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OPTIMIZATION OF CONTINUOUS STERILIZATION
OF PACKED FOOD BY SYSTEMS OF NOMOGRAPHS

Jit KUSTA, Iva J. BYDZOVSKA, Jitka CAUDROVA, Petr STVERLA

Institute of Chemical Technology — Department of Food Preservation
and Meat Technology, Technickd 5, 166 28 Praha 6, Czech Republic

In this work is described system of control of sterilization process of
packed food with higher acidity in atmospheric continuous sterilizer.
The dynamic behavior of packed food by sterilization is described. The
matematical model of continuous sterilization is given and explained.
The nomographs of heating and cooling are described and examples of
their use for optimization of sterilization process are shown.

sterilization; mathematical model; optimization of sterilization process

This work contributes methodical progress of control of continuous sterili-
zation process of packed food on the basis of desired efficiency of steriliza-
tion — F-value. Considering most of works which are concerned with modelling
of sterilization process try to describe processes of discontinuous steriliza-
tion, we suppose presented work could be a contribution for grocery prac-
tice.

F-value is defined as

¢ T(0)T,
F=[10"7"dt [
t

and it determines one minute equivalent of thermal process applied at a cer-
tain reference temperature. By means of the F-value as a unit of lethality we
can compare processes conducted at different temperatures for different
period of time. Measuring of the temperature history is often complicated
matter and therefore are searched new ways for the evaluation of canning
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processes conducted at different time-temperature parameters of sterilization
regime. With one of those we deal in our department. This technique is based
on an assumption, that dynamic behavior of physical systems is described by
ordinary differential equations [2]. It is proved [3], that for most cases the
description of process is sufficient by differential equation of type

)+ ay()=k.a.x(1) [2)

for dynamic system of the first order, where index k — gain of system — is for
heat process equal to 1. The solution of eq. [2] for unit step signal is

y=k.(1-exp(-a.1)) (3]
and impulse characteristic
ho =220 o expia.p 4]

The response of such system to any signal x(t) is computed by integral of
convolution in form

!
y(@ = ajoexp(-a.(r—n)).x(a)dn (5]

where: Q is a variable of integration

This form is suitable both for numerical computing and analytical solution.

General form of convolution integral gets into specific form for individual
cases of signal. The computation of F-value from response to linear signal
during the heating and cooling was described e.g. [4]. There is possible to
approximate the external temperature history near container by temperature
polynome, which shape is created by linear sections describing temperature
and residence time in any section of sterilizer. Therefore linear signal and its
specific form — step signal is for our requirements sufficient enough.
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As we have a general shape of linear changes of external temperature and
at zero time the value of ambient temperature is equal to temperature in the
centre of container, at time ¢ is external temperature

Tp=Tp, + 4.t (6]
and the form of signal after transformation of co-ordinates is

x(2)=Ty-Tp =A.t (7]

where index A determines rate of change in external temperature — the slope
of temperature polynomes section. Response of system to such signal is inte-
gral of convolution in form of

t
Y(D)=T,-T, = a.jo -2 4 040 (8]

assuming Ty, = Tp, at the zero time. Eq. [9] is the solution of eq. [8] by
method per parts.

T,-T, = 4. r-— (1- %% (0]

We seldom meet the fact in practice that internal temperature is well-ba-
lanced with ambient temperature, especially for continuous production-line.
In this case, 7, is not equal to Ta and difference between temperatures at
zero time is deﬁned as

ATy=Ts - T, [10]

Then the equation of signal gets after transformation of co-ordinates into

x(1)=Tp = T, =ATy + 4.t [11]
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Integral of convolution describing a response is in form

t
y()=T,-T, =af %D AT +4.0)d0 [12)
0 0
and after the solution we obtain the following equation
A -q.t
Tp=T, = A.1=(" -ATp).(1- ™) [13]
[}]

For sections of temperature polynome with constant temperature is 4 =0
and the eq. [13] gets into form of response of system to step signal which is
analogous to eq. [3]. F-value of each linear section of temperature polynome is
gained by expression 7}, from relationship [13] and by constitution into eq. [1]

L -7 A.t+(U/a-ATY(1-€Y
r ot .
"0 - dt [14]
z

F=10

The F-value of the whole process is sum of all F-values from temperature
polynomes sections.

Using of dynamic method of the first order is not complicated with com-
puter application. First, we need to determine dynamic constant a. Routine
FITT (Caudrov4, 1982) uses a measured temperature histories in the cen-
tre of container and in its outside neighgourhood and by method of minimali-
zation of difference between F-values computed from the model and the
experimental temperature history in the slowest heating point in container it
determines dynamic constant o.. Knowledge of parameter o value makes
possible the evaluation of sterilizing effect from other external temperature
history and from temperature polynome by which we approximated real tem-
perature history. It is possible to use other version of routine FITT — compu-
tation by integral of convolution — or routine using directly parameters of
temperature polynome and eq. [14].

424



Potrav. V&dy, 12, 1994 (6) : 421-436

Read sterilizer’s parameters: /

width, lengths of all sections
1

Read product's parameters:

for container: safety temperature shock
during heating and cooling, diameter

for filling: z and 7., degree of cooling 7 ,

required #=value, dynamic constant —a
1
imput capacity of production line J

initial fillings temperature
|

Compute speed of conveyor °

Interative computing of sterilization
bath temperature to reach required F-value

Computing of conveyor's
speed for maximal bath
temperature (100 °C)

Computing of output

tempgraturge for umtgxnmal

intensity of cooling

requiers:dogutput AL uti:g o
conveyor's speed
temperature | to reach T,
C3
y
Computing of polynome parameters
to reach required 7.,
I 3
Writing of polynome
_parameters, speed of
in-sterilizer conveyor
1. Block diagram of
m optimization of sterilizing regime
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In the case of continuous sterilization we must find such temperature dis-
tribution in all sections and such speed of in-sterilizer conveyor in order to
reach required F-value. It is clear, that there are many solutions of this problem.
The capacity of a production line before sterilizer is the first aspect for speci-
fying the optimisation process. It determines the speed of conveyor so that it
may correspond to continuous supply of containers into the sterilizer. On the
other hand there is possible, that the sterilizer capacity is less than maximal
output from production line and computed solution will be out of physical
reality. In this case we will have to determine maximal output of sterilizer
and adapt the capacity of production line.

Block diagram of this problem is given in Fig. 1 (in the form of flow dia-
gram of routine for computation of temperature polynome parameters and
speed of in-sterilizer conveyor).

Fig. 2 shows block diagram of continuous bath sterilizer KS-O1-100
specified for preservation of packed acid food (pH below 4.3). It was pro-

21 17
17
418 23 IO_E—*—]S =
ekt S 11 8
Pr 3 B o I.C II.C ¥ III.C |~
i 2 3 4 5 6
I——J:LsT 120*15 112 13 14aY
22

Pr - preheating section, length approx. 300 cm
B - sterilizing zone, length approx. 750 cm (bath)
L.C - 1. cooling section, length approx. 100 cm
I.C - 2. cooling section, length approx. 200 cm
IIL.C - 3. cooling section, length approx. 300 cm

1 = container supply to the sterilizer; 2 = container output from Pr and input in B; 3 = container
output from B and input in I.C; 4 = container output from I.C and input in ILC; 5 = container output
from II.C and input in ITI.C; 6 = container removal from sterilizer; 7 = cooling water from water
supply line; 8 = cooling water from III.C into IL.C; 9 = water from ILC into I.C to cool recirculate
water; 10 = recirculation of water in I.C; 11 = input cooled recirculate water into 1.C; 12 =
overflow of water from 1.C; 13 = overflow of water from ILC; 14 = overflow of water from III.C;
15 = overflow of water from B; 16 = collectiong channel; 17 = water from III.C to cool water from
Bto Pr; 18 = water from B to Pr; 19 = input of steam; 20 = output of condensate; 21 = input cooled
water from B to Pr; 22 = flow-down of water from Pr into B; 23 = circulation of water in B (for
more homogenous temperature field in bath)

2. Block diagram of sterilizer KS-O1-100
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duced by Mechanical Workshop of Slovlik Nove Mesto nad Vahom and its
construction was rationalized.
Describtion of single parameters entering the optimization process:
Tr — reference temperature [°C] - it represents the comparing parameter only. The
choice of reference temperature has not influence on optimization process. It is
possible to recount F'-value (for 7‘,l ) to F,-value (for T,_z ) by equation:

Fy=F,-10 ~ 7 [15]

Where:

z — slope of TDT (thermal death time) curve [°C] - it represents parameter charac-
terizing either change in lethal time with change of temperature for reference
microorganism or rate of thermal destruction of product (resp. its components).
Choice of other criterion for evaluation of canning process (and other z-value)
means necessity of repeated integration of temperature history in the container
with actual z-value by eq. [1].

 — dynamic constant [min~'] - it characterizes intensity of heat transfer from the
periphery to the slowest heating point in the container. The value of parameter
a depends on several factors e.g. on type and size of container, nature of product,
ability of liquid phase move freely around solid particles etc. Distribution of
parameter a for one product (halved plums in glass jar — 735 ml, Twist-off clo-
sure) in bath continuous sterilizer (Seliko Litovel, 1988) is shown in Fig. 3.

Ry @=0.1117% 00113 [min] 3. Distribution
bttt of parameter a
kkkkhk
khkhkhd

khhhkk Rhkhkk hhkkk
hhkkhk Rhhhkh hhkkkk
RRRAR RhAk®k Fhkhhk
khkhhkk Rhkkhhk Rhhhhdk hddkhd dhdhdk Fhhhd

95 105 115 125 135 «. 10 [min ]

The dynamic constant characterizes variability of products and is one of a
sources of variability of the whole sterilization process. There is to be taken
the lowest a-value for optimization which reduced the economic effect.
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w — speed of conveyor inside the sterilizer [cm/min] — it describes a speed of con-
tainer through the sterilizer sections and corresponding periods of time. Parame-
ter w is necessary for computation of slopes of sections of temperature
polynomes and it is one of controllable quantities. Time of transit through ster-
ilizer is for small volume container 30 minutes and for big wholesale package
more then 2 hours, so that speed of in-sterilizer conveyor varies from 10 to 50 cm
per min.

External temperatures [°C]:

T, — temperature in sterilizer inlet — it is significant for computation of the first
section of temperature polynome only. The value of T), equals temperature in
sterilizer room (approx. 25 °C).

T, — preheating temperature — it represents heating in surface layers of the product,
especially the reduction of temperature shock during entering in the sterilization
bath. The value of T}, is logically between T, and 7.

Ty — bath temperature — the product receives in the bath a great amount of heat (as
well addition of F-value there is substantial). The T}, -value is for continuous
atmospheric sterilization conventionally from 80 to 100 °C.

Tc — temperature in the first cooling section — there is significant T5-value and safety
requirements as to the temperature shock during cooling for the choice of TC
For maximal cooling effect is, e.g. for glass containers taken T, c, 35 °C lower
than T

Tc temperature in the second cooling section — the value of 7, s logically be-
tween Tc and T, and it is determined by function of the third cooling section;
water used in C.IT'is heated from TC by product in CIII and the change of value
Tc is possible to realize by thechange of water flow in the C.III.

T — temperature in the third cooling section — water is fed from water supply. Its
temperatme fluctuates during the seasons. The fluctuation is minimal if water is
supplied from a well.

Internal temperatures [°C]:

T"o — input temperature in the centre of container - it is determined as temperature
in the output of the operation preceding to sterilization — i.e. filling. In depend-
ence on the temperature of filled product the value of 7, 1s in wide range, the
most frequently from 10 to 40 °C.
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T,,, — output temperature from bath - its value comes near to T in dependence on
dynamic constant o and on speed of conveyor w. Therefore it is significant es-
pecially for HTST processes.

ch — temperature in the sterilizer output — it should be minimal in order to stop

3 qualitative changes in the product; its maximal value is 40 °C. For increasing of
the sterilizer efficiency becomes a limiting factor as well as the capacity cooling
section.

Tk , Tk ; Tk ~ output temperatures from other sterilizers sections — they represent
valubs which are used only in computation routine, therefore output tempera-
tures of individual section are input temperatures for next section.

Lp,Lg, ... LC — lengths of sections. They are determined by the sterilizer construc-
tion. Passage of containers from a section to next one is approximated by length
in which container is exposed to effect of temperatures in both sections. As there
are installed mechanically shifted barriers there is taken a diameter of container
for the computation (approx. 10 cm). As the container passages from preheating
section to bath (there is no barrier) we use 50 cm, the distance which the con-
tainer is carried from the start to submerging into bath.

tp, tg, ... — time of delay in any section of temperature polynome - They are
computed from length of section L divided by speed of conveyor w.

