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HYPOLIPEMIC EFFECT OF EXTRACTS OF DRIED
AND FRESH OYSTER MUSHROOM (PLEUROTUS OSTREATUS)
IN THE SYRIAN HAMSTER

Pavel BOBEK, Ludevit KUNIAK', Emil GINTER®
Vyskumny istav vyZivy, Limbovd 14, CS-833 37 Bratislava; Chem:ckoteclmologlcka

fakulta STU, Koldrovo ndm. 4, CS-812 37 Bratislava; 2Ustav preventivnej
a experimentdlnej mediciny, Limbovd 14, CS-833 37 Bratislava, Czechoslovakia

In an eigth-week experiment conducted with Syrian hamster on hyperlipemizing
diet the influence of addition of concentrated extracts from the oyster mushroom
(Pleurotus ostreatus) in the diet was studied with respect of their effects on serum,
liver and heart lipids. Dried or fresh fungal pilei were extracted with 30% ethanol,
the extract filtered, vacuum-evaporated and the alcohol removed. Both extracts
were used as food additives in amounts corresponding to 2 % of the whole dried
fungi. Both extracts have, to similar (18 - 21 %) extents succeeded in reducing
the level of serum cholesterol and triacylglycerols but shown no effects on the
cholesterol distribution in lipoproteins or on the lipid contents in the liver and
heart.

oyster mushroom (Pleurotus ostreatus); extracts; lipids; serum; liver

The oyster mushroom is a wood-rotting fungus, cultivated in the CSFR
in industrial scale, using waste lignocellulose type substratcs. It was found by
a series of experiments that by adding 2 to 4 % of the dreid pilei of this fungus
to the dict of experimental animals, expressive hypolipemic effect can be
achieved in model cases of hyperlipoproteinemia of alimentary (Bobek
et al.,, 1989, 1990, 1991) or endogenous (Bobe k et al.,, 1991c¢) origins.
Oyster mushroom, administered in various forms within preliminary
experiments to hyperlipoproteinemic patients was found to reduce their serum
levels of cholesterol (C) as well as triacylglycerols (TG) (K a ja ba, 1990).
We believe that in a perspectively considered utilization of the fungus within
the dictary--therapeutic treatment of hyperlipoproteinemiae its hypolipemic
effect could be mediated inthe form of its concentrated extract, favourable from
the viewpoints of increasing the effect as well as standardization of the
application. The essential condition of this method, i. e. the capability of extracts
from the fresh or dried fungus to decrcase the level of serum lipids has been
verified in this serics of works using the Syrian hamster with alimentarily
induced hyperlipoproteinemia.
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MATERIAL and METHODS

Male Syrian hamsters were used with initial 120-130 g of body weight (Velaz,
Praha), ad libitum fed with basic DOS-2B (Velaz, Praha) laboratory diet which
was adjusted with 15 % butter and 5 % sugar, resulting in C-contents of 60 mg
per 100 g of the food, with proteins, fats and saccharides representing 21, 38
and 41 %, respectively, of the energy source. The utilization of this diet resulted
in a gradual extensive accumulation of lipids in the serum and liver of the
hamster (B o be k etal., 1989).

Fungal extracts were prepared as follows: dried or fresh pilei of the oyster
mushroom were ground, and extracted with 30% aqueous ethanol (3 x 24 h, with
ten times the volume of the initial mushroom weight, calculated as dry matter)
followed by filtration and evaporation in vacuum. Animals in two experimental
groups, held on the diet shown above were obtammg extract from the dried
mushroom (HS) or from the fresh mushroom (HC) in amounts corresponding
to 2 % of the total dried mushroom in the diet. After eigth weeks the animals
were decapitated following to 18 hours of food deprivation, and the levels of C
and TG in the blood serum determined (Bio-La-Test AM, Lachema). Joined
samples of the serum from two animals were used for the isolation of very low
density (VLDL, d < 1 006 ), low density (LDL, d < 1.063) and high density
(HDL, d < 1.21 kg/m ) lipoproteins by sequential flotation in a preparative
ultracentrifuge (Beckman L8-50, rotor 50.3 Ti, U.S.A., 36,000 rpm/5 °C/18 h;
HDL48h)(Havel etal, 1955). The levels of total C in the lipoproteins were
determined by the Zla tkis etal. (1953) method; in the liver and cardiac
muscle the C contents were determined by the Abel method (Abel et al,
1952) and the TG contents by the modified Bio-La-Test method following to
extraction of the tissue homogeneate with 2 :1 chloroform:methanol (Fo I c h
ct al., 1957). The results were statistically evaluated by the Student’s z-test.

RESULTS

Over the duration, and upon termination of the cight-week experiment the
addition of dry or [resh mushroom extract had no influence upon the body
weightofthe animals (183 + 11;178 = 4; 1825 ginthe K, HSand HC groups,
respectively). After cight wecks of the experiment, animals fed with diet
containing extract from fresh or dried oyster mushrooms had explicitly, and
statistically significantly lower C and TG levels in the serum compared to the
control group (Table I). Both extracts have failed to show particular influence
on the C contents in lipoproteins of the individual groups (VLDL-LDL-HDL)
oron the ratio of C carried in these lipoproteins (Table IT). Both extracts caused
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a statistically insignificant decrease of C and TG in the liver but not in the heart
muscle (Table I).

I. Serum, liver and heart lipids in hamster

Diet (group)
Lipids Control (K) ' Fungal extract
Dried (HS) Fresh (HC)
n =12 n =12 n=12
Serum cholesterol 6.81 = 027 597+ 03° | 535+ 0.17°
[mmolI"] [ triacylglycerols 724 = 038 597+ 048° | 5.76 = 0.48"
Liver cholesterol 3530+ 5.28 28.87 + 5.48 31.90 + 4.82
[mmol.kg”] triacylglycerols 13.85 + 3.19 11.39 + 1.11 11.67+ 1.61
Heart cholesterol 4.96 = 0.11 476 + 0.15 4.89 + 0.16
[mmolkg™] | triacylglycerols | 13.95 = 089 | 14.17+1.87 12.53 = 0.67
* averages + SEM
Statistical significances compared to (K): P < 0.05; ®P < 0.01; °P<0.001
II. Cholesterol distribution in serum lipoproteins in hamster
Diet
Lipoprotein Control (K) . Fungal extract
Dried (HS) Fresh (HC)
n=6 n=12 n=12
VLDL [mmol.I"] 2.53+ 0.24* 197 = 0.90 1.87 + 0.54
(%] 36.7+ 4.3 378 + 5.4 359+ 85
LDL [mmol.I"] 137+ 0.19 0.85 + 0.26 112+ 0.16
[%] 19.8+ 2.6 16.2 + 2.6 21.9+ 2.2
HDL [mmol.I"] 3.04 = 0.45 220 + 0.15 2.10 = 0.46
[%] 435+ 5.4 46.0 + 7.5 422 £10.5
"averages + SEM
DISCUSSION

Compared to the control dict, both oyster mushroom extracts used in the
tests have reduced the serum C and TG levels by 18 - 21 % in the hamster.
In comparison with the 2 % addition of the whole dried mushroom which
had resulted in a 40 - 46 % decrease of the serum lipids (B o b e k et al.,,
1990, 1991) the hypolipemic effect of the corresponding aliquote of both
extracts in an identically arranged experiment was weaker by more than
20 %. Moreover, none of the extracts showed favourable effects on the
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extracts inanidentically arranged experiment was weaker by more than 20 %.
Moreover, none of the extracts showed favourable effects on the contents
of lipids in the liver which were, however, always accompanying the
hypolipemic influence of the whole mushroom. We have assumed that the
hypolipemic effect of the whole fungus in these experiments had been mediated
mainly by decreasing production of primary lipoproteins, in our opinion due to
a limited lipid resorption by combined effects of the fibrous matter
(Vahouny etal,1980), plantsterols (I k e d a et al., 1988) and undigested
proteins (Sugano et al, 1988) in the oyster mushroom. Obviously, the
contents of these compounds were minimal in the tested extracts. The
demonstrated hypolipemic effect of the fungal extracts supports the assumption
that the oyster mushroom contains and as yet unspecified substance capable of
interfering with the metabolism of lipids at an other than resorptive level.
Similarly to the Japanese shiitake mushroom, which contains the
hypocholesterolemically highly active eritadenine (Ch i ba ta etal., 1969).In
this relation some substances isolated from lower fungi (Penicilium citrinum,
Monascus ruber) effectively inhibite endogenous cholesterol synthesis (for
reviewsee Ginter and Bobek,1991). With respect to the increasing
threat imposed by health complications, derived from elevated C levels in the
blood of the population, the continuing study of the preparation, definition and
mechanism of effects of various oyster mushroom extracts can be considered
as a prospective contribution to the dietetic therapy of hyperlipoproteinecmiae.
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Hypolipemicky efckt extraktov zo suSenej a ¢erstvej hlivy dstricovitej
(Pleurotus ostreatus) u syrskeho Skrecka

U syrskych Skreckov sa v osem tyZdijov trvajicom pokuse sledoval vplyv alko-
holickych extraktov hlivy Gstricovitej (Pleurotus osteatus) na lipidy séra, peCene a srdce
a na distribiciu cholesterolu (C) v plazmatickych lipoproteinoch. Suené alebo Cerstvé
plodnice huby boli extrahované 10ndsobnym objemom 3 x 24 h 30% vodnym roztokom
etanolu. Extrakty boli po filtrdcii vikuovo zahustené. Zvieratim dvoch pokusnych skupin
sa extrakty poddvali v strave v mnoZstve ekvivalentnom 2% pridavku celej suSenej hlivy.
Vsetky zvieratd boli kfmené ad libitum Standardnou diétou upravenou pridavkom masla
(15 %) asachardzy (5 %) tak, Ze bielkoviny, tuky a sacharidy hradili 21,38 a 41 % energie
a obsahovala 60 mg C/100 g. PouZita dié¢ta viedla u Skrec¢kov k postupnej, vyraznej
akumuldcii C a triacylglycerolov (TG) v sére a sledovanych tkanivdch.Vyrazne sa
«menila aj distribucia Cv lipoproteinoch (v porovnani so Standardnou diétou): viac ako
na dvojndsobok sa zvysil podiel Cneseny v lipoproteinoch vel'mi nizkej hustoty (VLDL)
a naopak poklesol podicl C neseny v lipoproteinoch vysokej hustoty (IIDL).

261



Potr. Védy, 10, 1992 (4) : 257-262

Pridavok extraktov zo suSenej ani Cerstvej hlivy neovplyvnil findlne hmotnosti zvierat.
Oba extrakty signifikantne, v podobnom rozsahu (o 17 aZ 21 %), zniZili hladiny sérového
C i TG, vyraznejSie viak neovplyvnili obsah C a TG v peleni a srdci (tab. I). Pokles
celkového sérového C sa premietol do nesignifikantného zniZenia obsahu C v lipopro-
tefnoch vSetkych tried. Podobne podiel C neseny v jednotlivych frakcidch lipoproteinov
nebo extraktmi hlivy ovplyvneny (tab. II). V porovnani s efektom celej suSenej hlivy bol
hypolipemicky efekt oboch extraktov o viac ako 20 % slabsi, neovplyvnil diétou
indukovani akumuléciu lipidov v pe€eni ani nezniZil vysoki koncentrdciu C-bohatych
VLDL v prospech transportu C cestou HDL.

hliva Gstricovitd (Pleurotus ostreatus), extrakty; lipidy; sérum; peceii
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CORRELATIONS BETWEEN THE SENSORY VALUE
OF FRYING OIL AND OF FRIED BREAD

Jan POKORNY, Martina VIERECKLOVA, Markéta NOVAKOVA

Institute of Chemical Technology, Technickd 5,
CS-166 28 Praha 6, Czechoslovakia

Edible oils and hydrogenated oils of different degree of moderate oxidation were
tested before deep frying, and the sensory quality (rated using a 10-point category
ordinal scale) was compared with the sensory quality of fried bread (rated using
a 7-point category ordinal scale). The reproducibility between assessors was about
one point of the rating scale in both scales. There were statistically significant
relations between the two sensory ratings, and their relation could be expressed
by linear regression functions. The variabilites of the regression constants showed
that the differences between the ratings of frying oil and the respective fried bread
were dependent on the type of frying oil. The correlation coefficients confirmed
great variance so that the sensory assessment of frying oils would not enable
prediction of the quality of fried products with sufficient accuracy.

deep frying; edible vegetable oils; hydrogenated oils; hedonic sensory analysis;
fried bread

Fried foods possess characteristic flavour appreciated by the consumers. The
fried flavour is produced by complex effect of numerous volatile compounds
formed during frying. Many volatile products were isolated from fried foods
and identified (Chang et al, 1978,a,b), such as homologous alkanals,
2-alkenals, 2,4-alkadienals, lactones (saturated or unsaturated), ketones, fatty
acids and esters, alcohols, hydrocarbons, aromatic and heterocyclic derivatives.
Most of them are derived from oxidation products of frying oils, and from
interactions of oxidation products with fried material, mainly sugars and
proteins (P o ko rny, 1989). Therefore, the composition of fried flavour
volatiles depends both on the composition of frying oil, and on the type fried
food (P o k o rn ¥, 1980).

The sensory value of fried food is thus affected by the origin of frying oil, and
can be correlated with certain peaks in the gas chromatographic profile of the
volatiles (Blumenthal et al, 1976). In addition to the fatty acid
composition of frying oil, the degree of its oxidation is also important. Entirely
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fresh, non-oxidized oils are not optimal for frying, and very slightly oxidized
frying oils are preferable (B1u m e nth a1, 1987) as they contain precursors
of fried flavour compounds.-Oils oxidized to much higher degree than the
optimum give, however, fried products with lower flavourscores, and with some
off-flavours (P o k o rn § et al., 1982), so that they should be rejected. The
content of 25 % polar (oxidation and hydrolysis) compounds is considered as
the maximum limit for the replacement of used frying oil with fresh oil
(Pardun, 1976; Billek, 1973, 1979; Begemann, 1986;
Poumeyrol, 1986; Castang, 1981). We studied correlations between
the oxidation degree of frying oil and the sensory quality of doughnuts
(Pokorny etal, 1985), chicken meat (Pokorny etal., 1982a) and
fish fillet Pokorny et al,, 1982). In this paper we present our results
relating the effects of slight oxidation of frying oil on the sensory value of fried
bread, and the correlation between sensory ratings of the two products.

MATERIAL and METHODS

Material - Edible refined vegetable oils Vegetol (sunflowerseed oil with high
linoleic acid content), Vitol (zero-erucic rapeseed oil), Silva (soybean oil), Salo
(citrus-flavoured zero-erucic rapeseed oil), Vitolan (partially hydrogenated
zero-erucic rapeseed oil, containing only traces of linolenic acid but sufficient
amount of linoleic acid, turbid but still liquid), Iva (cooking fat produced from
hydrogenated zero-erucic rapeseed oil with low polyenoic-acid content and high
trans-monoenoic fatty acid content), Isa (cooking fat produced from partially
hydrogenated rapeseed oil with addition of pork lard), and Ceres soft (soft
cooking fat produced by blending hydrogenated rapeseed oils and whipping in
13 % nitrogen). Oils were produced in various Czechoslovak factories, and were
stored for 1 - 12 months at 10 - 20 °C in the dark before use. In order to obtain
more rancid samples, some bottles were stored open with loosely tightened caps.
The degree of oxidation prior to frying varied within the ranges givenin Table L.
Mixed wheat-rye bread ,,Consumer type“ was used for frying.

Methods - The acid value (mg/g), the peroxide value (mval/kg), and the
p-anisidine value (A at 350 nm in 10 mm cells per g) were determined alter
international standards (I U P A C, 1987). The content of total oxidized fatty
acids (% total fatty acids) was determined by reversed-phase HPLC
(Valentovi etal, 1986).

264



Potrav. Védy, 10, 1992 (4) : 263-270

I. Content of oxidation products in fats and oils

Namiberak Range of analytical values
Kind of oil samples | acidvalue | peroxide value | anisidine value | oxidized acids
[mg.g] | [mval.kg™) | [Apony.g” [%]
Vegetol 303 0.0 -0.30 1.4-385 0.05-1.84 04-32
Vitol 538 03 -0.15 2.7-653 0.13-7.86 08-4.0
Silva 92 0.02-0.10 1.7-454 0.10-1.17 0.7-2.4
Salo 87 0.03 - 0.08 1.8-26.5 0.14-0.44 0.8-2.7
Vitolan 120 0.05-0.20 1.4-23.7 0.08 - 0.56 08-24
Iva 120 0.03-0.13 1.0-18.4 0.05 - 1.15 04-3.0
Isa 47 0.06 - 0.18 1.7-28.5 0.08 - 1.86 0.8-2.7
Ceres soft 46 0.02 - 0.05 1.9-343 0.05 - 2.02 1.2-4.1

The sensory analysis was carried out under conditions specified by the
international standard (I S O, 1985) in a test room equipped after the standard
requirements (I S O, 1988). A group of 48 trained assessors (I S O, 1989) - a
training course consisting of 60 hours followed by at Ieast four month practical
experience, tested 1 - 2 samples (taken prior to the frying) of oil, and the
respective 1 - 2 samples of fried bread in random blocks, using 40% ethanol as
a taste neutralizer.

I1. Category ordinal scale used for grading fats and oils

Score | Description
0 completely fresh, bland, neutral taste, no sign of rancidity
fresh, slightly oily, very slight taste of the original oil (characteristic for the kind
11 ofoil)
2 relatively fresh, moderate oily taste, very slight rancid or beany fravour
3 strong oily flavour, very slight rancid flavour
4 intensive oily flavour, very weak rancid flavour, pronounced beany taste, older,

stored off-flavour .
pronounced rancid off-flavour, strong beany, walnut flavour, fried flavour, milk fat,

3 oily, tallowy, lard flavour notes, on the border of acceptability
rather rancid, possessing various off-flavours, weak painty or fishy o[f-flavour,

9 already unacceptable

7 very intensively rancid, with pronounced off-flavours, rancid buttery taste,
pronounced painty or fishy off-flavours, unacceptable

8 entirely rancid, very strong off-flavours, strong painty or fishy {lavour notes,
rejectable

9 totally rejectable, impossible to swallow, very strong off-flavours
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Ordinal category scales (I S O, 1978) were used for flavour scoring. The
scales used for grading oils and fried bread are given in Tables II and III,
respectively. In tasting fried bread the assessors had to concentrate their
attention on the flavour of the frying oil fraction present.

I1I. Category ordinal scales used for grading fried bread

Score Description

1 excellent taste, neutral or fresh, typical flavour of fried food
very good flavour of fried food, slightly reminding the oil used but still very

2 agreeable, pronounced fried flavour, no off-flavours

3 good flavour, oily, characteristic, typical for the frying oil used, typical fried flavour,
only negligible rancid flavour, good

4 flavour still satisfactory, good fried flavour note but already with distinct off-flavour
notes

P inferior flavour, after fried product, still acceptable, weakly rancid, oily, slightly
painty, weakly fishy, grassy, hayish

6 bad flavour, pronounced rancid off-flavour, distinct painty or fishy notes, dumpy,
disagreeable, unacceptable

7 very bad flavour, strongly rancid, pungent off-flavour, totally unacceptable,
rejectable

Frying experiments - The sample of oil was taken from the refrigerator, and
a 100 g portion was taken for the analysis. Another sample of 300 g oil was put
into a pan (20 mm oil layer before frying), the oil was preheated up to 180 °C
(heating took 10 - 12 min), and slices of bread (50 mm x 50 mm x 10 mm, with
crust cut off) were fried for 3 minutes on each side. The excess oil was left to
drip, and the sample was tested while being still warm. The experimental batch
of oil was used for one frying of six slices solely. All tested oils were found to
be suitable when checked with standard kits, such as Fri-test®. The pairs of
results obtained by the same assessor were used for the statistical evaluation, no
mean values being calculated.

RESULTS and DISCUSSION

The reproducibility of the sensory analysis was determined between the
results of two different assessors at a session using the same samples (Table IV).
The total of N = 603 pairs of oils were evaluated (the median of differences = 1
point, the mean 1.4 points), and the total of N = 709 pairs of fried bread were
evaluated with the median = 1 point, and the mean value = 1.0 point. The number
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of points in the two grading scales was thus appropriate as it corresponded to
the capacity of the assessors to distinguish between two neighbouring grades.

