el

B0+

cots B-glucosidase
S - thermoinactivation line of
Paecilomyces varioti conidies
EXP 70, EXF 80, EXP 90 and
6n 6 s —  EXP 95 - area corresponding to

o ' . t{mia) ' conditions during heating at 70, 80,
90 and 95 °C

4. Thermoinactivation lines important for processing of fruit in comparison with the temperature-
-time characteristics of used heat treatments

heating time is less significant and differences between fruit of various
ripeness are evident for apricots heated at lower temperatures.

In Fig. 4 are given the thermoinactivation lines important for sterilization of
ipricots in comparison with the temperature-time characteristics of used heat
rreatments. The frames marked EXP 70, EXP 80, EXP 90 and EXP 95 represent
‘he time-temperature conditions during our experiments. It is obvious that
reatments corresponding to acceptable texture (i. €. 30 - 75 min at 70 °C, resp. less
han 10 min at 80 °C) are sufficient for inactivation of typical microorganisms of
icid food and redoxases, but they can fail for inactivation of B-glucosidase, which
>an split amygdaline in apricot-seeds yielding glucose, benzaldehyde and
1ydrogen cyanide (Kyzlink, 1988, Voldfich et al., 1990) . Such
reatments are also insufficient for killing thermoresistent moulds like
Paecilomyces varioti which must be removed and/or depressed by other way
e. g. by more effective washing and/or through deaeration of cans).
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Textura sterilovanych merunék

Byla sledoviny zmény textury merunék (odriidy Velkopavlovickd) ve dvou stupnich
technologické zralosti béhem sterilace pfi teplotach 70, 80, 90 a 95 °C a pfi péti riznych
dobéch sterilace za kaZdé teploty. Textura byla sledovdna jednak pomoci reverzni
extruze, jednak senzoricky. Rozdil v textufe mezi plody o riizné zralosti klesal se
stoupajici intenzitou tepelného oSetfeni. Senzoricky byly nejlépe hodnoceny meruiiky
zahfivané pfi niZSich teplotdch. Jak instrumentélni, tak senzorické hodnoceni textury
ukézalo, Ze vyznamnéjsi je spiSe teplota neZ doba sterilaéniho zdhfevu. Porovnaji-li se
instrumentdlné zjiSténé hodnoty textury syrovych merunék s hodnotami zjiSt€énymi
u sterilovanych a senzoricky pfiznivé hodnocenych vzorki (30 min 70 °C), je moZné
konstatovat, Ze sledovany fyzikdlni ukazatel (price potfebnd k protladeni uritého
mnoZstvi vzorku definovanou 3térbinou) je u sterilovanych merunék asi pétindsobné
niZsi neZ u plodi syrovych.

Hodnoty sterilagnich teplota dob jejich plisobeni, které odpovidaly senzoricky nejlépe
hodnocené textufe merunék (tj. 30 aZ 75 min pfi 70 °C nebo méné neZ 10 min pfi 80 °C)
jsou dostateéné pro inaktivaci b&né mikrofléry kyselych potravin i redoxas, ale jiZ
nedostaduji pro inaktivaci termorezistentnich plisni ani pro inaktivaci B-glukosidasy.
Inaktivace posledné zminéného enzymu by mohla byt vyznamni pfi sterilaci merunék
s peckami, aby u nich nedochizelo k neZidoucimu 3t€peni amygdalinu za vzniku
kyanovodiku vedle glukosy a benzaldehydu.

meruiiky; zralost; textura; sterilizace
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EFFECT OF PREFRYING ON SENSORY CHARACTERISTICS
OF FRENCH FRIES

Lenka KOURIMSKA-KONIROVA, Jan POKORNY, Jan VELISEK

Institue of Chemical Technology - Department of Food Chemistry and Analysis,
Technickd 5, CS - 166 28 Praha 6, Czechoslovakia

French fries were prefried in hydrogenated rapeseed oil, and after finish frying,
they were compared with directly fried French fries. Differences in the sensory
quality were only moderate in the average, nevertheless, in some cases they were
statistically significant. There were linear relationships observed between the
appearance and the colour, crispness, and the inteasity of crisp sounds produced
during the consumption. The appearance and the colour depended on the content
of reducing sugars while the content of sucrose had no pronounced influence. The
crispness of prefried French fries depended on the starch content after the finish
frying. The lipid oxidation in prefried French fries had no significant effect on the
intensity of rancid flavour after the finish frying. Results of direct frying give no
reliable information on the sensory quality of prefried and finish fried products.

French fries; sensory profile; crispness; texture; reducing sugars; oxidation
of frying oil

On the industrial scale, French fries are usually prefried in rather saturated
ydrogenated oil, afterwards, they are frozen stored, and immediately before
1e consumption, they are finish fried in a partially hydrogenated or
on-hydrogenated oil. For the prefrying, relatively stable hydrogenated oils are
referred, e. g. French fries prefried in hydrogenated soybean oil, and stored at
'0 °C were stable for the whole year under frozen storage without any
ibstantial impairement of the sensory quality (K eijbe ts etal., 1983). For
e finish frying, non-hydrogenated vegetable oils may be used in addition to
irtially hydrogenated oils, such as sunflowerseed or soybean oil
ceijbets etal, 1984).
Hydrogenated oils have, as it is well known, substantially better stability
ainst autoxidation than non-hydrogenated oils, therefore, it is not necessary
replace the hydrogenated frying oil so often during the prefrying as
n-hydrogenated oils (Gemert; Hoekman, 1986). Hydrogenated
oeseed oil, which is not othrewise the optimum frying medium, was found
itable for frying of French fries for frozen storage (B a cs o et al., 1983)
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as under frozen conditions the rancidification is sufficiently inhibi’ d. In
addition to hydrogenated oils where linoleic acid has been totally removed by
hydrogenation, partially hydrogenated (still liquid) oils were found suitable
where linoleic acid partially remained in oil after hydrogenation(Keijbets
et al., 1985). The advantage of prefrying is that French fries are partially
dehydrated in course of prefrying, and the sorption of oil during finish frying is
restricted(Gamble, Rice,1987;Lamberg etal., 1990).

Even for the finish frying of prefried French fries, hydrogenated vegetable
oils can be used, for instance, hydrogenated soybean oil was found twice more
stable than non-hydrogenated oil (Keijbe ts etal., 1986). During the finish
frying, hydrogenated oil present in prefried French fries is partially replaced by
the frying oil present in the pan for the finish frying.

In this paper, we compared the sensory quality of French fries directly fried
with prefried French fries, finish fried immediately before the consumption.
Rapeseed oil hydrogenated to different degree was used in either case.

MATERIAL and METHODS

Material - Prefried French fries were manufactured by industrial frying
(Mrazimny Ltd., Mochov, Czechoslovakia) in hydrogenated cooking fat Iva
(Setuza Ltd., Usti nad Labem, Czechoslovakia) which met the requirements of
the respective quality standard (C S N , 1985). Hydrogenated oil Oliol (Palma
Ltd., Bratislava, Czechoslovakia) was produced by partial hydrogenation of
rapeseed oil, and by removal of solid portion with use of fractionation, the final
composition of fatty acids: 1.5 - 3.0 % trienoic, 19.0 - 21.0 % dienoic and 57.5
- 61.0 % monoenoic fatty acids. Potato varieties used for direct frying and
prefrying-finish frying were the same (supplied by Mrazirny Ltd., Mochov).
Potatoes contained 13.0 - 18.0 % starch, 0.02 - 0.21 % reducing sugars before
the inversion, and 0.14 - 0.80 % after the inversion.

Procedure - Potato slices were cut into pieces 40 - 50 mm x 10 mm x 10 mm,
and fried in the frier Philips (Nova, Model 2802.00, Belgium), filled in the
beginning with 2.5 kg oil. After heating up to 170 °C (within 7 min) three to
four portions were gradually fried. The weight of individual batches was about
200 g. In the beginning of frying, the temperature decreased to 130 °C but it
increased to 170 °C again during 5 min frying. After dripping off, the samples
were served for the sensory evaluation. Frying oil was stored, and the following
day used for another experiment. The total number of use was 11 fryings.

Oil was used from prefried French fries by extractions from the homogenized
material with the mixture of methanol and chloroform (3: 1 v~i)afterFolch
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et al. (1957). The solvent was removed in a rotating evaporator at
a temperatureof the water bath not exceding 50 °C.

Analytical Methods - The acid value, content of total polar groups were
determined using the IUPAC standard procedure (I UP A C, 1987), and
content of total oxidation products was determined by reverse phase HPLC on
silicic acid C18 column (P 4 n e k et al., 1989). The degree of degradation of
frying fat was determined usiug colour test-tube tests (VERI-FRY produced by
Libra, Piscataway, NJ, USA - Blumenthal, 1990). The content of
reducing sugars was determined after Luff and Schoorl, and the starch content
afterEwers(Davidek etal, 1977).

The sensory analysis was carried out in a standard laboratory (I S O , 1985a)
using the procedure recommended by the international standard (I S O , 1985).
The samples were evaluated by a group of trained assessors (I S O , 1989) who
passed a 60 h course), and had a practical training of at least further six months.

Before the sensory analysis, the capability of assessors was examined, and
before the practical sensory analysis, the assessors were instructed by a test of
procedure and control of the checking ofatest (I S O , 1985). Before the sensory
session the ability and competence of the assessors was checked, and the
assessors were instructed on the purpose of the test and on the procedure, and
on the way of completing the form.

I. Orientation of graphical scales of the sensory profile of French fries

Cha -~ . Verbal description of the scale
racteristic of the sensory quality -

left end (0 %) | -ight end (100 %)
Acceptability of appearance excellent i very bad
Acceptability of colour excellent bad
Intensity of crunchinness very crunchy completely plastic
Intensity of crunching sounds inaudible very strong
Acceptability of overall flavour excellent very bad
Intensity of fried flavour very strong not very perceptible
Intensity of rancid flavour not perceptible overwhelming
Intensity of overall off-flavour not perceptible very strong

Samples of potato strips 20 g each were presented while still hot on white
porcelaine dishes provided with a four-digit code number. Between three of four
samples were served at a session in randomized blocks. Vodka was served as
a flavour neutralizing agent between the samples.
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French fries were evaluated with use of sensory profiling (I S O , 1985) with
eight descriptors, and using non-structured graphical scales.

The orientation of the graphical scales was achieved using verbal descriptions
of the meaning of the two end points (Table I).

RESULTS and DISCUSSION

The set examined consisted of 42 samples of French fries prefried on the
industrial scale in frying fat Iva, frozen and stored for several days, and then
finish fried in the partially hydrogenated and fractionated oil Oliol. The other
setof samples consisted of equally 42 samples of fresh cut potato, directly French
fried in the hydrogenated rapeseed oil Iva. In both cases, the same seven varieties of
potatoes were used, each used six times. The time of frying was relatively short so
that the content of oxidation and hydrolysis products was far below (Table II) the
recommended limit (e. g. Poumeyrol, 1986). The results obtained with
test-tube tests VERI-FRY checking the content of free fatty acids and alkali soaps,
were in agreement with chemical methods. The total frying time did not exceed the
time recommended (Gemert, Hoekman, 1986) for hydrogenated
vegetable oils. The stability is enhanced by natural antioxidants as well
(Kilgore, Bailey,1970).

I1. Degradation degree of oils used for frying

aop £ . Range of values in p.c.

SNrmad e bysieuat directly Fried preg'icd and finish fried
Free acids (as oleic) 0.06 - 0.44 0.08-0.20
Oxidation products (HPLC) 0.78-2.18 1.19-2.17
Polar compounds (IUPAC) 135-4.54 1.98-6.33

Average results of the sensory assessment of French fries (Table III) were
very close in case of both directly fried and prefried/finish fried samples. The
pair test showed, nevertheless, some satistically significant (P = 95 %)
differences in some cases (Table IV). Prefried samples had worse colour scores
after finish frying than directly fried samples, but on the contrary, they were
slightly more crispy. The higher crispness may be explained by lower water
content in the surface layers of prefried French fries. There was moderate
difference observed in the crispy sounds but it did not reach the limit of the
statistical significance at P =95 %. The directly fried samples had less intensive
fried flavour than prefried/finish fried samples, which was probably caused by
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higher content of polyenoic fatty acids in frying medium Oliol compared with
the frying fatIva(Pokorn ¢, 1989).

III. Comparison of sensory profiles of directly fried and prefried-finish fried French fries (N = :12)

- g Average values in p.c. of scale
Chunetoitoatamamniy qality directly fried ‘peefried ind buislsinied
Acceptability of appearance 36.8 38.0
Acceptability of colour 33.6 37.8
Intensity of crunchinness 59.0 50.8
Intensity of crunching sounds 34.1 40.5
Acceptability of overall flavour 41.7 41.6
Intensity of fried flavour 49.4 42.7
Intensity of rancid flavour 222 26.6
Intensity of overall off-flavour 26.2 26.5

IV. Relations between the absolute values of some attributes of sensory quality

Sensory characteristic Higher value found in the given number of cases

directly fried French fries | prefried and finish fried French fries
Colour acceptability 15 27
Intensity of crunchinness 30 12
Intensity of fried flavour 35 7
Intensity of rancid flavour 14 28

The critical value (P = 95 %) is 28 responses

In the two sets of samples examined we have found considerable variability
among the values of most descriptors in the individual samples. Therefore, it
was felt important to determine relations between individual descriptors of the
sensory profile. We compared each two similar characteristics, in prefried
French fries on one hand, and directly fried samples on the other hand (Table V).
We have observed close relations between the acceptability of appearance and
the acceptability of colour, especially in directly fried samples. As expected,
close relations were detected between crispness and the intensity of crisp sounds.
On the contrary, no significant correlation was found between the flavour
acceptability and the intensity of the fried flavour note. The relation between the
intensity of rancid flavour and total off-flavours was significant, but only 36 - 45 %
of the total variability of the intensity of off-flavours (R“) may be explained by the
effect of the rancid flavour. This phenomenon is probably caused by low degree of
oxidation of frying oil.
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V. Relations between the resultsof evaluationsof individual related descriptors in the sensory profile
(regression: Y = aX + b, N =42)

Kind of French Variables Constants Correlation
fries Y X a b coefficient r
M A B 0.957 4.60 0.9077 p
N A B 0580 16.05 0.7519-p
M D C -0.915 88.06 -0.9377 p
N D C -0.982 90.33 -0.9559 p
M E F -0219 52.48 -0.2565
N E F 0.114 36.78 0.1247
M H G 0.650 11.74 0.6014 p
N H G 0.794 538 0.6679 p

French fries: M = directly fried; N = prefried and finish fried; Sensory attributes: A = acceptability
of appearance, B = acceptability of colour, C = crunchinness, D = intensity of crunching sounds,
E = overall flavour acceptability, F = intensity of fried flavour, G = intensity of rancid off-flavour,
H = intensity of overall off-flavours,

The values are expressed in p. c. of the graphical scale; p = statistically significant (the probability
level P =95 %)

The colour is an important property of French fries. Traditionally, it should
be very light yellow but non-enzymic browning reactions take place between
reducing sugars and amino acids which impart brown colour to the product, if
the content of reducing sugars in raw material is high. The content of glucose
is closely correlated with the colour of French fries(Neale, Louwes,
1989; Leszkowiat etal., 1989). The colour of fried product is improved
by washing of the intermediary product before the frying (Misra,
C h a n d ,1988).Itis sufficient to decrease the glucose concentration in surface
layers of the fries, as they are heated to the temperature of oil during frying, and
the browning reactions proceed in pronounced degree (Califano,
Calvelo, 1988). The critical value is 0.02 % glucose in the raw material
(Wisdom, Hilton,1974). The enzymic removal of glucose improves
the colour of fried productaswell(Jiang, Ooraikul,1989). The Table
VI shows that both the acceptability of appearance and colour depended on the
concentration of reducing sugars, even when the correlation coefficients were
not so high as those reported in the literature (M urata, Ishihara,
1987). The colour was in no correlation with the sucrose content, which is in
agreement with the observationby C h a s e (1987), and means that sucrose is
not significantly cleaved into reducing sugars during the frying.
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VI. Relations between the appearance and the colour of French fries and the content of reducing
sugars (regression: Y = aX + b, N = 42)

’ : . : Constants Correlation
Attribute investigated Frying procedure = b coefficient r
‘\cceptability of appearance L] saa 20189 0.6471
N 66.51 30.31 0.7282
Acc: ptability of colour - Eeo 262 il
N 81.20 28.55 0.6858

M = directly fried; N = prefried and finish fried

In case of prefried French fries, the crispness improved with the increasing
starch content:

Crispness = 128.18 - 4.8 x starch (r =-0,5160), the lower value corresponding
to better crispness. This relation is due to the content of total dry matter
(Neale, Louwes,1989). Nosuch a relationship was observed in case
of directly fried raw French fries.