Ap, Ap, ..., Ac, — slopes of temperature polynomes sections. There are defined eq.
[16] as

_ LT _ Ti1—=T;)-w
i L;

(16]

For the plant operation requirements, for actual determination of steriliz-
ing regime was created a system of nomographs of dimensionless criterions.
By it we are able to estimate the parameters of sterilizer function without
computer.

Nomograph K ~ K for heating

For constant parameters of temperature polynome it is accepted that the
value of parameter F . o is constant for the constant ratio w/o. . '
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In the chemical engineering description of similar cases dimensionless
criterions are used. Parameter w/a is put into dimensionless form X divided
by unit length (1cm). Criterion X, = F . o is dimensionless and next parame-
ter is dimensionaless temperature ©, defined by following formula:

TP = Tko

1
=y (17

9‘=

All of heating part of temperature polynomes are determined by three tem-
peratures: T}, is constant (approx. 25 °C), T is defined by eq. [17] and T is
expressed in nomograph from 84 to 100°C with the step 2 °C. Dependence
K. on ©, is linear, therefore it is possible a linear approximation between
curves for ©, =0 and ©, = 1 in the nomograph. The linear dependence may

be demonstrate mathematically (it is very complicated) or by test of com-
puted data by linear regression.

K,

K,
7.

',\é 5 hlé -‘aé.‘.
i &‘W‘,

102 -

| - 3
RS iyt
. “3“\\“\\ ‘N L

‘—_,.«

200 600 K, 600 X,
4. Nomograph K, ~ X, for Ty, = 15 °C 5. Nomograph K, ~K, for Ty = 25 °C
and z=143°C
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Each X, ~ K, nomographs is valid accepted for one quality sterilization
. parameter only — z-value and one input temperature of product — T,,°. In the
Figs 4 to 8 is expressed the effect of z- and T,,o-values upon design of no-
mographs.

- O
T
T -

-
e

~
=
'=‘==__Jr"vl“
100~

ot

&Ql‘
-

6. Nomograph K, ~ K, for Ty =40°C 7. Nomograph Ky ~ Kz for Tje=40°C
andz=143 °C andz=6°C

Nomograph T,,‘ ~K_for heating

The output temperature from bath in the slowest heating point in the con-
tainer is significant for estimation of cooling part of temperature polynome.
From the dynamics of the first order is perceptible, that response of system
in length-temperature co-ordinates for constant parameters w/o. is likewise
constant.

It is advantageous, that using of nomograph T," ~ K, for heating is the
same as in the case of nomograph K, ~ X,. The curves express relation be-
tweenT,,., K, and Ty are presented for ©, = 0 and ©, = 1 and by linear
interpolation between them we gain the value for actual ©,.
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K,

7-1

5.

3

l.
8. Nomograph K, ~ K, for Ty =40 °C 9. Nomograph Tj, ~ Ki for heating
andz=33°C Txo= 15°C

The relations for this nomograph are independent on z-value but input
temperature of product influences the shape of nomograph (Figs 9-11).

It was our last word, T,,‘ is important especially for HTST processes, in
other cases we can simplify the proceeding of the destination optimal steril-
izing regime by presumption, that T,,' equals T'g, so that it is not necessary to
use nomograph T,,' ~ K, for heating. Then 7} enters in next nomograph and
using simplification presents itself in the result in positive quality, that is in
better cooling of product. -

Nomograph 7, ~K_ for cooling
B

The cooling part of temperature polynome is defined by three tempera-
tures. TC, is determined by T,' (or Tp) and safety temperature shock during
cooling, Tc, is water temperature in supply line and Tc, is characterized by
O, as
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Te - Te :
e BT sl % [18)
2 T T

e, e,

The nomograph is independent both on z-value and logically on T,,o. Nev-
ertheless, construction of nomograph issues from presumptions, that we use
glass container and hence safety temperature shock during cooling 35 °C and
we try to cool with maximal intensity. In other hand this nomograph is valid
only for limited output temperature in the slowest heating point 40 °C. For
any case, as a role for any package material, we must construct new no-
mograph. We assumed, that interval of T,, values for most of canned acid
food from 80 to 100 °C and water temperauue in supply line is from 6 to

24 °C. Actual value of Tc, we gain by linear interpolation between 6, = 0
and ©,=1.

Extent and application of nomograph

There are presented five nomographs K, ~ K, in which we tried the effect
of z- and T,,o-values upon design of nomographs. There was quantified
z-value 6 (approximate value for spores of thermoresistant moulds e.g. Bys-
sochlamys fulva), 14.3 (for typical micro-organism in acid food — Czech
branch standard) and 33 (for C-value [8]) - see Figs 6-8. and T,,o 15, 25 and
40 °C for z-value 14.3 (Figs. 4-6). For these initial temperatures we con-
struct nomographs Tk' ~ K, for heating (Figs 9-11) and one nomograph
T,,' ~ K, for cooling (Fig. 12), so that we are able to optimizate sterilizing
regime for acid products in glass containers and bath continuous sterilizer
KS-01-100 (Fig. 2).

The application of nomographs is shown in following example: We have
sterilizer KS-O1-100 and product halved plums in glass jar — 735 ml with
Twist-off closure. We must take the lowest value of o =0.09 (Fig. 3). Capac-
ity of production line is 3500 containers per hour and required F-value is 20
minutes at 7, = 85 °C and z-value 14.3 °C. Initial temperature of product is
40 °C and temperature of water in supply line is 20 °C.

Diameter of glass container is 85 mm and width of in-sterilizer conveyor
is 2 m. There must pass 152 lines of containers through the sterilizer per
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hour, that represents speed of conveyor 21.53 cm/min. Values of X, and X,
equal 239.2 and 1.8, respectively. In Fig. 6 we find point corresponding with
these values. Now we have a number of variants of heating part of tempera-
ture polynome, e.g.

T,=84°C ©,=1  T,=840°C
T,=85°C ©,=07 T,=71.5°C
T,=86°C ©,=045 T,=60.7°C
T,=87°C ©,=02 T,=49.4°C
T,=88°C ©,=005 T,=424°C

We choose middle variant and in Fig. 11 for ©, = 0.45, T; = 86 °C and
K, = 239.2 we find output temperature from bath in the centre of product
T =85 °C.

n Fig. 12 we check, whether it is possible to cool the product bellow

40 °C. The point for X, =239.2 and 7, =85 °C s out of curves, which there
characterizes maximal X value for ooolmg limit 40 °C and 7, =20 °C. Itis
clear, that this sterilizing regime macceptableandthatthereamresewsm
the capacity of sterilizer. By nomographs we are able to estimate results of
other problems, e.g. possibility of intensification of production line, conse-
quence of thermal treatment to product quality etc.

There is presented construction of new nomographs for individual condi-
tions as a scalled work.

Nomenclature of symbols is explained in the text.
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Optimalizace kontinuélni sterilace balenych potravin
pomoci systému nomogrami

V ¢&lénku je prezentovén zpisob fizeni sterilaéniho procesu v kontinuélnim vano-
vém atmosferickém sterildtoru KS-O1-100. Zdkladem postupu je dynamicky model
sterilaéniho procesu, ktery popisuje chovéni konzervy jako dynamické soustavy prv-
nfho f4du pomoci parametru c. Dal¥imi vstupnimi parametry jsou rychlost doprav-
niku, poZadovan4 hodnota steriladniho efektu a vstupni teplota vyrobku. Ve vypoétu
vystupuji jako konstanty rozméry sekci sterilitoru. Byly sestaveny nomogramy, kte-
ré umoZiiuji nastaveni teplot v jednotlivych sekcich sterilatoru bez potfeby vypod&tu.
Je ukdzan postup pouZiti pro konkrétni vyrobek. Prezentovanou metodiku lze pouZit
i pro jiné rozmé&ry sterilatoru.

sterilace; matematicky model; optimalizace sterilaéniho procesu
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INFLUENCE OF pH ON BITTER COMPOUNDS PRODUCTION
IN CANNED PEPPER (CAPSICUM ANNUUML.)

Alexander PRIBELA, Mdria KOVACOVA, Jolana KAROVICOVA,
Frantisek MICHNYA

Slovak Technical University, Faculty of Chemical Technology, Radlinského 9,
812 37 Bratislava, Slovak Republic

Influence of some processing steps of canning industry on product tur-
ning bitter was studied. Bitterness of final products increased signifi-
cantly when pepper samples were acidified to pH 3.5 and sterilized
consecutively. When pepper was processed and sterilized at 100 °C for
1 hour, the bitterness increase represented about 50% in the green tech-
nological mature fruits and 29 % in the biological mature fruits. The
additive heat-treatment (at 100 °C for 2 hours) caused a slight decrease
of bitterness. Storage of sliced pepper fruits at 20 °C for 24 hours did
not cause any bitterness increase. The kinetics of bitterness compounds
production in pepper depending on the medium pH value subsequent
heat-treatment at 100 °C for 1 hour was investigated. The relative bit-
terness value rose linearly up to the value 68.9% comparing to the con-
trol sample as a consequence of the pH value lowering from 6.2 to 2.5
(the coefficient of correlation being — 0.986).

bitterness; sweet pepper; influence of pH; canned pepper

Preservation of pepper is commonly used to save this valuable material for
the off-season period of the year when there is a lack of it. Pepper processing
is also a good way of enrichment of the assortment of finished and semi-fin-
ished food products. It is important to use adequate processing methods not
to change nutritive and organoleptic charckteristics of raw material consid-
erably.

From time to time, bitterness of pepper products represents a practical
problem. Regardless of number of studies devoted to food bitterness, such as
the monography published lately (Rouseff, 1990), pepper bitterness has
been a subject of little concern. A notice can be found (Anonym, 1969)
saying that taste of pepper products was very bitter in 1968 and additive
storage of the products caused bitterness growing. The question of a con-
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sumer concerning that problem was answered in the magazine. The answer
based on the editor’s experience was given explaining that the unripe pepper
fruits had tabe turning bitter during heat-treatment.

In the former part of our study (Pribela etal., 1994), it was already noted
that the bitter pepper compounds might be flavonoids. Only little informa-
tion was found on the flavonoids in pepper. Rangoonwala and Frie-
drich (1967) used papper chromatography and thin-layer chromatography
to separate two flavonoglycosides of pepper. The elution characteristics of
the one of them were the same as those of the pure apiine. The other flavono-
glucoside being hydrolysed was separated subsequently to luteoline, glucose
and a glucoside identified as luteoline-7-monoglucoside. Neither hesperid-
ine nor eriodiccine was detected. Citrine, which had been detected by
Hoérhammer and Wagner (1962) before, was not detected either. The
content of flavonoids in red and green pepper determined by Heintze
(1965) represented 500 mg/kg and 410 mg/kg, respectively. Isolation and
determination of flavonoid glycosides were the subject of detailed study run
by Wéldecke and Herrmann (1974). The authors separated about 10
spots from green and red pepper by thin-layer chromatography. The two
aglycones — quercetine and luteoline were isolated. In 1 kg of green pepper
pericarp (Yolo Wonder variety), 43 mg quercetine and 54 mg luteoline was
determined after hydrolysis with 2N sulphuric acid. The luteoline content in
1 kg pepper as determined by Hertog et al. (1992) ranged from 13 to 31
mg. However, no reference to the bitter characteristics has been given. It can
be remarkable that the flavonoid bitter compounds were isolated from soya
beans (Chang etal., 1990). Three compounds — diadzein (4,7-dihydroxy-7-
-0-B-glucopyranosyl isoflavone), glycitein (7-0-B-glucopyranosyl isofla-
vone), and genistin (4,5-dihydroxy-7-0-B-glukopyranosyl isoflavone) were
identified having a bitter or astringent character. Their content in 1 kg of
soya beans ranged from 80 to 480 mg (daidzein), from 60 to 220 mg (gly-
citein), and from 490 to 1580 mg (genistin), respectively (Eldridge,
1982).

Capsaicins are usually considered as bitter acting compounds. Their
amount in 1 kg of green pepper fruits varies from 10 to 100 mg. Up to 1000
times higher content can be found in some pungent varieties (chilli pepper)
(Govindarajan et al., 1987). As a matter of fact, capsaicin has not a bit-
ter but a pungent character.
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Heat treatment influence on sweet pepper has already been given in our
former study (Pribela et al., 1994). This paper is devoted to pepper bitter-
ness caused by the acidity of a medium.