IV. Reproducibility of grading frying oils and fried bread slices

Diference in the score (points) Percentage of the total pairs of differences
frying oil fried bread
0 24.5 30.2
1 34.8 399
2 234 19.2
3 12.8 7.9
4 32 2.7
5 1.0 0.1
6 0.0 0.0
7 03 -
8 0.0 -
9 0.0 -

Relations between ratings of the sensory acceptability of frying oils and the
acceptability of fried bread are summarized in Table V. It is evident that only
the sets consisting of more than 100 samples showed any statistically significant
difference (- test) but even the smaller sets of solid hydrogenated oils (Iva,
Isa, Ceres) gave significant results when combined into a larger set (shortenings
in Table V).

V. Relations betwen grading of frying oil and fried bread

Kind of Number of Correlation

frying oil analyses Value of xz a Coc b coeficient
Vegetol 303 116 -0.18 0.858 0.4700
Vitol 538 320 234 0.237 0.4759
Silva 92 61 1.26 0.580 0.7832
Salo 87 39 2.52 0.422 0.6089
Vitolan 120 60 -1.70 1.160 0.4945
Iva 120 75 0.41 0.720 0.3831
Isa 47 46 1.07 0.753 0.4976
Ceres soft 46 33 2.80 0.047 -0.0900
Shortenings 213 91 1.08 0.563 0.3358
Total 1353 399 -0.54 1.067 0.5196

Regressions between the ratings of oils and fried bread were significant
(o =0.05) except those obtained with Ceres soft where rancidity was not easily
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determined because of intensive hydrogenation fravour detected even in fresh
samples. Hydrogenated frying oils always give lower hedonic scores of fried
products(Blumenthal etal., 1976). Our earlier results relating the effect
of rancid products in frying oils on the quality of fried foods (Pokorn ¥ et
al., 1982a,b) were thus confirmed. Great differences were observed between
oils (differences among the intercepts @ in Table V up to 4 points). Small
differences were observed, on the contrary, between bread crumb cubes fried in
different fresh oils ina minifryer while large differences were observed in frying
used oils Miller, White, 1988) which could explain the pronounced
differences detected in our experiments with slightly oxidized oils. This
conclusion is in congruency with other authors (Theunissen et al,
1977), only small differences were found between products fried in different
fresh edible oils. During prolonged frying, however, larger differences were
observed among oils (Kajimoto, Mukai, 1965) which have been
repeatedly confirmed since that time by various researchers. This influence
could explain various slopes of the regression lines (constants b in Table V)
obtained with different frying oils in our experiments.

VI. Prediction of the flavour score of fried bread on the basis of the flavour score of frying oil

Expected flavour The corresponding Fraction of samples Rangein wl'nch W%
. Sies > the experimental
score of fried bread flavour score of within the predicted ot frvinooil
[points] frying oil (points) range (%] e
P were observed (points)
1 0-3 78.6 0-4
2 1-4 86.8 1-5
3 2-5 79.0 1-6
4 3-6 73.0 1-7
5 3-6 74.6 2-8
6 4-8 81.9 3-9
7 5-8 63.2 3-9

The possibility of quality prediction of fried products based on the quality
assessment of frying oils is shown in Table VI. The prediction is possible only
with probability of a = 20 - 30 % (P = 70 - 80 %). Generally, it may be assumed
that very good frying oils give very good fried products but great discrepancics
may observed in slightly oxidized oils. Some moderately rancid oils will still
give good, acceptable fricd products but others may be already unacceptable or
at least, unsatisfactory. Therefore, the frying test in always necessary for the
complete evaluation of frying oils.
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Vztahy mezi senzorickou jakosti olejii ke smaZeni a smaZeného pokrmu

Cilem vyzkumu bylo zjiSténi, do jaké miry stuperi oxidace smaZiciho oleje ovlivni
senzorickou jakost smaZeného produktu. Ke smaZeni byly pouZity rafinované rostlinné
oleje (slunecnicovy, fepkovy, séjovy a aromatizovany fepkovy olej), mirné ztuZeny
polotekuty fepkovy olej a ztuZené pokrmové tuky (celkem 1353 vzorkd). Vzorky byly
pred smaZici zkouskou oxidovéiny za podminek béZného skladovani do rizného stupné,
definovaného peroxidovym ¢islem, Cislem kyselosti a obsahem veskerych oxidacnich
produktl. Vzorky byly senzoricky hodnoceny skupinou §kolenych hodnotitelli s pouZi-
tim desitibodové kategorové ordindlni stupnice se slovnim popisem jednotlivych stupiil;
reprodukovatelnost mezi hodnotiteli byla kolem jednoho stupné.

V oleji pfedehidtém na 180 °C byly v komer¢ni fritéze smaZeny platky chleba (kaZda
strana 3 min) a smaZeny produkt byl senzoricky hodnocen ihned po smaZeni, opét
s pouZitim hedonické kategorové ordindlni stupnice, tentokrit o sedmi stupnich, defi-
novanych slovnim popisem. PoCet stupiii byl zvolen tak, aby reprodukovatelnost stano-
veni zdroveii smaZenych produkti byla opét kolem jednoho stupné.

Mezi obéma vysledky senzorického hodnoceni (oleje pfed zahfatim ke smaZeni
a chlebem té€sné po usmaZeni) byla s pouZitim faktorové analyzy a kontingentacnich
tabulek zji$t€na statisticky priikazna zavislost, kterou bylo moZné vyjadfit linedrni
regresni funkci (pro viech 1353 vzorki byla hodnota x =399). Hodnoty obou regresnich
konstant vykazovaly znacny rozptyl, dany druhem pouZitého oleje. Také hodnoty
korelaénich koeficientl prokizaly znaény rozptyl (r = 0,38 - 0,78, u $lehaného tuku
dokonce blizko nuly) a v priméru byly dosti mzke takZe korelace se jevila pritkkazna jen
u soubort s velkym poctem vzorkl. Hodnoty rse pohybovaly mezi 14,4 - 60 8 %, takZe
stanoveni senzorické hodnoty smaZiciho oleje nedovoluje presné predpovédét senzo-
rickou jakost smaZeného vyrobku. SmaZici zkouska je tedy nezbytna pro zhodnoceni,
zda je mirn&€ oxidovany olej je§té vhodny pro smaZeni.

smaZeni tuku; jedlé rostlinné oleje; ztuZené pokrmové tuky; smazeny chléb; hedonicka
senzorickd analyza
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_ STANOVENIE REZIDUI ]
SUBSTITUOVANYCH FENYLMOCOVINOVYCH HERBICIDOV
V MLIEKU METODOU HPLC

Eva BRANDSTETEROVA, Jiilia HOLECKOVA, Jozef TEKEL'

Chemzckotechnologlcka fakulta STU, Radlinského 9, 812 37 Bratislava;
Vyskumny ustav potravindrsky, Priemyselnd 4, 820 06 Bratislava

Vypracovali sme analyticky postup na stanovenie rezidui vybranych herbicidov typu
substituovanych fenylmo&ovin (monolinuron, linuron, izoproturon, chlorbromuron,
chlortoluron, chloroxuron, metoxuron) v mlieku s vyuZitim vysokodéinnej kvapa-
linovej chromatografie (HPLC) s obritenou fizou a detektorom diédového pofa
(DAD). Analyzovali sme fortifikované vzorky (0,01 aZ 1 mg/kg), ako aj neforti-
fikované vzorky konzumného mlieka. Po vyzraZani bielkovin sa rezidui herbicidov
extrahovali chloroformom. Extrakty sa &istili cez kolénky plnené florisilom za
icelom odstrinenia lipidov z mlieka. VyiaZnosi metédy bola v rozmedzi 71,4 aZ
91,3 % pre uvedeny rozsah koncentricii. Atrazin sme pouZili ako vniitorny
tandard. V niektorych vzorkich konzumného mlleka sme stanovili velmi nizke
koncentricie linuronu a monolinuronu (2 az 3. 10’ mg/kg).

mlieko; rezidud mocovinovych herbicidov; monolinuron; linuron; izoproturon;
chlorbromuron; chlortoluron; chloroxuron; metoxuron; vysokoi¢innd kvapalinova
chromatografia; detektor diodového pofa

Substituované mocoviny st v poFnohospodirstve aplikované ako t¢inné
herbicidy. Do poZivatin sa méZu dostaf ako litky znecistujiice (kontaminanty).
Na tseku ZivociSnej vyroby moZe dojst ku kontamindcii niektorych produktov
pouzitim kontaminovanych krmiv, ¢o modZe spdsobif preniknutie rezidui do
mlieka.

Substituované fenylmocoviny sa aplikuji hlavne na obilniny (izoproturon,
linuron, metoxuron), kukuricu (chlorbromuron, linuron), viku jarni
(chlorbromuron, linuron). Herbicidny G¢inok spociva v inhibicii foto-
syntézy. LDy, sa pohybuje od 1800 mg/kg (izoproturon) do 4000 mg/kg
(linuron). (WHO, 1989).

Rezidud substituovanych fenylmocovin (diuron, metoxuron) analyzovali
de Kok etal. (1982,1984)a Walters etal. (1984) vo vybranych
polnohospodérskych produktoch, péde a vode. PouZili metédu HPLC, UV
a fluorescencnii detekciu ako aj tenkovrstvovii chromatografiu (TLC). Niektord
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z nich testovali okrem kol6n s obratenymi fdzami aj iné chemicky viazané fizy
(-NH,, -CN) v kombindcii s mobilnymi fizami réznych polarit a elu¢nych sil.

Tekel et al. (1991) publikovali analyzu substituovanych fenylmo-
¢ovinovych derivitov kapilirnou plynovou chromatografiou s priamou
injekénou technikou. Podmienky separicie sa vypracovali pre metoxuron,
monolinuron, linuron, chloroxuron, metobromuron a chlérbromuron. Te ke T
et al. (1988) odporucili metédou na G¢inntd Gpravu mlicka a masla pred stano-
venim plynovou chromatografiou. Postup byl odvodeny z analytickej metody
na stanovenie rezidui triazinovych herbicidov v mlieku, ktord vypracovali
Kniisli etal (1964).

Je zrejmé, Ze mocovinové herbicidy nie si stdle a dochddza k ich degradicii.
Z degrada¢nych reakcii substituovanych mocovin sii naj¢astejSie N-dealkyacné
a N-dealkoxyla¢né. Nickedy byvajt sprevddzané hydroxyliciou na benzénovom
jadre. Takd hydroxylicia bola pozorovani u niektorych cicavcov. Niekedy po
N-dealkyla¢nych reakcidch nasleduji hydrolytické reakcie. Kone¢nym produktom
st potom derivéty anilinu. Oxiddciou sa mdZu tvorit nitroderivity a formylaniliny

avidek etal, 1983). Potenciilne ekologické problémy a zdravotné rizika
z pouzivanych herbicidov, ich degrada¢nych produktov a metabolitov nie st zatial
komplexne prebidané (Rozsival etal, 1983).

Nicktori autori sa zaoberali §tidiami simultinnej separicie vybranych moco-
vin spolu s prisluSnymi degradanymi produktami a metabolitmi. ViiSina pric
ale publikuje stanovenie len jedného herbicidu a jeho rozkladného produktu.

Metoxuron a jeho degrada¢ny produkt (3-chlér-4-metoxyanilin) analyzovali
Lantos etal (1984) metédou TLC a HPLC s fluorescen¢nou detekciou po
derivatiziacii dansylchloridom. Autori zistili, Ze intenzita fluorescencie DNS-
-anilinov klesd s vy$§im poc¢tom halogenidovych substituentov a narasti za
pritomnosti metoxysubstituentu. Analyzovali vzorky paradajok, pody a vody.

HPLC s pouZitim detektora elektronového zichytu (ECD) pouZili nicktori
autori na stanovenie herbicidov a ich pripadnych degrada¢nych produktov
vii¢Sinou v rastlinnom materidli a péde (M a ris etal., 1985).

Goewie et al (1985) stanovili diuron a jeho metabolit 3,4-dichléranilin
v Spargli. Autori dosiahli detek¢ény limit pre diuron 20 ppba pre jeho metabolit 50 ppb.

Miliadis et al. (1990) publikovali ¢isteniec a HPLC - UV analyzu
linuronu a jeho troch metabolitov [3-(3,4-dichlorofenyl)-1-metyl mocovina,
3-(3,4-dichlorofenyl mocovina a 3,4-dichloroanilin] v zemiakoch.

HPLC separiciu vybranych mocovinovych herbicidov v mikroprevedeni
publikovali BrandSteterovad etal (1991). V prici si porovnidvané
vysledky ziskané touto metédou a klasickou HPLC v analytickom prevedeni.

Ciefom tejto price bolo aplikovaf kvapalinovii chromatografiu na moni-
torovanie herbicidov uvedené¢ho typu v konzumnom mlicku, nakolko
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kompletny analyticky postup stanovenia rezidui substituovanych fenylmocovin
v mlieku s vyuZitim HPLC nebol doteraz publikovany.

MATERIAL a METODY

Material - V prici sa pouZili vzorky mlieka plnotu¢ného a polotu¢ného (CSN
57 0599).

Chemikdlie na spravovanie vzoriek: metanol UV (istoty; timivy roztok octanu
sodného (CH,COOH ¢ = 2 mol/l, NaOH ¢ = 1 mol/l 1 : 1); chloroform p. a.
(redestilovany); Zihany siran sodny bezvod§ (60 °C, 18 hod); florisil (60 - 100 mesh,
Merck, premyty acetonom, aktivovany 24 hod pri 110 °C, pridavok vody 5 % hm).

Standardné 1itky herbicidov boli dodané V¢skumnym Gstavom potra-
vindrskym, Bratislava. ;

Pristroje a vybavenie - HPLC moduldmy syst¢ém WATERS s detektorom
diédového pofa (DAD, 990), 190 - 600 nm; pocita¢ NEC APC IV; vikuovi
rota¢néd odparka, Mikrotechna, Praha.

Separacné podmienky HPLC - Kol6na: Separon SGX C-18, 5m (15 x
x 0,32 cm), Tessek Praha; predkoléna: Separon SGX C-18, 7 m (3 x 0,32 cm),
Tessek Praha; mobilnd fiza: metanol - voda (7: 3) - izokraticky systém, metanol
(65 aZ 80 %), 15 min - gradientovy systém.

Pracovny postup - vzorka mlieka (50 ml) sa zriedi v kadicke s 50 ml metanolu,
pridd sa 10 ml timivého roztoku octanu sodného a obsah kadi¢ky sa premieSa.
Kadicka sa chladi v fadovej vode 10 aZ 15 minit a vyzriZany podiel sa odfiltruje
cez skladany papierovy filter. ZvySok na filtri sa opatrne vytla¢i, premyje 50 ml
destilovanej vody a opakuje sa zrdZanie. Spojené filtraty sa extrahuji tri aZ Styri
razy 30 ml chloroformu. Chloroformové fazy sa prefiltruji cez vrstvu bezvodého
siranu sodného. Chloroform sa odpari na rota¢nej odparke pri teplote 40 °C. Obsah
banky sa zahusti na objem asi 2 ml a nanesie sa na kolénku plneni florisilom (3 g),
prevrstvenym bezvodym siranom sodnym (1 g). Eluuje sa 25 ml chloroformu, ktory
sa odpari do sucha na rotadnej vikuovej odparke a odparok sa rozpusti v 1 ml
metanolu. Objem 20 1 sa ddvkuje na kol6nu kvapalinového chromatografu. Uvede-
ny pracovny postup je obdobny ako publikovaliT e k e T et al. (1988) pre rezidud
triazinovych herbicidov v mlieku.

VYSLEDKY a DISKUSIA

Optimalizovali sa podmienky HPLC separdcie modelovej zmesi herbicidov
typu substituovanych fenylmocovin vo vzorkich mlieka. PouZila sa chro-
matografia na obratenych fizach s mobilnou fizou metanol-voda izokratickym
alebo gradientovym spésobom. Vzhladom na skuto¢nosf, Ze izokraticky sa
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podarilo separovaf simultinne maximilne pif $tudovanych herbicidov na
kompletni HPLC separédciu doporucila sa aj gradientovi eldcia, ktord umoZnila
separovaf vietky herbicidy (BranSteterové etal., 1991). Nakofko ale
v praxi sa nepredpokladd, Ze vzorka mlieka by mohla byf kontaminovani
reziduami niekofkych herbicidov sti¢asne, na beZni kontrolni anal§zu je dosta-
tofnd aj izokratickd elticia, ktord umoZni separovaf herbicidy, ktoré méoZu
spdsobifredlnu kontaminaciu vzorky mlieka. PouZitie detektora diédového poFa
(DAD) ddva moZnost potvrdif pritomnost $tudovan Fch litok vo vzorke,
charakterizovat ich &istotu a vybraf optim4lnu vinovi diZku detekcie.

VytaZnost met6dy sa sledovala pre vybrané mo&ovinové herbicidy pri forti-
fikdcii vzoriek mlieka 0,01; 0,1 a 1 mg/kg (tab. I).

I. VytaZnost extrakcii fenylmo&ovinovych herbicidov v mlicku - The recoveries of phenylurea
herbicides in milk

Herbicid Hladina fortifikicie? | V¢faZnost extrakcie® | Relativna smerodajné
[mg/kg] [%] odchfrlka [%]

1,0 86,2 1,2
Monolinuron (MI) 0,1 81,0 0,8
0,01 74,9 0,7
1,0 91,3 1,8
Linuron (Li) 0,1 82,4 0,9
0,01 78,6 038
1,0 87,9 14
Chlorbromuron (Cb) 0,1 78,6 0,9
0,01 71,4 0,8

lherbicide; 2level of fortification; Jextraction recoveries; “relative standard deviation

Elu¢né &asy pre izokraticky a gradientovy spdsob pre Studované mocovinové
herbicidy ako aj atrazin (triazinovy herbicid), ktory sa pouZil ako vntitorny
Standard pre kvantitativnu analyzu, s uvedené v tab. II. Je zrejmé, Ze gradiento-
vi elicia ddva redlnu moZnost separovat’ simultinne vybrané mocoviny (linu-
ron, monolinuron) a niektorych triazinov (atrazin, simazin). PouZitim detektora
diédového pofa sa potvrdil viber vinovej dizky detekcie 245 nm. Medza
stanovenia sa urcila 0,0013 mg/kg pre monolinuron a 0,0019 mg/kg pre linuron.

Sicasne s foniﬁkovanYmi vzorkami sa analyzovali redlne vzorky mlieka.
Chromatografické ziznamy HPLC separdcie extraktov mlieka fortifikovaného
monolinuronom (0,1 mg/kg a 0,01 mg/kg) st znizornené na obr. 1a,b. Z HPLC
zdznamu vzorky mlicka ncfomt‘ kovaného (obr. 2) je zrejmé pntomnosf mono-
linuronu (0,0018 mg/kg), ktord sa potvrdila DAD detekciou. Identifikdcia
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Ml

>

b) ML

1 1 1 L

0 2 4 6 8 fmin) 10

Kol6na: Separon SGX C-18, 5 mm (15 x 0,32 cm)
Mobiln4 f4za: metanol - voda 7:3, prietok 0,5 ml/min

1. HPLC chromatogram extraktov mlieka fortifikovaného monolinuronom - HPLC chromatogram
of milk extracts fortified with monolinuron (a - 0,1 mg/lg; b - 0,01 mg/kg)

monolinuronu v nefortifikovanej vzorke mlieka sa realizovala porovnanim UV
spektier ziskanych DAD pre vzorku bez pripravku monolinuronu a vzorky
extraktu tej istej vzorky s pridavkom monolinuronu. Normalizdciou UV spektier
obidvoch chromatogramov sa jednozna¢ne potvrdila skuto&nost, Ze eluénd vina
monolinuronu vo vzorke s pridavkom je chromatograficky ¢ista a patri jednej
latke. Rovnaky vysledok sa ziskal aj z pomeru absorbancie pri dvoch
rozdielnych vinovych dizkach (245 a 254 nm).

0 2 Z 6 8 1mim 10

2. HPLC chromatogram extraktu mlieka nefortifikovaného - HPLC chromatogram of the milk
extract without the fortification
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II. Elu¢né &asy (v min) fenylmoZovin a atrazinu pre izokraticky a gradientovy spésob HPLC -
Retention times (in min) of phenylureas and atriazine using isocratic and gradient modes of HPLC

Herbicid! Metanol - voda® (7:3) )
F=0,5 ml/min | F=0,4 ml/min F=0,4 ml/min
Metoxuron 4,16 591 3,62
Monolinuron 5,54 6,78 5,92
Chlortoluron 5,94 7,42 6,87
Izoproturon 6,32 7,86 8,31
Metabenztiazuron 6,77 8,70 9,15
Linuron 8,01 10,23 10,10
Chlorbromuron 8,66 11,05 10,90
Chloroxuron 9,85 12,13 11,38
Atrazin 6,54 8,21 7,47

therbicide; 2methanol-water; *methanol gradient

Zaujimav4 skuto&nosf sa zistila pri analyze vzorky mlieka fortifikovaného
linuronom (0,01 mg/kg) - obr. 3. Okrem eluénej viny pridaného linuronu sa
potvrdila aj pritomnost monolinuronu, ktory do mlieka nebol pridany. Zistené
mnoZstvo monolinuronu bolo opit vefmi nizke (okolo 0,002 mg/kg). Nakofko
sa detektorom diédového pofa potvrdilo prekrytie normalizovanych spektier
(s pridavkom monolinuronu), Ze linuron sa po uritom &ase rozkladd za vzniku
monolinuronu (obr. 4), zistené rezidud monolinuronu v nefortifikovanom mlie-
ku (obr. 2) méZu bytaj rozkladnym produktom pévodne aplikovaného linuronu.