VII. Relations between the results of sensory evaluation of directly fried and prefried-finish fried
French fries (regression: Y = a.X + b, N = 42)

Attribute of sensory quality Constants Correlation

investigated a b coefficient r
Acceptability of appearance 0373 24.28 05569
Acceptability of colour 0319 27.08 03493
Intensity of fried flavour 0.337 26.04 03741

X = directly fried French fries; Y = prefried and then finish-fried French fries; N = number of pairs
of samples; relations significant on the probability level of P =95 %

No relationship was observed between the oxidation degree in the lipid
fraction of prefried French fries and the intensity of rancid flavour after finish
frying. It is in agreement with other authors (Kirkpatrick etal., 1956).
The probable explanation is low residual fat from prefried French fries
remaining in finish fried products (B a cs o etal., 1973).

We tried to determine in which degree the orientation test with directly fried
French fries (from raw material) can affect the sensory value of prefried fries
after frozen storage and finish frying. It was found, however, that other frying
conditions have such an influence and increase the variability so that statistically
significant relations were found only in case of the appearance acceptability,
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colour acceptability and intensity of fried flavour (Table VII). Even in these
cases, correlation coefficients were rather low because many other factors are,
obviously, intervening.
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Vliv piredsmaZeni na vlastnosti smaZzenych bramborovych hranolki

Dva soubory vzorkd bramborovych hranolki sestévajici z 42 vzorkd v sedmi skupi-
néch rdznych odrlid brambor byly pfipraveny timto zplisobem: A - vzorky byly pfedsma-
Zeny za provoznich podminek ve ztuZeném fepkovém oleji, pak byly zmrazeny,
skladovény po kratSi dobu a dosmaZeny v &dstedné ztuZeném fepkovém oleji, B - vzorky
byly pfipraveny pfimym smaZenim syrovych bramborovych hranolkll ve ztuZeném
fepkovém oleji. Pimé smaZeni i dosmaZeni prob&€hlo v doméci fritéze o obsahu 2,5 kg
oleje pfi teplot& 170 °C. Chemické ukazatele a obsah celkovych oxida&nich produktd
(stanoveny HPLC) ukézaly, Ze se olej rozloZil jen v malé mite (tab. II). Senzoricky profil
byl stanoven skupinou 3kolenych a zkuSenych hodnotitell s pouZitim nestrukturované
grafickeé stupnice s osmi deskriptory (tab. I).
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Primémé bodové ohodnoceni sensorickou anal§zou bylo velmi podobné pro oba
zkoumané soubory (tab. III), ale pfedsmaZené hranolky mé&ly ponékud méné pfijatelnou
barvu a byly trochu kiupavéjsi po dosmaZeni neZ syrové vzorky pfimo usmaZené, ale
rozdily v intenzit& kfupavych zvuki byly velmi malé, tedy nevyznamné. Pfimo smaZené
vzorky mély trochu slabsi smaZenou chuf (tab. IV), coZ miiZe byt zplisobeno tim, Ze olej
pro dosmaZovéani mé&l ponékud vyssi obsah polyenovych mastnych kyselin, které jsou
prekursory smaZené chuti.

Obé sady vzorkil vykazovaly velkou proménlivost jak v chemickych, tak i senzo-
rickych ukazatelich. Velmi t&€sné byly vztahy mezi ptijemnosti vzhledu a barvy, a mezi
kfupavosti a intenzitou kfupavych zvukd pfi konzumu (tab. V). Naproti tomu jsme
nezjistili Zddny vztah mezi pfijemnosti chuti a intenzitou smaZené chuti. Koreladni
koeficient mezi intenzitou Zluklé pachuti a celkovych pachuti byl dosti nizky, i kdyZ byl
jeSté statisticky prlkazny (P = 95 %).

smaZené bramborové hranolky; senzoricky profil; kfupavost; redukujici cukry; oxidace
smaZiciho tuku
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KONZISTENCNI VLASTNOSTI MODIFIKOVANYCH MASEL
Viadimir FILIP, Ladislav FORMAN, Petr STERN, Zdenék SVOBODA

Vysokad Skola chemicko-technologickd - Ustav technologie mléka a tuku,
Technickd 5,166 28 Praha 6; Ustav pro hydrodynamiku CSAVZ Podbabska 13,
166 12 Praha 6; Setuza a.s, Zukovova 100, 400 29 Usti n/L

Konzistence mésla chipani obvykle jako roztiratelnost v Sirokém teplotnim
rozmezi 5 a¥20 °C se vyraznym zplsobem uplatiiuje pfi jeho pouZiti. ZlepSeni
konzistence oproti pivodnimu m4slu pfedstavuji modifikovani m4sla rostlinnymi
tuky. Je hodnoceno méslo a smé&sné tuky obsahujici 10, 20, 30 a 40 % hm.
rostlinného tuku. Konzistence sledovanych tuki byla hodnocena metodou rotaéni
reometrie a penetrometrie, emulze jsou charakterizoviny obsahem vody, tukova
sloZka jodovym ¢&islem a obsahem pevnych podilil (solid fat index). Byla zjisténa
zédvislost mezi obsahem tuhych podili a statickou mezi toku (x), resp. zd4nlivou
viskozitou (x), resp. mezi toku podle Haigtona (x) ve tvaru SFI = ao.x ™ s kore-
laénim koeficientem vétsim jak 0,9. Doba skladovéni jeden aZ tfi tydny pfi 5 a2
7 °C nem4 na parametry rovnice vyznamny vliv. Byla potvrzena analogick4
24vislost mezi mez{ toku podle Haightona (C) a statickou mezi toku (t) ve tvaru:
C = ag.t" hodnota parametru a; je niZ$i neZ pro margariny a oba parametry se
méni v prub&hu skladovéni jednoho aZ tfi tydni.

konzistence; m4slo; mez toku podle Haightona; obsah tuhych podili; penetro-
metrie; rotadni reometrie; smésné tuky; statickd mez toku; zd4nliv4 viskozita

Misla modifikovand rostlinnymi tuky a oleji patfi do skupiny tzv. smésnych
tukovych pomazének (Frede, 1990). Podle navrZeného standardu Mezi-
narodni mlékaiské federace (I D F, 1991), maji smé&sné tukové pomazinky
obsahovat ve své tukové sloZce vice neZ 10 % a méné nez 100 % mlé&ného tuku.
Od roku 1968, kdy byl na trh zaveden prvni Gspé3ny vyrobek této skupiny, byly
v Evropé vyvinuty a na trhu komercionalizovdny desitky dalSich. Zminéné
smésné tuky se vyrébi jednak jako plnotu¢né s obsahem tuku 81aZ 83 % (full
fat), se sniZzenym obsahem tuku na 60 aZ 75 % (reduced fat), nizkym obsahem
tuku 35 aZ 41 % (low fat) a velmi nizkym obsahem tuku 25-27 % (very low fat).

Usp&nost zminén§ch smésnych tukd Ize spatfovat v tom, Ze:

a. jsou diky zvy3ené nenasycenosti tuku a pfipadn€ niZ§imu energetickému
obsahu povaZovéiny za tzv. zdravé potraviny;

b. diky niZ$im materidlovym nékladim jsou v porovnénim s méslem levné&jsf;
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c. vlivem vy33i nenasycenosti tuku jsou v porovnéni s mdslem lépe roztiratelné

i 1épe zpracovatelné do tésta.

Na zdklad% provedenych priizkumii se ukazuje, Ze¢ konzument hodnoti
u téchto vyrobkl pfedevSim chut, kterd se jen malou mérou odli¥uje od chuti
tradi¢éniho mésla. Na druhém mist& hodnoti zlepSenou roztiratelnost ve srovnéni
s obtiZzné roztiratelnym méslem.

ProtoZe Lhonzistence patii k nejdiileZit€j$im vlastnostem smésnych tuki, byla
jivénovéna pfedklddan4 studie. Price byla zaméfena na hodnocenf vlivu jakosti
pfisady rastlinného tuku a na hodnoceni vlivu technologie na konzistenci
modifikovaného mésla. Z toho diivodu byly vybrény vyrobky &tyf &s. vyrobcii
s riznym mnoZstvim a sloZenim rostlinného tuku. Jejich konzistence byla
hodnocena v priibéhu doby skladovéni pfekralujici zdru¢ni dobu vyrobki.
Cilem price bylozjistit funk&ni zdvislosti mezi vybranymi texturnimi parametry
a sloZenim triacylglyceroldi smésn§ch emulgovang§ch tuki.

MATERIAL a METODY

Pro studii byly vybrdny komeréni vyrobky smésn§ch tukil od &tyf vyrobei
Ceské republiky: AB méslo ze zdvodfi Jindfichliv Hradec a P¥iSovice, obsahujici
20 % tukové nisady na bézi rostlinného tuku, Zlatd Hané ze zdvodu v Olomouci,
obsahujici 30 % tukové ndsady, modifikované AB méslo ze zdvodu PiiSovice,
obsahujicf 40 % tukové nésady a CD mislo ze zévodu C. Lipa, obsahujici 10 %
rostlinného oleje (daje vztaZzeny na 100 % tuku) a déle &erstvé méslo od
stejnych vyrobct, a tedy i se stejnym sloZenim mlé&ného tuku, jednalo se o tzv.
zimni méslo. Zékladni sloZeni a obsah pevnych podilli jsou uvedeny tab. I.
Vzorky byly skladovény v origindlnich obalech (Al-félie) pfi teploté asi S °C
a promé&fovény pfi teplotich 10, 15, 20 a 25 °C s piesnosti 0,02 °C u rotaéni
reometrie a 0,5 °C u penetrometrie vZdy jeden, dva a tfi tydny po jejich v{robé.
K napinéni rota¢niho viskozimetru bylo pouZito noZe a vzorek odpoc&ival 20 min
pfed zapocetim méfeni, u penetrace byly vzorek i penetrometr temperovédny na
poZadovanou hodnotu.

Reologické vlastnosti sledovanych vzorki byly stanoveny pomoci rota¢niho
viskozimetru Rotovisco RV 20 (Haake Mess-Technik, Karlsruhe, BRD)
v uspofddéni kuZel-deska o priméru 30 mm a dopliikovém Ghlu 2°. Tokové
kfivky byly stanoveny, v rozsahu smykovych rychlosti 0 - 500 s, KuZel doséhl
maximélni frekvence otd¢ek z klidu pfi jejich plynulém zvySovéni za 60 s a za
stejnou dobu se vritil do klidu. Z tokovych kfivek byly vyhodnoceny tyto
zdkladni reologické parametry: zddnlivé viskozita 1), pfi maxim4élni aplikované
smykové rychlosti g = 500 s™ a statickd mez toku g, coZ je maximélni hodnota
smykového napéti, kterou je nutné pfekonat, aby u litky doslo v diisledku
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mechanického naméhéni k viské6znimu toku (obr.1). Penetrace sledovanych
vzorki byla méfena na kuZelovém penetrometru OFD (VEB Feinmess Dresden,
DDR) v 0,1 mm pfi dob€ penetrace 5 s. Vysledky byly vyjadieny jako mez toku
podle Haightona (Haighton, 1959):

C- k.“’.p—l'6 [g.cm?]

kde: p - penetrace (0,1 mm)
W - hmotnost kuZele - 102 g s Ghlem 20°
k - konstanta kuZele (k = 19 000)

I. Charakteristika emulze a tﬁku - Characteristic of emulsion and fat

1 3 SFI (%) pfi teplot&’ [°C
Vzorek! | K13%) | K2’ [%0] | IC* o = - e
1 0 18,4 29,4 48,6 18,1 4,2 0
2 20 18,6 44,9 42,7 15,0 3,7 0
3 0 17,7 29,7 53,2 22,4 5,4 0
4 10 23,1 41,4 46,3 18,5 48 0
5 0 17,8 27,1 51,1 21,2 6,3 0
6 30 20,0 58,2 43,9 16,6 35 0
7 20 166 | 480 44,2 16,5 39 0
8 40 16,1 59,5 43,0 16,3 3,7 0

lszunplc; Zkoncentrace rostlinného tuku vztaZeno na tuk - concentration of vegetable fat in fat;

oncentrace vody v emulzi - concentration of water in emulsion; ‘iodine number; Ssolid fat index
by temperatures

Obsah pevnych podilil v zdvislosti na teploté byl uréen metodou pulzni NMR
(Fred e, 1990) u izolovaného bezvodého tuku. Korelace mezi uvaZovanymi
veli¢inami uvaZovand jako y = a,.x % byla zjiSfovina metodou nejmensich
&vercl v linearizovaném tvaru po log/log transformaci. Vypo&tend hodnota
korela¢niho koeficientu r je pak mirou pfiléhavosti zvoleného vztahu.

VYSLEDKY a DISKUSE

Hodnocené smésné tuky a maéslo pfedstavuji z reologického hlediska
viskoplastické tixotropni litky. Ukazuje se, Ze z metod pOplSlllelCh texturu
emulgovanych tukil, se jako nejvhodné;jsi, protoZe j p% pisuje nejkomplexnéjl,
jevi rotalni reometrie v uspofddini deska-kuzel (Stern, Cmolik,
1976). Tato metoda byla s Gspéchem pouZita i pro hodnoceni konzistence mésla
(Forman etal., 1989,1991). Na rozdil od penetrometrie, kterou se zjistuje
»tuhost, tvrdost, plasticita“ za statickych podminek (Haighton, 1959) -
tzn. klidovou strukturu, umoZiuje rotaéni reometrie rovnéZ obdobnou charakte-
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rizaci vyjadienou jako statickd mez toku, ale dile umoZiuje popis pfechodu
emulze s vykrystalovanymi krystaly triacylglycerolil z tixotropniho stavu do
stavu chovani emulze jako nenewtonské kapaliny, coZ Ize charakterizovat
hodnotami jako dynamickd mez toku nebo zdinliv4 viskozita. JestliZze se ma
hodnotit roztiratelnost téchto emulzi, pak prdvé€ metoda rotatni ‘'cometrie
v popsaném uspoiddéni ji velice dobfe charakterizuje.

II. Korelace mezi obsahem pevngch podili (SFI) a statickou mezi toku (tg) - SFI = apT5! -
‘Correlation between solid fat index and static yield value

Soubor vzorki' | Doba skladovini [tydny]® ag ay Korelagni koeficient” r
1-6 1 0,43 0,493 0,988
1-8 1 0,54 0,471 0,957
1-6 2 0,39 0,496 0,988
1-8 2 0,49 0,476 0,965
1-6 3 0,38 0,494 0,988
1-8 3 0,49 0,472 0,965

Holds for TablesII to V:
Iset of samples; Zstorage time; “correlation coefficient

SloZeni tuku charakterizované jodovym ¢islem a obsahem pevnych podilii
(tab. I) je u Cerstvého maésla typické pro ,,zimni méaslo“, nicméné i kdyZ jeho
sloZeni je u tfi vzorkil podobné (JC = 27 - 29), profil SFI v z4vislosti na teploté
neni identicky, nejvétSi odchylky jsou ziejmé pfi 10 °C, tzn., Ze zastoupeni
jednotlivych triacylglycerolli se u jednotlivich vzorkl odliSuje (Frede,
1990). Pfitomnost rostlinného tuku jednak zvy3uje nenasycenost a soucasné

o 1. Zavislost smykového napéti na smykové
rychlosti pro miéslo pfi teplotich 15, 20, 25
s a30 °C - Shear stress - versus - speed stress
s000 -2\ B relationship for butter by temperatures 15,
ie 20,25 and 30 °C
T \
\\NW\-.,\_\/\
w\\_
o] 1o S,
\‘qk
e _::-::‘::’::___‘ —
= Jo'c

500
t1(1/s)
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snizuje obsah pevnych podili v zévislosti na teploté, zdsadnim zpilisobem
zejména pfi teplotach 10-15 °C.