MATERIAL AND METHODS

Influence of pH and heat-treatment on bitter compounds production of
pepper was investigated. The pulp of pepper was acidified with acetic acid to
pH 3.5 and the enzymes were inactivated by "heat-treatment at 80 °C for
10 minutes. Then the juice was obtained as given before (Pribela etal,
1994). A part of juice was taken for the sensory evaluation. Other two parts
of it were heated at 100 °C for 1 and 2 hours. Consequently, the bitter com-
pounds were isolated and evaluated sensorially. In another part of the experi-
ment the influence of storage and following heating on bitterness was
investigated. For that purpose, the pepper pulp had been kept at the room
temperature for 24 hours before the juice was prepared. A part of the juice
was evaluated after being stored at 20 °C for 24 hours. The other part of juice
was heated at 100 °C for 1 and 2 hours. The methods of isolation and evalu-
ation of bitter compounds of all samples were identical.

Influence of pH on bitter compounds of pepper was examined. For that
purpose pepper fruits were crushed and pressed to gain the juice. The pepper
juice was divided into six equal parts, every of the 500 ml volume. The re-
spective parts of the juice were acidified with the sulphuric acid (1.5 mol/l)
to pH: 2.5, 3.0, 3.5, 4.0 and 4.95. The original pH 6.2 and pH 6.1 was kept
for the rest parts of juice. Acidifying caused adequate precipitation of the
juices. The adjusted parts of the juices were sterilized at 100 °C for 1 hour.
Isolated bitter compounds were evaluated sensorially and the values ex-
pressed as relative bitterness numbers (Pribela et al., 1994).

RESULTS AND DISCUSSION
Influence of acidity and heat-treatment on pepper bitterness

At processing sweet pepper to some products such sterilized slices, stewed
tomato and pepper salad, and other salads, pepper is usually preserved in
dressings (sweet and sour dressing or salty and sour one) to reach desirable
characteristics. Besides, the acidic medium helps to preserve products so that
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L Influence of pH value, heat-treatment and storage duration on pepper turning bitter

Sample adjustment Rel::i;'u: t:t;:}e” Bittern(:;)crme
heat-treatment
80 °C, 10 min. pH 6.2, control 12.44 0
T | w0 inpHe 1432 15.1
] 100°C, 2 b, pH 6.2 12.78 27
g- 80 °C, 10 min, pH 6.1, control 11.20 0
100°C, 1 h, pH6.1 11.80 5.4
100 °C, 2 b, pH6.1 11.20 0
80 °C, 10 min, pH 3.5 12.44 0
100°C, 1h, pH3.5 18.55 49.1
100°C, 2 b, pH3.5 18.06 452
heat-treatment
% 80 °C, 10 min, pH 6.1 12.44 0
€ | 80°C, 10min, pH 3.5 12.43 0
B | 100°c, 1h,pH3.S 18.90 52.1
100 °C, 2 h, pH3.5 18.18 453
heat-treatment
% | %0°c, 10min, pH6.1 11.20 0
£ | 100°C, 11, pH6.1 13.24 182
.% 100 °C, 2 b, pH 6.1 11.20 0
100°C, 1 h, pH 3.5 14.44 289
100 °C, 2 b, pH 3.5 13.32 190
storage, heat-treatment
% 80 °C, 10 min, pH 6.1 11.09 0
2 | 24hstorage, 100°C, 1 b, pH6.1 13.11 182
g 24 storage, 100 °C, 2 b, pH6.1 12.44 122
24 h storage, 100 °C, 1 h, pH3.5 16.04 446
24 h storage, 100 °C, 2 b, pH3.5 14.80 33.5
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they may be sterilized at the temperatures lower than 100 °C. That was the
reason why to investigate the relationship between acidity and bitter com-
pounds production in heat-treated pepper.

The following conclusions can be deduced from the results given in Table L
The bittemness value of the sample left at the original pH value and heat-
treated at 100 °C for 1 hour increased by 15% comparing to the control sample
(experiment 1). The additional heat-treatment caused bitterness reduction re-
sulted in the final relative bitterness value highely by about 3% comparing to
the control sample. Those results are related to green pepper fruits of physio-
logical maturity. In yellowish-green pepper fruits, being mature biologically,
the heat-treatment caused lower bitter compounds production (the relative
bitterness number was 11.20 . 10 at pH 6.1). In this case the relative bitter-
ness number increased by only 5.4 % as a result of the heat-tretament at
100 °C for 1 hour. The additional heat-treatment (at 100 °C for 2 hours) re-
sulted in bitterness lowering to the value comparing to the one of the control
samples (experiment 1).

The results demonstrated the influence of the fruits maturity degree on bit-
terness being induced by heat-treatment. Those results conform to the results
of our former study (Pribela et al.,, 1994) and to the statement as well
(Anonym, 1969).

The pH adjustment to the valus 3.5 with acetic acid and following enzyme
inactivation at 80 °C for 10 minutes did not result in any change of the rela-
tive bitterness value. That means no influence of pepper acidifying on the
bitter compounds production. However, the following heat-treatment of
acidified sample at 100 °C for 1 hour caused a considerable bitterness in-
crease. The relative bitterness value rose from 49 to 52% comparing to the
control sample. As it can be seen from the results of experiments 1 and 2, the
heat-treatment lasting 2 hours resulted in the relative bitterness value lower-
ing to 45%. The pepper fruits at those experiments were green and techno-
logically mature. When a similar experiment was run using pepper fruits of
biological maturity, the content of bitter compounds increased by only 29%
comparing to the control sample. A slight decrease in the relative bitterness
value to 19% was determined as a result of the additive heat-treatment for
2 hours (as shown at the experiment 3).
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Correlation between sliced pepper storage and bitterness

Sliced pepper is usually stored before processing. Its quality may be dete-
riorated due to enzyme action. Our experiment was concentrated on changes
of bitter compounds during the storage of sliced pepper. It was determined
that storage of sliced pepper at the room temperature (at about 20 °C for
24 hours) had no influence on the relative bitterness value (experiment 4).
The heat-treatment of the sample at 100 °C for 1 hour resulted in an increase
of the relative bitterness value by 18% that corresponded to the value of the
common heat-treatment. The relative bitterness value of the processed sliced
and stored pepper that had been acidified to the pH value 3.5 and heated at
100 °C for 1 hour was sinificantly increased — to 44.6%. Similarly the pro-
longed heat-treatment (for 2 hours) resulted in increasing the bitterness value
by 33% comparing to the control sample. It means the respective acidifying
influence on the bitteress value represented about 15 to 26% of the entire
relative bitterness value depending on the time of heat-treatment. (The value
was derived as the difference of the resultant value and the value caused by
heat-treatment only.)

Influence of pH value on pepper bitterness

In the following experiment, the influence of the pH values that ranged 2.5
to 6.2 on bitter compounds production was investigated. The samples were
adjusted with the relevant doses of diluted sulphuric acid. The results of the
measurements can be seen in Fig. 1.

1. Dependence of bitterness

:‘o - upon pH values
(% of pepper bitterness
60f increase compared to the
control sample)
SO o

40
0 .
20

10}

g - , : . N
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It is evident that the lowering of the pH values caused an relative increase
of bitterness. The regression analysis of the pH values and the relative bitter-
ness ones expressed as percentage of bittermess increase (compared to the
original pH 6.2) proved a negative linear correlation. The coefficient of cor-
relation was rather high (—0,986), the standard deviation 6, was 1.36, G, was
1.36, a = 5.9238 and b = —-0,516. The global bitterness increase within the
interval pH 6.2 through 2.5 represented 68.6% comparing to the control sam-
ple. It means that the pH lowering by one caused a relative bitterness in-
crease by about 18.5%.

The experiments resulted in interesting findings as they follow:

— Acidifying of pepper only does not affect its bitterness, nor at laboratory
temperature neither at short-term heat-treatment (10 min at 80 °C).

— Acidified sample (pH 3.5) grows bitter significantly only at heat-treatment
at 100 °C for 1 hour. The bitterness of unriped pepper fruits and mature
ones increased as much as by 52% and 29%, respectively.

— The bitterness increases linearly depending on pH lowering (as much as
by 69% at pH 2.5).

— The acid type does not influence the bitter compounds production.

— The fact of increase the green pepper bitterness caused by its higher acidity
might be explained as a consequence of bitter compounds production by
the non-bitter precursors cleavage during the heat-treatment.
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Vplyv pH na horknutie konzervovanych paprik

Sledoval sa vplyv niektorych technologickych operécii na horknutie hotovych
konzervarenskych produktov. Zistilo sa, Ze okyslenim vzorky papriky na pH 3,5
a naslednou sterilizdciou sa horkost’ hotového vyrobku vyrazne zvy3ila. Pri zelenej
paprike v Stidiu technologicke;j zrelosti bolo toto zvy3enie pri sterilizécii 100 °C 1 h
asi 50 %, pri spracovani zrelej papriky v $tddiu biologicke;j zrelosti 29 %. Pri dlhSom
¢ase zahrevu (100 °C, 2 h) sa horkost’ mierne zniZila. Skladovanim narezanej papriky
24 h pri 20 °C nedochédza k zvySovaniu horkych latok. Sledovala sa kinetika tvorby
horkych latok papriky v zavislosti od pH prostredia a nisledného zahrevu pri 100 °C
1 h. V rozmedzi pH 2,5 do 6,2 sa relativne &islo horkosti zvySovalo linedme aZ
0 68,9 % oproti kontrole (korelaény koeficient bol —0,986).

horke latky; paprika; vplyv pH; konzervované paprika
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A CONTRIBUTION TO THE RAW WHEAT STARCH HYDROLYSIS

Jana ZACKOVA, Frantisek KVASNICKA

Institute of Chemical Technology — Department of Chemistry and Technology
of Carbohydrates, Technickad 5, 166 28 Praha 6, Czech Republic

Heterogeneous hydrolysis of wheat starch under the gelatinization tem-
perature was proposed. Native wheat starch hydrolyzed with wheat
malt (2.5% (w/w)/starch d.s., 24 h at 55 °C, 30% (w/w) starch slurry)
was degraded from 62.9%. The most effective of commercial enzymes
was Rohalase A + Rohalase M (fa R6hm Germany) - 65.7% degraded
starch. Wheat malt could also digest starch of lower quality, while
commercial preparations were very demanding for starch purity. At
starch hydrolysis in these conditions product inhibition by maltose oc-
curred. When starch of different origin was hydrolyzed, potato starch
was the most resistant to digestion by all types of amylases. To increase
the hydrolysis yield starch was treated with some chemicals such as
ethanol, butanol or tenside. Significant influence on starch digestion
was exerted by the pretreatment with sodium dodecyl sulfate or buta-
nol. Starch was degraded from 74%. However after that treatment wor-
se filterability and turbidity in syrup occurred. More advantageous was
the pretreatment IR or microwave heating (72% starch degraded). In
comparison with commercial amylases wheat malt produces more car-
bohydrates with higher degree of polymerization (20%), on the contra-
ry only 2% glucose and no maltotetraose. Maltose highly predominates
in hydrolyzate - 66%. After hydrolysis the unhydrolyzed part of starch
with concentrated lipids and protein remains, which is easy to remove
by filtration. This resistant starch is an excellent emulsifying agent due
to the high content of phospholipids.

wheat starch; raw starch hydrolysis; wheat malt, amylase

The enzymic hydrolysis of starch is at present a well-known technology.
Schematically, this process involves three basic steps: liquefaction, sacchari-
fication and purification. The greatest consumer, the confectionery industry,
demands clear colourless syrup. Potato or corn starch is mostly used for this
procedure.
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The present paper summarizes results of the thesis Enzymic starch hy-
drolysis (Za&kov4, 1993). We paid our attention to wheat starch, how it
could be utilized for hydrolysis. Wheat starch is not suitable due to minor
impurities of lipid and protein nature on the surface of starch passing into
hydrolyzate and causing many difficulties in common technology at filtra-
tion and evaporation. There are two reasons why to look for a procedure of
wheat starch hydrolysis: wheat is a source of starch available at great
amount, wheat starch is cheaper than potato starch.

Heterogeneous hydrolysis of wheat starch was proposed, that means starch
and water make up a two phase system. The temperature must not exceed the
pasting temperature of wheat starch, i.e. 55 °C. After hydrolysis, a part of
undigested starch with undesirable impurities remains in the suspension that
is easy to remove by filtration.