2

2 A 3 8 10

Imin)

3. HPLC chromatogram extrakcu mlicka fortifikovaného linuronom (0,01 mg/kg) HPLC
chromatogram of milk extracts fortified with linuron (0.01 mg/kg)
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0 y) i ¥ 8 . 2
Imin)

4. HPLC chromatogram $tandardu linuronu - HPLC chromatogram of linuron standard

Obr. 5 znéizoriuje preloZenie UV spektier (DAD) $tudovanych moéo-
vinovych herbicidov (linuron, monolinuron) a atrazinu ako predstavitefa tria-
zinovych herbicidov. Je zrejmé, Ze rozdielnost UV spektier je znalni, ¢o
ufah¢uje identifikdciu herbicidov v neznimych vzorkich okrem uZ uvedenej
skuto¢nosti, Ze zmes vybranych triazinov a molovin je moZné separovaf
gradientovou elficiou.

5. UV spektrd monolinuronu,
linuronu a atrazinu (DAD) -
UV spectra of monolinuron,
linuron and atrazine (DAD)

1 = linuron

2 = monolinuron

3 =atrazin

200

Simultdnna HPLC separécia vybranych mo¢ovinovych a triazinovych herbi-
cidov spolu s ich niektorymi degradaénymi produktami je rozpracovani, najma
v mikroprevedeni a bude publikovand po ukonéeni $tidie.
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Vypracovany postup kontrolnej analytickej metddy s vyuZitim vysokotcinnej
kvapalinovej chromatografie s detektorom diédového pofa umoZiiuje sledovat
vyskyt rezidui herbicidov typu substituovanych fenylmocovin v konzumnom
mlieku.
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E. Brandsteterovd, J. Holeckovd, J. Tekel (Faculty of Chemical Technology
of the Slovak Technical University and the Research Institute of Food Industry,
Bratislava, Czechoslovakia)

The determination of resuides substituted by phenyl-urea herbicides
in milk by the HPLC method

Urea derivates represent the important group of herbicides. The chromatographic
methods are widely used for their qualitative and quantitative analysis in food and the
environment.

High performance liquid chromatography (HPLC) has often been recommended for
the determination of urea herbicides in real samples, especially agricultural products, soil
and water. Butno papers have been published for HPLC determination of urea herbicides
in milk.

The aim of this work was to work out HPLC method for the determination of trace
concentration of substituted phenyl urea herbicides (isoproturon, linuron, monolinuron,
chlorbromuron, chlortoluron, metoxuron and chloroxuron) in milk.

Preseparation procedure was recommended for the extraction, preconcentration and
clean-up of milk matrix before HPLC analysis. Milk proteins were precipitated and the
herbicides residues were extracted with chloroform. The extraction was combined with
solid-phase extraction using Florisil cartridges (for lipids removing) and herbicides
residues dissolved in methanol were injected into HPLC column.

Reversed-phase chromatography with methanol-water mobile phase (isocratic or
gradient), UV and diode array detection (DAD) were applied.

Qualitative analysis was improved using the normalized DAD spectra of fortified and
non fortified extracts of milk.

Quantitative analysis was evaluated using linear regression according to the calibration
curves or using of the methods of internal standard. Atrazine (triazine herbicides) was
applied as an internal standard. It could be confirmed that two analyzed urea herbicides
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(monolinuron and linuron) could be succesfully separated from atrazine (using gradient
elution).

The extraction recoveries for the wide range of concentrations of the individual urea
herbicides (0.01 - 1 mg per kg) were 71.4 - 91.3 %.

The determination limits of the method were about 2 ppb for linuron 1.9 ppb and for
monolinuron 1.3 ppb.

It was found out that monolinuron had been identified in some milk samples (about
2 ppb). It was confirmed that linuron could be degraded into monolinuron as it was
confirmed by DAD detection. For this reason very low concentration of monolinuron
determined in the samples of non fortified milk could be the degradation product of
linuron.

Gradient elution seems to be the ideal mode for the multiresidual HPLC analysis of
herbicides (substituted ureas and triazines) and in all cases the chromatographic
resolutions were higher than 1.25 what is sufficient for the quantitative analysis.
Maximum of elution time was 15 minutes for HPLC separation of real samples.

This work could be applied as an effective control method for the residues of phenyl
urea herbicides in milk. The detection limits are lower than maximum allowed residual
limits in food. The results confirmed the persistence of some herbicides in agricultural
chain and the trace analysis of their residues could help significantly in the systematic
control of the environmental contamination.

milk; residues of urea herbicides; high performance liquid chromatology; diode array
detection
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STANOVENI OBSAHU GLYKOALKALOI DU a-SOLANINU
A a-CHACONINU V BRAMBORACH METODOU HPLC

Véra SCHULZOVA, Jana HAJSLOVA, Tomds ROZTOCIL,
Michal VOLDRICH

Vysokd $kola chemicko-technologickd, Technickd 5, 166 28 Praha 6

Byla vypracovina a ov&fena metoda pro stanoveni toxickych glykoalkaloidii a-sola-
ninu a a-chaconinu v hlizich brambor. Stanoveni bylo providéno HPLC metodou
na silikagelové kolon& s vizanymi NH, skupinami, s pouZitim mobilni fize acetonitril

: ethanol : 0,005M KH,PO,4 v poméru 3:2:1. Detekce byla providéna v UV oblasti
pfi vinové délce 208 mn. Mez stanoveni pro a-chaeomn 400 ) Pg a pro a- -solanin
800 pg v nastfiku odpovida pfi navaZce 50 g 4. 10 , resp. 8.10" mg na 1 kg vzorku,
v{téZnost postupu byla 80 + 2 %.

glykoalkaloidy v bramborich; a-chaconin; a-solanin; HPLC

V' nékterych zemédélsky a potraviniisky vyznamnych druzich rostlin z éeledi
lilkovitych se vyskytuji toxické glykoalkaloidy. Alkaloidy obsaZené v brambordch
(Solanum tuberosum L.) byvaji ¢asto uvidény pod spole¢nym ndzvem solanin.
Solaninovy komplex zahrnuje celkem 3est litek: a-, -, y-solanin a a-, f-,
y-chaconin, liSicich se vizanym cukernym zbytkem. NejrozSifenéjSim aglykonem
je solanidin (solanid-5-en-3fB-ol) (Sc hreib e r, 1968) vyskytujici se ve form&
glykosidii jako a-solanin a a-chaconin. Solanin a chaconin obsahuji ve své
molekule tfi vizané monosacharidy. Pro chaconin je to glukosa a rhamosa
(Glu-Rha-Rha) a pro solanin galaktosa, glukosa a thamosa (Gal-Glu-Rha) - obr. 1.

Bramborové hlizy obsahuji v priméru 1 aZ 15 mg glykoalkaloidi ve 100 g
(Schmiediche etal,1980;Zitnak etal, 1970; L e p e e r, 1949). Obsah
glykoalkaloidi je vice ¢i méné ovlivnén odriidou, podminkami riistu, zralosti hliz,
mechanickym poSkozenim, intenzitou a sloZenim svétla, skladovinim a teplotou.

Za toxické mnoZstvi je jiZ povaZovidno 20 mg na 100 g Cerstvé hmoty
(S 1a nin a, 1990). Brambory obsahujici vys§i hladiny neZ 20 mg na 100 g mohou
zplisobovat Cetné projevy otravy zahrnujici gastrointestinilni, obéhové, neuro-
logické a dermatologické symptomy a dokonce je znimo nékolik smrtelnych
pripadii u lidi a chovnych zvitat(Jad ha v, 1975; Keeler, 1976;Keeler
et al., 1978). Toxicka divka je pro ¢lov€ka a chovni zvifata asi 2 aZ 5 mg na kg
t¢lesné hmotnosti a letdlni divka je 3 aZ 6 mg na kg télesné hmotnosti(M orris,
L e e, 1984). Maly rozdil mezi toxickou a letdlni divkou Ize zdiivodnit dobrou
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1. Struktura glykoalkaloidii a-solaninu a a-chaconinu - The structure of a-solanine and
a-chaconine glycoalkaloides

vstfebdvatelnosti glykoalkaloidi stfevni sténou, podil vstiebdvangch alkaloid{
se zvySuje s jejich obsahem v krmivu & v potravé.

V fadé€ zemi a ani u nds nejsou zatim hladiny glykoalkaloidl limitovany.
V nékterych stitech, napf. ve Svédsku jsou maximilni hladiny zakotveny

v piislu$nych hygienickych pfedpisech (celkové solanidinové glykosidy —
200 mg na kg brambor) (Swedish Food Regulations, 1991).

Metody stanoveni glykoalkaloidf

Ke stanoveni obsahu glykoalkaloidli v rostlinngch materidlech je moZné
pouzit né€kolik riznych metod. V soucasné dobé patii mezi nejpouZivanéjsi
metoda vysokotdinné kapalinové chromatografie (HPLC) a metoda plynové
chromatografie (GLC). Izolace glykoalkaloidli z hliz brambor je nejcastéji
providéna extrakci roztoky kyselin nebo extrakci polirnimi organickymi
rozpoustédly.

Vysokouc¢inna kapalinova chromatografie (HPLC) - Nejcastéji pouZi-
vanou metodou pro stanoveni glykoalkaloidii je metoda vysokoic¢inné kapa-
linové chromatografie. Vyhodou pouziti HPLC je méné ndroné pfiprava
vzorku neZ u GLC metody. Analyzy 1ze provid¢t jak na reverzni fizi, tak i na
normilni (pfipadné modifikované) silikagelové fizi. K detekci byl ve v€iSiné
pfipadu pouZzit UV detektor. Pichled uvddénych podminek HPLC je shmut v tab. I.
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I. Podminky HPLC stanoveni glykoalkaloidii - A survey of conditions of HPLC of determination
glycoalkaloide determination

414 Vinovi
K°'°"".fa"5§‘1’“y““ Slozenf mobilaf f4ze? Detekto?® | délka® | VY “[";'i“‘s
{itace [nm]
-Cg NH4PO4:H,0:acetonitril uv 220 a)96+4,5
(Carman etal., 1986) (0,12:1:1) b)90+ 4,5
- NH, tetrahydrofuran:0,025M a) 89,8
(Kozukue KH;POg:acetonitril uv 208 b) 96,8
et al., 1986) (50:25:25)
-Cis S P
(Bushway tetrahydrotzgr;nl.;/g%a).acelomtnl uv 215 . -
etal., 1979) A
-Cis acetonitril:methanol:ethanolamin RI "
(Osman etal., 1989) (60:40:0,001)
-NH, ay ]
: thanol:acetonitril:0,005SM a) 91,4+ 6
(Kobayashi : T uv 205
et al.. 1989) KHZPO4 (3'2'1) b) 98.8:!: 12
-Cg,-Cig acetonitril:voda:ethanolamin
(Morris etal., 1981) (55:45:0,1) i 20 :
-Si
(Morris, 1981) (77,5:22,5:0,5) uv 200 *
-Cig T a)86 = 4,0
(Hellenas, 1986) (35:65:0,05) uv 202 b) 86+ 40
- NH, tetrahydrofuran:0,25M
(Kozukue KH,PO 4:acetonitril uv 208 e
et al., 1987) (50:25:25) b) 96,8 = 6

* detailnéjsi ddaje nebyly k dispozici - more detailed data were not available
a) a-solanin; b) a-chaconin :
Icolumms with bound (quotation); 2composition of mobile phase; *detector; ‘wave length; *recovery

Plynova chromatografie (GLC) - Stanoveni glykoalkaloidii metodou GLC
je zaloZeno na hydrolyze matefské slou€eniny a na nisledném stanoveni
vzniklého aglykonu.

Stanoveni solanidinu uvolnéného v kravském mléce bylo providéno na
sklenéné koloné pInéné 3% OV 17 na Chromosorbu WHP(Bushwa y etal,
1984). K detekei byl pouzZit dusiko-fosforovy detektor. Glykoalkaloidy 1ze také
stanovovat metodou kapildrni plynové chromatografie na kiemenné kapilarni
kolon¢ potaZené filmem 0,12 um CP-Sil SCB(van Gelder etal., 1988).
Detekce byla provddéna simultdlné dusiko-fosforovym detektorem
a plamenové ioniza¢nim detektorem a byly porovndviny retenéni indexy.
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Biochemické stanoveni glykoalkaloidii - V souc¢asné dobé jsou glykoalka-
loidy s Gsp&chem stanovovény i biochemick§mi metodami. Tyto metody jsou
pomémé rychlé a odpada sloZit4 pfiprava vzorkil.

Pro stanoveni celkového obsahu glykoalkaloidii v bramborovych hlizich byla
pouZita imunometoda ELISA (He 11e n a s , 1986). Podobnou metodou, uZivanou
ke stanoveni solanidinu v krevni plazmé je RIA metoda (C o x o n etal., 1983).

MATERIAL a METODY

Material - K analyzim byly pouZity vzorky brambor oSetfené piipravkem
Cultar (sklizeii 1990, Vyzkumny Gstav bramboriisky, Havlickiiv Brod). Byly
zpracoviny bramborové nat€ a hlizy odriidy Karin (rannd konzumni odriida)
a Kamyk (pozdni priimyslovd odriida). Rostliny byly postiikiny riistovym
reguldtorem Cultar - G¢innd sloZka paclobutrazol - 250 g/l (ICI, Velka Briténie)
dne 18.6. 1990. Postfik byl proveden v ddvce 0,125, 0,250 a 0,500 1/ha.

Vzorky brambor byly odebirdny v prib¢hu vegetace tfikrit: 1. odbér - 12. 7.
1990 (hlizy + naf), 2. odbér - 6. 8. 1990 (hlizy) a 3. odbér - 28.9. 1990 (v obdobi
fyziologické zralosti hliz).

Dile byly analyzoviny odridy brambor Elba, Lada, Lukava a Ostara. U téchto
brambor byl sledovin obsah glykoalkaloidii v zavislosti na délce skladovéni.

Chemikailie - Standardy: a-chaconin, a—solanin, Cistota 95 % (Supelco, USA);
acetonitril - (VEB Laborchemie Apolda, SRN). Ostatni pouZité chemikilie byly
Cistoty p.a. (Lachema Brno), vSechna pouZitd rozpoustédla byla pieciSténa
(Organicka synthesa, 1977) a predestilovdna, popf. redestilovina.

Pristroje - Kanalyzdm byl pouZivin kapalinovy chromatograf firmy Hewlett
Packard HP 1090, vybaveny diode-array detektorem HP 1041, integritorem
a plotrem, fizeny pocitatem HP 79994A.

Metody stanoveni - Izolace glykoalkaloidi z brambor: 50 g zhomo-
genizovaného vzorku brambor bylo extrahovino dvakrit 200 ml smé&si metha-
nol : chloroform (2:1) po dobu 30 minut. Ziskany homogenit byl zfiltrovin pfes
Buchnerovu nilevku (filtr o stfedni porezit€) a filtra¢ni kold& byl promyt 50 ml
smési methanol : chloroform (2:1). Spojené filtrity byly zahuStény na rotalni
odparce na objem asi 15 ml. K zahusténému vzorku bylo pfidino 30 ml HCI
(c = 0,2 mol/l), roztok byl 5 minut sonikovdn a poté odstfedén (10 000 g,
10 minut). K supernatantu bylo pfidino 25 ml 25% NH,OH, vzorck byl zahfivin
na vodni ldzni o teploté 70 °C po dobu 30 minut, poté byl vzorek ochlazen
a nechédn v chladnicce pfi 5 °C pies noc.

Precipitdt byl znovu odstfedén (10 000 g, 10 minut). SraZenina byla rozpusté-
na v methanolu, ktery byl nisledné odpafen na rota¢ni odparce ( 50 °C ) do
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sucha. Odparek byl pfed analyzou rozpustén v 5 ml mobilni fize, 10 minut
sonikovan a zfiltrovin pfed nastfikem na kolnu pfes mikrofiltr.

Vysokoucinna kapalinova chromatografie - Stanoveni obsahu glyko-
alkaloidii a-solaninu a a-chaconinu bylo providéno za nésledujicich podminek:
Kolona: sklenéné kolona 150 x 3 mm s néplni Separon SGX NH,, 5 um, Tessek
Lid. Praha; Detekce : 208 nm; Mobilni faze: acetonitril : ethanol : 0,005M KH,PO,
(3:2:1); Priitok mobilni faze: 0,5 ml/min; Nastiik: 20 pl; Obsah glykoalkaloidii
v bramborich byl vyhodnocovin metodou standardniho pfidavku.

VYSLEDKY a DISKUSE

Optimalizace chromatografickych podminek - V tvodni fizi price byly
hleddny podminky, vhodné pro stanoveni glykoalkaloidi metodou HPLC.
Pozornost byla v€novéina vybé€ru staciondrni fdze a hledani vhodné mobilni faze.
Nejdfive byla testovdna kolona plnéné reverzni fazi C,q. Pfi pouZiti mobilni fize
methanol:voda v rizném poméru se nepodafilo dosihnout uspokojivého
rozdéleni standardi a-solaninu a a-chaconinu a jejich oddéleni od koextrakti.
Pti pouziti mobilni fdze methanol : 0,005M CH;COOH (4:1), bylo dosaZeno
dobrého rozdéleni glykoalkaloidii, dochdzelo v8ak k interferencim s pfirozenymi
koextrakty z brambor.

Pfi pouZiti kolony s vizanymi aminoskupinami a ecluci mobilni fazi acetonitril
: ethanol : 0,005M KH,PO, bylo dosaZeno dobrého rozdéleni glykoalkaloidi.
Kobayashi etal (1989) se zabyvali optimalizaci poméru rozpoustédel
v mobilni fazi. Pfi pouZiti doporu¢eného sloZeni mobilni fize byly kapacitni
faktory pro o.-solanin i a-chaconin pfili§ vysoké (vice neZ 10). Za naSich
podminek se jako optimdlni pomé&r sloZzek mobilni fize jevil pomér 3:2:1
(pH 6,72), kapacitni faktory byly
pro chaconin pfiblizné 2,5 a pro
solanin 6,0.

Urcitym problémem, se kterym
jsmese pfiopakovanychnistficich 150+ MAXIMUM 208
vzorkil na kolonu setkdvali, bylo
postupné zvySovini kapacitnich
faktori. Pfi¢inou tohoto jevu by 50-
mohlo byt ,,zamrznuti“ koextrakti
s vysokou hodnotou kapacitnich ‘ A e
faktorii na koloné a s tim souvi- 250 A[nm]
sejici zména chromatografickych
vlastnosti systému. Pro odstranéni

2. UV spektrum a-solaninu - UV spectrum
of a-solanine
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téchto jevi 1ze doporucit promyti kolony po analyze ¢i nékolika anal§zich
rozpoustédlem s vyssi eluéni mohutnosti, napf. acetonitrilem. Toto opatfeni sice
prodlouZ dobu nutnou ke zpracovdni vétsi série vzorkl, ale zaruci lepsi opako-
vatelnost chromatografickych analyz. K vyhodnocovini vysledkli byla pouZita
metoda standardniho pfidavku.

Detekce analytil byla provddéna diode-array detektorem (DAD), méfeni byla
provddéna v UV oblasti pfi vinové délce 208 nm. Absorbéni maximum
a-solaninu je 208 nm, a-chaconinu 210 nm. Spektra téchto litek jsou si velmi
podobnd, na obr. 2 je uvedeno spektrum a-solaninu. Pfi téchto relativné nizkych
hodnotich vinovych délek jsou kladeny vysoké ndroky na Cistotu pouZitych
rozpoustédel.

Zavislost odezvy DAD na koncentraci a-chaconinu a a-solaninu je linedrni
v testovaném rozsahu (4.104 a2 1.10? mg/ml). Detekéni limit je za podminek
popsané metody 400 pg a-chaconinu a 800 pg a-solaninu v néstfiku, coZ
odpovidd 4.104, resp. 8.10* mg/kg pro naviZku vzorku 50 g.