I11. Korelace mezi obsahen pevnych podilii (SFI) a zdénlivou viskozitou (1) - SFI = ag.mz' -
Correlation between solid fat content and apparent viscosity

Soubor vzorkii' | Doba skladoviéni [tydny]” ag a; Korelaéni koeficient” r }
1-6 1 12,32 0,534 0,922
1-8 1 13,16 0,530 0,907
1-6 2 11,85 0,534 0,926
1-8 2 12,56 0,532 0,913
1-6 3 11,66 0,522 0,924
1-8 3 12,19 0,528 0,915

Vztah mezi chemickym sloZenim triacylglycerolii a jejich fyzikdlnimi
vlastnostmi je pfedmétem rozsahlého studia, v poslednim obdobi je snaha
nalézat korelaci mezi hodnotami chemického sloZeni a veli¢inami popisujici
fyzikalni vlastnosti. Vztah mezireologickymi parametry a SFI byl zkouman pro
emulgované tuky (C molik, Stern, 1983), bylo v3ak konstatovéano, Ze
zédvislost je komplikovana sloZenim tuku podle jeho plivodu a zpracovéni. Pro

Plati pro obr. 2 az 4 - Holds for
Figs. 2 to 4:

o vzorek! 1- 6

® vzorek 7-8

_ vzorek 1-6

-- vzorek 1-8

1
sample

SFI (%]

2. Zavislost obsahu pevnych podili
na statické mezi toku; doba skla-
dovini jeden tyden - Solid fat index

0 5 10 15 20 - versus - static yield value rela-
(Thousands) tionship; storage time of one week
Ts (Pa]
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margariny byl nalezen té€sny§ vztah mezi mezi toku podle Haightona a statickou
mezi toku ve tvaru C = 7, %%, s koreladnim koeficientem vy33im neZ 0,9
(é tern, Cmolik, 1981, 1982). U popisovanych emulgovanych tuki -
modifikovanych mésel byl zjiSt€n obdobny obecn§ mocninovy vztah (obr. 5,
tab. V), mocninovy exponent a; je viak niZSi a hodnota parametru ag je vétsi
nez 1. Korela¢ni koeficient 0,93-0,96 potvrzuje t€snost pfedpoklddaného
vztahu. V zdvislosti na dob& skladovini se sniZuje hodnota parametru a;
a zvySuje se parametr ag, ale t€snost vztahu ziistdvd zachovéina, neprojevuje se
rozdil mezi souborem vzorkii 1 aZ6a 1 aZ8.

eo 3.Zévislost obsahu pevnych podili
o na zd4nlivé viskozité; doba skla-
50 | o dovéni jeden tyden - Solid fat index
- versus - apparent viscosity rela-
Soll tionship; storage time of one week
¥
- 307
™)
7]
20 |
10

0 i M i B i n i i

0 2 4 6 8 10 12 14 16 18 20 22

Nz [Pas]

Hlavni pozomost byla zaméfena na korelaci mezi reologick§mi parametry
a obsahem pevnych podili - bylo zji§téno, Ze mezi obsahem pevnych podili
a mezi statickou mezi toku (t), zd4nlivou viskozitou (1)) a mezi toku (ts) podle
Haightona (C) existuje tésn§ vztah v obecném mocninovém tvaru (obr. 2 aZ 4,
tab. Il aZ [V). Nejlep3i pfiléhavost byla zjiSténa mezi SFI a statickou mezi toku.
Ukazuje se, Ze u souboru vzorkill 1 aZ 6 je dosaZeno korelatniho koeficientu
blizkého jedné, u souboru vzorkil 1 aZ 8 se t&snost vztahu zhorSuje. Z toho
vyplyvi, Ze charakter emulzi u vzorki 7 a 8 se zfejmé 1isi od ostatnich vzorkd,
nebof chemické sloZeni triacylglycerolli viech vzorkili je pomé&mé blizké.
Urditym vysvétlenim miiZe byt rozdil ve velikosti &éstic vody u vzorkl 7 a 8
(F o r m a n , 1992 - Gstani sd€leni), coZ m4 za nisledek sniZeni mezifdzového
povrchu a tudiZ sniZeni statické meze toku a zdénlivé viskozity.
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IV. Korelace mezi obsahen pevnych podili (SFI) a mezi toku podle Haightona (C) -
SFI = ag.C™ - Correlation between solid fat content and yield value (Haighton)

Soubor vzorki' | Doba skladovini [tydny] ag a; | Korela&ni koeficient’ r
1-6 1 0,38 0,622 0,939
1-8 1 0,52 0,589 0,907
1-6 2 0,36 0,639 0,948
1-8 2 0,35 0,646 0,937
1-6 3 0,48 0,646 0,937
1-8 3 0,42 0,623 0,937

V priibéhu doby skladovini dochdzi k postupné dalsi krystalizaci tria-
cylglycerolli, coZ se projevuje zménou reologickych charakteristik (vzriist
statické meze toku), ale na popisovany vztah mezi SFI a statickou mezi toku
nemd doba skladovéni vliv. Analogicky lze popsat a vysvétlit vztah mezi
obsahem pevnych podilii a zdinlivou viskozitou (obr. 3, tab. III) a mezi obsahem
pevnych podilii a mezi toku podle Haightona (obr. 4, tab. IV). Hodnota kore-
la¢niho koeficientu je v tomto pfipadé€ niZ3i, ale stile vét3i nez 0,9. I v téchto
piipadech je sledovand zédvislost nezivisld na dobé skladovini.

60

80

40

30 |

SFI [%)

20 |

10 | /
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4. Zvislost obsahu pevnych
podili na mezi toku podle
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(Haighton) relationship;
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V. Korelace mezi mezi toku podle Haightona (C) a statickou mezi toku (t) - C = ag. T3 -
Correlation between yield value (Haighton) (C) and static yield value (t;)

Soubor vzorkd'

Doba skladoviéni [tydny]°

ay Korelaéni koeficient” r

ag
1-6 1 2,44 0,712 0,962
18 1 257_| 0,05 0,968
16 2 245 | 069 0,965
1-8 2 3,32 0,659 0,954
16 3 629 | 0576 0,040
18 3 9,70 | 0,534 0,033

Souvislost mezi reologickymi charakteristikami a obsahem pevngch podili
pfi riiznych teplotich je zfejm4 z obr.1, nebof se vzrilstajici teplotou se plocha
hysterezni smy¢ky zmensuje. Pfi teploté 30 °C, pfi niZ obsah pevnych podili je
3,7 %, se i plocha hysterezni smy¢&ky bliZi nule, rovnéZ tak i statickd mez toku.
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5. Zédvislost mezi mezi toku
podle Haightona a statickou
mezi toku; doba skladovini
jeden tyden - Yield value
(Haighton) - versus - static yield
value relationship; storage time
of one week

Pii teploté 15 °C kfivka smykového napéti na smykové rychlosti vykazuje
absolutni maximum (statickd mez toku), nebof je naruSena struktura emulze,
a soudasné i pfi vysSich’smykovych rychlostech byla zaznamenana jesté lokdlni
maxima, kterd pravdépodobné odpovidaji destrukci sit€ krystaldi tria-
cylglycerolli. Zajimavym zjidténim rovnéZ je, Ze pfidavek rostlinného tuku

neovliviiuje charakter tokovych kfivek.
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Properties of consistency of modified butters

Butters modified by vegetable oils and fats belong to a category of so-called
admixtured fat spreads and contain more than 10 % and less than 100 % milk fat; usually
81-83 % (full fat), 60-75 % (reduced fat), 35-41 % (low fat), resp. 25-27 % (very low
fat). The cause of their successfulnessis (Fred e, 1990)

- they are considered as so-called healthy food owing to increased fat unsaturation and,
as the case may be, lower fat content
- they are cheaper in comparison with butter owing to lower production costs

- in comparison with butter they are better spreadable and can be more easily processed
into dough because of higher unsaturation of fat.

From the point of view of texture the admixture of vegetable fat represents its
improvement in comparison with original butter. It is usually esteemed for its so-called
spreadability besides sensuous and nutrient factors. Consistence of these fats is usually
watched at the temperature range of 10-25 °Cwhich are temperatures close to the melting
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point. Butters in questions contained 10, 20, 30 and 40 % of vegetabl fat, emulsion is
characterized by water concentration in fat phase, ic'ine number and solid fatindex. The
consistence of emulsified fats was evaluated with rotational rheometry method
Stern, Cmolik, 1976) with the definition of static yield value, apparent
viscosity and penetration with the definition of flow yield value(Ha i g h t o n , 1959).
It was found out close dependence between solid fat index (SFI), static yield value (x),
resp. apparent viscosity (x), resp. yield value according to Haighton (x) in standard power
form: SFI = ap . x™ with values of correlation coeficients greater than 0.9. The storage
time of emulsified fats from 1-3 weeks at 5-7 °C has not a marked influence on the
parameters ag and aj. An analogie dependence was confirmed between yield value
according to Haighton and static yield value, value of the parameter a; is lower than for
margarines(Stern, Cmolik,1981).Boththe parameters agand a; are depending
on the storage time of emulsified fat 1 to 3 weeks. The coherence between rheological
parameteters and solid fat index (SFI) can be seen from the flow curve (Table I). The
stretch of this curve comes close to zero with the increasing temperature. The curve shows
absolute maximum at the temperature of 15 °C (which is static yield value - at that time
the emulsions stucture is affected). At higher speeds local maxima were marked,
corresponding to the destruction of the trigl yceride crystal net. Itis notable that admixture
of vegetable fat does not affect the character of flow curves.

consistency; butter; yield value (Haighton); solid fat index; penetrometry; rotational
rheometry; spreads; static yield value; apparent viscosity
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___ NOVE LIPIDY ;
V POTRAVINARSKYCH HYDROLYZATECH BiLKOVIN

Jan VELISEK, Tomds DAVIDEK, Frantisek PUDIL, Ji¥i DAVIDEK,
KateFina LEDAHUDCOVA, Marek DOLEZAL

Vysokd Skola chemicko-technologickd - Ustav chemie a analyzy potravin,
Technickd 5, 166 28 Praha 6

V odpadnich huminech z v§roby potravinifskych hydrolyziti bilkovin byly nové
identifikovény 1-estery 3-amino-1,2-propandiolu s palmitovou, stearovou a olejo-
vou kyselinou, v hydrolyzitech byly pfitomny pouze stopy téchto sloudenin.
V modelovych pokusech byly tyto sloudeniny prokéziny jako reakeni produkty
1-esterii 3-chlor-1,2-propandiolu s amoniakem. V préci jsou uvedena hmotnostni
spektra pfisludngch esterd s kyselinou palmitovou, stearovou, olejovou, linolovou
a linolenovou (syntetizovanych l4tek), koncentrace slouéenin pfitomnych v humi-
nech a diskutovén je mechanismus jejich vzniku z 1-esters 3-chlor-1,2-propandio-
lu a amoniaku.

3-chlor-1,2-propandiol; estery 3-chlor-1,2-propandiolu; 3-amino-1,2-propandiol;
estery 3-amino-1,2-propandiolu; hydrolyzity bilkovin

Surovinami pfo vyrobu potravindfskych hydrolyzitl bilkovin (chemickych
hydrolyzitli kyselinou chlorovodikovou) jsou pfevdZné rostlinné materidly,
napf. olejninové extrak¢ni Sroty. Zpravidla byvé hlavni surovinou s6jovy Srot,
kter§ obsahuje obvykle 1 aZ2 % zbytkového tuku (S w e r n , 1964). Zbytkovy
tuk s6jového 3rotu tvoii z 60 % fosfolipidy, z esencidlnich mastn§ch kyselin
pfevlddid kyselina linolové (13 %) a kyselina linolenova tvofi asi 6 % veSker§ch
mastnych kyselin. Z dal$ich mastngch kyselin je pfitomna kyselina olejova
(20 %), palmitové (16 %) a stearové (5 %), asi 0,2 % mastngch kyselin je vdzdno
v lipoproteinech (D a vid e k etal., 1981). Podobny obsah a sloZeni zbytko-
vych lipidd maji také dal3f suroviny.

Béhem hydrolyzy bilkovinnych surovin kyselinou chlorovodikovou dochézi
nejen k rozsdhlé hydrolyze bilkovin, ale také prakticky k totdlni hydrol§ze
pfitomnych lipidi. Hotovy hydrolyzit viak obsahuje jen nizké mnoZstvi lipo-
filnich produkti, nebot tyto se z pfevaZzné &4sti odstraiiuji spolu s tzv. huminy
filtraci.

Kromé zbytkovych lipidii, doprovodnych litek lipidii a produktil jejich hydro-
19zy byly v hydrolyzitech a v odpadnich huminech prokizany také zcela nové,
v jingch poZivatindch se nevyskytujici derivaty mastnych kyselin, odvozené od
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chlorovanych analogi glycerolu, a to od 3-chlor-1,2-propandiolu a 1,3-dichlor-
-2-propanolu. V surovém zneutralizovaném hydrolyzétu napf. bylo
bezprostfedné pied filtraci pfitomno 35 mg diesterli a 4 mg 1-monoestrii
3-chlor-1,2-propandiolu a 8 mg estert 1,3-dichlor-2-propanolu na 1 kg hydro-
lyzatu. Obsah téchto esterli v huminech byl sedm aZ devétkrit vyssi ze shora
uvedenych diivodii (Vel i ek etal., 1980).

Identifikované monoestery 3-chlor-1,2-propandiolu jsou pravé tak, jako i jiné
chlorhydriny pomérné reaktivni slouéeniny. Pravdépodobné, vzhledem
k chemickému sloZeni hydrolyzitil, jsou pfedevsim jejich reakce s aminoslou-
¢eninami, reprezentovanymi v hydrolyzdtech hlavné aminokyselinami
a amoniakem (amonnymi solemi). MnoZstvi dusiku aminokyselin se na celko-
vém obsahu dusiku hydrolyzétii podili zhruba 50 aZ 60 %, amoniakovy dusik
reprezentuje béZzné 10 %, ale také aZ 25 % z celkového obsahu dusiku
(Pédnek,1984).

Ucelem této price bylo studium reakci 1-esterii 3-chlor-1,2-propandiolu
s aminoslouc¢eninami pfitomnymi v hydrolyzitech a identifikace pifipadnych
reakénich produkti jak v hydrolyzitech, tak i v odpadnich huminech. Studium
téchto reakci bylo z po¢atku omezeno pouze na reakce s amoniakem.

MATERIAL a METODY

Hydrolyzity a huminy byly doddny podnikem Vitana BySice. Estery 3-chlor-
-1,2-propandiolu a 1,3-dichlor-2-propanolu s vy3$§imi mastnymi kyselinami
byly syntetizoviny (Davidek et al., 1980). Ostatni chemikélie byly
vyrobky podniku Lachema Brno, &istoty minimélné p. a. (nékteré chemikilie
byly pfed pouZitim pfeciStény).

Reakce syntetizovanych esterii chlorhydrinii glycerolu byly sledovédny v etha-
nolovych roztocich (80 %, v/v) obsahujicich bud’ester 1,3-dichlor-2-propanolu,
diester nebo 1-ester 3-chlor-1,2-propandiolu s palmitovou kyselinou (asi
100 mg litky) a amoniak v 50ndsobném molérnim pfebytku. Kyselinou chlo-
rovodikovou bylo pH roztoku upraveno na hodnotu 10,0. Reakce probihala pfi
teploté 70 °C po dobu 15 hodin, po ochlazeni roztoku byly reakéni produkty
extrahoviny chloroformem a zahu3tény extrakt byl analyzovin metodou plyno-
vé chromatografie (1-estery 3-chlor-1,2-propandiolu a jejich reak&ni produkty
s amoniakem byly analyzovény po pfedchozi acetylaci).

Lipidy hydrolyzit byly ziskény extrakci chloroformem z 1 kg vzorku, lipidy
huminii (100 g vzorku) byly izolovény extrakci podle Folche. Alikvotni podil
lipidli byl poté délen chromatografii na sloupci silikagelu (200 x 20 mm) eluci
rozpoustédly o rostouci polarité (smési petroletheru s diethyletherem, samotny
diethylether, methanol; objem 100 ml), ziskané frakce byly po odstranéni
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rozpoustédel acetyloviny ve smési pyridin-acetanhydrid (3:2, v/v) pfi 100 °C
po dobu 20 minuta analyzovény plynovou chromatografii a hmotnostni spektro-
metrii. DalSi alikvotni podil lipidii (asi 0,5 g) byl nejprve acetylovén a poté byly
acetylované lipidy déleny na sloupci silikagelu shora popsan§m zpfisobem.

Pro déleni a stanoveni litek plynovou chromatografii byl pouZivin
chromatograf Hewlett-Packard, model 5890A, vybaveny plamenovym
ionizatnim detektorem a Sm x 0,53 mm kfemennou kapildrni kolonou (tloustka
filmu 2,65 pm) se staciondmi fazi HP-1. Teplota kolony byla 250 °C.