Some favourable properties of unhydrolyzed starch were found. Resistant
starch has a similar behaviour in the colon like the dietary fibre (Ring etal.,,
1988; Asp, Bjdrck, 1992). This part is an excellent thickening agent in
sauces thanks to the emulsifying effect of concentrated lysophosphatides
(German patent DD 287829, 1991; German patent DD 289290, 1991).

MATERIALS AND METHODS

Samples of starch were supplied by Skrobamy Havli¢kiv Brod (wheat and
potato starch), Cerestar, FRG (wheat starch), Drei Hasen, FRG (wheat
starch), Crespel & Deiters, FRG (wet wheat starch quality A and B),
Skrobarny Trnava (corn starch). Samples of wheat for malt preparation were
obtained from the Mill Factory HoleSovice.

Commercial samples of amylolytic enzymes were kindly delivered by
Novo Industri A/S, DK, (amyloglucosidase AMG 300L; a-amylases FUN-
GAMYL 800L, BAN 120L and TERMAMYL 120L; debranching enzyme
PROMOZYME 200L); R6hm GmbH, FRG, (a-amylases ROHALASE A,
ROHALASE M); Solvay Enzymes, FRG (Fungal a-amylase, amyloglucosi-
dase OPTIDEX 300) and Genencor, SF (barley f-amylase SPEZYME
BBA).

Starch hydrolysis

Wheat starch hydrolysis was carried out with wheat amylases in form of
germinated (5 days, 18 °C), air dried and ground wheat grains (2.5%
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(w/w)/starch) and with commercial enzymes (0.1% (w/w)/starch). Starch
slurry (30% (w/w) w/w) was hydrolyzed 24 hours in water bath 55 °C under
continuous stirring. The unhydrolyzed part of starch was removed by filtra-
tion, dried and homogenized. The obtained juice was concentrated to 80%
(w/w) syrup. 2 ’

Physico-chemical pretreatment of native wheat starch

1.

Native wheat starch was stirred in saturated solution of sodium dodecyl
sulfate (SDS, 10% (w/w) w/w) at laboratory temperature for five days.
After the solution was filtered off, starch was thoroughly washed and dri-
ed.

. Starch was extracted in Erlenmeyer flask with the mixture butanol:water

=65:35 at temperatures 20—70 °C for 1 h— 4 days and with ethanol:water
(100:0 - 70:30) at temperatures 20—-90 °C for 16 h -4 days. The extraction
agent was filtered off, starch washed with plenty of water and dried.

. Starch was subjected to infra-red heating (IR lamp, 150 W) for 1-45 min.

The temperature was 134 °C at a distance of 6 cm from the source.

. Starch spread in thin layer was kept in a microwave oven (1100 W,

2450 MHz) for 0.5—5 min.
Starch slurry 30% (w/w) was prepared from treated starch and then hydro-

lyzed as described above. During the starch digestion samples were taken for
dry substance determination of hydrolyzate by refractometer.

Degree of starch degradation (DD) in % was defined as follows:

d. s. hydrolyzate

oD = d. s. starch slurry

x 0.9 x 100

RESULTS AND DISCUSSION

Hydrolysis of native wheat starch

The higher addition of malt to starch, the higher DD was achieved. A 2.5%

(w/w) and 5% (w/w) malt addition resulted in 62.9% and 68.2% DD respec-
tively. Higher amount of malt, however, unfavourably influenced the hydro-
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lyzate colour. This colouring was decreased by adsorption of malt amylases
onto starch granules. Starch with adsorbed amylases was suspended in pure
water and hydrolyzed. DD 64.2% was achieved.

Another way of reducing the colouring of hydrolyzate is a gradual dosing
of malt. Wheat malt dosed four times (1% (w/w)/starch of each dose) gave
the same DD as 5% (w/w) malt addition at the beginning of hydrolysis.

An important point of view for choice of wheat sorts for malt preparation
is its protein content (Narziss, 1976). The higher protein content in
wheat, the lower DD. Wheat variety of 14.7% protein content could digest
starch from 54%, while wheat variety with 11.1% protein degraded starch
from 64.3%.

Among the commercial amylolytic enzymes, the combination of ROHA-
LASE A + ROHALASE M + PROMOZYME 200L gave the best results of
heterogeneous wheat starch hydrolysis (65.7% DD), or BAN (62.7% DD).
On the contrary, the thermostable enzymes, as expected, were not very suc-
cessful at temperature 55 °C. Barley B-amylase Spezyme BBA was not
either as suitable for wheat starch degradation (51.5% DD) as wheat amy-
lases (Table I).

One of the reasons why starch is digested from 60% only is the product
inhibition. Starch in the presence of 25% (w/w) glucose was hydrolyzed

1. Wheat starch hydrolysis with commercial enzymes

Enzyme DD [%)]
Fungal a-amylase + Promozyme 200L 59.6
Rohalase A + Rohalase M + Promozyme 200L 65.7
Rohalase M + Optidex 300 + Promozyme 200L 582
BAN 120L 62.7
Termamyl 120L + Fungamyl 800L + Promozyme 200L 27.3
Termamyl 120L + AMG 300L + Promozyme 200L 40.9
Rohalase A + Rohalase M 64.2
Rohalase A + Optidex 300 62.7
Spezyme BBA 1500 54.5
Spezyme BBA 1500 + Promozyme 200L 51.5
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from 29.3% only, while 25% (w/w) maltose completely inhibited the degra-
dation. As indicated by these results, DD can be slightly increased by addi-
tion of Amyloglucosidase to wheat malt with predominating $-amylases.

The influence of starch concentration on the degree of starch degradation
was observed, i.e. the higher the concentration of starch slurry, the lower the
starch degradation (Fig. 1). Starch slurries in the concentration range 5-40%
(w/w) were prepared. In 5% (w/w) suspension starch was converted from
73.8%, in 30% (w/w) suspension from 66.7% and in 40% (w/w) suspension
from 56.8% only.

2 - 1. Influence of starch
concentration on the

degree of degradation

-

mumwm;m

s 10 % 20 2 0 % 4
concantration of starch slurry (%)

The wheat amylases are not so sensitive to starch grade as commercial en-
zymes. Both the wheat amylases and the commercial enzymes digested
starch grade A from 69% while starch grade B from 53.3% and 21.5%, re-
spectively (Fig. 2).

Starches of different origin (potato, corn, wheat) were hydrolyzed by amy-
lases. Potato starch was found to be the most resistant to digestion (Fig. 3).
Presumably the reason for lower DD of potato starch is different structure
and size of starch granules.

Hydrolysis of treated starch

There are considerations that the surface structure of native starch gran-
ules, especially that of cereal starches where protein and lipid complexes are
located, can be made responsible for the aggravation of amylases attack.
From these reasons the native starch was treated in order to make the surface
of starch granules more accessible for amylases.
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nat starch Cerestar wet starch grade A wet starch grade B nat starch H. Brod

8 Rohatase A+M, Promozyme 200L. [J wheat mait
2. Hydrolysis of wheat starch from different producers

The treatment of wheat starch with SDS brought not only an increase of
DD but also acceleration of hydrolysis. The DD of native starch was 42%
after the first hour of hydrolysis, while that of starch after SDS treatment
60%. After 24-hour period of hydrolysis wheat malt and commercial en-
zymes (combination Rohalase A + Rohalase M with Promozyme 200L) de-
graded 75.7% of starch and 72.7%, respectively. A disadvantage of the
mentioned treatment of native starch was milky turbidity of syrup and worse
filterability of juice.

N

wheat starch

degree of starch degradation (%)
coB8888838

3. Hydrolysis of starch
BAN+Fung of different origin
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The treatment of wheat starch with 1-butanol at higher temperatures
brought a similar effect. The present water in 1-butanol and the higher tem-
perature however caused starch gelatinization resulting in worse filterability
of juice. Applicable temperatures of the extraction were bellow the gelatini-
zation point of starch, but the effect of the extraction at these temperatures
was lower than that of the extraction at temperatures above the gelatinization
point of starch (73.4% DD after 4 days extraction at 20 °C vs. 90% DD after
1 h extraction at 70 °C). Nevertheless, butanol influenced the colour of the
syrup in a positive way contrary to SDS treatment.

The use of ethanol for starch treat-
ment before hydrolysis was not suc-
cessful. The higher the temperature
at starch treatment and the higher
the portion of water in extracting
mixture, the lower the DD.

DD of starch treated by IR heating
(10 min) was 68.2%. The prolonga-
tion of the exposition time had no
effect on DD.

Microwave heating showed an in-
crease of DD. The best result
(72.4% DD) was achieved after 3-
-minute heating. At this treatment
it is necessary to be careful about
spreading of starch to a thin layer,
3 otherwise the caramelization of
| starch occurs resulting in the dark

colour of syrup.

. The physical treatment (IR or mi-
crowave) seems to be more advanta-
geous than the chemical one. It does
not prolong the manipulation time
and does not influence the suspen-
sion viscosity. No more chemicals
being removed from the starch be-

4. Carbohydrate spectrum in hydrolyzate fore hydrolysis are necessary.
chromatogram

11.98

WHEAT ROHALASE A
MALT ROHALASE M
PROMOZYME

———————=x 1178

5.94

10.59
10.41

-13.89

6.89

SN

DP higher 3 2 1 DP higha43 21
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There are some differences in carbohydrate spectrum between syrup hy-
drolyzed by wheat amylases and the combination of enzymes Rohalase A +
+ Rohalase M + Promozyme 200L (Fig. 4 and Table II). Wheat malt pro-
duces more carbohydrates with a higher degree of polymerization and no
maltotetraose. Maltose highly predominates in both hydrolyzates.

II. HPLC analysis of syrups (cation exchanger Ostion LGKS Ca 2*, mobile phase water)

Amylase Glucose | Maltose | DP3 DP4 DP5 higher
Malt 2.6 65.3 7.7 - - 21.8
Malt + AMG 91.6 34 0.9 0.2 0.3 3.6
Malt + Promozyme 29 63.6 14.1. 0.8 13 17.6
Rohalase A + M 72 60.8 11.6 2.5 5.8 11.9
Rohalase A, M + Promoz 6.8 59.1 13.6 3.9 5.4 11.2
Rohalase A + Prom + AMG | 94.1 4.0 0.8 - 0.4 0.6

After hydrolysis 70% nitrogen substances remain in resistant starch
(Kjeldahl method, 0.41% protein in resistant starch, 0.33% protein in native
starch). The higher the wheat malt addition, the higher the N-content in
syrup resulting in the dark colour of product. This can be eliminated by ad-
sorption of wheat amylases on starch granules. In that case the nitrogen sub-
stance content in syrup is comparable with that after using commercial
amylases (0.25% protein).

The treatment with butanol or SDS decreased N-content in starch and high
purity of hydrolyzates was obtained. Ethanol had hardly any influence on
the removal of nitrogen substances from starch.

Lipids in resistant starch were concentrated from 0.82% in native starch to
1.04% in resistant starch. The spectrum of individual lipids remained practi-
cally the same (TLC). The dominant starch lipid is lysophosphatidylcholine
(Acker, Becker, 1976; Morrison, 1978, Morrison, Coventry,
1985).