Citlivost uvedené metody je dostate¢nd i pro stanoveni velmi nizkych
koncentraci glykoalkaloidi v materidlu, nachizejicich se hluboko pod hladi-
nami predstavujicimi hygienické riziko.

Izolace glykoalkaloalkaloidit z brambor - Pro izolaci sledovanych
glykoalkaloidii byl hleddn postup, ktery by vyhovoval jak dobrou v§téZnosti,
tak i co nejjednoduss$im provedenim a souc¢asné byla timto postupem odstranéna
pfevazna Cast interferujicich koextraktli z homogenéti brambor.

Ovéteny byly dvé nejcastéji v literatufe uvadéné varianty, tj. extrakce matrice
vodnymi roztoky minerdlnich kyselin a extrakce polimimi rozpoustédly.Pfi
extrakei glykoalkaloidii do roztokiu kyselin bylo na rozdil od literimich pramenti
(Coxon etal, 1983;Carman etal, 1986) dosaZeno velmi nizké vytéZnosti
extrakee (asi 20 %). Z tohoto diivodu byla dile vénovina pozornost moZnosti
extrakce glykoalkaloidii do organickych rozpoustédel. Byla testovdna fada dopo-
ru¢enych poldrnich rozpoustédel a jejich smési (Bus hw a y etal., 1979, 1984,
1986;Osman etal,1989;Kobayashietal,1989;Hellenas, 1936;
van Gelder etal,1988;Carman etal, 1986; Gasi etal, 1984).
Nejvyssi vtéZnosti extakee a ziroveii nejlepsiho oddéleni koextraktl bylo dosa-
Zeno pfi extrakei homogendtu brambor smési methanol : chloroform (2:1).

Pied vlastni analytickou koncovkou byly extakty pieCiStény sriZenim
a precipitaci (analyty vytvireji v alkalickém prostiedi nerozpustnou sraZe-
ninu). Timto postupem bylo dosaZeno Gc¢inného odstranéni pfirozenych
koextraktl. VytéZnost extrakénich a izola¢nich postupli byla testovéna
nejprve na modelovych smésich standardii. VytéZnost pouZivanéno postupu
je uvedena v tab. II.
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II. Vyt&Znost izolaéniho postupu na standardech - Recovery of isplation procedure of standards

Standard’ Koncentrace’ [mg kg"'] V¢t&#nost [%]
a-chaconin 0,7743 101,8 + 83
a-solanin 0,8748 954 +6,5

1stand.-ard; 2concentratiou; 3recovery

Po ,,modelovém*“ ovéfeni vytéZnosti izolaéniho postupu na standardech byla
testovdna vytéZnost na vzorcich brambor se zvy$enou hladinou pfirozeného
obsahu glykoalkaloidii o 1) 15,5 mg na kg a-chaconinu a 17,5 mg na kg
a-cholaninu (obr. 3) a 2) 23 mg na kg a-chaconinu a 24 mg na kg o.-solaninu
VytéZnost izolace alkaloidii z brambor je uvedena v tab. III.

III. VytéZnost izolace glykoalkaloidi z brambor - Recovery of isolation of glycoalkaloides
from potatoes

Zvy3eni obsahu o! [mg.kg'l] Vytéinoslz‘[%]
a-chaconin a-solanin a-chaconin a-solanin

23,0 24,0 80,1x0,7 82,0+2,0

15,5 17,5 70,5+12 708 £2,5

Ispiked level; 2recovery

Pfi zvy8eni hladiny glykoalkaloidii o asi 25 mg na kg brambor je vytéZnost
Cisticiho postupu 80 %, chyba metody je 2 %. Tyto koncentrace glykoalkaloidi
v bramborich odpovidaji béZnym hladinim vyskytu.

Stanoveni obsahu glykoalkaloidil v realnych vzorcich brambor - Postup
vypracovany pro stanoveni obsahu toxickych glykoalkaloidl, pfirozené
pfitomnych ve vzorcich brambor, byl v dal3i prici pouZit ke kontrole hladin
a-chaconinu a a-solaninu v konzumnich bramborich.

Brambory osetfené pripravkem Cultar - Byl sledovén vliv nového riisto-
vého reguldtoru paclobutrazolu na pfirozeny obsah glykoalkaloidii v brambo-
rich. Byly porovniviny obsahy glykoalkaloidii v neoSetfenych hlizich brambor
a v bramborovych hlizich oSetfenych pfipravkem Cultar v divce 0,125 (varianta
I), 0,250 (varianta II) a 0,500 1/ha (varianta III).

Z vysledki stanoveni je patrné, Ze mnoZstvi obou glykoalkaloidii v brambo-
rich se zvySuje v zdvislosti na zralosti hliz (v zavislosti na terminu odbéru) a pfi
urcité vyzrélosti hliz opét klesa.

Obecné Ize konstatovat, Ze pfi oSetfeni brambor ristovym regulitorem Culta-
rem - varianta [ a II - dochdzi ke sniZeni obsahu glykoalkaloidi v hlizich proti
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3. Vytéinost izolace glykoalkaloidli z brambor pfi zvy3eni pfirozeného obsahu glykoalkaloidii
0 15 mg/kg - Recovery of isolation of glycoalkaloides from potatoes at spiked level 15 mg/kg

neo3etfenym brambordm o 20 aZ 50 %, pfi oSetfeni vy3Si didvkou (varianta IIT)
dochizi ke zvySovini obsahu glykoalkaloidli proti brambordm neoSetfenym
0 50 aZ 100 %. Obecnéjsi zdvéry by bylo moZné zformulovat na zikladé
n€kolikaletych polnich experimentt.

Stanoveni obsahu glykoalkaloidii v loupanych a neloupanych brambo-
rach - Pozomost byla téZ vénovéna rozloZeni glykoalkaloidii v hlizich brambor.
Byl sledovén obsah solaninu a chaconinu v celych (zhomogenizovanych) hlizich
brambor a v brambordch po odstranéni slupky (vrstva asi 3 mm). Tato sledovini
byla providéna na odriiddch konzumnich brambor Elba, Lada, Lukava a Ostara.

U brambor loupanych dochdzi k vyraznému poklesu obsahu glykoalkaloidii.
Néami nalezené vysledky jsou vsouladus literaturou(Lam p i tt etal., 1943).
Nejvétsi podil glykoalkaloidii byl nalezen ve slupce - 30 aZ 40 % z celkového
obsahu glykoalkaloidii (Ko zu ku e etal., 1987).

Obsah glykoalkaloidii se v loupanych bramborich proti bramborim
neloupanym sniZil asi 0 65 %. Obsah a-chaconinu v bramboréich je niZsi neZ
obsah a-solaninu, oba glykoalkaloidy se vyskytuji v poméru pfibliZzné 40:60.
Na obr. 4 je uvcden chromatogram, zobrazujici obsah glykoalkalondu v lou-
panych a neloupanych bramborich odridy Lada.

U uvedenych odriid brambor byl také sledovin vliv délky skladovéni na
zmé&nu obsahu glykoalklaloidii. Pfi skladovani brambor v chladni¢ce (5 °C)
poklesl obsah glykoalkaloidii za jeden mésic v priméru 0 60 % (c-chaconinu
0 66 %, a-solaninu o 55 %). K dosaZeni obecnych zivéri by bylo potfeba
provést skladovaci pokusy v $irSim rozsahu.
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4. Obsah glykoalkaloiddi v loupanych a neloupanych bramborich odriidy Lada - Glycoalkaloudcs
content in peeled and unpeeled potatoes, the Lada variety

ZAVER

Byla vypracovina a ovéfena metoda pro stanoveni toxickych glykoalkaloidi
a-solaninu a a-chaconinu v hlizich brambor. Osvéd¢ilo se pouZziti HPLC
metody s vyuZitim silikagelové kolony s vizanymi NH, skupinami. Jako
mobilni fdze byla pouZivdna smés acetonitril : ethanol : 0,005M KH,PO,
v poméru 3:2:1. Detckce byla provddéna v UV oblasti pfi vinové délce 208 mn.
Mez stanoveni byla pro a-chaconin 400 pg a pro a-solanin 800 pg v néstfiku,
coZ odpovidé pfi naviZce 50 g 4.10, resp. 8.10 mg na 1 kg vzorku. VYtéinost
postupu pro oba alkaloidy se pohybovala na hladinich kontaminace
odpovidajicich béZnému vyskytu glykoalkaloidii v bramborich kolem 80 %.

Zjistény obsah glvkoalkaloidii v hlizich brambor byl nizk¢ a nalezeni
mnozstvi glykoalkaloidd nepfedstavuji s ohledem na literdrni Gdaje zdravotni
riziko (v Zidném pfipad¢ nepfesdhla koncentraci 20 mg na 100 g brambor).
Pfesto povaZujeme za Zidouci pravidelné sledovat vyskyt téchto pfirozené
toxickych latek, protoZe pravé brambory jsou v naSich podminkich vyznamnou
poloZkou diety a konzumace napf. nctradi¢nich odrid ¢ nevhodné skla-
dovanych hliz by mohla vést k neZidouci expozici spotiebiteli. Z méfeni je
zfejmé, Ze ke snizeni pfijmu glykoalkaloidd vede i odstranéni slupky pfed
kulindrni Gpravou. Pfi sledovini rozloZeni glykoalkaloidd v hlize bylo zjist¢no,
ze veéisina glykoalkaloidli (asi 65 %) se nachazi v povrchovych vrstvich hliz
(asi 3 mm silnd vrstva slupky).

Glykoalkaloidy jsou zna¢né termostabilni, odolivaji mraZeni i suSeni,
ncrozkladaji se vafenim, pec¢enim ani mikrovingm ohfevem. Vzhledem ke své
rozpustnosti ve vodé je mozné pocitat pfi jejich vafeni s ¢isteénym vylu-
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coumpounds are given in the Fig. 1. Usual average glycoalkaloides content in potatoes is
ranging within 1 to 15 mg to 100 g of tubers. The contents exceeding 20 mg in 100 g are
considered as toxic.

The HPLC determination was carried out on silicagel column with NH, bond (Separon
SGX NH,, 5 um, Tessek, 150 x 3 mm). Mobile phase was acetonitri | : ethanol : 0,005M
KH,PO, (3:2:1, vN), pH 6,72. Flow rate of mobile phase was 0,5 ml/min. Following
separation analytes were detected at 208 nm. Absorbance maximum of a.-solanine was 208 nm
and a-chaconine 210 nm. Absorption of these two glycoalkaloides was similar to that in Fig.
2 giving UV spectrum of solanine. Standard addition technique was use for the quantitation,

The DAD response was linear in the wide range of concentration (4x10™ - 1x1
mg/ml). The detection limit for injected standards represented 0,4 ng for a—chaoomne
and 0,8 ng for a-solanine.The llmlt of detection for the sample amount of 50 g is 4x10*
mg/kg for chaconine and 8x10™ mg/kg for solanine.

Following optimized procedure was used for isolation and purification of glycoalkaloides
from potato tubers. 50 grams of homogenized sample was extracted with two 200 ml portions
of methanol/chloroform mixture (2:1, v/) for 30 min. at room temperature. Combined
extracts were filtered under vacuum (Buchner funnel) and filtrate was then evaporated
to 15 ml on rotatory evaporator. 30 ml of 0.2M HQl was then added and solution was sonicated
for 5 min. and then centrifuged (10 000g, 10 min). To supematant was added 25 ml of 25%
NH4OH and sample was kept at 70 °C for 30 min. and then cooled to 5 °C over night.
Precipitate was centrifuged (10 000g, 10 °C) and sediment was dissolved in methanol and
evaporated to dryness. Prior to HPLC analyses the sample was dissolved in 5 ml of mobile
phase, sonicated 10 min., filtered through microfilter.

Table IT summarized recoveries of all extraction and purification steps for standards,
Table III gives recoveries for spiked samples of potato. Chromatographic analysis of
potatoes containing 15 mg of each glycoalkaloide per kg are in Fig. 3. The recovery of
method on normal glycoalkaloides level was determined to be 80 = 2 %.

As a part of our study the influence of new prospective plant growth regulator Cultar
(active ingredient paclobutrazol) on levels of glycoalkaloides contained in treated tubers
was investigated. In none of examined samples the found content of glycoalkaloides was
not higher than 20 mg in 100 g of tubers. As expected the highest concentration of
glycoalkaloides (about 65 %) can be found in surface layer (peel cca. 3 mm) of potato
tuber. Fig. 4 shows chromatographicillustration of distribution of glycoalkaloides within
potato tubers.

glycoalkaloides in potatoes; a-chaconine; a-solanine; IIPLC
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ZMENY CHARAKTERISTICKYCH VLASTNOST] LIPIDOV VZORIEK
KONZERVOVANYCH KOMBINACIOU TERMOSTERILIZACIE
A IONIZUJUCEHO ZIARENIA

Miria TAKACSOVA, Ladislav SORMAN, Slavomira DUDASOVA 1,,
Alica RAJINIAKOVA, Bernadette HOZOVA, Jaroslava SLOSIAROVA

Chemickotechnologicka fakulta STU, 812 37 Bratislava;
leskumnj ustav vyZzivy ludu, 833 37 Bratislava

Zamerali sme sa na sledovanie zmien lipidov v priebehu skladovania vzoriek mode-
lového vyrobku Bravdové miso vo vlastnej {ave, konzervovaného kombimiciou
termosterilizicie a ionizujiceho Ziarenia. Za Gi¢elom zniZenia pripravy poétu vzoriek
a analyz &isla kyslosti, peroxidového a tiobarbiturového &isla, ktoré charakterizuju
zmeny lipidov, sme vyuZili metédu pldnovaného experimentu. Faktormi boli divky
Ziarenia v rozsahu 0,5 aZ 9,5 kGy a &as sterilizdcie 15 aZ 55 minit pri teplote 121 °C.
Dosiahnuté vysledky sme spracovali na poéitaéi EC 10 programom ROUCEKOP.
Zistili sme, Ze z hladiska stability lipidov je najvhodnejSia kombinicia sterilizicie
pocas 32 minit s divkou Ziarenia 5 kGy.

pldnovany éxperiment; bravéové miso; kombinovani metéda konzervicie;
termosterilizicia a ionizujiice Ziarenia; zmeny lipidov

V sicasnosti vystupuje vo svete do popredia vyskum kombinicie dvoch
a viacerych konzervaénych metéd. Ich ciefom je predovietkym obmedzif
intenzitu pdsobenia nepriaznivfch faktorov samostatne aplikovane;j
konzerva¢nej metédy a doplnif ju dal$imi konzervaénymi metédami, ktoré
musia zaru¢if mikrobidlnu nezdvadnost potraviny a sti¢asne aj lepSie uchovanie
jej vlastnosti.

Kombindcii sterilizdcie s niZSou intenzitou zihrevu a réznych ddvok Ziarenia
sa venuje zvySend pozornost. Z vysledkov v§skumnych pric totiZ vyplyva, Ze
tito konzervatnd metéda moZe zabezpedit pozadované vlastnosti a poskytnat
vyrobkom vysSiu vyZivovii a senzorickd hodnotu ako maji vyrobky len oZaro-
vané alebo len tepelne upravené Josephson, 1981;Sorman etal,
1985;Dimitrova etal,1984;Urbain, 1989.)

Za i¢elom roz3irenia poznatkov z tejto oblasti sme sa zamerali na sledovanie
zmien lipidov vzoriek bravfového misa, konzervovanych kombinédciou
termosterilizicie a ionizujiceho Ziarenia, stanovenim d&isla kyslosti, pero-
xidového a tiobarbiturového ¢isla.
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I. Vysledky stanovenia susiny (g na 100 g), tuku (g na 100 g), &sla kyslosti (mg KOH na g),
peroxidového &isla (ug kyslika na g) a tiobarbiturového &isla (mg na kg) sledovanych vzorick
v priebehu skladovania (n = 3) - Results of determination of dry matter amount (g per 100 g), fat
(g per 100 g), acid number (mg of KOH per g), peroxide number (ug of oxygen per g) and
thiobarbiture number (mg per kg) of studied samples during storing (n = 3)

Cislo ReZim? Skladovaniey « .. 4
vzorky! o T aiiBie [dni] Sufina® | Tuk® CK pC TBC
0 - 5 0 2087 | 752 | 282 | 19,76 | 0,112
0 30,18 | 701 | 383 | 51,70 | 0316
1 8,1 49 21 2906 | 724 | 4838 | 33,52 | 0,445
42 2077 | 7,03 | 599 | 31,62 | 0,407
0 3000 | 7,04 | 3,16 | 36,17 | 0,284
2 19 49 21 2069 | 765 | 3,74 | 43,75 | 0324
42 3002 | 722 | 456 | 41,5 | 0,396
0 2058 | 7,12 | 3,03 | 5323 [ 0310
3 8,1 21 21 2008 | 7,12 | 3,49 | 39,62 | 0,365
42 3005 | 7,04 | 445 | 3234 | 0,39
0 2060 | 721 | 294 | 4548 | 0,177
4 19 21 21 3000 | 7,14 | 3,07 | 57,30 | 0,269
2 2071 | 7,14 | 403 | 5586 | 0,350
0 2002 | 7,00 | 485 | 54,60 | 0,348
5 9,5 35 21 30,02 | 733 | 499 | 76,55 | 0366
42 3001 | 717 | 6,19 | 64.65 | 0,518
0 3006 | 701 | 292 [ 37,00 | 0238
6 0.5 35 21 30,11 | 752 | 3,08 | 54,17 | 0,320
42 2060 | 739 | 584 | 50,32 | 0374
0 3013 | 7,69 | 342 | 4482 | 0341
. 50 55 21 30,02 | 7.00 | 3,73 | 3431 | 0432
42 30,13 | 726 | 665 | 33,51 | 05
0 29052 | 702 | 297 | 47,86 | 0,286
8 5,0 15 21 3024 | 706 | 3,19 | 57.07 | 0326
42 3002 | 7.06 | 546 | 68,55 | 0,397
0 3022 | 7,06 | 3,04 | 46,63 | 0,288
9-13 5.0 35 21 3007 | 7.12 | 334 | 41,70 | 0,253
42 30,03 | 7,05 | 531 | 3991 [ 0370
0 2943 | 7,00 | 3,06 | 2644 | 0,158
14 s 70 21 2007 | 7,12 | 368 | 3846 | 0,175
42 3001 | 715 | 534 | 34.69 | 0.291

"number of sample, 2rcgimc:'., 3sloring;, “dry matter, “fat
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Po 42. dni skladovania najvyssi stupeii hydrolytickych zmien sme zistili vo
vzorke €. 7, ktord bola oZiarend divkou 5 kGy a ¢as sterilizdcie bol 55 min.

Spracovanim experimentdlne ziskanych vysledkov ¢isla kyslosti po¢itacovou
technikou sme ziskali v ur¢enom rozsahu ddvok Ziarenia a ¢asu sterilizicie tri
regresné rovnice, vyjadrujiice zivislost hodnoty &isla kyslosti od ddvok Ziarenia
() a Casu sterilizicie (f) v sledovanych fazach skladovania:

y &Ko = 3,30828 - 0,33890 y - 0,00192 ¢ + 0,00334 yt + 0,03626 y>
yeRai= 2,5333 - 0,20217y +0,02521 £ + 0,3740 y2

y&K42 = 5,1069 - 0,14451y - 0,01488 ¢ + 0,00582 yt + 0,00354 y2 + 0,00028 ¢

Pomocou lychto rovnic mézeme ur€it zivislost vplyvu ¢asu sterilizicie na
hodnotu CK é)n konStantnom oZiareni vzoriek - a naopak vplyv diavky Ziarenia
na hodnotu CK pri konstantnom ¢ase sterilizicie v troch Stidiach skladovania.
Okrem regresnych rovnic sme ziskali aj tri vrstevnicové diagramy, ktoré
vyjadruji zdvislost hodnoty &isla kyslosti od davky Ziarenia a Casu sterilizicie.
Tieto umoziiuji zistif mnoZstvo produktov hydrolyzy lipidov vzoriek, pripra-
venych r6znou kombindciou didvok Ziarenia a ¢asu sterilizdcie v sledovanom
rozsahu, alebo naopak, ur¢if rézne kombinicie tychto dvoch faktorov pre
dosiahnutie urcité¢ho stupiia hydrolyzy.