Hmotnostni spektra ldtek byla zméfena na pffistroji Shimadzu QP-1000, pfi
energii ionizujicich elektronit 70 eV, po pfedchozim rozdéleni litek shora
popsanym zpiisobem.

VYSLEDKY a DISKUSE

Reakce esterli chlorhydrini glycerolu s amoniakem byla nejprve expe-
rimentdlné sledovdna v modelovych roztocich obsahujicich bud ester
1,3-dichlor-2-propanolu, diester 3-chlor-1,2-propandiolu, nebo 1-ester 3-chlor-
-1,2-propandiolu s palmitovou kyselinou a amoniak v S0ndsobném moldrnim
piebytku. Izolované reakéni produkty byly analyzoviny jednak piimo, jednak
po acetylaci. V pfipadé€ palmititu 1,3-dichlor-2-propanolu a diesteru 3-chlor-1,
2-propandiolu nebyly pfi této reakci s amoniakem, resp. s amonnym pufrem
o pH 10, prokdzény Zddné reakéni produkty. Reakci s monoesterem 3-chlor-
-1,2-propandiolu (1-palmitoyl-3-chlor-1,2-propan-diolem) vznikal ze 46 %
pfisludny aminoanalog, to je 1-monoester 3-amino-1,2-propandiolu s palmi-
tovou kyselinou (1-palmitoyl-3-amino-1,2-propandiol).

V hmotnostnim spektru této slou¢eniny byl zékladnim pik o hodnoté m/z 43
(CH3CO%; 100 %; slou&enina byla analyzovéna po acetylaci, tedy jako 1-palmi-
toyl-2-acetyl-3-amino-1,2-propandiol), dal§im intenzivnim pikem byl pik om/z
30(41,6 %) a dile nasledovaly ionty, které maji plivod ve fragmentaci palmitové
kyseliny, to znamend ionty o hodnotich m/z 41, 57, 55, 56 atd. (29,3; 23,0; 21,4;
21,2 %). Diagnosticky v§znamné byly ionty M* o m/z 413, (M-CH;COOH)*
o m/z 350, (M-CH3;COOH-CH;3CO)* o m/z 310, (RCOOCH;)+ o m/z 280,
(M-CH3COOCH,;CH,;NHCOCH3)* o m/z 268, (RCO)* o m/z 239,
(M-Cy4H30)* o m/z 217 (3,4 %) a n&které dalsi ionty.

Stejnym zpilisobem jako 1-palmitoyl-3-chlor-1,2-propandiol reagovaly
s amoniakem i odpovidajici estery se stearovou, olejovou, linolovou a lino-
lenovou kyselinou za vzniku pfisluingch 1-esterli 3-amino-1,2-propandiolu.
VytéZky téchto sloudenin se jako v pfipad€ palmititu pohybovaly kolem 50 %
teoretického mnoZstvi. Hmotnostni spektra téchto esterli, obsahujici pouze
vyznamnéj3i ionty, jsou uvedena v tab. 1.

227



Potrav. Viédy, 10,1992 (3) : 225-232

1. Hmotnostni spektra 1-esterli 3-amino-1,2-propandiolu s vy3imi mastnymi kyselinami - Mass
spectra of 3-amino-1,2-propanediol 1-esters with higher fatty acids

Tonty Hmotnostn spektrum* [%]
: Sigo | Ciso L Ciag 1 Cieg | Cign
M)* 0,1 0,1 0,6 0,5 .
(M-CH,CO)* - 4 0,4 0,4 0,1
(M-CH;COOH)* 03 03 2,0 3,1 1,1
(M-CH;CO0-CH;CO)* 0,4 0,5 03 0,6 0,2
(M-CH3COOH-CH;CO)* 0,4 0,5 0,6 0,8 04
(M-CH3COOCH,CH,NHCOCH3)* 0,6 0,8 1,4 0,5 0,2
(RCO)* 2,5 3,1 1,5 13 0,5
(RCO-H)* ’ . 1,0 2,2 1,3
(M-RCO0)* 9,6 15,0 36,4 33,3 23,2
(M-RCOOH)* 12,5 19,4 30,2 30,6 19,9
(M-RCOO0-CH,CO)* 52 9,2 19,1 20,0 15,6
(M-RCOOH-CH,CO)* 16,4 22,9 16,0 18,4 12,9
(CH5CO)* 100,0 | 1000 | 100,0 | 100, 100,0
(CHNH,)* 41,6 47,6 37,9 50,8 55,6
2

ions; “mass spectrum

S ohledem na to, Ze vznik aminoanalogi esterii chlorhydrini glycerolu byl
prokdzén pouze pfi reakci 1-esterli 3-chlor-1,2-propandiolu s amoniakem Ize
piedpoklédat, Ze reakce probihd nésledujicim zplsobem, tedy via dehydro-
halogenace vychoziho esteru na epoxid (ester glycidolu, resp. hydro-
xymethyloxiranu), kter§ potom reaguje s amoniakem za otevfeni oxiranového
kruhu. V mensim mnoZstvi by mohl vznikat také isomemni ester 2-amino-1,3-
-propandiolu:

CH;-0-CO-R CHz-0-CO-R CH;-0-CO-R
| OH | NH3 |
CH - OH e’ bt H GEGH
| -H0,Ccr | (o} |
CHz-Cl cHy” CHz - NHz

Aminoanalogy dal$ich dvou esteril chlorhydrinii glycerolu, to znamen4 esterii
1,3-dichlor-2-propanolu a diesterli 3-chlor-1,2-propandiolu by pak musely
vznikat substituci chloru amoniakem, ale jak bylo uvedeno, k této reakci za
podminek pokusu nedochézelo. Aminoanalogy téchto dvou esteri by mohly
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také vznikat napf. substituci hydroxylové skupiny pfislu$nych parcidlnich este-
rii glycerolu aminoskupinou za vy3ich teplot (pfi teplot€ 200 °C b&€hem deodo-
race olejii na pfiklad vznikaji diestery 3-fenylamino-1,2-propandiolu reakci
diacylglycerolli s anilinem - Roncero, Gémez, 1987) nebo také
interesterifikaci 3-amino-1,2-propandiolu a 1,3-diamino-2-propanolu. Vznik
3-amino-1,2-propandiolu pfi reakci 3-chlor-1,2-propandiolu s amoniakem
v modelovych systémech a v hydrolyzitech bilkovin byl rovnéZ prokédzin
(VeliSek etal, 1991a).

Stejnym sledem reakci, které vedou ke vzniku 1-palmitoyl-3-amino-1,2-
-propandiolu budou nepochybné vznikat také N-substituované analogy pfi
reakci 1-esteril 3-chlor-1,2-propandiolu s aminy a aminokyselinami. Fakto-
rem ovliviiujicim reaktivitu vzniklého meziproduktu, to znamené esteru
glycidolu, je zruSeni stérického pnuti tfi¢lenného kruhu reakci s nukleo-
filnim &inidlem. Zfejmé& bude proto (i vzhledem k niZ3i koncentraci amind
ve srovndni s amoniakem) vznikat N-substituovanych analogi 1-esterli
3-amino-1,2-propandiolu mensi mnoZstvi.

Identifikované estery 3-amino-1,2-propandiolu vzniklé pfi reakci esteri
glycidolu s amoniakem a jejich N-substituované analogy nebudou zfejmé&
jedingmi produkty téchto reakci. Pfi reakci glycidolu s anilinem byly napf.
identifikovadny jako sekunddmi produkty, kromé& 3-fenylamino-1,2-propandio-
lu, ktery vznikal jako hlavni produkt, také dal3i minoritni produkty(Ronce -
ro, Gé6mez,1987;,Roncero etal, 1984).

Analogické reakéni produkty Ize ofekévat také pfi reakcich 1-esterdl 3-chlor-
-1,2-propandiolu s aminokyselinami (V el i % e k etal., 1991b).

S ohledem na vysledky ziskané pfi sledovéni reakce esterll chlorhydrinii
glycerolu s amoniakem v modelov§ch pokusech, byla moZnost této reakce
pfedpoklddéna také v hydrolyzatech bilkovin b&hem jejich vyroby. Vzhle-
dem k tomu, Ze uvedené reakéni produkty, tzn. 1-estery 3-amino-1,2-
-propandiolu, jsou lipofilni slouéeniny, bylo moZné déle pfedpoklidat,
Ze i v pfipadé€ jejich vzniku v hydrolyzdtech bude jejich koncentrace
v komerénich hydrolyzdtech minim4ln{, a Ze tyto sloudeniny budou spise
pfitomny v odpadnich huminech.

Z humind ziskangych po filtraci primyslovych zneutralizovanych hydro-
lyz4th byly lipidy izolovdny postupem podle Folche, alikvotni podil izolo-
vanych lipidi byl délen chromatografif na sloupci silikagelu a ziskané frakce
byly po acetylaci analyzovény. Ve frakci ziskané eluci diethyletherem byla
prokdzdna pfitomnost 1-palmitoyl-3-amino-1,2-propandiolu. Vzhledem
k tomu, Ze se jednalo o jeden z minoritnich pikd chromatogramu a ester
3-amino-1,2-prorandiolu byl navic jednou ze sloZek tohoto piku, nebylo
mozZné stanovit obsah této ldtky ve vzorku ani identifikovat pfipadné dal3i
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1. Déleni 1-esteri 3-amino-1,2-propandiolu
izolovanych z humindi metodou plynové chro-
matografie - Gas chromatographic separation of
3-amino-1,2-propanediol 1-esters isolated from
humins

1 1 = palmitét - palmitate; 2 = stear4t - stearate;
3 =oledt - oleate

estery 3-amino-1,2--propandiolu.

Alikvotni podil izolovangch lipidl

2 byl proto nejprve acetylovén a vzniklé
acetylderivity byly znovu separovény

3 chromatografii na sloupci silikagelu a

ziskané frakce analyzoviny metodou

plynové chromatografie a hmotnostni

spektrometrie. Chromatogram jedné

z frakci (eluce diethletherem) je uvedem

na obr. 1. Porovnénim reten¢nich indexi

. L—— aziskanych hmotnostnich spekter s daty
5 10 min ytentickgch syntetizovangch slou-
Cenin byly ve zminéné frakci acetylovanych lipidii identifikovdny 1-estery
3-amino-1,2-propandiolu s palmitovou, stearovou a olejovou kyselinou.
Absence esteril linolové a linolenové kyseliny a pfitomnost malého mnoZstvi
esteru olejové kyseliny nepfekvapuje, nebof analyzované huminy byly pfed
analyzou skladovidny po dobu &tyf let za pfistupu vzduchu pfi laboratorni
teploté. V &erstvych huminech budou nepochybné tyto estery rovnéZ piitomny.

Obsah palmititu byl 574 mg na 1 kg, obsah steardtu 96 mg na kg a obsah
oledtu byl men3i neZ 10 mg na kg humini.

V hydrolyzéitech byl obsah palmitdtu 3-amino-1,2-propandiolu tak nizky, Ze
nebylo moZné ziskat jeho hmotnostni spektrum, na pfitomnost této slouéeniny
bylo usuzovino pouze z retentnich dat pfisluSného piku chromatogramu.

Uvedené estery 3-amino-1,2-propandiolu, vznikajici v hydrolyzitech bilko-
vin zfejmé dfive popsanym sledem reakci, byly jako reak&ni produkty 1-esterii
3-chlor-1,2-propandiolu v hydrolyzitech bilkovin i v poZivatinich obecné
prokdzdny prvné. Jejich pfipadné negativni fyziologické G&inky, ani G&inky
jejich N-substituovangch analogil, s v§jimkou N-fenylsubstituovanych analogii
(Roncero etal,1984; Roncero, Gémez, 1987) nebyly studovény.
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New lipids in food protein hydrolysates

Raw materials currently employed for the production of protein hydrolysates (e. g. oil
seed meals) contain at least 1 to 2 % of residual fat, 40 % of which represent neutral lipids
and almost 60 % phospholipids. These residual lipids react with hydrochloric acid during
the hydrolysis process and chlorine-containing analogues of the original esters of glycerol
arise as the reaction products. Important groups of these reaction products are esters of
1,3-dichloro-2-propanol, diesters and 1-monoesters of 3-chloro-1,2-propanediol with
palmitic, stearic, oleic, linoleic and linolenic acid.

Reactions of these glycerol chlorohydrins esters with ammonia were carried out in
model solutions at pH 10 and 70 °C. The individual reaction mixtures were analyzed by
gas-liquid chromatography and coupled gas chromatography-mass spectrometry. It was
found that esters of 1,3-dichloro-2-propanol and diesters of 3-chloro-1,2-propanediol did
not react with ammonia whereas 1-esters of 3-chloro-1,2-propanediol (being reactive
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chlorohydrins) gave rise to the corresponding esters of 3-amino-1,2-propanediol. Mass
spectra of 1-esters of 3-amino-1,2-propanediol with palmitic, stearic, oleic, linoleic and
linolenic acid are summarized in Table 1. Mechanism of this reaction involves
dehydrochlorination of 3-chloro-1,2-propanediol ester to the corresponding ester of
hydroxymethyloxirane (glycidol), the ring of which is then split by a nucleophilic attack
of ammonia.

Analysis of commercial protein hydrolysates and the corresponding waste humins
revealed the presence of 1-esters of 3-amino-1,2-propanediol with palmitic, stearic and
oleic acid. The separation of these esters by gas-liquid chromatography is documented
in Fig. 1. The amount of palmitate in waste humins was 574 mg/kg, stearate and oleate
were present at a level of 96 and 10 mg/kg, respectively. In liquid commercial
hydrolysates only traces of the individual esters of 3-amino-1,2-propanediol were
detected.

The identified esters of 3-amino-1,2-propanediol with palmitic, stearic and oleic acid
represent a quite new group of protein hydrolysates constituents. Up to now these
compounds have not been identified in any other food.

3-chloro-1,2-propanediol; 3-chloro-1,2-propanediol esters; 3-amino-1,2-propanediol;
3-amino-1,2-propanediol esters; protein hydrolysates
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STANOVENI 4-METHYLIMIDAZOLU V KULERU
Jitka MORAVCOVA, Jan STANEK, jr., Barbora MILOVA®, Jiri JARY
Vysokd Skola chemicko-technologickd - Ustav chemie pFirodnich ldtek,

Technickd 5, 166 28 Praha 6; ' Okresni hygienicko-epidemiologickd stanice,
360 00 Karlovy Vary

Byla vypracovéna analytickd metoda pro stanoveni 4-methylimidazolu (4-Mel),
toxické slougeniny, které je jednou ze sloZek amoniakélniho kuléru a jejiZ norma-
mi povolend maxim4lni koncentrace je 200 ug/g pfi optické mohutnosti kuléru
20 000 EBC jednotek. 4-Mel byl extrahovdn metodou extrakce iontovych périi
s kyselinou bis(2-ethylhexyl)fosfore¢nou (DEHPA) do chloroformu, po zpétné
extrakci zfedénou kyselinou fosfore¢nou byl stanovovén vysokod&innou kapa-
linovou chromatografii (HPLC) na Eeskoslovenskych CGC kolonich Separon Six
Ci8 nebo Separon SGX Cjs. Jako mobilni fize byla pouZivina smés dihydro-
genfosfore¢nanu sodného, vody a methanolu s pfidavkem dodecylsulfitu sodného, UV
detekce byla provddéna pfi 215 nm. Kompletni analyza trvala dvé hodiny, detekéni
limit byl 5 pg 4-Mel na 1 g kuléru. Metoda je vhodn4 pro servisni dcely.

vysokot¢innd kapalinovd chromatografie; cizorodé latky; kulér, 4-methylimidazol

Na stanoveni 4-methylimidazolu (4-Mel, vzorecI) v amoniakélnim kuléru se
doposud pouZivé nej¢astéji plynova chromatografie. Pocet praci zaméfenych na
vysokotéinnou kapalinovou chromatografii (HPLC) je podstatné mensi
(Moravcovid, 1991). Spoleénym znakem obou metod je nezbytnost
piedseparace vzorku pfed vlastni chromatografickou analyzou. Vzhledem
k dostupnosti kvalitnich HPLC kolon &eskoslovenské vyroby jsme si pro
vypracovéni servisni metody zvolili HPLC. Vychézeli jsme z price, kterou

publikovali Thomsen a Willumsen (1981),
ktefi pouzivali kolonu plnénou Nukleosilem 5 Cg
N a mobilni fizi methanol - dihydrogenfosfore&nan
| I draselng e = 0,2 mol/dm?) - voda (32,5:25:42.5)
N s pfidavkem dodekansulfonitu sodného o koncentraci
H 0,005 mol/dm3. Za téchto podminek doshli detek&ni limit
4 ug/g; 4-Mel extrahovali z kuléru ve formé iontového péru
Vzorec | s kyselinou bis(2-ethylhexyl)fosfore¢nou (DEHPA).