Differential scanning calorimetry of native wheat starch registered an en-
dothermic peak between 57—67 °C representing the gelatinization. If we
compare this data with that of resistant wheat starch, there is a remarkable
shift of the gelatinization temperature in the region 65—76 °C, the increase of
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the gelatinization energy from 1.1 J/g to 1.7 J/g starch (Fig. 5). All these
changes are the result of hydrothermal treatment of starch under the gelatini-
zation temperature (= annealing), when the reorganization of the starch gran-
ule structure comes to pass towards the higher order (Eberstein et al,,
1980; Muhrbeck, 1991; Miinzing, 1991). If we consider that the areas
of lower crystallinity, i.c., more accessible to water, were degraded by amy-
lolytic enzymes during the hydrolysis, it is possible to take for resistant
starch the areas arranged in a higher crystallinity degree, amylose chains
complexed with lipids, eventually the surface layer with proteins, i.e., areas
not accessible to amylolytic enzymes.
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Hydrolyza nativniho pSeni¢ného $krobu

NavrZena heterogenni hydrolyza p3eni&ného Skrobu pod teplotou mazovaténi
znemoZiuje vyuZiti pSeni¢ného Skrobu pro vyrobu Skrobového sirupu. Nativni
p3eniny Skrob hydrolyzovany p3eniénym sladem (2,5 % sladu (m/m) su3. Skrobu
24 h pti 55 °C, 30 % (m/m) suspenze) byl odbouran z 62,9 %. Z komerénich enzymi
byla nejatinn&j$i kombinace enzymi Rohalase A + Rohalase SRN) - 65,7 % od-
bouraného 3krobu. P3eni¢ny slad odbourdval $kroby niZ3f kvality, zatimco ob-
chodni enzymové preparéity byly velmi naro&né na &istotu 3krobu. Nevyhodnou
piimého pouZiti pSeni¢ného sladu je tmavé zbarveni hydrolyzatu zpiisobené nedis-
totami, které prechézeji b&hem hydrolyzy do roztoku. PouZiji-li se pro hydrolyzu
Skrobu p3eniéné amylasy adsorbované na Skrobovych zmech, je &istota hydrolyzétu
podobné jako pfi pouZiti komerénich enzymi. Pfi hydrolyze 3krobu za t&chto pod-
minek byla zfejmé produktové inhibice maltosou. Hydrolyze byl podroben také
Skrob bramborovy a kukufi¢ny, pfi¢emZ bramborovy Skrob byl nejvice odolny vii¢i
hydrolyze v3emi typy amylas. Pro zvy3eni vyt&Zku hydrolyzéatu byl peni&ny Skrob
oSetfen n€kterymi &inidly, napf. alkoholy a tenzidy. Vyznamny vliv na hydrolyzu
Skrobu pfineslo o3etfeni Skrobu dodecylsulfitem sodnym nebo butanolem. Hy-
drolyza prob&hla ze 74 %. Nevyhodou byla 3patn4 filtrovatelnost a zékal hydro-
lyzétu. Vyhodn&jsim se ukézalo oSetfeni Skrobu pfed hydrolyzou IC nebo
mikrovinnym ohfevem (72% stupeii hydrolyzy). Ve srovnani s obchodnimi
preparéaty p3eniéné amylasy poskytuji vice sacharidd o vy3§im stupni polymerace
(20 %), naopak max. 2 % glukosy a Zaddnou maltotetraosu. Maltosa je dominujicim
oligosacharidem v obou hydrolyzétech (66 %). Po hydrolyze zlstane pevna faze
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neodbouraného skrobu se zakoncentrovanymi fosfolipidy (1,04 % proti 0,82 %
v nativnim Skrobu) a bilkovinami (0,41 % proti 0,33 % v nativnim Skrobu), kterou
Ize snadno odstranit filtraci. Tento rezistentni krob je vybormym emulgatorem diky
vysokému obsahu fosfolipidil a na zdklad& hydrotermického o3etfeni pod bodem
mazovaténi mé vyssi teplotu mazovat&ni (65 — 76 °C) proti nativnimu pSeni¢nému
skrobu (57 - 67 °C). )

pSeniény Skrob; hydrolyza nativniho $krobu; pSeniény slad; amylasy
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INFLUENCE OF HOLDING AND CULINARY PROCESSING
OF VARIOUS POTATO CULTIVARS FROM TWO LOCALITIES
ON NITRATE CONTENTS

Agdta FARGASOVA

Slovak Technical University, Faculty of Chemical Technology — Department
of Environmental Sciences, Radlinského 9, 812 37 Bratislava, Slovak Republic

Six potato cultivars (Svatava, Nela, Albina, Sante, Radka, Rema) from
two localities (Trstend, Jakubovany) in Slovakia were tested for nitrate
content after cooking and its decrease during three month of household
storage. The statistical value identity of nitrate differences after coo-
king during storage between individual potato cultivars was calculated.
The majority of values among individual cultivars of the same locality
was significant or highly significant. Only two cases were insignificant
at the end of storage (cvs. Sante-Rema from Trsten4 and Albina-Sante
from Jakubovany). The only insignificant differences between the sa-
me cultivars on both localities were in cv. Sante. We have come to the
conclusion that potatoes from warmer and dried climates and from go-
od balance of nourishment have a lower content of nitrates not only in
fresh state but also after cooking.

potato cultivars; nitrate content; culinary processing; household storage

From the sanitary viewpoint at the present a great attention is paid in the
world-wide range to nitrate and nitrite contents in agricultural products
(Prugar, 1993). Now the interest is concentrated on the relations between
genotype and nitrate accumulation and also on some agroecological factors.
The cultivar has an influence on nitrate contents. This influence was con-
firmed by many authors on various vegetables (Maynard, Barker,
1979; Kathan, 1983). In some cases the influence of the cultivar on nitrate
accumulation is expressed so much, that it is not explained by environmental
conditions (Maynard et al,, 1976; Blanc et al., 1980). Also the storage
conditions take an important part in the nitrate content. When the conditions
are not good and the temperature in storage place is high, reduction proc-
esses are faster and more expressive. During this time nitrates are reduced to
nitrites and the metabolization of other nutrients is also changed (Hall,
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Hicks, 1977; Prugar, 1993). This metabolization process is also influ-
enced by manipulation during transportation and worked up technology
(Prugar, Prugarovad, 1985). The amounts of nitrite in storage vegetable
after culinary processing investigated Hlavsova et al. (1970). Changes in
nitrite content depended on nitrate content in original sample and on storage
temperature. Nitrate content can be expressively reduced also during proces-
sig. By kitchen cooking the soluble salts together with nitrates pass to decoc-
tion. It means 80% decrease in original nitrate content (Plain, 1977,
Bedka etal., 1982). The decrease depends on vegetable sort and processing
(Kenny, Walshe, 1975). During processing decreased not only nitrate
content but also content of many nutritionally possitive substances, such as
vitamins and mineral substances, some carbohydrates, and so on.

The information about nitrate content in potato cultivars and its changes
during storage and culinary processing, especially kitchen cooking, on the
content of nitrates are found very rarely. Especially reports about nitrate
contents decrease after cooking in various vegetable cultivars are almost
completely absent. Also comparison between localities is in question.

In our work we tried to make some comparative studies between six potato
cultivars from two localities in Slovakia for nitrate contents and their
changes during household storage conditions and kitchen cooking.

MATERIAL AND METHODS
Material

As the testing material Solanum tuberosum L. tubers of six table cvs.
Svatava, Sante, Nela, Albina, Rema and Radka from two localities (Trstend
— district Dolny Kubin and Jakubovany — district PreSov) were used. The
crop was from the year 1991. The characterization of tested localities,
their climatograms, vegetation stages and health quality of cultivars,
such as the storage conditions in the household were described by Far-
gaSova (1994).

Method

Ion-selective nitrate electrode (ISE) Crytur was used to determine the ni-
trates. The method was described by Fargasova (1993).
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RESULTS

The quantities of accumulated nitrates in fresh potato bulbs and in cooked
potatoes and decoctions from both localities are summarized in Table I. The
differences between individual cvs. in nitrate content at the beginning and at
the end of storage in cooked potatoes from the same locality were statisti-
cally confirmed (Table II). As we can see from Table III during three
months’ storage in the household, the amount of nitrates in potatoes after
cooking decreased to 71-42% at the beginning and to 61-41% at the end of
storage. The lowest content of nitrates in potatoes after cooking was at the

L. Nitrate quantities in individual cultivars of potatoes during storage period (mg NaNO; per kg)

and their standard deviation
o et =
ty Nela® Albina® Svatava® Sante® Radka®
1 |154.0+235 [102.6+2.88 |164.2+2.97 [129.042.05 [298.0+3.09
A 2 | 920535 | 4274209 (1150114 | 82.5+1.79 [157.3£1.22
3. | 3614200 | 3484298 | 3414294 | 269+1.44 | 4542128
4. | 39.743.57 | 3134237 | 40.0+2.16 | 50.0+2.87 | 72.0+1.41
1. |134.4£326 | 82.7+1.72 [1463+2.16 [126.6+1.66 |257.4+2.10
g B 2 | 5861499 | 3794224 | 9031196 | 50.7+327 [127.2+2.59
2 3. | 2274252 | 240+1.94 | 203+2.33 | 33.5+£2.00 | 20.1+0.86
Z-g; 4. | 27.8+324 | 27.8+1.22 | 393+3.14 | 30.3+£091 | 70.5+1.57
L |1241£1.78 | 80.1+1.48 [143.0+£3.30 | 853+ 1.66 (226.0+1.82
c. 2 | 489%389 | 361+155 | 8244528 | 32.6+1.00 |111.6+2.33
3. | 22.5£1.15 | 244+0.55 | 21.8+1.46 | 20.1+£2.01 | 20.8+0.67
4. | 23.2+3.06 | 22.8+1.48 | 39.1£5.21 | 20.3+031 | 543+2.29
1. |121.0£3.31 | 748+0.60 [130.0+2.62 | 75.4+1.42 |2033+298
D. 2 | 47.4+3.58 | 344+1.12 | 63.014.45 | 31.0£095 | 89.6+1.19
3. | 20.14£034 | 233+1.30 | 19.1£033 | 183+0.74 | 189%1.12
4. | 2224096 | 209+0.27 | 33.7+2.56 | 17.8+0.85 | 484+1.48
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Table I continue

Lo- | .. Cultivar
oali- le;nx:c:if;n
ty Nela? Albina® Svatava® Sante® Rema®
1. |373.6%3.17 |348.0+4.64 |290.6+6.77 [125.0+3.74 |200.6+3.36
A 2 |2257£4.76 |222313.15 |174.7+3.41 | 8861237 |102.7+3.41
3. | 783%+194 | 73.5+290 | 39.9+1.94 | 59.2+193 | 294+1.36
4. | 62.7+2.77 | 523+248 | 46.7+2.23 | 30.0+3.86 | 56.0+2.87
1. |1364.5+£3.00 |2703+1.54 [284.3+4.95 |119.5+1.58 |157.0+2.36
w | B, 2% |1840%525 |163.6+2.88 [139.9+2.49 | 81.0£2.76 | 64.0+0.85
g 3. | 286+1.23 | 329+226 | 36.1+2.13 | 33.2+2.88 | 354+3.27
= 4. | 61.1£3.29 | 654+£2.62 | 47.5+3.13 | 423+1.52 | 32.7+2.93
1. |3413+£3.99 |228.0+249 |282.0+4.5 |118.4+1.55 |144.7+2.00
C. 2. 1169.0£2.33 |146.6+3.58 |128.1+3.27 | 752+£2.73 | 63.4+2.06
3. | 280+1.30 | 309+1.94 | 23.0+1.39 | 29.4+0.50 | 31.9+1.47
4. | 5624228 | 48.0+2.76 | 40.2+1.96 | 383+1.66 | 28.9+1.66
1. |260.6+2.65 |154.6+1.70 |243.0+3.68 [106.3+£1.96 |135.0+1.77
D. 2. |1066+2.23 | 94.4+3.05 |110.6+3.54 | 60.6+1.76 | 57.3+1.86
3. | 228+2.25 | 248+2.17 | 18.9+068 | 249%1.66 | 27.8+£1.09
4 49.6+1.08 | 416%+225 | 349+1.68 | 33.9+1.32 | 27.7+2.03

1. — nitrate content in fresh potato tubers; 2. — nitrate content in cooked potatoes; 3. — nitrate
content in decoction from cut potatoes; 4. — nitrate content in cooked potatoes afier second
extraction
® early cultivar; ® medium early cultivar; €late cultivar;
A. December 9-12 1991; B. January 6-9 1992; C. February 10-13 1992; D. March 16—18 1992

beginning of the storage in cv. Albina (41.6%) from Jakubovany and at the
end of storage in cv. Nela from both localities (Trstena 40.9%; Jakubovany
39.2%) and cv. Sante (41.1%) from Jakubovany. During storage the nitrate
content in cooked potatoes was changed only a little in cultivars Albina,
Rema from Trstend and Albina, Radka from Jakubovany. In cvs. Nela,
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IL Statistical value identity of average nitrate differences during storage between individual
potato cultivars after cooking

Locality Cultivar Albina | Svatava Sante Radka Rema
Nela a ® ¥ i 114 o %%
b *% % %% *%%
“g' Albina a P13 1133 0 e
7] "y e s
£ b
Svatava a ses 0 s
b %% L 2 1]
Sante a 0 i~ R
b *
Nela a 5% % s % o
b 5% &% L 213 %%
>
5 1 2 3] *$® RF
s Albina a 0
§ b %% * L3 1]
= Svatava a sse b ddd 0
b s *%%
Sante a b d 0
b e

* insignificant differences; ** significant differences; *** highly significant differences; 0 no
result

a — comparison of values at the beginning of storage (from December 9—-12 1991); b — compari-
son of values after three month storage (from March 16—18 1992)

Svatava and Sante from both localities the nitrate decrease during storage in
cooked potatoes was between 13 and 20%.