MnoZstvo primdrnych produktov autooxidicie udiva peroxidové cCislo.
Z tdajov v tab. Il vyplyva, Ze kombinéciou sterilizicic a oZarovania vzorick sa
mnoZstvo hydroperoxidov v porovnani s ich mnoZstvom v surovom mise
a v sterilizovanych vzorkich zvySuje. Davky Ziarenia 8,1 a 9,5 kGy (vzorky
¢. 1, 3 a 5) podmienuji v nulty deit skladovania tvorbu hydroperoxidov
intenzivnejSie ako dlhSi Cas sterilizacie (vzorka ¢. 7). Ak oZarujeme vzorky
divkou 8,1 kGy a ¢as sterilizicie je 21, resp. 49 min, alebo ak ich oZarujeme
divkou 5 kGy a cas sterilizacie jc 35, resp. 55 min, dochddza v priebehu
skladovania tychto vzoriek k zniZeniu mnoZstva hydropcroxndov pretoZe sa
rozkladaju za tvorby sekundarnych produktov.

NajniZSiu hodnotu peroxidového ¢isla po 42diiovom skladovani pozorujeme
vo vzorke ¢. 1, avSak pomerne vysokd ddvka Ziarenia a Cas sterilizacie opaf
zintenzivnili tvorbu sckundémych produklov autooxidécie - maléndialdehydu
Kritky cas sterilizicie (vzorka . 8), ako aj vysoké davky Ziarenia (vzorka €. 5)
viedli k zvySeniu mnoZstva primirnych produktov autooxidicie v konetnej
faze skladovania. Spracovanim vysledkov stanovenia peroxidového ¢isla
pocitatom EC 10 10 programom ROUCEKOP sme ziskali opif regresné
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rovnice, vyjadrujice zivislosf mnoZstva hydroperoxidov od dévky Ziarenia (y)
a Casu sterilizicie () v priebehu skladovania:

ypCo = 48,7892 + 0,65464 y-0,35933 1 + 0,04483 yt -0,02812 y>
ypéa1 = 82,1345 - 10,6940y - 0,31966 ¢ + 0,04293 yr + 0,91915 y 2-0,00511 £

ypéa2 = 103,24630 - 8,79208 y - 1,71060 ¢ + 0,07808 yz + 0,55260 y2 + 0,01063 1

Na obr. 1 uddvame vrstevnicovy diagram, charakterizujici priebeh tvorby
primarnych produktov autooxidicie v 42. deil skladovania. Na ziklade jcho
priebehu moZno konstatovat, Ze nizke divky Ziarenia a kratky &as sterilizicie,
ako aj vysoka ddvka Ziarenia nie si vyhovujicim reZimom z hfadiska stability
lipidov, preto je mnoZzstvo hydroperoxidov v tejto fize najvysSic (vrstevnice
s oznafenim B, A, 9). NajniZSia tvorba tychto produktov je vo vzorkich
oziarenych dadvkou v rozpiti 2 azZ 6,2 kGy, pricom ak napr. oZarujeme vzorku
davkou 5 kGy mdZeme zvolif napr. &as sterilizdcie 46 min, a tym dosiahneme
hodnotu peroxidového ¢isla 34,60 pg kyslika na g (vrstevnica s oznac¢enim 1).

pC Vrstevnice!

31,60000
34,60455
37,609C9
40,61364
43,61818
46,62273
49,62727
52,63182
55,63636
58,64091
61,64545
64,65000

[kGy) %3
%

7.0

P> O NN HE WD =O

1,0
0,5

lcoumour

1. Vrstevnicovy diagram hodnot peroxidového &isla (pg kyslika na g) vzoriek v zavislosti
od divok Ziarenia a Casu sterilizicie v 42. def skladovania - Contour diagram of peroxide
number values (jug of oxygen per g) of samples in dependence on radiation doses and
sterilization time on day 42 of storing
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Z vysledkov stanovenia sekundimych produktov autooxidéicie reagujicich
s kyselinou 2-tiobarbiturovou vyplyva, Ze kombinované konzervaéné metody
vyvoldvaji zvySenie hodnoty tiobarbiturového ¢isla predovietkym aplikdciou
vysokych ddvok Ziarenia v kombindcii s d1h§im ¢asom sterilizdcie. V priebehu
42-diiového skladovania pozorujeme nava§§1u hodnotu TBC vo vzorke &. 5,
ktord bola oZiarend najvysSou ddvkou Ziarenia a vo vzorke €. 7, kde sme
aplikovali davku Ziarenia 5 kGy v kombindcii s najd1hSim ¢asom sterilizécie,
t. j. 55 min.

Regresné rovnice pre TBC vzoriek, analyzovanych v troch fiazach skla-
dovania maji tvar:

y1BE0 = 0,08204 + 0,03813 y + 0,00274 ¢ - 0,00058 y - 0,00050 y* + 0,00003
yTBE1 = 0,23912 +0,02712y - 0,00175 £ - 0,00140 y2 + 0,00006 £

y1BC42 = 0,43668 - 0,00598 y -0,00640 ¢ - 0,00020 yt + 0,00236 72+ 0,00013 £

TBC I Vrstevnice' e

0,36500 0 m‘°'7 \ \\\\’A'
0,37801 1 A e
0,39282 2 " f—\\ Yo
0,40673 3 .
0,42064 4 /_\

0,43455 5 5.04

0,44845 6

0,46236 7

0,47627 8 ]

0,49018 9

0,50409 A 1o

0,51800 B 20 15

!uln]

2. Vrstevnicovy diagram hodnét tiobarbiturového ¢&isla (mg malédialdehydu na kg) vzoriek
v zévislosti od ddvok Ziarenia a &asu sterilizdcie v 42. deii skladovania - Contour diagram of
thiobarbiture number values (mg of malodialdehyde per kg) of samples in dependence on
radiation doses and sterilization time on day 42 of storing
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Na ziklade tychto rovnic ako aj vrstevnicovych diagramov sme zistili, Ze
v nulty deii skladovania je najniZSia hodnota TBC podmienené nizkymi davka-
mi Ziarenia a kritkym ¢asom sterilizdcie. V priebehu 21-diiového skladovania
zvySenie hodnoty tiobarbiturového ¢isla je spésobené kombiniciou vys$sich
davok Ziarenia a dIh§im ¢asom sterilizicie. .

Na obr. 2 uddvame vrstevnicovy diagram, vyjadrujiici pricbeh tvorby
sekunddrnych produktov autooxidéicie po 42-dilovom skladovani. Na ziklade
jeho priebehu moZeme dedukovaf, Ze najniZSiu hodnotu TBC, ktord vyjadruje
vrstevnica s oznacenim 0 a zodpovedi 0,365 mg/kg, moZno dosiahnuf kombi-
niciou divok Ziarenia do 5 kGy a ¢asom sterilizicie kratSim ako 38 min. Ak
vzorky oZarujeme napr. divkou 5 kGy a chceme dosiahnut najniZSiu hodnotu
TBC, méZeme na ziklade pricbehu vrstevnice s ozna&enim 0 pouZif Eas steri-
lizdcie 24 alebo 32 min. NajvysSiu hodnotu TBC by sme dosiahli kombindciou
vysokych ddvok Ziarenia a dlhSich ¢asov sterilizicie (vrstevnice s oznacenim
B, A), ale aj kombindciou vysokych ddvok Ziarenia a kritkeho Casu sterilizicie
- Stvrty kvadrant, resp. kombindciou nizkych divok Ziarenia a dlhého Casu
sterilizdcie - druhy kvadrant.

MnoZstvo malénaldehydu je vo vzorkich konzervovanych kombinovanou
metddou vysSie ako v sterilizovanej vzorke.

Z dosiahnutych vysledkov sledovania zmien lipidov vyplyva, Ze priebch
tvorby produktov hydrolyzy je podmieneny predovSetk§m davkou Ziarenia.
Proces autooxidicie lipidov sledovany stanovenim peroxidového &isla je
v pociatku skladovania ovplyvneny vy$Sou divkou Ziarenia, zatial ¢o v prie-
behu skladovania je mnoZstvo hydroperoxidov podmienené aj nizkymi diavka-
mi Ziarenia a kratSim casom sterilizdcie, preto je tito kombindcia reZimu
z hladiska stability lipidov nevyhovujica.

ZvySend tvorbu sekundirnych produktov autooxidicie ovplyviuji
vyS$Sie ddvky Ziarenia, ktoré iniciuji oxida¢né zmeny lipidov, ako aj d1hsi
Cas sterilizdcie. K podobnym zdverom prisli viaceri autori, zaoberajici sa
touto problematikou (Quaranta et al, 1984; Bhushan et al,
1981; EI-Zeanyet al.,, 1980). Na ziklade dosiahnutych vysledkov
vyplyva, Ze kombindcia sterilizdcie pocas 32 min s divkou Ziarenia 5 kGy
je z hfadiska stability lipidov najvyhodnejSia pri konzervicii potravin
kombinovanou metédou.

Literatura
BHUSHAN, B. - NINJOOR, V. - NADKARNI, G. D.: Effect of gamma iradiationon on lipid

constituents of autolysing lamb liver. J. Food Sci., 46, 1981, ¢. 1, s. 43-46.
DAVIDEK, J. et al.: Laboratorni prirucka analyzy potravin. Praha, SNTL 1977, 718 s.

300



Potrav. Védy, 10, 1992 (4) : 293-302

DIMITROVA, N. - ATANASSOVA, T. - GROZDANOV, A. - DILOVA, N.: Influence of
combined treatment on some quality indices of canned meat. In: Microbial. Assoc. and Interactions
Food. Proc. 12th int. [UMS-ICFMH Symp., Budapest, 12-15 July 1983. Budapest 1984, s. 343-359.
EL-ZEANY, B. A. - ABDEL-FATTAH, L. E. - HASSAN, I. M.: Stability of fat during irradiation
and subsequent storage of irradiated buffalo meat. Z. Lebensm. Unters. Forsch., 171, 1980, s. 5-8.
FOLCH, J. - LEES, M. - STANLEY, G. H. S.: A simple method for the isolation and purification
of total lipides from animal tissues. J. Biol. Chem., 226, 1957, ¢. 1, s. 497-509.

JOSEPHSON, E. S.: Food irradiation and sterilization. Trends in radiation processing. Radiat. Phys.
and Chem., 18, 1981, &. 1/2, s. 223-239. -

KAFAROV, V. V.: Kybernetické metédy v chémii a vchemickej technolégii. Bratislava, Alfa 1978,
460 s.

LODES, A. - SIMEK, L.: Statistické metédy planovania experimentu. In: Zbor. II. celoit. Sem.
OSCHI, Bratislava 1978, s. 7-47.

PRIBELA, A.: Analyza prirodnych litok v poZivatinich. Bratislava, Alfa 1978, 431 s.
QUARANTA, H. O. - PICCINIL J. L. - PEREZ, S. S.: Iradiation delayed oxidative rancidity in
tuna loins. Food Chem., 14, 1984, ¢. 2, s. 135-139.

SORMAN, L. - RAINIAKOVA, A. - HOZOVA, B. - ORAVCOVA, V.: Kombinovanie metéd
konzervicie potravin. Prim. Potr., 36, 1985, &. 1, s. 11-13.

URBAIN, W. M.: Food irradiation: the past fifty years as prologue to tomorrow. Food Technol.,
43,1989,¢.7,s.76-92.

Doslo dria 18. 7. 1991

M. Takdcsovd, L. Sorman, S. Dudd$ovi, A. Rajniakova, B. Hozova, J. Slosiarova
(Faculty of Chemical Technology of the Slovak Technical University, Bratislava,
Czechoslovakia)

Changes in characteristic properties of lipid samples preserved by combination
of thermosterilization and ionizing radiation

We directed our attention to the studies of changes in characteristic properties of lipid
samples preserved by the combination of thermosterilization and ionizing radiation.

To prepare the model product, we used pork ham ,,pork meatin natural juice®. Samples
containing 1.6 percent of salt added were filled into tins and sterilized on autoclave AUT
26/11. Aftersterilization they irradiated on the equipment of the Czechoslovak production
with the source of radiation *’Co.

Doses of irradiation and time of sterilization for different samples were determined by
two-factor plan of experiment by the programme ROUCEKOP. Sterilization time within
15 to 55 minutes at 121 C and radiation doses within 0.5 to 9.5 kGy (Table I) were the
factors. We received regression equations and contour diagrams expressing dependence
of acid number, peroxide and thiobarbiture numbers from chosen parameters - radiation
doses and sterilization time. ‘

Changes in lipid samples were observed by these characteristic during 42-day storing.
The results of analyses were supplemented with determination of dry matter and fat
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amounts (Table II). As a control we used the samples preserved by thermosterilization
(No. 14).

It follows from the results of determination of dry matter and fat amount that neither
directly after preservation, nor during storing, any significant differences were observed
in their representation. .

The initial stage of storing exhibited the highest value if acid number in sample 5
irradiated by the highest radiation dose. After 42-day storage the highest level of
hydrolytic changes was observed in samplé 7 irradiated with the dose of 5 kGy and in
sterilization time of 55 minutes. By processing the experimentally obtained results on
the computer EC 10 10 we acquired in given range of radiation doses and sterilization
time three equations expressing dependence of acid number value (CK) on radiation
doses (°) and sterilization time (r) in studied stages of storing (day 0, 21 and 42).

Amount of hydroperoxides was again higher at the beginning of storing in sample 5.
After 42-day storing, a short time of sterilization (sample 8), as well as high radiation
dose (sample 5) conditioned increase formation of primary products of autooxidation.

Processing of results by computers gave again regression equations expressing
dependence of peroxide number (PC) on radiation doses and sterilization time. Except
regression equations three contour diagrams expressing the same dependence were
achieved. Fig. 1 gives this dependence on the day 42 of storing. On the basis of the pattern
of contours it follows that low radiation doses and short sterilization time, together with
high radiation doses in combination with the short sterilization time condition higher
formation of hydroperoxides (contours B, A, 9).

An amount of secondary products of autooxidation was determined by thiobarbiture
number (TBC) On the basis of regression equations, as well as on contour diagrams, it
was found that on zero day of storing the lower TBC value is conditied by combination
of low radiation doses and short sterilization time.

Fig. 2 shows the contour diagram expressing formation of secondary products on day
42 of storing. It follows from its pattern that the lowest TBC value (contour 0) can be
achieved by combination of radiation up to 5 kGy and sterilization time shorter than 38
minutes. The highest formation of secondary products was gained by combination of
high radiation doses and longer sterilization time (contour B, A), as well as by
combination of low radiation doses and long sterilization time (second quadrant), or by
combination of high radiation doses and short sterilization time (fourth quadrant).

In view of stability of lipids, the most suitable was found to be the combination of
thermosterilization for 32 minutes and radiation dose of 5 kGy

plan experiment; pork meat; combination method of preserving process;
thermosterilization and ionizing radiation; lipids changes
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VLASTNOSTI ZRNA A ZAKLADNE CHEMICKE ZLOZENIE
CELOZRNNEJ MUKY CICERA

Ladislav DODOK, Modhir Abid ALI, Gabriela HALASOVA, Ivan POLACEK?,
Bernadetta HOZOVA

Chemlckotechnologlcka fakulta STU, Radlinského 9, 812 37 Bratislava;
Vyskumny ustav krmovindrskeho priemyslu a sluZieb,
Nddrazna ul. 1, 900 28 Ivanka pri Dunaji

V prici je uvedeny struény popis vlastnosti cicera baranieho (Cicer arietinum)
z hladiska pestovatelského s hlavnym zameranim na moZnosti SirSieho vyuZitia
zrna tejto plodiny, hlavne v ceredlnej technolégii. Robilo sa porovnanie dvoch
druhov cicera dopestovaného u nis a v Iraku. Z vysledkov vyplynulo, Ze celozrnna
mika zo zfn tejto plodiny by z hladiska obsahu nutri¢ne vyznamnych zloZick
mohla by{ vhodnou prisadou do niektorych ceredlnych vyrobkov.

Cicer arietinum L.; mika; nutri¢ne vyznamné latky

Cicer (Cicer arietinum L. - po esky cizrna) je jednou z najlepSich plodin
teplych, suchych a polosuchych oblasti. V kultirnom pestovani je znimy iba
jeden druh - cicer barani.

NajstarSie ziznamy o pestovani cicera st z Indie (1. storocie n. 1.), kde bol
pestovany ako plodina sliiZiaca na pripravu pokrmov podobne ako hrach. ZvI4st
je roz§ireny vo v§ctk)"ch krajinich v okoli Stredozemného mora a na vefkych
plochich sa pestuje aj v byv.llom Sovietskom zviize v oblastiach suchych,
nezavlaZzovanych pod. Najviac je roz§ireny v Indii a v Azii. U nis sa pestoval
v najteplej§ich a suchych oblastiach Slovenska a Moravy, dnes sa pestuje
ojedinele v zihradkich. Na podu nemd vyhranené niroky, mozno ho pestovat
na pddach strednych, fazkych i TahSich. Je velmi dobou predplodinou pre
obilniny.

V stepnom a subtropickom pdsme sa pouZiva ako strukovina, ale tieZ ako
zelenina. Z hladiska pestovania a zberu mé td dobrd vlastnost, Ze nepolieha
a Grodu moZno zberal pomocou pofnohospodirskych strojov. Nase odrody
dosahuji v sticasnosti Girody zrna 2 t/ha, za velmi priaznivych podmienok sa
dosiahli az 3 t/ha. Podra Statistickych tGdajov sa cicer ukdzal na Slovensku
vynosnej$i ako hrach, a to zvIist v suchych klimatick§ch podmienkach.
Suchovzdornosfou predstihuje vSetky hlavné druhy strukovin.
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Strukoviny s v§znamnou skupinou pofnohospodarskych plodin na vietkych
svetadieloch. Cicer je vePmi doleZitd konzumna strukovina, mélo pouZivani pre
kimne dcely. Zo strukovin zaujima vo svete druhé miesto po fazuli. Semené
cicera sa pouZivaji na pripravu polievok, ako priloha k misu a pri virobe
kdvovinovych nidhraZok. V niektorych krajindch sa zo zrna melie miika, ktord
nachddza pouZzitie pri vyrobe chleba, cestovin alebo masovych nitierok a saldm.
Semend moZno pouZivaf pre jedlé ucely tieZ ako praZené.

V stidasnosti dochddza u nis k oZiveniu pestovania strukovin, a to okrem
zndmejSich tieZ aj ¢iasto¢ne zabudnutych, medzi ktoré patri aj cicer, pripadne
hrachor a bob.

Strukoviny v porovnani s inymi plodinami maji velké prednosti. Zarad'uji
sa k pofnohospoddrskym plodindm s vysokou nutri¢nou hodnotou. St ddle-
Zitym zdrojom vyZivy, istou ich nevyhodou je pritomnosf napr. lektinov.

Za icelom zvySenia spotreby strukovin je okrem doterajSich sposobov pripra-
vy potrebné zabezpecif vyrobu dostatoéného mnoZstva atraktivnych polo-
tovarov a inovovanych vyrobkov zo strukovin. Hfadanie novych vhodnych
aditiv pre ceredlny priemysel vyistilo do vyberu z oblasti netradi¢nych surovin
ceredlneho priemyslu u nds. Pre porovnanie sme mali moZnost analyzovat
okrem zma ciceru dopestovaného vo Vyskumnom tstave rastlinnej vyroby
v PieSfanoch, aj zrnd dovezeného z Iraku.

Cicer je jednoro¢nd rastlina, vzpriamend, pevnd, stonku mé rebernatd, 0,50
a2 0,60 m vysoki, struky krétke, obsahuji jedno aZ dve, zriedkavejSie tri aZ Styri
semend. Semend st gufaté aZ nepravidelne hrbolaté, alebo hladké s charakte-
risticky vy¢nievajiicim korienkom, takZe semeno pripomina hlavu barana - od
toho je odvodeny aj jeho ndzov. Farba semien sivisi s farbou kvetov.
Bielokvitniice odrody maji semena svetlé, krémové a farebnokvitniice odrody
maji semend hnedé aZ Cierne. Pre potravinirske ticely sa pouZivaji prevaZne
odrody s bledosfarbenymi semenami, ostatné sa pouZzivaji na kfmenie
(éinsk)", 1985; Hrus§ ka, 1955; Holovlasky, 1971; Jaya,
Venkataraman,1979;Tiwari, Sharma,1977).