HaC
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MATERIAL a METODY

4-Methylimidazol byl obchodni preparit firmy Fluka (Scharsko), DEHPA
firmy BDH Chemicals Ltd (Velké Britanie) a dodecylsulféit sodny firmy Bush
Boake Allen (Velka Britinie). Hodnoty pH jsme kontrolovali na pH-metru
Radelkis OP-211/1 (Mad’arsko).

Extrakce 4-Mel z kuléru

Poubvalusmcupmvenypostup,ktexyuvci‘eJth homsen, Willumsen
(1981). K navéZce 12,5 g kuléru jsme ve 100ml odmérce pi‘ldall pfibliZzné 80 ml
roztoku dihydrogenfosfore¢nanu draselného (c = 0,2 mol/dm> ), jehoZ pH jsme
pfedem upravili na 65 pfidavkem hydroxidu draselného (¢ = 2 mol/dm?). Po
rozpusténi kuléru jsme zkontrolovali pH a znovu dotitrovali hydroxidem
draselngm na 6,5. Teprve potom jsme odmérku doplnili po rysku roztokem
dihydrogenfosfore¢nanu draselného. Z takto pfipraveného roztoku jsme odpi-
petovali 4 ml (0,5 g kuléru) do centnfugaém zkumavky, pfidali 4 ml roztoku
DEHPA v chloroformu (¢ = 0,1 mol/dm? ), diikladn€& protiepali a odstfedili.
Injekeni stfikackou jsme odsili vrchni, vodnou vrstvu a z chloroformové jsme
odpipetovali 2 ml do nové centnfugaém zkumavky, kam jsme pi‘cdloinh 2 ml
kyseliny fosfore¢né (c = 0,1 mol/dm? ). Po roztfepéni a odstfedéni jsme vodn§
podil z této druhé extrakce pouZivali k analyze HPLC. Takto ziskany extrakt
kuléru je &iry, bezbarvy aZ mimé& naZloutly, za nepfistupu svétla pfi 5 °C je stily
po dobu nékolika tydnil. Analogickym zpilisobem jsme extrahovali i standardni,
kalibra¢ni roztoky 4-Mel.

HPLC na CGC kolonach Separon Six Cig

Analyzy jsme providdéli na CGC koloné Separon Six Cjg (Laboratorni
pfistroje Praha). Jako mobilni fazi Jsmc pouZivali methanol -
dihydrogenfosforenan sodn§ (c = 0,2 mol/dm®) - voda v poméru 32,5:25:42,5
s dodecylsulfitem sodnym (DDS) (c = 5.10* mol/dm?). Priitok mobilni fize
jsme pfi laboratorni teploté udrZovali pumpou Varian 8 500 na 15 ml/h.
K detekci jsme pouZivali UV detektor Pye Unicam PU 4020 pfi 215 nm se
zapisovatem TZ 4200 (Laboratomni pfistroje.Praha) a integritorem CDS 100
(Varian). Pomoci smy¢kového divkovate Rheodyne 7105 jsme nastfikovali
20 ul vodného podilu z druhé extrakce. Kolonu jsme &tyfi hodiny
kondicionovali, analyzy jsme poté provddéli mobilni fizi stejného sloZeni, ale
bez pfidavku DDS. Doba analyzy byla 70 minut, detek&ni limit 5 pl/g, kapacitni
faktor 4-Mel byl 6,0 a chloroformu 16,1.
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HPLC na CGC kolonich Separon SGX Cis

Pro anal§zy na CGC koloné& Separon SGX Cyg 5 pm (Tessek sdruZeni Praha)
jsme pouzivali shodné pfistrojové vybaveni, zpiisob detekce i priitok mobilni
fize jako v pfiklad€ uvedeném vy3e s tim rozdilem, Ze na kondicionaci kolony
jsme potiebovali 15 hodin a mobilni fizi s obsahem DDS jsme pouZivali i pro
vlastni stanoveni. Detekéni limit i doba trvéni jedné analgzy byly prakticky
stejné jako v pfedchozim pfipadé.

VYSLEDKY a DISKUSE

Stanoveni 4-Mel ve form¢ iontového péiru s dodekansulfonitem sodnym kapa-
linovou chromatografiinareverznifizi(Thomsen, Willumsen,b1991)
dévé z metod popsangch v literatufe (M ora v c o v 4 , 1991) nejlepsi vysledky.
Pro servisni analyzy kulérii pfedstavuje znaény problém dostupnost dode-
kansulfonitu sodného poZadované Cistoty. Z latek, které jsme zkouSeli jako
moZnou, u nis dostupnou nihradu, byla nejvhodné;jsislou¢enina podobné struktury,
dodecylsulfit sodny (DDS, laurylsiran sodny); pro pouZiti tuzemskych CGC kolon
jsme optimalizovali postup HPLC prévé s timto Cinidlem.

JestliZze jsme do mobilni fize methanol - voda - dihydrogenfosfore¢nan
draselny phdah DDS o stejné koncentraci jako se pouZivd dodekansulfonat
sodny, j. 5.10° mol/dm3, vylu&oval se po kritkodobém sténi krystalicky z4kal,
kter¢ byl tvofen pfevdZné dodecylsulfitem draselnym. Chromatografické délem
s touto mobilni fazi po filtraci bylo sice velmi dobré, oviem nemohli jsme
dodrZet stilé sloZeni mobilni fize, a tim i reprodukovatelnost déleni. Navic jsme
pfi sériovych anal§zich pozorovali rychlé zvySovéni pracovniho tlaku, které
vedlo k brzkému znehodnoceni kolony.

Podobné téZkosti popisuji i Barford a Sliwinski (1979).
Z tohoto diivodu jsme dihydrogenfosforednan draselny nahradili dihydro-
genfosforetnanem sodnym o shodné koncentraci a testovali mobilni fize
s rﬁanm obsahem DDS Ukézalo se, Ze pro mobilni fize s koncentraci DDS
v rozmezi 10 a2 5.10- mol/dm?> neni reten&ni &as 4-Mel konstantni, postupem
¢asu se prodluZuje a soucasné s tim'roste i pracovni tlak na koloné. Uvedené
chovini kolony Separon Six C,glze vysvétlit postupnou sorpci DDS na povrchu
silikagelu ne zcela modifikovaného oktadecylovymi skupinami, kterd podstatné
méni vlastnosti niplné. Interakce sorbentu s iontovymi pary 4-Mel s DDS roste,
4-Mel miiZe tvofit iontové pary také s DDS zachycen§m na povrchu niplné.
Tato zména charakteru sorbentu je vratn: kondicionovanim kolony s mobilni
fazi s niZ3i nebo dokonce nulovou koncentraci DDS se retenéni ¢as 4-Mel
postupné opét sniZuje, ale analyticky systém se nezhrouti, nebof 4-Mel tvofi
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iontové pary se zakotvenym DDS tak dlouho, dokud se veskery DDS s povrchu
naplné nevymyje. Mobilni fazi bez pfidavku DDS se 4-Mel vymyvi z kolony
bez moZnosti tvorby iontového paru a pochopitelné s nulovym objemem kolony.

Tento fakt jsme s vyhodou vyuZili pro optimalizaci sériového stanoveni
4-Mel. Kolonu Separon Six C;gjsme pfed analyzou kondicionovali &tyfi hodiny
promyvanim mobilni fizi s DDS (5.10’4 mol/dm3), kapacitni faktor 4-Mel
postupné vystoupil aZ na hodnotu 6,0. Chloroform, ktery je v nastfiknutém
extraktu pfitomen a ktery by pfi UV detekci pfi 215 nm mohl se stanovenim
4-Mel interferovat, vykazoval za téchto podminek podstatné vy33i kapacitni
faktor. Za tohoto stavu kolony jsme zacali analyzovat vzorky extraktu kuléru
mobilni fizi methanol - voda - dihydrogenfosfore¢nan sodny bez jakéhokoli
pfidavku DDS; postupné zkracovani retenéniho &asu 4-Mel pouze vyZadovalo,
abychom asi po 20 analyzich znovu kolonu kondicionovali zhruba
dvouhodinovym promyvinim mobilni fizi s obsahem DDS na opétovné
dosaZeni kapacitniho faktoru 6,0 pro 4-Mel. Popisovana Gprava reZimu
kapalinové chromatografie prodlouZila podstatné Zivotnost kolony v. porovnéni
s kolonou trvale prom¢vanou mobilni fizi s obsahem DDS. Typicky
chromatogram extraktu amoniakdlniho kuléru obsahujiciho 164 pg na 1 pg
4-Mel je uveden na obr. 1. Utinnost extrakce a nésledné analyzy extraktu
kapalinovou chromatografii za uvedenych podminek byla 100% v rozmezi
koncentraci 4-Mel 58 aZ 456 ug/g, relativni smérodatnd odchylka vypoé&itana
z deseti soub&Znych stanoveni 4-Mel (c = 192 pg/g) &inila 2,3 % a detek&ni

limit byl 5 pg/g.

1. Chromatogram extraktu amoniakilniho

kuléru, CGC kolona Separon Six C, g, mobilni

fize methanol - dihydrogenfosfore¢nan

sodny (c =0,2 mol.dm™) - voda (32,5:25:42),

- priitok 15 mLh™, UV detekce 215 nm - Chro-

! 2 matogram of an extract of ammonia caramel,
CGC column Separon Six C, g, mobile phase

methanol-sodium dihydrogenphosphate

(c=02mol.dm™) - water (32.5:25:42.5)

flow rate 15 mLh™, UV detection 215 nm

SO R S S Y W s SR 1= 4-Mel (164 pg.g™)
¥ 0 0 fmia] © 2 = chloroform
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V priibéhu nasi price zménil vyrobce (Tessek Praha) néplii v komerénich
kolonich, misto Separonu Six C;g pouZivd nyni Separon SGX C;g. Zména
ndplné se odrazila i na chovini kolony za vypracovanych podminek HPLC.
Povrch Separonu SGX je podle naSich zkuSenosti vice vysycen okta-
decylsilylovymiskupinami, a jevi podstatné mensi tendenci k zachycovani DDS
z mobilni fize, zmény retenéniho ¢asu 4-Mel jsou podstatné pomalejsi. Pfi
servisnich analyzéch extraktu kuléru ]sme proto postupovali tak, Ze na
kondlcmnacl i vlastm stanoveni 4-Mel jsme pouZivali mobilni fazi s DDS

= 5.10* mol/dm?). Retenéni &as 4-Mel mirn& nariistd, po n&kolika
desitkéch analyz dosidhne hodnotu retentniho ¢asu pasu chloroformu a ob&
latky se na koloné nedéli. Dal$im kondicionovinim se dokonce pis 4-Mel
posune aZ za pis chloroformu. Zkracovani retenéniho ¢asu 4-Mel lze opét
dosdhnout promyvanim mobilni fizi bez piidavku DDS. Vysledky hodnoceni
G¢innosti metody, reprodukovatelnosti i detekéni limit byly shodné s tdaji
uvedenymi vyse.

ZAVER

Vysokouédinnad kapalinovd chromatografie na &eskoslovenskych CGC
kolondch Separon Six Cjg nebo Separon SGX Cig je vhodnou analytickou
metodou pro stanoveni 4-methylimidazolu v kuléru. VyZaduje jednoduchou
a pfitom G¢innou pfedseparaci vzorku metodou extrakce iontovych parl. Jedna
kompletni analyza trvd dv€ hodiny, podle Gcinnosti, pfesnosti i citlivosti je
srovnatelnd s publikovanym postupem (Thomsen, Willumsen,
1981). Pomoci této vypracované metody jsme v roce 1987 anal§zovali pro VVZ CP
Modfany Sedesit vzorkll amoniakélniho kuléru. V piipadé 40 laboratomich vzorki
kolisal obsah 4-Mel v rozmezi 66 aZ 463 pg/g (pocitino bez ohledu na optickou
mohutnost), pro 20 provoznich vzorkil odpovidal obsah 4-Mel norm& WHO.
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J. Moravcovd, J. Stanék, jr., B. Milovd, J. Jary (University of Chemical Technology,
Department of Chemisty of Natural Compounds, Praha, Czechoslovakia)

Determination of 4-Methylimidazole in Caramel Colours

Caramel colours manufactured by sugar-ammonia or by sugar-ammonia-sulphite
processes have been widely used as food colouring additives. Amoung the imidazole,
pyrazine and pyridine derivatives presented in these colours, 4-methylimidazole (4-Mel)
is controlled by WHO due its neurotoxicity. The acceptable limit of 4-Mel is specified
as 200 mg per g for a caramel colour having a colour intensity of 20,000 EBC units.
Routine analytical method for 4-Mel has been developed and it is described in this paper.

4-Mel was extracted frorn. «.ne caramel colour in the form of a ion-pair with
bis(2-ethylhexyl)phosphoric acid in chloroform according to Thomsen and
Willumsen (1981), the optimum pH value of the extraction was found now to be 6.5.
The reversed-phase HPLC analysis of an extract was achieved on the OGC column Separon
Six Cjg using methanol - sodium dihydrogen phosphate (¢ = 0.2 mol/d'.::y;I - water
(32.5:25:42.5) as the mobile phase contzining sodium dodecylsulphate (DDS) as the counter
ion. The retention time of 4-Mel rose with increasing concentration of DDS. However, under
constant concentration of DDS, the retention time was not fixed and gradually increased with
the ageing of the column (as well as the column pressure). This effect is probably caused by
the reversible sorption of DDS on the sorbent surface, thus changing the separation
characteristics of the column. Such behaviour proved to be useful for optimization of analytic
conditions. Generally, the Separon Six Cjg column was eluted with the mobile phase
containing DDS (c = 510 mol/dma') before the first run to reach the value of 6.0 for the
capacity factor of 4-Mel. Then, routine analyses were started with the mobile phase having
zero concentration of DDS. The observed decrease of the retention time of 4-Mel with time
was slow; after approximately 20 runs it was necessary to equilibrate the column again. The
life-time of the co!lumn wzs considerably prolonged in this mode when compared to that one
eluted with the mobile phase of constant concentration of DDS. The typical chromatogram
of an extract of the colour containing 164 pg 4-Mel per gramiis depicted in Fig. 1. The recovery
of 4-Mel was estimated to be 100 % at 4-Mel concentrations ranging from 58 to 456 pg/g,
relative standard deviation calculated from 10 runs at 192 pg/g was 2.3 %, and the detection
limit was established to be 5 pg/g.

The modified CGC columns Separon SGX Cjg from the same manufacturer (Tessek)
were tested in determination of 4-Mel as well. The increase of the retention time of 4-Mel
was slower than in the previous case, so that both equilibration and routine analyses could
be realized with constant concentration of DDS in the mobile phase, with somewhat
lower column life. The recovery, sensitivity, and accuracy estimated for this system were
close to those obtained_ with Separon Six Cjg columns. About 60 samples of ammonia
caramel colour were analysed in 1987 by these methods, the content of 4-Mel in
laboratory samples ranged from 66 to 463 pug/g. All commercial products tested full-filled
the above mentioned WHO limit.

HPCL; contaminants caramel colour; 4-methylimidazole
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STANOVENI REZIDUI RUSTOVEHO REGULATORU
PACLOBUTRAZOLU V ROSTLINNEM MATERIALU

Véra SCHULZOVA, Jana HAJSLOVA, KateFina HOLADOVA,
Tomds ROZTOCIL

Vysokd skola chemicko-technologickd - Ustav chemie a zkouSeni potravin,
Technickd 5, 166 28 Praha 6

Byla vyvinuta a ovéfena analytickd metoda pro stanoven{ rezidui riistového regu-
litoru paclobutrazolu v rostlinném materidlu (jablka, meruiiky, broskve, zelené
&4sti rostlin, brambory). Stanoveni bylo provddéno GLC metodou s vyuZitim NP
detektoru na kapildrni kolon& HP-5. Alternativni moZnosti stancveni je vyuZiti
HPLC metody na reverzni fizi C18 s detekci v UV oblasti. Mez stanovitelnosti
obou metod je srovnatelnd (0,005 mg/kg pro ovoce a zelené &sti rostlin a

0,01 mg/kg pro brambory).

paclobutrazol; riistové regulétory; rezidua v rostlinich; GLC; HPLC

Paclobutrazol [(2RS,3RS)-1-(4-chlorfenyl)-4,4-dimethyl-2(H-1,2,4-tria-
zol-1-yl)pentan-3-ol] - obr. 1, je nové zavidény riistovy regulétor firmy ICI,
doddvany pod komerénim ndzvem CULTAR (registrace pod &islem PP-333).
Paclobutrazol m4 ve své molekule dvé chirdlni centra, resp. asymetrické uhlikové
atomy (C-2 a C-3), triazolov{ kruh a hydroxylovou funké&ni skupinu na C-3.