The content of nitrates in the decoction was usually ranging between 28
and 7% (Table III) with exception of cv. Sante from Trstend (at the begin-
ning of storage) and Albina from Jakubovany during the whole storage pe-
riod. During storage the differences of nitrate content in decoction were low
and mostly insignificant. The highest nitrate content in decoction was at the
beginning of storage for cvs. Sante (47.4%) from Trstend and Albina
(33.9%) from Jakubovany and the lowest for cvs. Svatava (13.7%) and
Rema (14.7%) from Trstend and Radka (15.2%) from Jakubovany. At the
end of the storage the highest nitrate content was in decoction from cv. Al-
bina (Jakubovany 31.1%) and the lowest from cv. Svatava (Trstend 7.8%).
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IIL Nitrate content [%] in potatoes after cooking (A) and its content [%] in decoction (B)

Date of extraction
Locality Culiivis December | January February March
9-12 69 10-13 16-18
Nela" A 60.4 50.5 49.5 40.9
B 21.0 7.8 8.2 8.7
E Albina® A 63.9 60.5 643 61.1
E B 21.1 12.2 13.6 16.0
Svatava® A 60.1 489 45.4 45.5
B 13.7 12.7 8.2 7.8
Sante® A 70.9 67.8 63.5 57.0
B 47.4 27.8 24.8 23.4
Rema® A 51.2 40.9 43,9 2.4
B 14.7 22.5 22.0 20.6
Nela® A 59.7 43.6 39.4 39.2
e B 23.4 169 18.1 16.6
g Albina® A 41.6 45.8 45.1 46.0
3 B 33.9 29.0 30.5 31.1
= Svatava® A 70.0 61.7 57.6 48.5
B 20.8 13.9 15.2 14.7
Sante® A 64.0 40.0 38.2 41.1
B 20.9 26.5 23.6 24.3
Radka® A 52.8 494 49.4 4.1
B 15.2 7.8 9.2 9.3

®early cultivar; medium early cultivar; “late cultivar

For cv. Albina (Jakubovarny) the differences of the nitrate content between the
beginning and the end of storage were insignificant and for cv. Svatava
(Trstend) significant. These differences were significant also for cv. Radka

from Jakubovany and highy significant for cvs. Nela and Sante from Trsten4.

When we statistically compared the nitrate differences in cooked potato
tubers between individual cultivars on the same locality, we obtained the
results which are summarized in Table II. From this table we can see that the
statistical value identity of the nitrate differences during storage between in-
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dividual potato cultivars at the beginning and at the end of storage are differ-
ent in some cases.

Differences in accumulated nitrate quantities in cooked potatoes between
the same cvs. (Albina-Albina, Nela-Nela, Svatava-Svatava) from both lo-
calities were of a high significance. Only for cv. Sante the differences in
nitrate quantities after cooking were insignificant. Therefore we can verify
that this cultivar has in our case a little influence from the locality.

During the storage time, the potatoes from Trstend were not as healthy as
those from Jakubovany and at the end of January and at the beginning of
February they started to rot. The tubers from Jakubovany were healthier,
they rotted only a little but at the end of February they started to germinate
intensively.

DISCUSSION

As we can see from Table I after cooking for all cultivars the decrease in
nitrate content was significant. Contemporaneous results showed that the
ability to accumulate nitrates is considerably dependent on locality, nourish-
ment, cultivar, and partly on the tuber maturity and health. Later planting in
cooler climate, and an early harvest in Trstend did not allow the process of
maturation to come to an end. From this point of view the locality of Jaku-
bovany gains an advantage. Better maturation led to a reduction of nitrate
content at the beginning and at the end of storage. It can be said that the
locality of Trstena did not have adequatly counterbalanced nourishment
(FargaSova, 1994). When the influence of the kitchen cooking on the
content of nitrates in various potato cultivars from two localities was studied
the results summarized in Table II and III were obtained. In our study there
were no significant differences between all cultivars at the same locality.
The differences were changed also during the storage period (Sikora,
Miedzobrodska, 1988; Gumargalieva etal., 1989; Prugar, 1993).
When these results are compared with those obtained during storage of fresh
potato cultivars from the same localities (FargaSova, 1994) there were
some differences. At the beginning of household storage for fresh potatoes
the insignificant differences between nitrate accumulation in tubers were
only between cvs. Svatava-Radka from Jakubovany. After kitchen cooking
these differences were highly significant. They were insignificant after
cooking at the beginning of storage between cvs. Albina-Nela from Trstend.
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The differences in significance at the beginning of storage were also between
cvs. Nela-Svatava and Albina-Svatava from Trstend and Albina-Radka,
Svatava-Sante from Jakubovany. These differences were in fresh tubers sig-
nificant and after cooking highly significant. After three months the results
were different and for fresh potatoes insignificant differences between cvs.
Svatava-Rema from Trstend and Albina-Sante from Jakubovany were re-
corded. For cooked potatoes insignificant differences were also between cvs.
Albina-Sante from Jakubovany but for Svatava-Rema from Trstené these
differences were highly significant. Insignificant were in this case differ-
ences between Sante-Rema from Trstend which were highly significant for
fresh potatoes. In case between cvs. Nela-Rema from Trstend, Nela-Albina,
Nela-Svatava, Nela-Sante, Albina-Radka, Svatava-Radka from Jakubovany
the significant differences for fresh tubers after cooking changed to highly
significant. Only for cvs. Nela-Albina from Trstena highly significant differ-
ences changed to significant.

By cooking the concentration of nitrates in potatoes, when nitrates together
with mineral salts passed to the decoction, decreased by about 75-80%
(Becka etal, 1982; Fargas$ova, 1993). By comparing our results with
results of mentioned authors at the beginning of storage such great decrease
of nitrate content after cooking was never reached in any case. The maximal
decrease at the beginning of storage was 58.4% (cv. Albina from Jaku-
bovany). Different was the situation after three months’ storage. In this case
the nitrate contents in cooked potatoes were increased by about 68.9 to
92.2% and these results are in an agreement with those of Becka et al.
(1982) and FargaSova (1993).

When nitrate content in decoction from cut potatoes was compared with
results as described by Farga§ova (1993), their amounts were extremely
low and they did not exceed 47.4% (cv. Sante from Trstend). The values of
nitrate quantities in the decoction changed during storage only a little and
significant differences between the beginning and the end of storage could
be mentioned only for cvs. Nela, Svatava and Sante from Trstend and
Svatava and Radka from Jakubovany. Tubers were stored in normal house-
hold conditions and the temperature was occasionally high with a low mois-
ture content (especially during March) (FargaSova, 1994). These
conditions also explain why some cultivars started to rot and germinate
(Kumar et al., 1991).
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A. Fargasova (Slovenskd technicka univerzita — Chemickotechnologicka fakulta,
Bratislava, Slovenska republika)

Vplyv skladovania a kulindrneho spracovania na obsah dusi¢nanov
v réznych odrodach zemiakov z dvoch lokalit

Sledovali sme obsah dusiénanov v Siestich odroddch zemiakov (Svatava, Nela,
Albina, Sante, Radka, Rema) z dvoch lokalit (Trstend, Jakubovany) a ich tbytok
v priebehu trojmesa&ného skladovania v doméacnosti a vplyv tohto skladovania na
ubytok dusiénanov vo varenych zemiakoch a ich obsah vo vyluhu. Dusi¢nany sa
stanovovali ionovo-selektivnou elektrédou (ISE) Crytur.

MneZstvé dusi¢nanov obsiahnuté v hfuzich surovych a varenych zemiakov z obid-
voch lokalit ako aj vo vyluhoch sii uvedené v tab. I. Rozdiely medzi jednotlivymi
odrodami v obsahu dusi¢nanov na za¢iatku a na konci skladovania po vareni st 3ta-
tisticky porovnané v tab. II. Z idajov o percentudlnom obsahe dusi¢nanov v zemia-
koch a vo vyluhu po vareni v priebehu trojmesa&ného skladovania v doméacnosti
(tab. IIT) méZeme konstatovat, Ze obsah dusiénanov vo varenych zemiakoch sa na
zatiatku skladovania zniZil na 71 aZ 42 % a na konci skladovania na 61 aZ 41 %.
NajniZsi obsah dusi¢nanov vo varenych zemiakoch bol na za&iatku skladovania od-
rody Albina (41,6 %) z Jakubovan a na konci skladovania v odrodich Nela z obid-
voch lokalit (Trstend 40,9 %; Jakubovany 39,2 %) a Sante (41,1 %) z Jakubovan.

Obsah dusi®nanov vo vyluhu sa pohyboval oby&ajne medzi 28 aZ 7 % (tab. III).
Vynimkou bola len odroda Sante z Trstenej na zagiatku skladovania a odroda Albina
z Jakubovan, kde bol obsah dusi¢nanov vo vyluhu vy33i pocas celej skladovacej pe-
riody. Rozdiely v obsahu dusiénanov vo vyluhu boli v priebehu skladovania malé
a va¢sinou nepreukazné. Najvy3si obsah dusi¢nanov vo vyluhu bol na za&iatku skla-
dovania pri odrodich Sante (47,4 %) z Trstenej a Albina (33,9 %) z Jakubovan a naj-
niz3i pri odrodich Svatava (13,7 %) a Rema (14,7 %) z Trstenej a Radka (15,2 %)
z Jakubovan. Na konci skladovania bol najvy3$i obsah dusi¢nanov vo vyluhu z odrody
Albina (Jakubovany 31,1 %) a najniZ3i z odrody Svatava (Trsten4 7,8 %).

Statistickym porovnanim rozdielov dusi¢nanov vo varenych zemiakoch pre jed-
notlivé odrody z tej istej lokality sme ziskali vysledky (tab. II), z ktorych vidno, Ze
hodnoty Statistickej preukaznosti rozdielov v obsahu dusi¢nanov vo varenych zemia-
koch sa potas skladovania v niektorych pripadoch menili.

Rozdiely v obsahu dusi¢nanov vo varenych zemiakoch medzi tymi istymi odroda-
mi (Albina-Albina, Nela-Nela, Svatava-Svatava) z obidvoch lokalit boli vysoko pre-
ukazné. Len pre odrodu Sante boli tieto rozdiely nepreukazné. Z tohto dévodu
moéZeme konStatovat', Ze tato odroda je v naSom pripade len mélo ovplyvnena loka-
litou a jej klimatickymi a pddnymi pomermi.

odrody zemiakov; obsah dusi¢nanov; kulinirne spracovanie; uskladnenie v domacnosti
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POMER SELENU V POTRAVINARSKY VYUZITELNYCH
A VEGETATIVNICH CASTECH OVSA SETEHO

Vilém KOUTNIK, Hana DOCEKALOVA!

Vysoka $kola zemédélska — Ustav chemie a biochemie, Zemédélské 1, 613 00 Bro;
! Vyzkumny vistav veterindmiho lékaFstvi, oddélent hygieny potravin, Hudcova 70,
621 32 Bmo

Ve dvou sklenikovych pokusech za vyuZiti Mitscherlichovych nddob
byl zjistovén pomé&r obsahu selenu v generativnich a vegetativnich &s-
tech ovsa setého (Avena sativa L.). Varianty s vy$§im obsahem selenu
v piidé (aplikace seleni¢itanu sodného) byly srovnévény s kontrolnimi
porosty bez pfidavku tohoto prvku. Potravinéfsky vyuZitelny podil ob-
sahuje signifikantn& vy33i obsahy selenu proti vegetativnim &astem,
a to u v3ech variant. Prvek byl stanoven metodou AAS hydridovou
technikou.

selen; zmo; vegetativni ¢asti; Avena sativa L.; AAS HG

Potravinafsky primysl vyZaduje kaZdym rokem stabilni produkci surovi-
ny s odpovidajicimi kvalitativnimi parametry. RovnéZ dostatedna koncentra-
ce selenu v potravinich je ukazatelem kvality a také pfedpokladem pro
dobry zdravotni stav lidského organismu. Chen et al. (1980), Salonen et
al. (1982, 1985) a Yu et al.(1985) pojedndvaji o nepfiznivém G¢€inku nedo-
statedné koncentrace zdjmového prvku v téle &lovéka. Nutno viak uvést, Ze
piili§ vysoké koncentrace selenu jsou téZ Skodlivé. Toxickym vyznamem
uvadéného prvku na Zivolisny organismus se zabyval napf. Shamberger
(1983), Anderson etal. (1985), Kalnickij (1985) a dalsi.