MATERIAL a METODY

Experimentdlne sme sledovali chemické zloZenie celozrnnych mik zo zrna
cicera baranieho, ktor§ bol dopestovany na pokusnych poliach VURV v Piesta-
noch (vzorka A), a zo zfn dovezenych z Iraku (vzorka B). Celozrnnd miika bola
ziskand mletim v iderovom laboratérnom mlyne firmy VEB Nossener Maschi-
nenbau. Pri laboratérnych a prevadzkovych pokusoch sa pouZzivala pSeni¢né
mika hladka pecivirska slabd, ktord zodpovedala norme ON 56 0636.
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Stanovili sme zdkladné vlastnosti zrna (sypnd hmotnosf, hmotnosf tisic zfn)
a robili sme zmyslové hodnotenie. DalSie rozbory sa tykali celozrnnej maky.
Jej vihkost bola stanovend susenim 1 hodinu pri teplote 130 °C (Smelik,
1985), mnoZstvo popola spafovanim v muflovej peci pri teplote 900 °C,
petroléterovy extrakt podfa Twisselmanna (S m e 1 1 k, 1985), celkovy dusik
podla Kjeldahla (S m e 11 k, 1985), vidknina pristrojom Fibertec(Pribela
et al., 1979; D a vid ek, 1981), zrnitost preosievanim na hodvibnom site
(230 pm, 160 pm) a bol stanoveny obsah titrovateFnych kyselin (S m e 11k,
1985). Minerélne litky boli stanovené atdmovou absorp&nou spektrometriou
(Pribela et al., 1979; Davidek, 1981), tiamin a riboflavin
{lTuorometricky (tiochrémovou alumiflavinovou metédou) (CSN 56 0052,
CSN 56 0054).

VYSLEDKY a DISKUSIA

Z hodnotenia zrna cicera baranicho (tab. I) vidiet, Ze ide o zrnd, ktorych d’alSie
spracovanie pre Gcely ceredlnej technoldgie si vyZiada osobitny pristup a vyber
vhodnc¢ho mlecicho zariadenia.

I. Rozbor zrna cicera baranicho - Analysis of chickpea grain

Vlastnosti! Vzorka A Vzorka B Sample A Sample B
. svetld, bézova bright, beige with
Farba® svelld, béZova s nidychom do bright, beige the rose-coloured
ruzova tinge
gulaty smalym | gulaty s vyraznym cotind: with small round with
Tvar® charakteristiky charakteristicky h ; A S ticall marked
o vyénievajicim vyénievajicim & aric ons cll?al y characteristically
korienkom. koricnkom sticking radicle | sticking radicle
g radi
Povrch’ zvriskovan§ zbrézdeny wrinkled furrowed
[1[(;38(:3?; 303 ¢ 367 ¢ 303 ¢ 367 g
Sypni 816 g.dm™ 796 g. dm 816 g.dm-3 796 g. dm™
hmotnos®® &

Ieharacteristics; 2colour; >shape; *surface; ®1000-grain weight; ®bulk density
Vzhlfadom na vlastnosti zrna sme sa rozhodli zo zrna vymlief celozrmni miku

v tiderovom laboratérnom mlyne a tito pouZivat v d’alSich pokusoch. Rozbor
tychto mik je uvedeny v tab. II.
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II. Rozbor celozrnnych miik z cicerov - Analysis of chickpea whole-grain flours

Vzorka' A Vzorka B

Vlhkost” [%] 8,38 7,42
Susina” [%] 91,62 92,58
Popol” [% v sus.] 3,26 3,08
Petroléterovy extrakt’ [% v sus.] 58 6,2
Celkovy dusik’ [% v su3.] 4,38 3,71
Vliknina' [% v sus.] 27,37 23,18
Zrnitost [%] - prepad sitom® (230 um) 84,6 86,8

- prepad sitom (160 um) 70,2 73,2
Farba’ svetld krémova'® krémova '
Véﬁa12 prirodzcnén pripominajica hrach!®
Chu(ls prirodzené sladka;téw

!'sample; *moisture; *dry matter; ash pelrolcum ether extract; lolal nitrogen; ’fiber; ®granu-

lation - fallmglhrougha mnlls:lk %colour; '%bright cream-coloured; ' cream-coloured: 2odour;
Bnatural; seminding of pea; ! taste; Osweetish

Zo zikladného rozboru oboch vzoriek cicerov a organoleptickych vlastnosti

z nich vymletych celozmnych mik vidno okrem bielkovin iba malé rozdiely.

o sa tyka mnoZstva bielkovin tieto suroviny vynikaji ich vysokym obsahom,
a to hlavne pri ciceri dopestovanom u nés (27,37 %). Svojim obsahom bol blizky
najvysSim hodnotdm, ktoré st uvddzané v zahrani¢nej litcratiire.

Vliknina bola zastipend priblizne v poloviénom mnoZstve v porovnani
s idajmi zo zahrani¢nej literattry.

Z hladiska &asu odleZiavania celozrnnych mik sme predpokladali ako nega-
tivny faktor vysoky obsah lipidov. Tento je v ciceri trojndsobne vyssi ako
v beznych strukovinich (5,8, ev. 6,2 %).

Sledovanim obsahu titrovateInych kyselin celozrnnych mik (tab. II) sme
zistili, Ze ich hodnoty vzrastaji len mierne pocas Siestich tyzdiov v pricbehu
ktorych sme vykondvali pokusy. V Case spracovania mik nedo$lo k zmendm
ich organoleptickych vlastnosti.

I11. Obsah titrovatelnych kyselin celozrnnych mik cicera [mmol.kg’I] - Content of titratable acids
in the chickpea whole-grain flours

Vzorka? IV de vymlc(iaz Cas odleziavania miky (podla l’ldﬁov)3
Iz 2. 3. 4. 5. 6.
A 86.6 87,0 87.3 87,6 87,7 88,5 89,0
B 82,4 82,5 82,9 83,3 83,9 84,5 84,5

!sample; %in the day of milling out* 3time of flour maturing (according to weeks)
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Z obsahu minerdlnych litok (tab. IV) je zrejmy relativne vysoky obsah
vipnika a hor¢ika. Vo vzdjomnom porovnani oboch vzorick cicerov si
vyraznejsie rozdiely v niektorych prvkoch. NiZSie zastipenie pri ciceri z Iraku
vykazoval fosfor (o 40 %), aviak podstatne vy3Sic hodnoty boli zistené pri Na,
Fe a Mn.

IV. Obsah popola v celozrnnej mike z cicera a jeho zloZenie - Ash content in the whole-grain
chickpea flour and its composition '

Vigsrial Popol P | Ca [Mg| Na| K| Cu| Fe [ Mg | Zn
[% v sus.) ket [mgkg’)

A 3,26 519 [ 1,01 [ 1,40 [ 0,05 [11,01] 11,74 ] 82,40 16,47 | 26,94

B 3,08 318 [ 1,16 | 1,59 [ 0,16 [10,02] 11,04] 11,09 | 32,95] 33,41

'sample; Zash [% of dry matter]

Zo stanovenia vitaminov (tab. V) je evidentny vy3si obsah riboflavinu pri
vzorke z Iraku, a to pribliZne o 50 %.

V. MnoZstvo vitaminov v celozrnnych mikach z cicera - Content of vitamins in the whole-grain
chickpea flours

Vitamin' [mg.kg"'] Vzorka® A Vzorka B
Tiamin 54 58
Riboflavin 9,7 15,8

lvitamine; %sample

Ziskané v{sledky sa vyuZiji pri vybere a zhodnoteni tychto surovin z hTadiska
ich praktického vyuZitia v ceredlnej technoldgii, pripadne aj v inych techno-
l6gidch.
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Technology, Slovak Technical University, Bratislava; Research Institute of Feed-Stuff
Industry and Services, Ivanka pri Dunaji, Czechoslovakia)

Characteristics of the grain and primary chemical composition of whole grain
flour of chickpea

In this paper a brief description of chickpea (Cicer arietinum) characteristics is
presented from the view of cultivation aimed at the possibility of wider utilization,
especially in cereal technology. A comparison of two chickpea varieties was made, one
cultivated in our country, the other in Iraq. From the results it follows that the whole grain
flour could be, from the view of the content of nutritive important components, a very
suitable ingredient in some cereal product (Table I).

With regard to grain characteristics we decided to mill out from the grain the whole
grain flour in a laboratory impact mill (Table II).

From the analysis of both samples of chickpea only small differences were observed.
Chickpea shows a high content of protein, especially chickpea cultivated in our country
(27.37 %). Fibre has been present approximately in half amount compared with data from
abroad. Lipids content in chickpea is three times higher than in usual leguminous plants.

By examination of titritable acids in whole grain flours (Table III) we found that their
values increase only slightly during six weeks.

From the content of the mineral substances (Table IV) a relatively high Ca and Mg
content is evident. Lower phosphorus content was in sample from Iraq (about of 40 %),
but substantially higher values were found in Na, Fe and Mn.

From the determination of vitamins (Table V) there is evident a higher content of
riboflavin in sample from Iraq, approximately more than 50 %.

Cicer arietinum L.; flour; nutritive important components
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KRATKA SDELENI

OVERENIE MOZNOSTI NUMERICKEHO URCOVANIA HODNOT DILATACIE
A TUHYCH PODIELOV V TRIACYLGLYCEROLOCH

Vdclav KOMAN

Chemickotechnologicka fakulta STU, Radlinského 9, 812 37 Bratislava

Zikonitos( vo funk&nej zdvislosti fyzikdlnych, chemickych a biologickych vlastnosti
litok na ich Struktirnych parametroch sa uplatiiuje aj v oblasti mastnych kyselin (MK),
zloZenych lipidovi ich jednoduchych foriem - triacylglycerolov (TAG). Sihrn vlastnost{
TAG (tukov a olejov) mdZe byf urlovany i vzdjomnym pomerom tuhych a kvapalnych
podielov v nich. Napr. tuhy podiel (TP) bude narastaf s rastom obsahu nasytenych
mastnych kyselin, kym kvapalny podiel (KP) bude tmerne klesat. Mierou tychto
determindcifi je teplota.

Vzéijomné pomery TP a KP v tukoch a olejoch potom podmieriuja také ich vyznamné
vlastnosti ako je rozotieratel'nosf, plasticita, krehkosf, pruZnosf, lom a pod. Uvedené
ukazovatele maji potom rozhodujici vplyv na kvalitu tych findlnych vyrobkov, ktorych
st vyznamnou zloZkou (napr. v okolddovych, peivdrenskych a inych potravindrskych
vyrobkoch).

Zmena skupenstva, t. j. tuhého podielu na kvapalny v TAG je meratel'nd a pre kaZda
teplotu charakteristickd. Stvislosti medzi spomenutymi vlastnostmi konkrétneho TAG
sa dajt posidit z merani niektorych fyzikilnych velicin, napr. teploty topenia, teploty
tuhnutia, ich rozdielov (tzv. diferenéné Cislo), krivky priebehu tuhnutia, penetricie,
tlakového prehnutia, objemovej rozfaZnosti - dilaticie (D). Znich najmi dilaticia sa stala
objektivnoua normativhou metédou(J A M, 1956) urcovania vzdjomnych pomerov TP
a KP v tukoch a olejoch, t. j. objektivnym podkladom pre priame ur€enie percentudlneho
zastipenie tuhého podielu (% TP) v prisluSnom TAG. (V zahrani&nej literatire % TP =
= % SClI solid content index.)

Snahy o exaktnejSie ur€ovanie obsahu TP v TAG vyaustili do aplikdcie spektrilnej
metédy - NMR. UrCujica je tu hodnota tzv. obalového signilu pri 7074 gausoch
a 30 MHz, ktorej vel'kost je tmernd mnoZstvu TP, resp. KP.

Pri urovani % TP v tukoch a olejoch méZe byf, okrem presnosti, rozhodujicim
faktorom rychlost a dostupnosf metédy. V tomto smere je dilataénd metéda i metdda
NMR pomerne zdihavd. Casove experimentilne vyhodnejsia je penetraind metGda
a stanovenie teploty tuhnutia.

Aj pri urovani obsahu TP méZu byt metédy matematického modelovania
a transformdcii vyznamnym urychl'ujicim a zjednoduSujicim prvkom (Sla vi ¢ ek,
1983), a to tvorbou empirickych vzorcov z experimentilne nameranych vysledkov, resp.
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formou regresnej analyzy t. j. stochastickymi postupmi s cieflom maximélnej apro-
ximibility experimentdlneho vysledku k jeho hodnote vypo&tom, kde mierou objektivity
méZe byf hodnota koeficientu koreldcie (rx,y). Prikladom takéhoto postupu méZe byl
spdsob urgenia % TP prepotom I'ahSie meratel'nych hodnét objemovych roztaZnosti na
hodnoty, ktoré moZno ziskal faZSie dostupnou NMR metédou. Heighton
a Vermaas (1971) tymto postupom dospeli k vyrazu:

% TP(NMR) = (% TPait. 10%)/[(65,9 + 0,69 ¢ °C) - 1] [1]

Predmetom tohto stru¢ného ozndmenia st vzfahy, ktoré sa pomocou regresnej anal yzy
nasli ako najbliZ3ie aproximujice zdvislosti medzi % TP a experimentdlnymi hodnotami
mikropenetrécii, resp. hodnotami tepl6t tuhnutia, a tomu zodpovedajicimi hodnotami
dilatdcif, obsahom TP a moZnosti transformdcie mikropenetratnej hodnoty na NMR
hodnotu % TP v skiimanych vzorkich TAG.

Ako modelové tuky sa pouZili: stuZeny bezerukovy repkovy olej, hovadzi loj, premier
jus, Sortening a stuZeny podzemnicovy olej (Kol e k ti v, 1955).

Pre matematické urenie vysSie uvedenych zdvislosti sa pouZil Superscientific 9000
Sharp Calculator s moZnostou priamej grafickej interpretécie $tudovanych zavislosti.

Funkcia zdvislosti % TP od teploty merania pre vzorky hovidzicho loja, premier jus,
stuZeného palmojadrového oleja a Sorteningu je uvedend v tab. I.

I. Tvary linedrnych rovnic a hodnoty koeficientov koreldcii Styroch modelovych tukov v relicii
obsahu tuhych podielov ako funkcii tepldt stanoveni - Shapes of linear equations and values of
correlation coefficients of four model fats in relations of solid content proportions as functions of
temperatures

Vzorka &.! g;?:r;;az Druh tuku? Rcf'etj:f'r';“’;riicceicm Eg:c‘;‘:g:‘)l mz(:; ;}lxo
1 [soJ premier jus” y=52,572-0,602 x 4%?5\37 [";J
2 48,5 hovidzi loj’ y=43,610-0753x | -0978 8
3 46 j;‘;fzsi g;’e';“ y=92238-2211x | -0960 6
4 49 Sortening’ y=33,225-0,695 x -0,988 9

Intervaly teplét exp. stanovenych % SCI v uvedenych vzorkich boli - Temperature intervals for
the experimentally determined SCI percentage in the mentioned samples were as follows:

1 -<20,455; 2 - <10, 45>; 3 - <20, 45>; 4 - <5, 45> vSetky s inkrimentom 5 °C - all cases with
an increase of 5 °C

y =% TP; X =teplota stanovenia - temperature of determination

Isample No.; solldlflcallon tcmpcrature 3kind of fat; *premier jus; Sbovine fat; Shardencd

{nlm -kernel onl. "shortening; Sregression cocficient and shape of equation; *correlation coefficient;
number of measurements
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Z dalsieho stanovenia vyplyva, Ze % TP v uvedenych vzorkich TAG moZno urdit
priamo za pouZitia hodnoty mikropenetrécie po dosadeni do ndjdeného vyrazu:

% TP(0) = 56,188 - 18,558 . X 2]

kde: r.y = 0,98
X - hodnota mikropenetréicie (v 0,1 cm)

Podobne pre vyjadrenie dilaticie pomocou experimentilne nameranej hodnoty mikro-
" penetrécie sa nasiel aproximujici vyraz pre teplotu stanovenia 30 °C:

Dil(30) = 55,491 - 7,621 . X 3]

kde: r,:y = 0,93
X - hodnota experimentilnc namerenej mikropenetracie (v 0,1 cm)

Uvedené tvary rovnic v oboch pripadoch vykazuji linearitu s relativne vysokymi
koeficientami koreldcii.

Tymto spésobom potom moZno este jednoduchsie matematicky transformovat % TP
stanovené metédou NMR tak, Ze za hodnotu experimentélnej dilaticie dosadime expe-
rimentdlne ur¢end hodnotu mikropenetricie z vyrazu [3]. Potom plati:

% TP(NMR) = (% TP(penetr. — dilat) - 10) / [(65,9 + 0,69 ¢ °C) - 1] (4]

Tym sa stidva % TP(NMR) funkciou mikropenetrécie.
Aby bolo moZné vyludit v pdvodnom vypoétovom vzfahu pre % TP hodnoty
faktora f= 0,85, konStanty 11 a rozdiely tepldt stanovenia objemov, zisfovala sa

II. Tvary linedrnych rovnic a ich koeficientov korelicii funkénych zdvislosti obsahov tuhych
podielov a hodnétdilaticii priemyselne hydrogenovanych bezerukovych repkovych olejov. - Shapes
of linear equations and their correlation coefficients of functional dependences of solid content
proportions and dilatation values of industrially hydrogenated non-erucic acid rape oils

Vzorka ¢&.! chr(e‘::‘yr::ﬁf;';m Teplota® [°C] | Koeficient korelicie® [r ol
1 y=105,8214 = 8,042 x 10/10 -0,89125
2 y=68338-2332x 20/20 -0,660
3 y=-10,215 + 0,423 x 30/30 0,914
4 y=09733+1,275x 40/40 0.631
S y= 1,007 +4914 x 50/50 0,971

Hodnoty teplét sa vzfahuji na teploty stanovenia dilaticii a obsahu tuhych podielov - Temperature
values are related to the temperatures of determination of dilatations and solid fraction content
§= % TP, X hodnota dilaticie - dilatation value

sample No.; 2regression coefficients and shape of equation; *temperature; “correlation coefficient
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mozZnosf priameho vztahu % TP ako funkcie dilatécie v celom intervale aktudlnych tepl6t
(10 - 50 °C). Vysledné hodnoty regresnych koeficientov, resp. tvary prisluinych
linedrnych rovnic a zodpovedajicich koeficientov korelacie s uvedené v tab. II.
Dalejsa uk4zalo, Ze experimentdlnu hodnotu dilaticie moZno pomerne presne nahradif
jednoduchou velicinou - teplotou tuhnutia skimaného stuZeného tuku (tab. III).

III. Tvary linedrnych rovnic a hodnoty koeficientov korelcii funk&nych zavislosti hodnét dilaticii
a tepl6t tuhnuti pri charakteristickych teplotich - Shapes of linear cquations and correlation
coefficient values of functional dependence of dilatation values and solidification temperatures at
characteristic temperatures

Veorkae! | REE R | ot fra] | et o) | merailn]
i y=-1,126 + 1,954 x 0,984 30 7
2 y=-7,457 + 2,563 x 0,995 40 7
3 y=-7,063 + 2,609 x 0,993 50 9
4 y=-4923 + 2569 x 0,982 60 8
y = hodnota dilaticie - dilatation value; x = teplota tuhnutia - temperature of solidification

!sample No.; %regression coefficient and shape of equation; 3

correlation coellicient; 4lcmperalure
of determined dilatation; “number of measurements .
Mimoriadna blizkos{aproximacie sa ukazala vo funkénej zavislosti % TP = f(teplota
tuhnutia). Konkrétne to demonstrujd ddaje v tab. IV.

IV. Tvary linedrnych rovnic a ich regresné koeficienty s koeficientom koreldcii v reldciach
(unké&nej zédvislosti % TP = f (1. tuhn.) pri charakteristickych teplotich. - Shapes of linear
cquations and their regression coefficients with correlation coefficients in relations of functional
dependence of %TP = f (solidification temperature) at characteristic temperatures

Piiidove sl Regresny kocfjci%nl Ter_:lolz‘a s.lasnoveni Ko::l'.ic;enl Poégl
a_tvar rovnice dilaticie’ [°C] korelicie® [r,] |merani” [n]
1 y=-12,1239 + 0,899 x 30,0 0,899 9
2 =- 34457 + 2883 x 20,0 0,995 11
3 y=- 26,722 +3,035x 10,0 0,999 11
4 y=- 12,249 + 2,759 x 0,0 0,999 12

v =%TP; x=teplota tuhnutia - temperature of solidification

'order No.; %regression coefficient and shape of equation; *temperature of determined dilatation;
‘correlation coefficient; *number of measurements

Pri overovani moZnosti Gplného zjednoduSenia uréovania obsahu % TP v stuZenych

wkoch, i pri ich celych séridch, sa dospelo k moZnosti pripravy tabulkovych foriem
v ysledkov. Na to sa vyuZili vztahy zhrnuté v tab. I'V. Pomocou nich vypocitané hodnoty
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% TP pre zvoleny interval tepl6t si uvedené v tab. V, z ktorej vyplyva, Ze vysledné %
TP vo vzorkéch stuZenych bezerukovych repkovych olejov moZno jednoducho stanovif
pri vypo&tove stanovenych hodnotich dilaticii pri teplote 30, 40, 50 a 60 °C uZ len
od¢itanim, ked’ jedingm experimentdlnym tidajom bude hodnota teploty tuhnutia urcitej
vzorky pri urcitej teplote.