Utinek paclobutrazolu na rostliny spo&ivd v inhibici syntézy giberelind
(Kutina,b1988; Wang etal., 1986). Pfimym morfologick§m diisledkem
jeho aplikace je sniZeni vegetativniho riistu, zvySeni asimilaéni schopnosti,

ik
gz
Cl

1. Struktura paclobutrazolu - Structure of
paclobutrazol

reprodukéniho riistu, zvySeni tvorby
kvéti, plodii a jejich ristu. Paclo-
butrazol je pouZivdn pfedev3im
k oSetfeni ovocnych stromé (ICI,
1984, Richardson etal. 1986;
Wanichkul, 1987), okrasnych
kvétin Mengel et al., 1978)
a zabrinéni poléhdni obilnin a ryZe
(Mikulka, 1985). Paclobutrazol,

obdobné jako né€které dalsi triazolové
derivdty, vykazuje také fungicidni
aktivitu.

239



Potrav. Vidy, 10, 1992 (3) : 239-249

Ke stanoveni rezidui triazolovych fungicidii je ne.  .t&ji pouZivdna metoda
plynové chromatografie (GLC), k detekci je béZné uZivdn termoioniza&ni
dusiko-fosforovy detektor (NPD).

Vlastni chromatografické stanoveni rezidui paclobutrazolu a ostatnich tria-
zolovych deriviti, 1ze provést jak na népliiovych, tak i na kapildrnich kolonéch.
R e e d (1988) pouZival ke stanoveni rezidui kapildrni kolonu 30 m x 0,53 mm
DB 17 megabore. Stahly a Buchanan (1986) providéli stanoveni
rezidui paclobutrazolu v plodech ofetfenych ovocnych stromii na sklenéné
koloné 1,8 m x 2 mm, se staciondrni fizi 3% OV-17 na Chromosorbu WHP.
M e n d e s (1985) stanovoval derivéty triazolovych slou¢enin na sklenéné
koloné¢ 1,8 m x 2 mm, plnéné 1,5% OV-101 nebo 3% OV-17 na Chro-
mosorbu W. Firma ICI doporuduje ke stanoveni rezidui paclobutrazolu
v plodech ovocnych stromii a v pilid& sklenénou kolonu 0,9 m x 3 mm s navi-
zanou 3% OV-17 na Chromosorbu P nebo sklenénou kolonu 1,4 m x 2 mm
naplnénou 10% OV-22 na Chromosorbu WHP (Fre e m a n etal., 1986).

Rezidua triazolov§ch slouenin lze téZ stanovit pomoci vysokot¢inné kapa-
linové chromatografie (HPLC). Separaci je moZné provést na oktadecylovaném
silikagelu (reverzni fizi), mobilni fzi je pak smés methanol - voda a detekce je
provddéna v UV oblasti (Borek etal, 1987). Hsuen et al. (1985) se
zabyvali separaci 16 triazolov{ch pesticidii na koloné pInéné silikagelem a jako
mobilni fazi pouZivali smés hexanu a ethylacetitu.

Cilem pfedklddané price byla optimalizace stanoveni reziduf paclobutrazolu
v riiznych typech rostlinngch matrici. V préci je diskutovdno vyuZiti plynové
chromatografie a vysokoi¢&inné kapalinové chromatografie jako alternativnich
instrumentélnich koncovek.

MATERIAL a METODY

Jako zkoumany materidl byly pouZity brambory a bramborov4 naf oSetfené
pfipravkem Cultar o rliznych koncentracich G&inné 1tky (Vyzkumny Ustav
bramborifsky Havlickiiv Brod) a oSetfené plody a vfhonky ovocnych stromi
(jablka, meruiiky, broskve - VSZ Bmo, katedra $lechténi a reprodukce
zahradnickych rostlin). Nélezy rezidui paclobutrazolu byly porovnéviny
s neo3etfenymi rostlinami.

Chemikalie - Standard paclobutrazolu o &istot€ 97,9 % byl dodén firmou ICI
(Velk4 Britdnie), jako vnitfni standard byl uZit atrazin (Supelco Co, USA). Diéle
byl pouzivén Celit (ICI, Velk4 Briténie) a gel Bio-Beads SX-3 (Bio Rad, USA).
Ostatni pouZité chemikilie byly istoty p. a. (Lachema Bmo), pouZité rozpoustédla
byla pfetisténa (Organickd synthesa,1977)a pfedestilovina, popf.
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redestilovéna, Siran sodn§ (Lachema Brno) byl Zih4n pfi teploté 550 °C po dobu
pét hodin.

Pristroje - Pro stanoveni paclobutrazolu metodou GLC byl pouZivén plynovy
chromatograf Hewlett Packard 5880 (USA), vybaveny dusiko-fosforovym
detektorem (NPD).

Analyza rezidui metodou HPLC byla provddéna na kapalinovém chro-
matografu Hewlett Packard 1090 (USA), rezidua byla detekovéna v UV oblasti
diode-array detektorem HP 1040.

K piedisténi vzorkli pomoci gelové permeaéni chromatografie (GPC) byla
pouzivina. HPLC pumpa HPP 4001 s néstfikovou smy¢kou a didvkovacim
kohoutem Rheodyne (USA) o vnitfnim objemu 2 ml.

Izolace rezidui paclobutrazolu z rostlinného materidlu
a) Izolace rezidui z jablek, merunék, broskvi a zelenych &dsti rostlin (postup 1)

20 g rozmixovaného vzorku se homogenizije se 4 g Celitu, 20 ml acetonu a 20
ml vody po dobu ¢&tyf minut. Ziskany homogenit se zfiltruje pfes Buchnerovu
nélevku a filtraéni kold¢ se promyje 50 ml vody. Filtrt se pfevede do 200ml
odmémé baiiky a doplni po znacku vodou. Obsah baiiky se pfevede do SO0ml
délici ndlevky, baiika se vypldchne 10 ml vody a hodnota pH se upravi na 11
(roztokem NaOH c = 1 mol/1]). Extrakce se providi 2 x 70 ml dichlormethanu,
pfipadna tvofici se emulze se rozrusi pfidavkem nasyceného roztoku chloridu
sodného (20 ml). Dichlormethanov4 vrstva se pfefiltruje pfes Zihany siran sodny
do 250ml kulaté bailky, siran se promyje 10 ml dichlormethanu. Spojené
dichlormethanové extakty se odpaii na vakuové rota¢ni odparce do sucha (40 °C).

b) Izolace rezidut z brambor (postup II)

10 g rozmixovan{ych brambor se v tfeci misce rozetfe se 70 g bezvodého siranu
sodného do sucha. Takto vysuSeny vzorek se pfevede do homogeniza¢ni
nddobky, pfidd se 100 ml acetonu a homogenizuje se &tyfi minuty. Ziskany
homogenit se zfiltruje pfes Buchnerovu nélevku a filtraéni kol4¢ se promyje
100 ml acetonu. Acetonovy extrakt se odpafi do sucha a pfevede se 2 x 100 ml
do 500ml délici ndlevky a pH roztoku se upravi na 11 ( NaOH ¢ = 1 mol/).
Extrakce se providi 2 x 70 ml dichlormethanu, tvofici se emulze se rozrusi
pfidavkem nasyceného roztoku chloridu sodného. Dichlormethanové vrstva se
prefiltruje pfes Zihany siran sodny do 250ml kulaté baiiky, siran se promyje
10 ml dichlormethanu. Spojené dichlormethanové extakty se odpafi na vakuové
rota¢ni odparce do sucha (40 °C).
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PrreéiSténi extraktd

a) Extrakci na pevnou fizi - FfeciSténi rostlinngch extrakti bylo providéno na
kolonkéch Pressep firmy Tessek, Praha. Analytbyl z kolonek eluovén organick§mi
rozpoustédly v riizném poméru. Byly testovény tyto Eistici postupy:

Typ kolonky Kondicionace [ml] Eluce smési [ml] Postup
hexan (1) diethylether : hexan 1
1:9(2), 3:7(2), 1:1(2), 1:0(5)
diethylether : hexan
1:1(2,2,2), 1:0(5)
Separon SGX aceton : hexan
5 o 1:9(2), 3:7(2), 1:1(2), 1:05) o

methanol : hexan

hexan (1) 2

. 1:902), 372), 1:12), 1:02) 4
hexan (1) methanol : hexan s
1:9(2), 1:1(5), 1:0(5)
methanol:voda methanol : voda 6
Separon SGX C18 4:6(1) 7:3(6), 1:0(4), aceton(4)
hexan (2) aceton : hexan 7

1:9(2), 3:7(5), 1:05)

aceton : hexan
Separon SGX CN hexan (2), 1:9(2), 3:7(2), 1:1(5), 1:0(5) 2

b) Gelovou permeaéni chromatografii - Pfe¢iSténi extraktli pomoci gelové
permeaéni chromatografie (GPC) bylo provddéno na ocelové nerez koloné
(50 cm x 0,8 cm) dodané firmou Tessek, naplnéné gelem Bio-Beads SX-3.
Eluce byla provddéna smé&si cyklohexan : chloroform 1:4 a 1:1. Priitok mobilni
féze byl 0,7 ml/min.

Podminky plynové chromatografie - kolona: kfemenné kapildrni kolona
(wide-bore) HP-5 (10 m x 0,53 mm), tlouStka filmu 2,6 um, se zakotvenou
staciondmi fézi fenylmethylsilikon (5% fenyl) - Hewlett Packard, USA; teplota
injektoru: 250 °C; technika néstfiku: splitless (aktivace ventilu 60 s); teplota
detektoru: 300 °C; teplotnireZim: 60 °C (1 min.), 20 °C/mindo 220 °Ca 3 °C/min
do 250 °C; priitok nosného plynu kolonou (dusik): 5 ml/min; pfidavny plyn
(make up) - dusik: 25 ml/min; nastfikované mnoZstvi: 1 pl.

Chromatogramy byly vyhodnocovény technikou vnitfniho standardu - roztok
atrazinu v isooktanu o koncentraci 0,001 mg/ml. Odparek vzorku byl pfed
anal¢zou rozpustén v 1 ml vnitfniho standardu.

Podminky kapalinové chromatografie - kolona: sklenénéd kolona
3x150 mm, plnénd Separon SGX C18, o zméni Sum (Tessek, Ltd. Praha);
nastfikované mnoZstvi: 20 ul; teplota: 40 ° C; mobilni fize: methanol : voda
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(70:30 v/v), priitok 0,5 ml/min; detekce: optimalizace detekce diode-array
detektorem, rozsah 200-400 nm, $ifka pisu 4 nm, méfeno spektrum 222 nm.
Vzorek byl pfed néstfikem rozpust€n v 1 ml mobilni féze.

VYSLEDKY a DISKUSE

V prvni fézi price byl optimalizovén postup izolace reziduf paclobutrazolu,
déle byl hleddn vhodny postup k pfeiSténi extraktii od interferujicich litek a na
z4vér byla ovéfena moZnost vyuZiti jak HPLC, tak GLC pro analyzu ziskan§ch
piedisténgch vzorki.

Izolace rezidui z rostlinného materiélu

Pro Givodni extrakci rezidui paclobutrazolu z oSetfeného rostlinného materidlu
byl pouZivén aceton, ktery se zd4! v porovnéni s dal§imi rozpoustédly (napf.
acetonitrilem, doporu¢ovanym firmou ICI - Freeman, 1986)
nejvhodnéjdim z hlediska G&innosti, nizké toxicity i cenové dostupnosti
(Wheeler, 1982). Nejprve byl vypracovén izolaéni postup pro jablka a déle
pak pouZit i pro ostatni druhy ovoce a zeleniny v&etné zelen§ch &sti rostlin. Pfi
extrakci rezidui z brambor viak dochézelo k tvorbé stabilnich emulzi, které nebylo
moZné odstranit. Proto byl postup pro izolaci paclobutrazolu z brambor modi-
fikovan. Extrakce acetonem byla provddéna aZ po vysuSeni vzorku bezvodym
siranem sodnym. Byla sledovdna zivislost vyt&Znosti reextrakce acetonového
extraktu dichlormetehanem na hodnot& pH. K ¢innéjsi extrakci analytu dochézi
z alkalického prostfedi (pH 11), zfejmé v diisledku potladeni ionizace.

PireliStén{ extraktd

Z rostlinného materidlu je soufasné s rezidui paclobutrazolu extrahovéno
i velké mnoZstvi koextraktd, které sice nemusi pfimo interferovat pfi stanoveni
sledované l4tky, ale mohou pfispivat k postupnému zhorSovéni vlastnosti chro-
matografické kolony. Z tohoto diivodu byla hleddna moZnost pfeciSténi vzorkil
pfed vlastnim analytickym stanovenim. Bylo testovdno pfeciténi tzv. extrakci
na pevnou fézi (solid phase extraction) na kolonkdch Presep se silikagelem,
oktadecylovanym silikagelem a kyanopropylovanym silikagelem a pfeciSténi
gelovou permeadni chromatografii na gelu Bio-Beads SX-3.

Pii pfeciSténi extraktl na kolonkich Presep nebylo dosaZeno zérovei
selektivniho oddéleni rezidui paclobutrazolu od rostlinnych koextrakti a uspo-
kojivé vytéZnosti Eistictho postupu pro dany analyt.

Na kolonkéch plnénych silikagelem (postup 1 aZ 5) byl &istici efekt vyrazny,
vyt&Znost samotného pfecidténi byla v3ak velmi nizké (do 40 %) a opako-
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vatelnost uvedenych postupii nebyla uspokojivd. Na kolonkéch s vdzanym
oktadecylem (postup 6 a 7) bylo dosaZeno uspokojivé vytéZnosti, Cistici efekt
byl v8ak minimalni.

Sarze kolonek se silikagelem modifikovanym kyanopropylem (postup 8)
nebyla pro dané G&ely pouZiteln4, nebof ze sorbentu byly eluovény neistoty,
které déle interferovaly pfi analytickém stanoveni.

Pfi ¢iSténirostlinnych materiélii na koloné plnéné gelem Bio-Beads SX-3 bylo
dosaZeno pfi eluci mobilni fazi cvklohexan : chloroform (1:1) vyrazného
oddéleni vétSiny koextraktl. Na zdklad€ elu¢nich kfivek bylo zjiSténo, Ze analyt
je kvantitativné eluovén ve frakci 16 aZ 19 ml. PfediSt€ni vSech sledovanych
rostlinnych extraktii na koloné je vyrazné, odstranéni koextraktii je G&inné,
¢isténi je Casoveé nendroéné a jednoduché. Opakovatelnost &isticiho postupu je
velmi dobrd, vytéZnost byla 98,0 + 4,6 %. Malé spotfeba rozpoustédel a
mnohonasobné pouZitelnost gelu. sniZuji vyrazné niklady na analyzu. Pfiklad
pfediSténi extraktu jablek na koloné Bio-Beads SX-3 je uveden na obr. 2.

Optimalizace podminek plynové chromatografie

Pfi optimalizaci podminek pro stanoveni rezidui paclobutrazolu metodou
GLC byly testovény riizné chromatografické kolony a hleddna kolona, na které
paclobutrazol poskytuje symetrickou elu¢ni z6nu.

ProtoZe pfi analyze standardnich roztokil paclobutrazolu na népliiovych kolo-
ndch s mirmé& poldrnimi silikonovymi staciondrnimi fizemi 3% OV-17 a 3%
OV-330 pik sledované litky siln€ chvostoval, byla ovéfena moZnost pouZiti
kolony s pfidavkem hydroxidu draselného (3%) ke staciondrni fizi 5% Apie-
zon L, ktery mél potlalit piipadné interakce bazického analytu s nosi¢em. Ani
v tomto pfipad& viak nebylo dosaZeno v§razného potladeni chvostovéni piki.
Proto byla dile uZita kiemennd kapildrni kolona HP-5 se staciondrmni fdzi 5%
fenylmethylsilikon, na které bylo dosaZeno symetrickych z6n.