Pro dostatedny vstup selenu v pfirozenych formach (K1ettha, 1966) do
potravniho fetézce Elov€ka musi byt odpovidajici koncentrace v piidich.
Existuji rozsahlé oblasti s nizkymi obsahy selenu v piidich (Sippola,
1979; Koljonen, 1975). Do téchto piid je moZné aplikovat selen v rAmci
hnojeni (Gupta et al., 1982; Gissel-Nielsen, 1985). Naptiklad lze
uvést rozsahlou plosnou aplikaci slou¢enin selenu ve Finsku (Kvi&ala,
1991). Timto je moZné fesit nejen 1é¢eni chorob a prevenci v humanni medi-
cing a veterindmi praxi, ale také lze zvy$it mtri¢ni hodnotu rostlinného ma-
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teridlu. Vy33i obsah selenu v rostlinich umoZiiuje i intenzivnéj$i biosyntézu
dileZitych organickych charakteristik, napf. aminokyselin (Munshi et al.,
1990).

Pro potravinafsky primysl ma vyznam ta ¢4st rostlinné produkce, ktera je
k dispozici potravindfskému zpracovani. MiiZe se stat, Ze plodiny od&erpaji
z pid velky podil selenu, ale do &4sti rostlin, které se vyuZivaji pro vyrobu
potravin, nevstupuje poZadované mnoZstvi. Je to dano distribuci uvedeného
prvku v rostlinich a tedy podilem selenu v &astech rostlin potravinaisky vy-
uzitelnych a v &astech, které nejsou urteny k tomuto ucelu.

Cilem préce je ziskat informace o toku, resp. distribuci selenu v rostlinich
ovsa setého a zjistit jeho pomé&r v zmu a potravinaisky nevyuZitelnych ¢astech.

MATERIAL A METODY

Ve sklenikovych podminkach aredlu VSZ v Bmé byly zaloZeny dva nado-
bové pokusy: pokus 1 v roce 1990 a pokus 2 v roce 1991. V obou piipadech
byla pouZita zemina hlinitopis¢ita s obsahem humusu 1,39 %. Na zikladé
agrochemického rozboru byl stanoven nasledujici obsah Zivin (mg/kg)
v jemnozemi: pfijatelny P 94,8 (Egner), K 297,3 (Schach.), Mg 100,0
(Schach.). Déle byl stanoven obsah Se 0,15 mg/kg (digesce HNO; ¢ =
= 2 mol/l), pH/KCI 7,25. Mitscherlichovy nadoby se naplnily zeminou
o hmotnosti odpovidajici 6,0 kg susiny. Pro nddobové pokusy byly pouZity
chemikélie: NH,NO; p.a., NaH,PO, . H,0O p.a., KCl p.a., v8e Lachema, Che-
mapol, a Se'" ve form& Na,SeO; . 5 H,0 p.a., Analytikon Praha,CR.

Pokus 1: Pro zajidténi rovnom&mého obsahu Zivin bylo pfed vysetim ap-
likovéno: 1,51 g N (NH,NO,), 0,22 g P (NaH,PO,. H,0) 2 0,74 g K (KClI).
Do kaZzdé nidoby bylo vyseto 15 zrn ovsa setého, odriidy Pan. Aplikaci
Na,Se0; . 5H,0 jsme vytvofili pét variant ve 12 opakovanich: var. A kon-
trolni, bez pfidavku Se, a varianty s pfidavkem Se, tj. var. B-3, var. C-6, var.
D-12, var. E-24 mg Se na 1 kg zeminy. B&hem vegetace byl aplikovan
DAM-390 (0,25 g N na nadobu) pro zajisténi dostatku dusiku a Calixin proti
chorobé& padli travni (Erysiphe graminis DC).

Pokus 2: Byly aplikovany stejné davky i formy hnojiv v&etné dusiku, kte-
1y byl tentokrat pouzit jednordzové v ddvce 2,41 g (forma NH,NO;) na n4-
dobu. Bylo vyseto 25 zrn ovsa setého téZe odnidy. Rliznymi koncentracemi
pentahydritu seleni¢itanu sodného byly vytvofeny varianty: b-s pfidavkem
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5, c~-10, d-15 a e-20 mg Se na 1 kg zeminy. Pro srovnani slouZila kontrolni
var. a bez pfidavku selenu.

U obou pokusti byla v nddobich udrZovina 60% hodnota maximéini vodni
kapacity, porosty byly sklizeny v plné zralosti, a to ustfizenim 1 cm nad po-
vrchem piidy. Oba podily rostlinné hmoty (zrno a sldma) byly zviZeny.

Mineralizace rostlinného materidlu byla provedena jeho skropenim HNO,
a nasycenym roztokem Mg(NO;), v porceldnovém kelimku. Po zreagovani
nisledovalo vysuseni, potom pfedspéleni pfi teplot€ 300 °C a spalenf v muf-
lové peci (490 °C). Bily popel byl rozpustén v HCI. Obsah celkového selenu
v zmu (bez plev a pluch) a ve sldmé byl stanoven metodou atomové absorp-
¢ni spektrometrie, hydridovou technikou (AAS HG) s pfidavnym zafizenim
MHS-10 na pfistroji Perkin-Elmer, model 4000 (Do&ekalova, 1990).
Udaje z analyz byly vyhodnoceny na po&itati PC/AT programovym systé-
mem Statgrafic v.2.6 a vypoltem s..

VYSLEDKY A DISKUSE

V obou pokusech jsou signifikantni rozdily mezi obsahem selenu v zrmu
a ve slamé&. Porovnani koncentraci sledovaného prvku v obou rostlinnych
podilech ukazuje obr. 1. Celkové mnoZstvi odéerpaného selenu z pid je
ovlivnéno pidnimi podminkami, zejména hodnotami pH, obsahem humusu

4019 3 Pokus?1 60Fmg.g" Pokus® 2
- 1

lvariant; 2experiment

1. Porovnani koncentrace Se [ug na 1 g] v zmu (1) a slémé& (2) -The comparison of the Se
concentration [pig na 1 g] in grain (1) and straw (2)
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(Dorst, Peterson, 1984) a formou selenu. Selenan (Se¥’) vykazuje vy3-
8 vyuZitelnost rostlinami proti seleni&itanu (Se'v), pfitemz Se'V v alkalic-
kém prostiedi je oxidov4n na SeV! (Clarkson etal., 1991). Pom&r obsahu
selenu v zmu a ve slamé bude s nejv&tsi pravd&podobnosti vlastnosti rostlin.
Diference 1ze postihnout jak u variant s pfidavkem selenu, tak i u kontroly
(tab. I). Obsah selenu v zmu odpovid4 jeho koncentraci v piidé u jednotli-
vych variant. VyuZiti nizkych koncentraci pidniho selenu rostlinami je vy3si
(obr. 1 — strm4 &4st grafického vyjadfeni, varianta B nebo b) v porovnéni
s vysokymi koncentracemi piidniho selenu.

I. Obsahy a poméry Se v zmu a vegetativnich Edstech ovsa setého - Se contents and ratios in
the grain and vegetative parts of Avena sativa

Varianta/ Zmo® [pg. g’ sufiny’] Slima* [u g. g sufiiny)

[Pridavek' Se Pomé®
fmgke] x = H 5

Pokus® 1

A 0 0,78 0,029 0,56 0,052 1,39:1
B 3 23,50 0,280 16,70 0,190 1,40: 1
cC 6 35,30 0,390 29,10 0,310 1,21:1
D 12 37,30 0,320 32,70 0,420 1,14:1

Pokus 2
a 0 0,84 0,016 0,61 0,063 1,37:1
b S 39,20 0,440 26,90 0,320 1,45:1
c 10 50,40 0,580 35,20 0,320 1,43:1
d 15 54,35 0,710 39,40 0,370 1,37:1

laddition; 2grain; 3dry weight; ‘straw; ratio; Sexperiment

Smyslem price bylo poukézat na to, jakym zplisobem je distribuovén pfi-
jaty selen v rostlinném systému. Ovéfila se moZnost vyrazn&€jsiho vstupu pfi-
rozenych forem selenu (Kleitha, 1966) do potravniho fetézce &lovéka
zvy$enim jeho koncentrace v piidnim systému. Ovlivnéni produkce rostlinné
hmoty aplikaci selenu uvddi Gissel-Nielsen (1985), nirist obsahu
selenu v rostlinich uvadi Gupta et al. (1982). Aplikaci 24 mg v pokuse 1
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IL Produkce zma a sldmy u ovsa setého v zdvislosti na obsahu Se v pid& — Production of grain
and straw in Avena sativa in the dependence on the Se contents in soil

Varianta/ PZL HZvN [g] HTZ HSWN [g]
[PHidavek’ Se

[m g. ks- 1 ] E Sx E Sx [8] E Sx
Pokus? 1

A 0 37,8 3,2 29,38 2,76 33,8 53,81 3,21
B 3 389 3,1 31,71 2,82 34,7 57,01 3,02
C 6 38,0 2,9 29,41 2,16 34,4 46,29 3,11
D 12 36,2 23 23,16 232 32,0 50,34 2,89

a 0 41,2 2,9 35,39 2,42 35,8 119,64 6,08
b 5§ 41,4 3,2 35,76 2,17 36,0 122,30 5,71
c 10 40,1 2,8 33,87 2,38 35,2 116,89 4,95
d 15 389 2,9 23,87 2,19 34,1 65,71 2,90

PZL = po&et zm v lat& — number of seeds in the ear

HZvN = hmotnost zrma v nddob& — grain weight in the vessel

HTZ = hmotnost tisice zm ~ weight of 1000.grains
HSVN = hmotnost slimy v nddob& — weight of the straw in the vessel

laddition; 2experiment

a 20 mg Se na 1 kg v pokuse 2 byla vyvoldna fytotoxicita (nevyvinuté rost-
liny), proto varianty E ani e nefiguruji ve vysledcich. Naopak pfidavek 3 mg
Se na 1 kg vykazoval stimula¢ni u¢inek na riist a vyvoj rostlin i na produkci
potravinisky vyuZitelnych &4sti ovsa setého v porovnéni s kontrolou (tab. II).

ZAVER

Pievaina &4st selemu v rostlindch ovsa setého (Avena sativa L.) je distribuo-
vana do zma, coZ m4 zna¢ny dopad na kvalitu produkti, které jsou zpracovava-
ny potravindfskym priimyslem. Zmo ovsa svymi kumulativnimi G&inky takto
kladné pfispiv4 ke vstupu selenu do lidského organismu. Oviem primé4rni
zéleZitosti pro obsah selenu v potravnim fetézci &lovéka je jeho dostatedna
koncentrace v pidach. Je-li uvedeni podminka splnéna, Ize o&ekdvat v tomto
smyslu nejen kvalitni potravindiskou surovinu, ale i vy$3i produkci.

471



Potrav. VEdy, 12, 1994 (6) : 467473

Literatura

ANDERSON, P. H. - BERRETT, S. - PARKER, B. N. J.:Suspected selenium poi-
soning in lambs. Vet. Rec., 116, 1985: 647.

CLARKSON, T. W. — FISHBEIN, L. - MALLINCKRODT, M. G. - PISCATOR,
M. - SCHLIPKOTER, H. W. — STOEPPLER, M. - STUMM, W. - SUNDERMAN,
W.: Metals and their compounds in the environment. New York, Basel, Cambridge
1991: 1168.

DOCEKALOVA, H.: Modifikétory pro pfimé stanoveni selenu v t&lnich tekutinich
atomovou absorpéni spektrometrii. [Kandiditska dizertace.] Brno, Masarykova uni-
versita 1990: 83-86 — Piirodov&decka fakulta.

DORST, S. H., van — PETERSON, P. J.: Selenium speciation in the soil solution and
relevance to plant uptake. J. Sci. Food Agric., 35, 1984: 601-605.
GISSEL-NIELSEN, G.: Selenium in soils and plants. In: 3. Int. Symp., Stockholm
1985.

GUPTA, U. C. - MC RAE, K. B. - WINTER, K. A.: Effect of applied selenium on
the selenium content of barley and forages and soil selenium depletion rates. Can. J.
Soil Sci., 62, 1982: 145-154.