V. Stbor priamo odpo&itatefnych hodndt obsahov tuhych podielov v hydrogénovych bezerukovych
repkovych olejoch, zostavenych pomocou empirickych rovnic pre zévislosti dilatdcii a tepl6t tuhnuti
- A set of directly reanable values of solid content proportions in hydrogenate non-erucic acid rape
oils composed by means of empiric equations for dilatation dependences and solidification tempe-
ratures

Dilatécia' Teplota tuhnuti? [°C]

°Cl [ 100 [ 125 [ 150 [ 175 [ 200 [ 225 [ 250 | 27,5 [ 300
Dilyp, | 18,418 | 23,30 | 28,140 | 33,076 | 37,96 | 42,84 | 47,73 | 52,621 | 57,507
Dily, | 18,175 | 24,58 | 30,991 | 37,399 | 43,80 | 50,21 | 56,62 | 63,031 | 69,439
Dilsy | 19,030 | 25,55 | 32,081 | 38,605 | 45,12 | 51,65 | 58,65 | 58,172 | 64,706
Dilgy | 20,776 | 27,20 | 33,625 | 40,050 | 46,47 | 52,89 | 59,32 | 65,749 | 72,173

dilatation; 2 solidification temperature

Na zéklade uvedenych postupov moZno pristipif k systematickému ur&ovaniu reolo-
gickych vlastnosti TAG tukov a olejov a nimi potom deklarovat’ kaZdd vyrobni SarZu
priemyselne stuZeného tuku, ktory je urleny do potravinarskych vyrobkov.

Nakol'ko vSetky stanovenia funk&nych zavislosti % TP uvedené v tomto oznidmeni
vykazuji prisnu linearitu (s priamkové zévislosti) moZno ich spracovaf ako ststavu
linedrnych rovnic. Ak sa niektord zo vzoriek (jej priamka) zvol{ za $tandardnd, potom
vietky ostatné voci nej je moZné charakterizoval radom numericko-geometrickych
veli¢in s vysokou vypovedajicou hodnotou, a to ako vo vzfahu k reologickym
vlastnostiam stuZeného tuku, tak k technologickym podmienkam samotného procesu
katalytickej hydrogendcie TAG olejov (Ko m a n etal, 1991; Ko m a n, 1991).
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Testing the possibility of numeric determination of dilatation values
and solid proportions of triacylglycerols

Physical, chemical and biological properties of triacylglycerol fats and oils are
conditioned, among other things, by mutual rations of solid and liquid proportions
contained in them. These rations further determine the following significant properties:
plasticity, brittleness, triturating ability, flexibility, etc. These represent required
indicators for quality of those final food products where are they a decisive component
(chocolates, baking products, etc.).

Change in state of matter of solid proportion into liquid one is objectively measurable
and is characteristic for each kind of fat and each temperature. Objectively it can be
expressed by so-called value of ,solid proportion“ (TP = SCI solid content index), whose
percentage is determined by the standard method of bulk yiclding (dilatation - D). (JAM,
fats No. 11).

Out of many modern physical methods to determine TP of triacylglycerol, nuclear
magnetic resonance (NMR) was applied. The convertible expression of TP value from
experimental value of dilatation into its equivalent determinable by NMR method was
introducedbyHaighton and Vermaas (1971) - equation [1].

For routine and systcmatic evaluation of fats, in particular of hardened oncs, for
contents of solid proportions, the NMR is time-, and economic demanding, dilatation is
too slow.

This study prescnis the results of tested possibility of mathematic modelling of simpler
dependences on TP values, in concrete in relation to the time and material more suitabie
method of penctration,-or the solidification temperaturc of the fat samplc under study.
This is concretely interpreted by two lincar expressions obtained [2] and [3]. Functional
dependences of TP contents on temperatures of measurements of four most importance
fat samples are covered by Table I. The expression of functional dependence of solid
proportion and micropenetration [3], which is the equation of line with high cocflicient
ol correlation, allows to substitute the dilatation value in the expression for TP calculation
measured by the NMR method [4]. A set of direct dependences obtained for TP from
dilatations describing the series of industrially hydrogenated samples of non-erucic acid
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rape oil five working temperatures is showing in Table II. A set of examined
approximating functional dependences of dilatation values on solidification temperatures
in model hydrogenated non-erucic acid rape oil is presented in Table III.

Moreover, possibilities of simplifying dependences for direct TP determination as the
functions of relatively most simple experimental determination, i.e. solidification
temperature. Five linear expressions for temperatures within the interval 0 to 30 °C out
of the set comprising 43 samples of hydrogenated non-erucic acid rape oil are shown in
Table IV. It is emphasized that all tested functional dependences are strictly linear - with
average value of correlation coefficients 0.9.

Finally, relatively simplest possibility of direct determination of the values of solid
proportions by means of Table was examined and conceptionally arranged. In concrete
terms, Table V enables a direct reading of TP of industrially hydrogenated rape oil on
the levels of temperatures 30, 40,50 and 60 °C when the temperature of solidification
was the only experimentally measured value in the particular sample of the compound.
Different values given in this Table contain the results of calculations according to the
latter mentioned partial mathematical expressions.

The above indicated procedure can produce sets of values of dependences for any
hydrogenated or any other kind of fat. Along with the possibility of available accuracy,
there is also possibility of systematic determination of TP contents in actual fat samples
in relatively shortest times and economically most suitable conditions.

triacylglycerol fats (TAF); rheological properties; NMR; dilatation; micropenetration;

congealing temperature; mathematical regression analysis; solid and liquid portions;
table reading; systematic declaration of all-hydrogenated shortening
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PREHLEDY

ANTINUTRICNI A TOXICKE LATKY VZNIKAJICI
V POTRAVINACH REAKCEMI PRIROZENYCH SLOZEK
S NEKTERYMI CIZORODYMI LATKAMI

Jan VELISEK

Vysoka skola chemicko-technologickd, Technicka 5, 166 28 Praha 6

Antinutri¢ni a toxické latky, které vznikaji pfi kulindrnim a primyslovém zpracovan{
potravin a béhem jejich skladovani ze zakladnich Zivin, tj. bilkovin, sacharidi a lipidd
bez Géasti exogennich cizorodych latek popsali Pokorny a VeliSek (1992).

Velké mnoZstvi antinutri¢nich a toxickych latek vznikd také chemickymi reakcemi
zékladnich Zivin i dalSich pfirozenych sloZek potravin s exogennimi cizorodymi ldtkami
arovnéZ i produkty téchto reakci Ize fadit mezi cizorodé latky kontaminujici, endogenni,
nebo-li sekundérni kontaminanty.

V nésledujicim textu jsou popsiny pouze tfi nejvyznamnéjsi skupiny téchto konta-
minantii, které vesmés vznikaji z hlavnich Zivin (nitrosaminy ze sekundérnich
aminoslou¢enin, mimo jiné z aminokyselin, organické slouéeniny chloru z lipidd,
ethylkarbamit z degradacnich produktl bilkovin a cukrl). Ve smyslu obecnych definic
nelze mnohdy tyto latky striktné fadit ani mezi endogenni l4tky vznikajici z pfirozenych
sloZek potravin a exogennich cizorodych ldtek, nebot n&které z nich vznikaji nékolika
riznymi zplsoby, mimo jiné pak také pouze ze samotnych pfirozenych sloZek potravin
(ethylkarbamat z mocoviny tvofici se v orithinovém cyklu i z mooviny zdmérné
pfidané, nitrososlouceniny z pfitomnych dusi¢nan, resp. dusitani a z dusitant pfidanych
napf. k masnym vyrobkldim). Vybér antinutri¢nich a toxickych latek, které byly do této
price zafazeny, byl ddle omezen tim, Ze byly uvaZovdny pouze produkty pfirozenych
sloZek potravin s aditivnimi litkami (kyselina chlorovodikova v pfipadé chlorhydrini
glycerolu, chlorhydriny vzniklé z alkyloxiran{) a nebyly uvaZoviny Cetné dalSi anti-
nutriénf a toxické ldtky, napf. takové, které vznikaji reakcemi exogennich kontaminanti
jako jsou tfeba pesticidy. Nebyly také viibec popsany reakce vitamind a minerdlnich
latek, jejichZ disledkem je rovnéZ sniZeni nutriéni hodnoty potravin, pfipadné vznik
antinutri¢nich faktori ¢i dokonce toxickych latek. Tyto a n&které jiné problémy budou
pfedmétem dalSich publikaci.

Nitrososlouceniny
N-nitrososloudeniny vykazujici mutagenni, teratogenni a pfedevsim karcinogenni G&inky

byly nalezeny v mnoha poZivatinich (Magee, Barnes, 1956) a po fadu let ndleZ
k nejintenzivnéji studovanym kontaminantim. N-nitrososloudeniny obecného vzorce:

R— N-N=0
R —
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jsou odvozeny bud’ od sekunddrnich amint (vznikat v§ak mohou i z tercidlnich amin®
a kvartérnich ammoniovych soli; Fiddler etal, 1972; Eisenbrand, 1973),
nebo od amidii karboxylovych kyselin. Oznacuji se pak jako N-nitrosaminy nebo
N-nitrosamidy. Z téchto prekursorli vznikaji nitrososlouéeniny reakci s nitrosaénim
Cinidlem. V potravinich se pfedeviim vyskytuji tzv. tékavé, symetricky nebo nesy-
meltricky substituované nitrosaminy. Uddva se, Ze asi 1 % z celkového mnoZstvi
nitrosaminl predstavuji tzv. netékavé nitrosaminy odvozené od aminokyselin
(Tricker etal., 1985). Nékteré nitrosaminy se do poZivatin dostavaji pfimo jako
kontaminanty exogenni.

Karcinogenni G&jnky (po enzymové aktivaci), praveé tak jako akutni toxicita (LDsp)
zaviseji na struktufe sloudenin a samozfejmé i na dalSich faktorech. Obecné jsou
toxictéjsi niZemolekuldrni slouceniny. Pfipustné limity v poZivatinich se zpravidla
pohybuji kolem 5 aZ 10 pg/kg(Rosival, Szokolay,1983).

etné prekursory nitrosamind, tj. aminoslouceniny obsahujici sekundarni aminosku-
pinu jsou pfirozenymi sloZkami poZivatin (aminokyseliny, aminocukry, nékteré vita-
miny, lipidy, senzoricky aktivni aj. latky), nebo vznikaji z pfirozenych litek jako
produkty jejich metabolismu ¢i degradace, nebo se do poZivatin dostdvaji jako cizorodé
latky. Sekundédrni aminoskupinu obsahuje v molekule napf. aminokyselina prolin, histi-
din, tryptofan a sarkosin. Dalsi sekunddrni aminy vznikaji z aminokyselin termickym
rozkladem jiZ pfi teplotich od 180 °C, dekarboxylaci katalyzovanou enzymy a celou
fadou dalSich enzymovych reakci. Produktem degradace cholinu pfitomného pfedevsim
ve fosfolipidech je napf. dimethylamin. Histamin, tryptamin a agmatin vznikajici
dekarboxylaci prislu$nych aminokyselin, z petrescinu vznikd spermidin a spermin,
z tryptaminu serotonin (D a v i d e k etal., 1990). Sekunddrnimi aminy jsou také Cetné
produkty Maillardovy reakce jako jsou karbinolaminy, glykosylaminy, amino-
deoxycukry (Amadoriho slouceniny), heterocyklické reak¢ni produkty jako jsou pyrroly
(mutagenni nitrosoderivaty vznikaji napf. z 2-acylpyrroll), imidazoly, thiazolidiny,
oxazolidiny aj. Samotny dimethylamin mdZe vznikat reakci methylaminu s formalde-
hydem v reakcich neenzymového hnédnuti (Mihara, Shibamoto, 1983;
Davidek etal, 1990).

Nitosa¢nim Cinidlem byvaji zpravidla dusitany, resp. v zdvislosti pfedev§im na pH
prostfedi vzniklé dalSi aktivni formy, zimérné pfidané nebo vzniklé bakteridlni redukci
dusiénani, Méné Casto, u uzenych a u pfimym ohfevem suSenych poZivatin byvaji
nitrosaénim cinidlem také oxidy dusiky (NO,) pfitomné ve spalindch (Zeldowichova
reakce)(Douglass etal,1978;L adis h,1981). Nitrosa¢ni &inidlo atakuje pouze
dusik aminosloudeniny s volnym elektronovym pérem.

NejbéZnéjSim a také nejtoxi¢téjSim t€kavym nitrosaminem je N,N-dimethylnitros-
amin, ktery vznikd z dimethylaminu, ale i z jinych aminosloudenin, napf. z trimethyl-
aminu, cholinu a sarkosinu. V pivu, resp. ve sladu jsou také jeho prekursory alkaloidy
hordein, gramin aj., pfitomné v nakli¢eném jeCmeni (Slack, Wainwright,
1981;Mangino, Scanlan,1985).
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Prekursory tzv. netékavych, ale také nékterych tékavych nitrosamini jsou pfedevsim
aminokyseliny(Kimoto etal,1982;Pensabene, Fiddler,1985Sen
etal. 1985;Skry pec etal., 1985). Z prolinu napf. vznikd netékavy N-nitrosoprolin
(Bills etal,1973;Lee etal, 1974;Pensabene etal,1974;,Hildrum
etal,1975b; Kushnir etal,1975;Col e ma n, 1978), jehoZ dekarboxylaci dile
vznika t€kavy N-nitrosopyrrolidin. Dal$imi prekursory N-nitrosopyrrolidinu jsou také
pyrrolidina spermidin (Hild rum etal, 1975a,1977;Hotchkiss etal, 1977).
N-nitroso-3-hydroxyprolin vznikd z 3-hydroxyprolinu. N-nitroso-4-thiazolidinkarbo-
xylova kyselina a jeji dekarboxylacni produkt N-nitrosothiazolidin vznikaji vlastné
reakcemi neenzymového hnédnuti z cysteinu a formaldehydu, ktery je jednak sloZkou
spalin a udicich preparétl, jednak vznikd v souboru reakci neenzymového hnédnuti
z glycinu (Streckerovou degradaci) a z cukrli retroaldolisaci (Pensabene,
Fiddler,1983;Sen etal., 1986, Velisek etal., 1989) - schéma I.

termickd
nebo hakteriilni
('.'.llz-SH dekarboxylace ('.'.HZ-SH
cooHl ' ‘
cystein cysleamin
HCH=0 | -H,0 HCH=0 l H,0
CHy-S CH,S
) 27w - v cw,
?H-NI! & CH)-NH -~
COOH
4-thiazolidink arboxylovi thiazolidin
kyselina
N-nitrosace N-nitrosace
(N0, . NO)) (N0, . NO))
Cli,-s ) Cli,-S
(l:’:_N i, P ew,
o Ty
HOOC N=0 N=0
N-nilroso-4-hiazolidio- N-nitrosothiazolidia
karboxylova kyselina

Schéma . Vznik nitrosamint z cysteinu
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Reakci kreatinu, ktery se vyskytuje v mase v koncentracich aZz nékolik procent,
s dusitany vznikd N-nitrososarkosin, ktery dekarboxyluje na N,N-dimethylnitrosamin
(Fan, Tannenbaum, 1972; Velisek et al, 1975). Produkt degradace
kreatinu, N-methylguanidin, pfitomny v Cerstvém mase v mnoZstvi do 10 mg/kg,
poskytuje reakci s dusitany N-nitroso-N-methylguanidin (schéma II).

l,N-C~ N=Cll,.coonn  TINO, 110 —C— N—Ci,-Cool
o —_— |
0 Clly . N 0 ciy
1IN0, I Ny, 11,0 l <o,
HyN~-C ~ N~ CilyCoon ——l——«- CllyNII-CH,-COOH
UN iy
e ILN-C-NIH, sarkosia
0, x
- 0 . LINO l 1,0
dol o g mer|w
H,N~-C~ N~ C-COOH
o CH;~ N—CH,-COOH
N Cily u
COOH N=0
' N- D .
l coou e
llzN—l(|Z— NTI-CH; 1
. CliyN— Cily
N-methylguanidia 1
N=0
HNO, 1 -H0 Neakosodimeitylami

HHN- '(I:- ?‘4- Cli,
IIN N=0

N-nitroso-N-methylguanidin

Schéma II. Vznik nitrosamind z kreatinu

Dal3i z prirozenych guanidinli agmatin, vznikajici dekarboxylaci argininu, se
vyskytuje ve zvl43té vysokych koncentracich (aZ 200 mg/kg) v mase nékterych

kory$t. Jeho nitrosaci vznikd N-nitrosoagmatin(Kawabata etal., 1978).
N=0 Netékavé jsou také nitrosoderivity amino-
| cukrll (Amadoriho slougeniny) vznikajici jako
HZN_ﬁ_N_ (CH,),—NH, produkty Maillardovy reakce cukrd s amino-
NH kyselinami a bilkovinami (Shibamoto, 1983;

N-nitrosoagmatin Pignateli etal.,1987).
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Goitrin pfitomny v brukvovitych zelenindch

. ” o : o - =0
a fepkovych Srotech, v nichZ vznikd plsobenim N/N
myrosinasy z glukosinoldtu progoitrinu, se snadno I &
nitrosuje za vzniku netékavého N-nitroso-5-vinyl-2- 0 o

-oxazolidonu (Lithy etal., 1984). H,C=CH

V tabdku vznikaji pfi hofeni krom& béZnych  N-nitroso-5-vinyl-2-oxazolidon
1ékavych nitrosamint také netékavé nitrosaminy,
jako je napf. nitrosodiethanolamin, a nitrosaminy
odvozené od nikotinu, resp. dalich minoritnich alkaloidd tabiku. Prokdzan byl nitro-
sonornikotin, nitrosoanabasin, nitrosoanatabin, 4-(methylnitrosoamino)-1--(3-pyri-
dyl)-1-butanonadal§i(Brunnenmann etal,1985;Mac Ko wn etal., 1984).

/\' N
= AN N - z I N
N N=0 N " N=O
N-nitrosonornikotin N-nitrosoanabasin N-nitrosoanatalin

0

i
C— (CH), — N—CH,

N
ol [
~ | N=0
N

4-(methylnitrosoamino)-1--(3-pyridyl)-1-butanon

Méné stilé neZ nitrosaminy jsou pfi tepelném zpracovéni poZivatin N-nitrosamidy
(Sims, Fioriti, 1975; Kakuda, Gray, 1980a,bc; Fooladi etal,
1983). N-substituované amidy vznikaji obecné zahiivinim karboxylovych kyselin
s aminy (aminoKyselinami). Relativné snadno vznikaji z mastnych kyselin nebo jejich
esterti (napf. triacylglycerolll) a amind, pfi teplotich nad 150 °C reaguji také amino-
kyseliny. Reaktivita esterli mastnych kyselin je vySsi neZ reaktivita volnych mastnych
kyselin (schéma III).