Vzhledem k tomu, Ze paclobutrazol obsahuje ve své molekule n€kolik hete-
roatomii, byla porovndvina moZnost jeho stanoveni pomoci dusiko-fosforového
detektoru (NPD) a detektoru elektronového zichytu (ECD). Pro dalsi analyzy
byl vyuZivin déle jen NPD, nebof detekce EC detektorem byla sice citlivéjsi
pro modelové roztoky (detekeni limit 0,01 ng v néstfiku), ale pfi analyze
redInych vzorki se pouZiti detektoru s ohledem na jeho niZ3i selektivitu ukédzalo
zcela nevhodné.

Pro zlep3eni opakovatelnosti anal§zy pfi uZiti nistfikové techniky (splitless)
byl hleddn vhodny vnitfni standard. Z testovan§ch slou¢enin nejvice vyhovoval
atrazin (substituovany chlortriazin).

Detekéni limit paclobutrazolu byl pfi analyze modelové smési stanoven
0,02 ng v nistfiku, mez stanovitelnosti 0,1 ng v néstfiku. Chromatogram
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2. HPLC chromatogram nepfedisténého (A) a pfedisténého (1,2,3) extraktu jablek na koloné&
Bio-Beads SX-3, mobilni f4ze cyklohexan : chloroform (1:1) - HPLC chromatogram of unpurified
(A) and purified (1, 2, 3) apple extract on the column Bio-Beads SX-3, mobile phase cyclohexane
: chloroform (1:1)

A - jablka kontaminovan4 na hladinu 0,1 mg/kg - apples contaminated to the level 0.1 mg/kg
frakce - fraction (ml): 1 =12-15,2 =15-19,3 =19-22

standardu paclobutrazolu je uveden na obr. 3a. Na obr. 3b a 3c je uveden
chromatogram kontrolniho vzorku jablek a jablek kontaminovanych na hladinu
0,025 mg/kg.

Zivislost odezvy NPD na mnoZstvi injektovaného analytu byla linearni
v koncentra¢nim rozmezi 10a% 10" g paclobutrazolu v nistfiku. Z chromatogramii
je ziejmé, Ze s pikem odpovidajicim paclobutrazolu neinterferuji Zidné koextrakty.
Mez stanovitelnosti 0,1 ng v néstfiku odpovidd (pro pomér signdlu a Sumu 5:1)
0,005 mg/kg pro jablka a ostatni materidl uvedeny v postupu I a 0,01 mg/kg pro
brambory (postup II).

Optimalizace podminek kapalinové chromatografie

Stanoveni rezidui paclobutrazolu v pfediSt€énych extraktech bylo providéno
také metodou HPLC.

Separace byla provddéna na reverzni fizi C18. Jako mobilni fize byla
testovdna smés methanol : voda v rizném poméru. Optimélniho rozdéleni bylo
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a) standard paclobutrazolu
(0,5 ng v néstfiku)-standard of
paclobutrazol (0.5 ng of
) b) S feeding)

b) vzorek jablek (20 mg
v néstfiku) - kontrola- apple
sample (20 mg in feeding ) -
control
c) vzorek jablek (20 mg v néstfi-
ku), kontaminovangch na hladi-
nu 0,025 mg/kg - apple sample
(20 mg in feeding), conta-
minated to the level of 0.025
mg/kg
3 2 pik - peak:

1 L —
—

- A ) " ~i

0 s 10 150 5 0 150 S 10 15 [min)

3. GLC chromatogam standardu a extraktu jablek - GLC chromatogram of apple standard and extract

(7:3). Za t&chto podminek byl analyt eluovén do péti minut. Absorb¢ni maxi-
mum paclobutrazolu je v dané mobilni fizi 222 nm, absorbéni spektrum
paclobutrazolu v mobilni f4zi methanol : voda (7:3) je uvedeno na obr. 4.

Sledovéni retentnich Zasil a soucasné kontrola Cistoty spekter (provddénd pomoci
funkce peak purity, instalované v HPLC ChemStation) eluovanych l4tek pfispivd
ke spolehlivému potvrzeni identity analytu. V analyzovaném materidlu pfirozené
koextrakty neinterferuji se sledovanym analytem (obr. 5).

Zivislost odezvy detektoru na
koncentraci paclobutrazolu je 50
linedrni v rozmezi koncentraci 104 maximum 222 am
a2 101 ug v néstiku. e

Mez detekce je pro paclobutrazolza §
danych podminek 0,03 pg/ml (0.6 ng
v néstfiku), mez stanovitelnosti je 0,1
pg/ml (2 ng v néstfiku), to odpovidd —
0,005 mg/kg jablek a ostatniho 20 20 20 280 [um]
materidlu z postupu I a 0,01 mg/kg 4. Absorbéni spektrum paclobutrazolu -
brambor. Absorption spectrum of paclobutrazol

T TTTTTY
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5. Extrakty rostlinnych materidli kontaminovanych na hladinu 0,1 mg/kg - Extracts of plant
materials contaminated to the level of 0.1 mg/kg
lapricol; 2apple; 3potatoe

ZAVER

Byla vypracovina metoda pro izolaci, pfe¢iSténi a kvantifikaci rezidui paclo-
butrazolu v oSetfen§ch plodinich.

Ve srovnéni s dostupnymi pracemi, zabyvajicimi se pfibuznou problematikou,
publikovanymi na toto téma v literatufe (Reed ,1988;Stahly, Bucha-
n a n, 1986), je zde prezentovany postup podstatné jednodusi a rychlejsi, k éemuZ
pfispiva pfedevsim optimalizace isticiho kroku, resp. pouZiti GPC.

Vyt&Znost izolace rezidui z materidlu kontaminovaného na riizné hladiny je
uvedena zv143t€ pro postup I a II. Analytické vyhodnoceni vysledki je v tomto
pfipadé provedeno metodou GLC.

8 A Vyté&Znost [%
Hladina kontaminace [mg/kg] Tablka y [%] e
1,00 90,6 +52 90,1+5,6
0,10 78555 82,6838
0,05 740+93 61,397
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Je zfejmé, Ze opakovatelnost obou postupli je na hladiné kontaminace
0,05 mg/kg srovnatelné a rozpéti stanoveni se pohybuje v rozmezi 10 %.

Rezidua je moZné stanovit jak metodou HPLC, tak i GLC/NPD. Mez
stanovitelnosti obou uvedenych metod je srovnatelnd - 0,1 pg/ml pro standard,
0,005 mg/kg pro ovoce a zelené &4sti rostlin a 0,01 mg/kg pro brambory.

Metoda HPLC je rychlejsi, kontrola UV spekter napoméhd k potvrzeni
identity pikdi. Pfi pouZiti metody GLC/NPD je pro kvantitativni vyhodnoceni
chromatogramii (zvlast€ pfi néstfiku splitless) vhodné pouZit techniku vnitiniho
standardu.

Litcratura

BOREK, V.- SUBRTOVA, D. - REHAKOVA, V.: Stanovenf reziduf triadimefonu v zelené hmot&
je¢mene vysokoi¢innou kapalinovou chromatografii. Agrochémia, 27, 1987, &. 2, s. 60-63.
FREEMAN, B. L. - MAK, C.: The determination of residues of paclobutrazol (PP 333) by gas liquid
chromatography in crops. ICI, Plant Protection Residue Analytical method No. 76/1, 1986.
HSUEN, W. - LI, R.- PEI, Y.: Separation of 1,2,4-triazole derivatives by high-performance liquid
chromatography. J. Chromatog., 356, 1986, s. 433 - 437.

KUTINA, J.: Regulitory riistu a jejich vyuZiti v zem&d&Istvi a zahradnictvi. Praha, SZN 1988, s. 431.
MENDES, M. C. S.: A gas chromatografic method for the determination of residues of bitertanol.
J. agric. Food Chem., 33, 1985, ¢&. 4, s. 557-560.

MIKULKA, S.: Ved!lejsi G€inky paclobutrazolu na plevele. Agrochémia, 25, 1985, €. 6, s. 178 - 180.
REED, A. N.: Quantification of triazole and pyrimidine plant growth retardants. J. Chromatog., 438,
1988, s. 393-400.

RICHARDSON, P. J. - WEBSTER, A. D. - QUINLAN, J. D.: The effect of paclobutrazol sprays
with or withouth the addition of surfactants on the shoot growth, yield and fruit quality of apple
cultivars Cox and Suntan. J. Hort. Sci., 61, 1986, &. 4, s. 439-446.

STAHLY, E. A. - BUCHANAN, D. A.: Extraction, purification and quantitation of paclobutrazol
from fruit tissues. Hort. Sci., 21, 1986, &. 3, s. 534-535.

WANG, S. Y. - BUYN, J. K - STEFFENS, G. L.: Controlling plant growth via the gibberellin
biosynthesis system II. Biological and physiological alternations in apple seedlings. Pl. Physiol.,
63,1985, s. 169-175.

WANICHKUL, K.: Die wirkung von paclobutrazol auf das vegetative und generative verhalten von
apfelbaumen. [Dissertation.] Bonn, 1987.

WHEELER, W. B. - EDELSTEIN, R. L. - THOMPSON, N. P.: Extraction of pesticide residues
from plants. In: MIYAMOTO, J. - KEARNEY, P. C. (Eds): Pesticide chemistry. vol.4. IUPAC,
1982, s. 429-54.

ICI: Plant Protect®n Diwision. England, firemni materidly, 1984.

Organick4 synthesa. Praha, Academia 1977, s. 734.

Doslo dne 17. 6. 1991



Potrav. V&dy, 10, 1992 (3) : 239-249

V. Schulzovd, J. Haj$lovd, K. Holadovd, T. Roztocil
(Institute of Chemical Technology, Department of Feod Chemistry and Analyses,
Praha, Czechoslovakia)

The determination of residues of growth regulator paclobutrazol
in plant material

Paclobutrazol represents an active ingredient of new perspective plant growth regulator
CULTAR (ICI Plant Protect Division, registration number PP-333), the structure formula
of this triazole is given in the Fig. 1.

As to the mode of action, the primary effect of paclobutrazol involves the inhibition
of gibberellin and sterol biosynthesis and suppression of internode elongation as a result.

In our study GLC method utilizing NP detector as well as reversed-phase HPLC
procedure employing DAD for detection were introduced for trace analysis of
paclobutrazol in various plant matrices. Residues of this coumpound were determined in
apples, peaches, apricots and potatoes and in corresponding plant leaves.

Following steps were carried out in the course of sample processing. Residues were
extracted with aceton/water mixture, selective liquid-liquid partition into dichloromethane
was utilized for isolation of triazole from the aqueous phase after its alkalinization. Removal
of remaining interferring substances was achieved by gel permeation chromatography on
Bio-Beads SX3 column (mobile phase cyclohexane/chloroform 1:1 (v/v)). The recovery of
this purification step for standard is 98.0 - 4.6 %. In Fig. 2 there is given the chromatogram
of apple extract spiked with paclobutrazol at 0.1 ppm level. The efficiency of clean-up
step is here well demonstrated.

GLC separations of purified samples were carried out on HP-5 wide-bore capillary
column (10 m x 0.53 mm), utilizing splitless injector mode (60 s), nitrogen was a carrier
gas. Internal standard method (atrazin was used as i. s.) was applied for quantitazion. The
GLC chromatograms of paclobutrazol standard and apple extracts are shown in Fig. 3.
The detection limit of paclobutrazol is 0.1 ng per injection (1 ul), i. e. 0,005 ppm in

-sample.

HPLC separations were carried out on a reversed phase C18 column (mobile phase
methanol/water 7:3 (v/v)), detection was carried out at UV spectum (detector wavelenght
was set at 222 nm, absorption spectrum of paclobutrazol is in Fig. 4). In Fig. 5 there is
given the HPLC chromatogram of exjracts of apples, apricots and potatoes spiked at
0.1 ppm level. The detection limit of this procedure was 2 ng of paclobutrazol per
injection (20 ul), i. e. 0.005 ppm in analysed sample.

In table present in the conclusions of this paper there are summarized the recoveries
of all analytical procedures for plant materials spiked at 0.05, 0.1 and 1 ppm levels.

paclobutrazol; growth regulator; residues in plant; GLC; HPLC
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AKTUALITY

AKTUALNf POHLEDY NA NEKTERE RIZIKOVE FAKTORY VYZIVY

Nepfiznivy vyvoj zdravotniho stavu na$i populace zékonit& vyvoldv4 i otdzky souvi-
sejici s ,,bezpetnosti potravin. Obavy vefejnosti se, s ohledem na rozsdhlou kontaminac
naSeho Zivotniho prostied{, soustfed{ zejména na vyskyt zvySenych hladin toxickych kovil
(olova, kadmia, rtuti apod.), z organickych ldtek pak na rezidua pesticidd, polychlorovanych
bifenyli (PCB) a dalSich antropogennich slougenin pfedeviim polychlorovanych dibenzo-
dioxinil (PCDD) a dibenzofurant (PCDF). Cetné diskuse budi i zdravotni riziko vyplyvajici
z pouZivéni potravinovych aditiv - pfedevim konzerva&nich prostfedki, syntetickych barviv,
aromatizujicich latek & antioxidantd. Percepce rizik odbomiky je viak zdsadné odli$nd
(Hall,1992): za prioritni problém je povaZovéna otdzka mikrobialni kontaminace, mimo-
f4dnd pozornost je v poslednich letech vénovéna i problematice pfirodnich toxind
(Morgan. Fenwick,1990).Jak vyplyne z nésledujicich piikladd, je zcela mylné
se domnivat, Ze co je ,pfirodn{“ je zdravé & nedkodné. Vefejnost totiZ asto akceptuje
zkresleny nézor, Ze existuje definovan4 skupina "toxickych" chemikilif ohroZujicich zdravi
&lovéka, pfevaZné syntetického plivodu, které je nutné petlivé sledovat a v maximéinf moZné
mife z prostiedi eliminovat. Na tomto mist& je vhodné pfipomenout jeden z nejtarSich, ale
dosud stéle platnych zdkoni toxikologie, ktery uZ pfed 400 lety zformuloval stfedoveky 1€kaf
Paracelsus: ,,... faktorem, kter§ rozhoduje o tom, zda se dostavi negativni G&inky na zdravi,
je dédvka, resp. hladina expozice. Jinymi slovy viechny l4tky jsou potencidlné "jedovaté".

Znédmy soucasny americky toxikolog B. N. Ames v jedné ze svych praci (Ames,
1991) poukazuje na skute&nost, Ze i kdyZ po&et rliznych biologicky aktivnich litek v&etné
jejich degrada&nich produktl potenciélné pfitomnych v nasi stravé Ize odhadnout na 5 aZ
10 tisic, jejich toxicita bohuZel nebyla dosud systematicky studovéna. Ze 427 sloudenin
dosud podrobenych standarnim testlim chronické toxicity na my$ich a kryséch pfipadlo
pinych 82 % na syntetické slouteniny - pfedeviim pesticidy, primyslové chemikilie,
1éCiva a aditivni 14tky. Pfi expozici experimentélnich zvifat dietou relativné vysokym
ddvkdm (maximum tolerated dose) téchto litek, zhruba u poloviny z nich byly prokézény
karcinogenni GCinky. Zdénlivé pfekvapivd je skuteCnost, Ze pfibliZn&€ stejny polet
pozitivnich vysledkd (47 %) bylo prok4zéno u souboru 75 testovanych piirodnich l4tek.
Z nejroziifenéjsich Ize jmenovat kyselinu kdvovou a jejf estery (chlorogenové a neochlo-
rogenovi kyselina), jeZ se vyskytuji nejenom v praZené kdve, alei v jablkdch, meruiikéch,
Svestkéch, hroznovém vinu, hldvkovém salétu, mrkvi apod. Také D-limonen je b&éZné&
pfitomny v pomerandovém dZusu, mangu & v Serném pepfi, sinigrin, resp. jeho metabolit
allylisokyanét je charakteristicky pro fadu druhil zeleniny pfislufejicich k Seledi brukvo-
vitych jako je zeli, kapusta, kvétik apod., ve vysokém mnoZstvf jej I1ze nalézt i v hoiCici.
Obecné v jednotlivych rostlinnych druzich lze nalézt (B eier, 1990) aZ desitky
bioaktivnich &asto toxickych ldtek, n€kdy jsou nazyvény pfirodnimi pesticidy
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(fytoalexiny), nebof u rostlin se b&hem mili6nd let vyvinuly jako sou&4st obranného
systému proti napadeni hmyzem, cizopasnymi houbami & predétory. Rada praci pFin4s{
Gdaje o vzrlistu jejich hladin pfi ,poranéni“ rostlin & expozici nékterym exogennim
&initelim (napf. nizké teploty, ultrafialové zéfenf, oSetfeni szntetickymi pesticidy apod.).
V procesu domestikace dneSnich kulturnich plodin do$lo k vyraznému sniZen{ hladin
pfirozenych toxin{. Tak napf. hlizy divokych brambor (Solanum acaule) obsahuj tfikrét
vice toxickych glykoalkaloidli (solaninu) neZ b&Zné péstované brambory, Solanum
tuberosum. Je nutné pfipomenout, Ze snaha eliminovat v maximélni moZné mite pouZi-
véni agrochemikilii rezultuje mimo jiné ve Slechténi rezistentnich rostlinnych druhd, pro
které je charakteristicky prdvé vysoky obsah pfirodnich pesticidli. Velmi ilustrativni
(A mes etal., 1990) je pfipad nové odriidy celere s vysokou rezistenci proti napaden{
hmyzimi $kidci. Brzy po jeho zavedeni do zemé&délské praxe byly zaznamenény &etné
pfipady vyskytu riznych ekzémi u lidi, které tuto plodinu sklizeli. P¥i¢inou t&chto potiZi,
jak bylo posléze ozfejmeno, byly extrémné& vysoké hladiny karcinogennich (a muta-
gennich) deriv4tl psoralenu (6200 mg/kg - témé&f 10x vice neZ u béZnych odriid). Jingm
pfikladem je nov4 rezistentni odrlida brambor, které byla pfed né&kolika lety zavedena v
USA. Bez ohledu na vysoké ekonomické ztrity, muselo byt od jejiho p&stovani upusténo
s ohledem na nepfijateln€ vysoké hladiny toxickych glykoalkaloidd. Vyskyt pfirodnich
toxin{i viak nenf omezen jen na rostliny. Také Zivo&i¥né produkty je mohou obsahovat.
Pfikladem miiZe byt kumulace paralytickych jedd v mékkych korySich v disledku
vyskytu toxického planktonu & fas. Také pfi skrmovani jedovanych rostlin &i krmiva
kontaminovaného nékterymi mykotoxiny miZe resultovat v jejich vylu&ovéni do mléka.