Mezi N-nitrosamidy lze fadit také nitrosoalkylmodoviny. Methyl-, propyl-, 3-bute-
nylmocovina a pfislu§né N-nitroso-N-alkylrmo&oviny byly napf. nalezeny v rybim mase,
mase moiskych kory$t a vSunce(Mirvish etal., 1980). Prekursorem N-methylmo-
Coviny je zde kreatinin, v men3im rozsahutaké kreatin(M i r vi s h etal., 1982). Nitrosaci
samotného kreatininu viak vznikaji pouze C-isonitrososlouceniny, resp. oximy, tj. 5-krea-
tininoxima 1-methyl-5-hydantoinoxim(Archer etal.,1971;Lijins ki etal,1970).
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R-CH,COOR' 4 R” ~CH-COOH ———> R~CHy-C~NIi-CHy R

NI, ~C% 0
-R-OH
esler masiné aminokyselina amid masiné
kyseliny kyseliay

ki
— R-CHy C-N-CIyR

-H0 0 N=0

N-nilrosoamid

Schéma III. Vznik nitrosamidi z lipidi

Kromé N-nitrososloucenin vznikaji v poZivatinich také S-nitrososlouceniny. Reakce
dusitanti se sulfhydrylovou skupinou cysteinu v bilkovinich napf. vede ke vzniku mutagenniho
S-nitrosocysteinu (cysteinthionitritu), ktery byl prokizin v mase a masnych vyrobcich
(Natake etal, 1979). Thionitrity (nitrosothioly), na jejichZ vznik se spotfebuje 3 aZ
12 % ptidanych dusitand (Baler et al.,, 1983) maji kromé mikrobicidnich Gc¢ink
(Hansen, Levin,1975)vyznam i pro vznik charakteristického aréma a chuti
uzeného masa (T ot h, 1983). Vyznamné v tomto ohledu jsou vSak také nitrily
a organické dusi¢nany vznikajici z lipidG a dusitant (schéma IV). V mnoZstvi od 0,1
do 8 ng/kg byly v uzeném mase prokazany nona-, deka-, undeka-, dodeka-, tridekanitril,
benzonitril fenylacetonitril a pentyl-aZ oktylnitrat
(Mottram, 1984). S-nitrosocystein se jako

reaktivni meziprodukt miiZe podilet na vzniku nitro- CH,— CH — COOH
sylmyoglobinu, transnitrosaci pak mohou ze slou- | |

¢enin obsahujicich sekunddmi aminoskupinu vznikat 0=N-$ NH,
N-nitrosaminy (Mirna, Hofmann, 1969,

Oae etal, 1977,1978). N-nitrosocystcin

MoZnost vzniku nitrosamint a jejich mnoZstvi
v poZivatinich zivisi na fadé faktord jako jsou
pfitomnost a mnoZstvi pfislusnych reaktivnich aminosloucenin (peptidova vazba, resp.
pfislu§ny atom dusiku jsou relativné mélo reaktivni, pfedev§im v prostfedi o pH mens$im
nez3-Kubacka etal., 1984) a jejich prekursoril, pfitomnost a mnoZstvi nitro-
sacnich ¢inidel, pH prostfedi, teplota a doba reakce, chemické sloZeni poZivatiny (napf.
obsah tuku), zplisob tepelného zpracovani, piitomnost litek katalyzujicich reakci (napf.
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N=0 N-OII
nilrosace I ]
R—Cll,-C~ R' ————— R-CHII-C-R' T———= R- C-(lil— R’
]
] o 0
keton oxim
I oxidace
lipidy CII{Cll,) CII,-0-NQ,
nitrit
l oxidace 1
-NO,
Cliy (CHig)a—Cily- CICH=CI-
|
hydroperoxykysclina
3
l oxilace
Cly(Clly) Clly’ . _— CllI4+(Clly),-Cll,-0-01

Schéma IV. Vznik nitrilé a dusi¢nani nitrosaci oxidovanych lipidi

kovové a rhodanidové ionty, méné i chloridové ionty) a pfitomnost inhibitori (L-
a D-askorbova kyselina, jeji estery a soli, nékteré fenolové antioxidanty jako jsou
gallaty, ethoxyquin a jeho analogy, p-alkoxyaniliny, melanoidiny vznikajici v Maillardo-
vé reakci, melanoidiny praZzené kivyaj.)(Challis etal.,1978; Tannenbaum
etal,,1978; Bharucha etal, 1985, 1986).

Pro sniZeni rizika karcinogenniho piisobeni nitrososlouéenin se viak predevsim
omezuje, popf. zcela vylu€uje pfitomnost nitrosacnich Cinidel a pouZiva se inhibitorl
nitrosace.

Organické slouc¢eniny chloru

Ve vysSich rostlinich bylo nalezeno vice neZ 130 chlorovanych sloucenin, velké
mnoZstvi chlorovanych sloucenin bylo zjisténo také v ZivocCiSnych materidlech
(Engvild, 1986; van Straten, 1977). Nejcastéj$im zdrojem kontaminace
poZivatin organickymi slou¢eninami chloru a obecné halogenslou¢eninami je chemizace
zemé&délstvi. Zdrojem halogensloucenin jsou také nekteré aditivni ldtky, napf. bélidla
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s aktivnim kyslikem a chlorem nebo bromem (chlornany, oxid chloriéity, bromi¢nany),
zdrojem slouCenin chloru v poZivatinach je také chlor, oxid chloricity a dalsi slouceniny
chloru pouZivané k desinfekci pitné vody nebo jako desinfek¢ni a sanitaéni prostfedky
v potravindiském primyslu (napf. chloramin B a T). Pouze v chlorované vodé bylo
nalezeno vice neZ 250 chlorovanych sloucenin a z tohoto mnoZstvi asi 10 % litek
vykazovalo mutagenni nebo karcinogenni dcinky (Kra y bill, 1978).

Chlor a kyselina chlornd, kterd z chloru ve vodnych roztocich vznika (schéma V),
se aduji na dvojné vazby mastnych kyselin nebo jinych olefinii za vzniku vicindlnich

ClL, + H,0 S — HOCI + H,0% + Cr
L, + Hy -— 3

Schéma V. Vznik kyseliny chlorné z chloru

dichlorderivati nebo chlorhydrind (Israel etal, 1950, De la Mare etal,
1954), oxid chloricity poskytuje reakci s olefiny nejprve chlor a pfislusné aldehydy
(schéma VI). Timto zpisobem napf. vznika z olejové kyseliny 9,10-dichlorstearova
kyselina v tuku kurat, jejichZ karkasy byly po jateénim zpracovini chlazeny v chlo-
rované vodé. Chlorované mastné kyseliny a chlorhydriny odvozené od mastnych
kyselin byly pfedevSim nalezeny v pSeni¢né mouce bélené chlorem (tab. I). Volné
mastné Kyseliny poskytuji kvantitativn€ vice chlorovanych produkti neZ pfislusné
triacylglyceroly, reakci s oxidem chloricitym, na rozdil od reakce s chlorem, nevzni-
kaji chlorhydriny mastnych kyselin, ale tvofi se pouze chlorované mastné kyseliny.

L. Obsah chlorovanych mastnych kyselin v mouce bélené chlorem

Chlor Obsah [mg kg |
[mg.kg‘I] 18:1° 18 :0™ 18:0" 18: 1 18:0" 18:07
(CL.Cn (CLCH | (CLCLCLCH | (OH.ChH (OH.CI) | (OH.CLCL CI
0 0 0 0 09 0.2 0
100 6.9 0 0 37 55 0
500 130 12 22 170 238 22
1000 330 75 39 160 65 130
2000 100 160 210 26 71 540
3000 50 160 240 41 160 1010

"prekursor linolovi kyselina; ** prekursor olejovi kyselina
pfi reakci s chlorem (Ghanbari etal,1982;Komo-Suwelack, 1983ab,c).
Fumigace alkylenoxidy, ethylen- a propylenoxidem, pouZivana pro konzervaci nékte-
rych poZivatin s nizkym obsahem vody jako jsou kofeni, mouka, kakao, suSen€ vajecné
obsahy, suSené ovoce a zelenina, md za nasledek vznik chlorhydrini ethanolu a propa-
noid. Tyto chlorhydriny vznikaji reakci alkylenoxidd s pfirozené pfitomnymi chloridy
(schéma VII). V kofeni konzervovaném ethylenoxidem bylo napf. nalezeno aZz 1000 mg
2-chlorethanolu (ethylenchlorhydrinu) na 1 kg (Wesley etal, 1965).
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R-CH=CH-R' + 2CIO, — R-CH=0 + R-CH=0 + Cl, + 02
R-CH=CH-R'+ CIl, —_— R—'CH— ICH-R’
ct a
R-CH=CH-R' + HOCI — R-CH— CH-R’ R—- CH— CH-R’
| | ne I |
Cl OH OH CI

Schéma VI. Reakce oxidu chlori¢itého, chloru a kyseliny chlorné s olefiny

V soucasné dobé se ve vétSiné zemi alkylenoxidy jako konzervaéni prostfedky
nepouZivaji. Pravé tak je vétSinou zakizino pouZivini prostfedkd k béleni mouky.
V tomto pfipadé mohou totiZ vznikat kromé chlorovanych analogli mastnych kyselin
i jiné toxické litky. Rozsival a Szokolay (1983) se na pfiklad zmifuji
o pifpadu pouZiti chlordusiku (NCls3) k béleni mouky, ktery pfi reakci s methioninem
v lepku poskytoval toxicky methioninsulfoximin, vyvoldvajici epileptické pfiznaky
u pokusnych zvifat. '

(lfHZ- Cl leﬂ,l- 0-CO-R ('ZHZ- 0-CO-R
CH- 0-CO-R CH- 0-CO-R CH- OH
Cl‘ H,- Cl (l‘,Hz- Cl CI‘HZ. Cl

A B C
(Ifl'[z- Cl (l‘Hz- OH ?HZ' oH ?"2' OH
CH- OH CH-Cl CH- OH CH- CI
éHZ' Cl C|‘l[2— Cl (':HZ' Cl ('31-12— OH

D E F G

A = estery 1,3-dichlor-2-propanolu (2-acyloxy-1.3-dichlorpropany): B = diestery 3-chlor- 1, 2-
propandiolu (1,2-diacyloxy-3-chlorpropany): C = l-estery 3-chlor-1,2-propandioly(1-acyloxy-2-
hydroxy-3-chlorpropany): D = 1.3-dichlor-2-propanol; E = 2,3-dichlor-1-propanol; F =3-chlor-1,2
-propandiol: G = 2-chlor-1.3-propandiol
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+ -
RicH —cH, " “Hadl R— CH— CH, R— CH— CH,
\ 7/ » I | + | |
(0) OH I CI OH
R =H ethylenoxid 2-chlorethanol 2-chlorethanol
(oxiran)
R =CHg propylenoxid 1-chlor-2- propanol 2-chlor-1--propanol

Schéma VII. Reakce alkylenoxidi s chloridy

Dalsi vyznamné slouceniny chloru se vyskytuji v potravindfskych hydrolyzatech
bilkovin (ziskdvanych hydrolyzou kyselinou chlorovodikovou) a ve vyrobcich, které tyto
hydrolyzity obsahuji (bujény, polévkové kostky, hotové polévky a dalsi polévkové
piipravky, nékteré uzeniny aj.). Vyskytuji se viak i v hydrolyzitech pouZivanych pro
jiné ucely, napf. v krmivarstvi a v humédnni mediciné.

Prokaziny byly zatim tfi skupiny chlorovanych sloucenin odvozenych od lipidi
a doprovodnych sterolti. Prvni skupinou slouéenin jsou estery chlorhydrin glycerolu
s vy$8imi mastnymi kyselinami, druhou skupinou jsou chlorhydriny glycerolu a jim
piibuzné chlorpropanoly a dichlorpropany, treti skupinou sloucenin jsou chlorované
analogy steroli (Ve li$ek etal., 1978, 1980, 1986).

Estery chlorhydrini glycerolu, vykazujici R
mutagenni a také karcinogenni Gcinky, stejné
tak jako piislusné chlorhydriny glycerolu, které
z nich plisobenim lipas vznikaji, jsou repre-
zentovany predevsim estery 1,3-dichlor-2-
propanolu, diestery 3-chlor-1,2-propandiolu
a 1-estery 3-chlor-1,2-propandiolu (Veli -
Sek etal, 1980; Silhdnkovid etal.,
1982). Tyto estery vznikaji z pfisluSnych
triacylglycerold a jinych lipidd (napf.
z fosfolipidl) acidolysou a hydrolysou 3-chlor-A’-cholestery
kyselinou chlorovodikovou. V hydro-
lyzitech se vyskytuji v mnoZstvi mensim
neZ 1 mg/kg (Velisek,1989).

V hydrolyzitech bilkovin byly prokédzény oba dichlohydriny a oba monochlorhydriny
glycerolu, nalezeny byly i nékteré dalsi produkty acidolysy a hydrolysy lipidl jako je
3-chlor-1-propanol, 3-chlor-2-propanol, 1,3-dichlorpropan. Zpravidla byvd pomér
koncentraci hlavnich kontaminantd, tj. 2,3-dichlor-1-propanolu, 1,3-dichlor-2-propa-

Cl
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nolu, 2-chlor-1,3-propandiolu a 3-chlor-1,2-propandiolu v poméru 1:10:100:1000
(mg/kg), ponékud se méni v zdvislosti napf. na mnoZstvi pfitomnych lipid{, mnoZstvi
a koncentraci kyseliny chlorovodikové, dobé reakce apod.

V soucasné dob€ je stanovena maximalni pfipustna koncentrace 1,3-dichlor-2-propa-
nolu v hydrolyzétech bilkovin v nékterych zemich na 0,05 mg/kg, které se dosahuje tak,
Ze se hotové hydrolyzty stripuji vodni parou za sniZeného tlaku, pficemZ se souCasné
s 1,3-dichlor-2-propanolem odstraiiuji i dalsi tékavé slouCeniny chloru, s vyjimkou
monochlorhydrinii glycerolu ( Vel i3 ek, 1989).

Maximélni pfipustnd koncentrace 3-chlor-1,2-propandiolu byva od 1 do 10 mg/kg.
SniZeni plivodniho obsahu a sou¢asné i obsahu 1,3-dichlor-2-propanolu a dalsich litek
se dosahuje zalkalisovdnim a zahfatim hydrolyzitu. Tato dekontaminace vSak ma
nékteré dalsi negativni diisledky, napf. vznik toxického epoxidu hydroxymethyloxiranu
(glycidolu), jehoZ reakci s aminokyselinami a jinymi sloZkami hydrolyzati vznikaji dalsi
xenobiotické slouceniny, napf. N-(2,3-dihydroxypropyl)-aminokyseliny, které se v hydro-
lyzatech vyskytuji v mnoZstvi jednotek aZ desitek mgna 1 kg (VeliSek, 1989).

Chlorované analogy sterolii jsou odvozeny od sterolii pfitomnych v surovinich pro
vyrobu hydrolyzati a vyskytuji se v hydrolyzitech v mnoZstvi nékolika mg na 1 kg. Tyto
slouceniny, podobné jako chlorhydriny glycerolu, vznikaji opét pfedevsim acidolysou
esterll sterolli nebo také substituci hydroxylové skupiny volnych sterolti chlorem.
V zévislosti na druhu suroviny byvaji hlavnimi produkty zpravidla 3f8-chlor-24-
ethylcholest-5-en odvozeny od sitosterolu a 3-chlorcholest-5-en odvozeny od choleste-
rolu. Pfitomny jsou v3ak i chlorované analogy dalSich sterolli jako je kampesterol,
stigmasterol aj. (V el i3 ek, 1989).

Studiem gastrointestindlni absorpce, distribuce v jednotlivych tkdnich a orgdnech
a studiem metabolismu chlorovanych analogt steroll bylo zjisténo, Ze se jednd o velmi
stabilni sloueniny. Pouze asi 0,5 % litek prichizejicich do gastrointestindlniho traktu
se absorbuje intestindlni mukosou a je distribuovdno do tkdni a orgdnd, asi 0,5 %
z celkového mnoZstvi je metabolisovino na jiné produkty (W e b e r, 1989).

NH

Cl | 2

Ne=ci—s — CH,— CH — COOH CH,— S — CH,— CH— COOH
| | «

o Ny Clly— § — CH,— CH — COOH
|
NH,

S-(dichlorvinyl)-L-cystein S, S’-ethylenbiscystein

Toxické produkty vznikaji také pfi reakci bilkovin s chlorovanymi rozpoustédly.
Séjovy Srot extrahovany trichlorethylenem vyvoldval u telat aplastickou anémii, toxickou
litkou byl S<{dichlorvinyl)-L-cystein vznikajici reakci v bilkoviné vizaného cysteinu
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s rozpoustédlem a néslednou proteolysou (Mac Kinney etal,1957,1959). Reakci
1,2-dichlorethanu s bilkovinami tres¢iho filé chlorované reakéni produkty sice nevznikaly,
dochézelo viak ke sniZeni vyZivové hodnoty, nebot vznikaly nevyuZitelné reakéni produkty
s cysteinem, histidinem a methioninem. S vdzanym cysteinem vznikal vi&i proteolyze
rezistentni S,S*-ethylenbiscystein(Morrison, Munr o,1965).

Ethylkarbamat

Vyskyt karcinogenniho ethylkarbamatu (urethanu) v alkoholickych ndpojich byl
prokdzdn zhruba pred dvaceti lety (Loufroth, Gejwall,1971; Fischer,
1972), kdy bylo zjisténo, Ze tato slouCenina vznikd reakci konzervacéniho prostfedku
diethylesteru kyseliny diuhlicité s amoniakem. Pozdé&ji vSak byl ethylkarbamat prokazan
i v alkoholickych ndpojich (pivu, vinu a pfedev§im v destilitech) neo3etfenych
diethyldiuhli¢itanem. Prokdzdn byl i v dal3ich potravinich, pfi jejichZ vyrobé bylo
vyuZito fermentaci (chléb, jogurt, s6jovd omacka). V técho komoditich se ethylkarbamat
vyskytoval v mnoZstvi do 5 g/kg (g/dm3), v alkoholickych nédpojich, predevSim pak
v destildtech z peckového ovoce se mnoZstvi ethylkarbamétu pohybovalo v $irokych
mezich a# do nékolika tisic gnadm®>(Mildau et al., 1987), v prim&ru pak kolem
1500 g/dm*(Baumann, Zimmerli,1986).

Do roku 1985 neexistovala Zddna omezeni obsahu ethylkarbamétu v alkoholickych
napojich (s vyjimkouzakazu pouZivani diethyldiuhli¢itanu ve vétsiné zemi); v uvedeném
roce byl v Kanadé urcen pﬁ’pustns)‘r limit na 30 g/dm® ve stolnich vinech, 150 g/dm?
v béZnych destildtech a 400 g/dm” v ovocnych destildtech a likérech (Conacher,
1989), podobné limity byly pfijaty v dalSich zemich.

Prekursori ethylkarbamétu v alkoholickych ndpojich je, jak se zdd, nékolik. Jednim
z nejvyznamné;jSich je zfejmé mocovina, kterd se nékdy priddva jako zdroj dusiku do
kultiva¢nich médif, ale kterd také vznika biosyntézou v ornithinovém (mocovinovém)
cyklu z argininu. Jeji obsah v kultivaénim médiu, kam pfichédzi z mikrobidlnich bunék,
roste s obsahem ethanolu v médiu(Mouteiro etal., 1989). Béhem fermentace, za
normdlnich teplot, mocovina s ethanolem nereaguje, ethylkarbamat vznika aZ za vysSich
teplot, napf. b€hem destilace (Baumann, Zimmerli, 1986, Ingledew
etal., 1987). Za normdlni teploty vznika ethylkarbamat z kyanovodiku (ktery v nédpojich,
v nichZ se fermentuje celé peckové ovoce vznikd z kyanogennich glykosidii amygdalinu
a prunasinu) reakci s dikarbonylovymi slouc¢eninami jako jsou methylglyoxal, biacetyl
a 2,3-pentandion. Za zvySenych teplot vznikd pak ethylkarbamat nejen z mocoviny, ale
také z L-ornithinu, L-citrulinu, allantoinu, B-ureidopropionové kyseliny (B a um a n n,
Zimmerli,1986), ethylmocoviny a také z karbamylfosftu a L-karbamylasparagové
kyseliny ethanolysou (schéma VIII). Ve vétsin€ piipadi se tedy jednd o slouCeniny
ornithinového cyklu nebo slouceniny vznikajici pfi biosyntéze pyrimidinovych nukleo-
tid{i nebo pfi katabolismu purinovych bazi (O u g h, 1976). V piitomnosti Cu(II) vznika
ethylkarbamdt také reakci bilkovin s ethanolem (R i f fk i n et al., 1989a,b).

MozZnosti sniZeni obsahu ethylkarbamitu v alkoholickych nédpojich je nékolik. Pro
sniZeni obsahu ve vinnych destilatech bylo napf. i¢inné odstranéni pfitomnych médnatych
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Schéma VIII. Vznik ethylkarbamatu z riiznych prekursort

iontt chelataci (Ri ffkin etal, 1989a), pro sniZeni obsahu v ryZovém vin€ saké se
osvédCilo odstranéni mocoviny za pouZiti ureasy nebo degradace jiZ vzniklého
ethylkarbamdatu za pouZiti urethanasy (Ko bashi etal., 1988; Ko bas hi, 1989).
U nédpoju pochizejicich z peckového ovoce dochédzi samoziejmé ke sniZeni obsahu
ethylkarbamdtu, fermentuje-li se ovoce bez pecek.

Piehledné ¢lanky zabyvajici se riznymi aspekty pfitomnosti ethylkarbamatu v alko-
holickych népojich byly neddvno publikoviny(Baumann, Zimmerli, 1987
Laugel etal,1987,Wucherpfennig etal,1987).
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Antinutritive and toxic compounds arising in foods by reactions
of natural constituents with some contaminants

Described are the three most important groups of contaminants arising in foods
mainly from the main nutrients, i.e. nitroso compounds from secondary amino
compounds (including amino acids), organic chlorine-containing compounds from lipids
and ethyl carbamate from the degradation products of proteins and saccharides. The
chapters on the individual groups of contaminants comprise toxicological effects of the
respective compounds, pathway of their formation, chemistry and possible ways of food
detoxication.
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