Podle odhad{i americkych toxikologli(A m e s , 1990) dennf pfijem piirodnich toxind
dietou se bliZi 1,5 g. V tvahu je tfeba vzit i skuteCnost. Ze také pfi vyrobé potravin
a zejména tepelné Gpravé pokrmil dochézi ke vzniku fady neZddoucich litek, néktefi
autofi pfedpokl4daji, Ze jen mnoZstvi produktii pyrolyzy v denni dieté &inf zhruba 2 g,
pfitemZ mezi nimi Ize nalézt fadu karcinogend jako jsou polycyklické aromatické
uhlovodiky (PAU), heterocyklické aminy, furfural, aromatické nitrované uhlovodiky
apod. Tak napf. v praZené kdv& dodnes bylo identifikovdno 826 t€kavych sloucenin, 21
z nich bylo toxikologicky hodnoceno na hlodavcich a u 16 byla prokéz4na karcinogenita.
Vezmeme-li v Gvahu i ptitomnost net€kavé frakce, resp. kyseliny kivové, potom lze
dospét k odhadu, Ze primémy 3dlek kdvy obsahuje asi 10 mg l4tek s karcinogennfmi
G&inky.

Vy3e uvedend fakta jist& budi otdzku, jak je moZné odoldvat bez vaZného podkozeni
zdravi takovymto expozicim. Vysvétlenim je skutenost, Ze &lovék si proti mnohym
toxindm (které jsou nevyhnutelnou sloZkou jeho diety) postupné vyvinul G&inné obranné
mechanismy, pfitemZ v tomto smyslu neni zdsadniho rozdilu mezi detoxikaci litek
pfirodnich & syntetickych. VZdyfi ve sloZeni lidské diety v poslednich tisici letech doglo
k fad€ zdsadnich zm&n a mnohé ze slouCenin obsaZenych napf. v kivé, &aji, kakau,
kukufici, avok4du, olivich, zelf, brokolici atd. byly pro organismus ,nové“ a musel se
na né& adaptovat. Pro mnohé odplirce chemizace zemé&dé&lstvi jsou jist& ponékud pfekva-
pivé zdvéry, které uvefejnil A m e s (1990). Hodnotime-li expozici &lovéka pesticidlim,
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potom je nutné konstatovat, Ze 99,99 % odpovidé litkdm pfirodniho plivodu (denni
pfijem rezidui ,syntetickych“ pesticidi dietou se odhaduje na 0, 05 mg/kg, coZ je ddvka
podstatn€ niZ8i neZ hodnoty pouZivané pfi testovdni chronické toxicity). Pfes
nepochybné pfednosti realizace alternativnich (biologickych) forem zemé&dé&lstvi,
zejména pokud jde o ochranu krajiny a pfirozenych biocen6z, je nutné pfijmout - jakkoliv
nepopuldrni - objektivni fakta uvddénd citovanym autorem, kterd ilustruji vyznam
syntetickych pesticiddi pfi feSeni né€kterych globédlnich problémd. Tak napf. nespornou
»Z4sluhou“ tolik kritizovaného DDT je skute¢nost, Ze v fad& oblasti svéta tato latka
pomohla prakticky eliminovat malérii a dal3i infek&éni nemoci pfeniSené hmyzem.
V3eobecné zndmym disledkem aplikace pouZiti DDT je bioakumulace jejich rezidui
v tukovych tkdnich Zivych organismd. Na druhé strang, zatimco u DDT karcinogen{
G&inky prokizédny nebyly, fada produktii sekunddrniho metabolismu plisni napadajicich
potravinéiské suroviny.¢i produkty jsou vysoce G&inné karcinogeny (zejména a-toxiny).
Je evidentni, Ze piipadné rezidua syntetickych pesticidd, resp. fungicidd brénicich
rozvoji toxikogenni mikrofléry pfi aplikaci za podminek tzv. ,,dobré zemédé&lské praxe*
reprezentuje pro zdravi &lovéka podstatn€ mensi riziko. Je tfeba zdiraznit, Ze ochrana
sklizn&€ pomoci vhodnych agrochemikAlif (moderni pesticidy jsou na rozdfl od DDT
podstatné perzistentni) umoZnila zv§3en{ vynosi, a tak sniZeni cen ovoce a zeleniny, coZ
zékonité pfispélo ke zvy3eni jejich spotfeby. Pravé v téchto produktech j je totiZ obsaZeno
vysoké mnoZstvi pfirozenych antioxidantd, vitamind a vldkniny, které jsou povaiovény
za vyznamné antikarcinogeny (Ames, Gold, 1990).

Zivérem je nutné zdiiraznit, Ze problematika hyglemcko- toxikologické jakosti potra-
vin vyZaduje komplexni, multidisciplindmi pfistup - objektivni zohlednéni viech nastinénych
souvislostf. Jen na takovémto zdkladé pak mohou byt pfijata rozhodnuti o prioritich vyzku-
mu, kontroln{ & monitorizaén{ &innosti, pfipadné navrZeny a realizovéiny progresivni metody
vyroby, skladovén{ a distribuce potravin. V neposledni fadé by viechny aktudlni poznatky
méla reflektovat pfisludnd legislativa i viastnf vyZivovi politika.
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INFORMACE

VYZIVA A STRAVOVAN{

Na Fakult& potravindfské a biochemické technologie Vysoké $koly chemicko-techno-
logické v Praze se na Skolnf rok 1993/1994 pldnuje nové atraktivni studijni zamé&fen{
"V¢Ziva a stravovéni". Lidskd vyZiva je obor, ktery nenf nikde v Ceskoslovensku
vyu&ovén a stravovéni je rovnéZ mimo zdjem vysokého Skolstvi, s vyjimkou ekonomiky
spole¢ného stravovénf.

Ve studijnim plénu se uvaZuje se silnym teoretickym zékladem biologickym,
chemickym i fyzik4In&-matematickym, alejiZ od tfetiho ro&niku studia se zatnoustudenti
profilovat v uvedeném studijnim zamé&fen{ studiem chemie potravin, anal§zy potravin
a vyuZit{ statistickych metod v biologii.

Od &tvrtého ro¢niku studia mé byt vyuka jiZ plné zaméfena na zvolené studijni
zaméfeni. Do vyuky jsou zafazeny pfednisky a semindfe ze zdkladd vyZivy, vyZivové
politiky, fyziologické lidské vyZivy, dile z hygieny vyZivy a toxikologie vyZivy.
Prakticky zaméfené budou pfednésky, seminéfe a laboratorni cvideni ze zdkladl potra-
vindfské technologie, technologie pfipravy stravy a n€kterych vybrangych specidlnich
technologif. Na analyzu potravin navazuje senzorick4 analyza a jiné specidln{ metody
analyzy potravin, v&etn€ néro&nfch mikrobiologickych pfedmétd. DlleZitd je obecnd
ekonomika a pfedmét Zsklady technicko-administrativnich praci a marketingu, protoZe
pracovnik ve spole¢ném stravovéni musi ovlddat i tyto obory. Néplii rofniku dopliiuje
pfedmét informatika a literdmi reSerSe, protoZe zpracovéni informadi je nejvyznamnéjsi
néplnf pfipravy pro moderni technologie. Tyto pfedméty navazuji na dokonalé zvliddnuti
modernich metod vypocetni techniky v niZSich roénicich studia. Vyuku zavrsi odbornd
exkurze a n€kolikatydenni stdZ v zdvodech spole€ného stravovéni.Ekonomika vyZivy je
dalsi pfedmét, ktery je neobycCejné dlleZity v praxi, hlavné v zemi s trZnim hospo-
défstvim. '

V pétém roéniku studia budou studenti muset zvlddnout metody mikroskopického
a mikrobiologického zkouméni potravin a hotov§ch pokrmd, chemické a fyzik4lné-
chemické analyzy hotovych pokrmil a népojl a technik spoleného stravovéni. Dal$im
pfedmétem je patofyziplogie vyZivy a dietetika. Strojn{ vybaven{ zdvodd spoleZného
stravovéni zvliddnou v pfedmétu Technika spoleZného stravovén{ a administrativn{
pfiprava bude dokon&ena absolvovénim pfedmétu Rozbory hospodéiskych Cinnosti.

Studium bude ukon&eno diplomovou praci, jeji obhajobou a rigoréznf zkouskou ze
&yt hlavnich pfedmétd.

Absolventi budou urdepi pro fidici a v§zkumnou &innost v oboru lidské vyZivy
a spoleného stravovéni. Jsme pfesvédeni, Ze zavedeni tohoto nového studijniho zamé-
fenf pfispéje ke zlepSeni vyZivy nadeho obyvatelstva, a tim i ke zlepSenf jeho zdravi
a aktivity ve vech oblastech Zivota.

Prof.JanPokorny, DrSc.
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INFORMATION

Collaboration with the City College of the City University
of New York (CCNY)

Positive political changes starting in Czechoslovakia after the Velvet Revolution
opened new challenges for wide international collaboration, including with the overseas
countries. The representatives of the Faculty of Food and Biochemical Technology
embraced this opportunity to establish the conditions for long-term programs with several
U. S. universities in teaching, research and other activities. The City College of the City
University of New York (CCNY) was the first U. S. institution with which the mutual
collaboration became effective and fruitful.

CCNY is the oldest institution in the City University of New York. It was founded in
1847 and moved to its current location on Convent Avenue and 138th Street in 1907.
CCNY now occupies a thirty-five acre Gothic and modern campus in historic St. Nicolas
Heights. The College reflects the rich ethnic and cultural diversity of New York City,
and roughly half of the students were born in one of 80 different countries. It consists of
the College of Liberal Arts and Science and five professional schools - the School of
Engineering, the School of Education, the School of Architecture and Environmental
Studies, the School of Nursing and Medical School. A long list of distinguished CCNY
alumni, including seven graduates awarded the Nobel Prize, seven who have been elected
to the prestigious National Academy of Sciences and several top-level executives in
American business and industry, demonstrates the high standard of this well nationwide
known and internationally recognized institution.

The contacts with CCNY already started in 1989 from the initiative of Dean A. S.
Posamentier. His understanding for our temporary problems, experience in
international relations and wide knowledge of American living style enable us to create
promptly a very interesting cooperative program. This effort was fully supported by
Professor Bernard W. Harleston, the president of CCNY, and by Professor

tCerny, mcwrofthel’ngmlmdmteof&emial Technology (PlCI‘),who
have signed a Memorandum of Agreement. Then Professor A.S.Posamentier
and Professor J. K4 % endorsed and submitted a proposal ,Integration and
Advancement of Environmental Studies in the Biology and Chemistry Curricula® for the
University Affiliation Program competition. This proposal was accepted and granted by
the USIA (United States Information Agency) and it was the real beginning of intensive
and very effective collaboration. The initiation of the project was further potentiated by
the stay of ProfessorJ.K 4 § at CONY granted by the Fulbrigh Foundation. His presence
at CCNY enabled to better organize the already running project and in addition, to prepare
conditions for the widening of the present contacts to the other professional areas and to
prepare a new grant proposal.

The joint project started first by the intense exchange of teaching experience both in
Prague and New York. ProfessorS.Co sl e y gavein Prague a ,Laboratory Course of
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International collaboration of CCNY: From left - Professor K45 (Prague ICT),
Professor Schlieman (Humboltd University, Berlin), astronaut Runco-alumnus of CCNY,
Professor Bohm (University of Vienna), Professor B. W. Harleston, President of CCNY,

Professor A. S. Posamentier, Dean of the School of Education

Genetic Engineering“ (June 1992) and Professor J. K 4 § gave lectures on ,Applied
Biochemistry“ at CCNY in the academic year 1991/92. A new lecturing program has
been prepared for the fall semester in Prague, where Professor Ch. R us s e | | will give
a course of ,,Biorganic Chemistry“ for graduate students (September 1992) and Professor
M. Steinberg will present a very up-to-date course ,Fundamentals of
Biotechnology“ (November 1992). On the other hand, the course in the field of Chemical
Engineering will be given for graduate students at CCNY by Prague’s Professor
V. Bej&ek. The research collaboration is realized in close relationship with the
above-mentioned teaching activities and in addition, in independent and intense
experimental cooperative work mainly in the genetics of microorganisms, water
purification and various analytical methods related to the granted environmental project.
We can conclude this short report with a statement that the mutual collaboration between
CCNY and PICT started well, brings benefits to both institutions, contributes to better
understanding between the faculty and students of both countries, improves the university
curricula and mainly helps to widen the background for the future cooperation. The good
relation between both these institutions has also prepared a good starting point for other
universities for the extension of American and Czechoslovak collaboration.

Prof.JanK & § , D.Sc.
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INTERNATIONAL ASSOCIATION
of ENVIRONMENTAL ANALYTICAL CHEMISTRY
INSTITUTE of CHEMICAL TECHNOLOGY,

DEPARTMENT of FOOD CHEMISTRY and ANALYSIS, PRAGUE
CZECHOSLOVAK COMMITTEE on FOOD ADDITIVES and CONTAMINANTS
and
the MINISTRY of ENVIRONMENT

4th WORKSHOP
ON CHEMISTRY AND FATE OF MODERN PESTICIDES
AND RELATED POLLUTANTS

Prague, Czechoslovakia, September 8-10, 1993

Previous Workshops on this topic were held in Amsterdam, NL (1986),
Barcelona, E (1987) and Bilthoven, NL (1991). Due to significant envi-
ronmental problems in Eastern Europe, the previous topic, Modern Pesti-
cides, has been extended with withdrawn pesticides: organo-Cl, PCBs.
Environmental chemists, food chemists, analytical chemists, toxicologists
and biologists will discuss in an interdisciplinary way relevant scientific
problems. Emphasis will be placed on: residue monitoring programs, chemi-
cal and biological screening methods, quality control, toxicology and legisla-
tion. Advances in analytical techniques, results of ecotoxicological studies
etc. will be presented.

Symposium language: English, no simultaneous translation

Sponsors (tentative list): International Association of Environmental
Analytical Chemistry, Ministry of the Environment of Czech Republic,
J. T. Baker, Hewlett-Packard, Czechoslovakia

Important addresses: Sectretary and registration (only for Czechoslo-
vakia): Dr. Jana Haj§1ov4 (Chair), Department of Food Chemistry and
Analysis, Institute of Chemical Technology, Technickd 5, CS-166 28
Prague 6, Fax: (0422)3119990, 3119919, Tel. (0422)332318S. For all the
other contries: Marianne Frei-Hédusel, P.O. Box 46, CH-4123
Allschwill 2, Switzerland, Fax:: 41-61-4820805
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