CHEN, X. - YANG, G. — CHEN, J. — CHEN, X. - WEN, Z. - GE, K.: Studies on
the relations of selenium and Keshan disease. Biol. Trace Elem. Res., 2, 1980:
91-107.

KALNICKIJ, B. D.: Mineralnyje ve$&estva v kormlenii Zivotnych. Agroprom. Le-
ningrad, 1985: 98.

KLENHA, J.: Biochemie selenu. Chem. Listy, 60, 1966: 1662, 1676—1680.
KOLJONEN, T.: The behavior of selenium in Finnish soils. Ann. Agric. Fenn., 14,
1975: 240-247.

KVICALA, J.: Trace elements in man and amimals. In: 7th Int. Symp. Dubrovnik,
1990, Bul. Cs. Spol. Biochem., 1, 1991: 24.

MUNSHI, C. B. — COMBS, G. F. Jr. - MONDY, N. I.: Effect of selenium on the
nitrogenous constituens of the potato. J. Agric. Food Chem., 38, 1990: 2000-2002.
SALONEN, J. T. — ALFTHAN, G. — PIKKARAINEN, J. - HUTTUNEN, J. K. -
PUSKA, P.: Association between cardiovascular death and myocardial infarction
and serum selenium in a longitudinal study. Lanc., 2, 1982: 175-179.

SALONEN, J. T. — SALONEN, R. — LAPPETELAINEN, R. — MAENPAA, P. H.
— ALTHAN, G. — PUSKA, P.: Risk of cancer in relation to serum concentrations of
selenium and vitamins A and E. Br. Med. J., 290, 1985: 417.

SHAMBERGER, R. J.: Biochemistry of selenium. N.Y. and London, Pl. Press 1983:
334.

SIPPOLA, J.: Selenium content of soils and timothy in Finland. Ann. Agric. Fenn.,
18,1979: 182-187.

472



Potrav. Vedy, 12, 1994 (6) : 467-473

YU, S. Y.~ CHU, Y.- GONG, X. L. - HAN, C. - LI, W. G. - GONG, H. M- XIE,
J. R.: Regional variation of cancer mortality incidence and its relation to selenium
levels in China. Biol. Tr. El. Res., 7, 1985: 21.

Dofdlo 19. 3. 1993

V. Koutnik, H. Doéekalovd (University of Agriculture, Bmo;
Research Institute of Veterinary Medicine, Brmo, Czech Republic)

The ratio of selenium in the vegetative parts of sown oats and in its parts
suitable for food purposes

Our aim was to determine in what ratio selenium is distributed into the vegetative
parts of sown oats (4dvena sativa, L.) and into its parts that are usable for food
purposes. We carried out two experiments to achieve this aim, each of them includ-
ing five variants with 60 vessels. One variant was always a check one, without Se
addition, and the other variants incorporated the graded Se addition in the form of
NazSe03 . 5SH20 into the soil. The plants were harvested in their full ripeness, Se
was determined in grain and in straw by the AAS method, by hydride technique
with the attached device MHS-10 on the Perkin-Elmer apparatus, model 4000, and
the mineralization of the plant material was carried out with HNO3; and Mg(NO3 )2
with the following burning in the muffle kiln.

It was shown that in both the experiments were substantial differences between
the Se content in grain and straw (Fig. 1). The total amount of the Se depleted from
soils is influenced by the soil conditions (pH, humus content), but the ratio of the
contents seems to be the matter of plants. Differences can be noticed both with the
variants with the Se addition and with the checks (diagram I). With the E and e
variants of both the experiments, a strong fytotoxicity was shown, and thats why
these are not included in the results. On the contrary, the B variant shows the high-
est grain and straw production (diagram II). A considerable part of Se in the plants
Avena sativa is distributed into grain. This fact influences the quality of the oats
parts usable for food purposes because grain, due to its cummulative qualities, may
contribute to the more significant entrance in human organisms. Selenium is con-
sidered an important element, which may determine a good health in the human
body trough its sufficient contents. A prerequisite for the natural Se forms entrance
in human food chains is a suitable concentration of the studied element in soils.
Then it may be expected a quality (in this sence) food raw material, and at the same
time its higher production.

selenium; grain; vegetative parts, Avena sativa L., AAS HG
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Zem?¥d&lské technika (Agricultural Engineering) 4 140,-
Ochrana rostlin (Plant Protection) 4 140,-
Genetika a Slechtni (Genetics and Plant Breeding) 4 140,
Zahradnictvi (Horticultural Science) 4 132,-

Uvedené ¢asopisy je moZné objednat na adrese:

Ustav zemé&délskych a potravinaiskych informaci
Slezska 7
120 56 Praha 2
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KORELACE HODNOCEN({ 8
SENZORICKE A PRISTROJOVE TVRDOSTI

Milan HOUSKA, Ivana PAULICKOVA, Jan POKORNY'

Vyzkumny tistav potravindisky, Radiové 7, 102 31 Praha 10-HostivaF:
Vysoka Skola chemicko-technologickd, Technicka 5, 166 28 Praha 6

V préci je dokumentovén postup hledéni korelace senzorické a pfistro-
jové tvrdosti tuhych potravin. Senzorické stanoveni tvrdosti d€lala sku-
pina proskolenych hodnotiteli postupem podle ndvrhu normy ISO
11036. Ke stanoveni pfistrojové tvrdosti byl pouZit pfistroj Instron
1140. Vzorky byly stlatovény mezi dv&ma deskami, coZ je geometrie
nejpodobné;j3i stlafovani potravin mezi stolikami v tstech. K experi-
mentim byly pouZity potraviny v3ech typickych druhi z hlediska reo-
logického chovani pii stlafovéni a byla zjisfovéna korelace
charakteristickych veli¢in zjisténych z deformaénich kivek pfi senzo-
rickém hodnoceni tvrdosti. Za charakteristické veli¢iny, vyhodnocené
z plistrojového stanoveni tvrdosti, byly povaZovény prvé maximum si-
ly na zat&Zovaci kiivce a pfikon potfebny ke stlateni vzorku k dosaZeni
tohoto prvniho maxima. Pokud potravina pfi stlatovani nevykézala ex-
trém, byla vyhodnocena smluvni sila, které byla stfedni silou v ploché
&asti zat&Zovaci kiivky. Jak sila, tak pfikon velmi uspokojivé koreluj
(po logaritmické transformaci) se senzorickou tvrdosti potravin. Pfi
poZadavku na t&sn&jsi korelaci pfistrojové a senzorické tvrdosti 1ze
provést hledani korelace pro dany druh potraviny. Pro specificky druh
potraviny je moZné také pfizpiisobit pfistrojovou metodu tak, aby co
nejlépe vystihovala d&je odehrévajici se v ustech pfi stanoveni senzo-
rické tvrdosti. V ramci vyzkumu se ové&fily vzory tvrdosti vhodné pro
naSe podminky.

tvrdost; senzorické hodnoceni; pfistrojové stanoveni; vz4jemna korelace

* Vykonino s podporou grantového projektu & 101/0625 GA CR
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V souvislosti s pokratujicimi snahami normalizovat postupy stanoveni
senzorickych atributi textury (ndvrh normy ISO 11036) se objevuje i snaha
o stanoveni podminek, za nichZ lze senzorické stanoveni n&kterych atribut
textury nahradit pfistrojovym méfenim fyzikaln& definovanych veli¢in — reo-
logickych nebo mechanickych vlastnosti. Jak bylo neddvno ové&feno, lze
u newtonskych kapalnych potravin nalézt korelaci mezi senzorickou visko-
zitou a logaritmem dynamické viskozity (Hous$ka et al., 1993). Existenci
analogické korelace l1ze pfedpokladat u tuhych potravin pro, tvrdost, kterd je
primarni vlastnosti textury (Piggot, 1988).

Proto bylo zdkladnim cilem této prace ovéfeni existence a pfipadné i pod-
minek, za nichZ lze nalézt korelaci senzorického a pfistrojového stanoveni
stupné tvrdosti vybranych typickych vzorki tuhych potravin.

MATERIAL A METODY

Z hlediska reologickych vlastnosti se jednalo o potraviny s vldknitou
strukturou (masné vyrobky), gelovou strukturou (syry), o plastické potravi-
ny (Zelé bonbony), kiehké potraviny (Eokolddy), potraviny s buné&nou
strukturou (ovoce a zelenina) (Neumann, 1990). U téchto potravin se po-
suzovala sila potfebna ke stlateni ldtky mezi stoliCkami. Teoretickym pod-
kladem pro samotné hodnoceni-intenzity tvrdosti slouZil popis metod
obsaZeny v navrhu normy ISO 11036 a popis metod pouZivanych v senzoric-
ké analyze (Pokorny, 1990). V ISO normé je popsdna metoda stanoveni
stupné tvrdosti a piehled porovndvacich vzorki potravin, které slouZi jako
standardy. Pfi kvantitativnim hodnoceni tvrdosti doporu¢uje Szczesnia-
kova (1973) pouZivat porovnavaci vzorky, na ziklad€ kterych by mohli
hodnotitelé rozvijet svoje schopnosti.

Pii hled4ni standardii tvrdosti byla pouZita pofadova zkouska, pfi které se
skupina deviti vzorki sefadi podle intenzity tvrdosti. K hodnoceni vysledki
bylo pouZito jednoduché vyhodnocovaci metody — metody souctu pofadi,
pfi které se s¢itd pofadi uréené jednotlivymi hodnotiteli. Soulty se poté sefa-
di podle velikosti a dostaneme vysledné pofadi.

K samotnému hodnoceni intenzity tvrdosti vybranych vzorki slouZila
stupnicov4 metoda, pfi¢emZ byla paraleln€ pouZita bodova a graficka stupni-
ce. Intenzitni bodov4 stupnice byla rozélenéna na devét stupiili s vyznaenim
krajnich bodd, ke kterym byly pfifazeny pfislu$né standardy. Tyto porovna-
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vaci vzorky stanovili hodnotitelé senzorickym hodnocenim intenzity tvrdos-
ti. Hodnotitelé mohli zad4vat idaje s pfesnosti na jedno desetinné misto.
Z vysledki byl stanoven aritmeticky primér a odchylka a proveden test od-
lehlosti s vyuZitim kritickych hodnot Studentova rozdéleni na hladiné vy-
znamnosti 0,05. Z4dn4 data nebyla vyloutena z hodnoceni.

Intenzitni grafickou stupnici tvofila strukturovana usetka s oznatenim
krajnich mezi a stfedu s tim, Ze si hodnotitel mohl libovolné volit mezi t€mi-
to krajnimi body v rozsahu 1 aZ 70. Vybér strukturované uise¢ky byl prove-
den s ohledem na témé&f 40% zastoupeni nezkusenych nebo méné zkusenych
hodnotiteld. Z vysledki byl vypod&ten aritmeticky primér a odchylka a pro-
vedeno hodnoceni pomoci Dean-Dixonova testu.

Senzorické stanoveni stupné tvrdosti bylo provdd&no v laboratofi se Sesti
oddélenymi kéjemi. Tato zkuSebni mistnost i pfipravny prostor odpovida po-
Zadavkim normy ISO 8589.

Formuléfe, sbér dat a vyhodnoceni se provadélo na siti po&itatt progra-
mem SENZOR (Eck, Zarsky, 1991).

K hodnoceni bylo vybrdno 18 osob, které mély zdravy chrup (kompletni
a bez korunek). Z téchto hodnotitelii bylo 61 % zku$enych (aktivni ufast na
senzorickém hodnoceni po dobu dvou a vice let) a 39 % méné zkuSenych
a nezku$enych (tfi mé&sice a méné&). Hodnotitelé byli pfed zahdjenim price
seznameni s danou problematikou, s cilem a postupem senzorického hodno-
ceni. Skoleni hodnotiteli bylo provadéno opakovanym podavénim standar-
dii a hodnocenim intenzity tvrdosti pofadovym testem.

S pfihlédnutim k omezenému vybéru vzorki bylo nutné se piizpiisobit
mistnim moZnostem a proto byly standardy vybirdny pouze z doméci pro-
dukce. Béhem senzorického hodnoceni se ukézalo, Ze mezi vybranymi vzor-
ky jsou dosti velké rozdily ve stupni tvrdosti zpisobené heterogenni
povahou materidlu (masné vyrobky), technologickym postupem (syry), stup-
ném zralosti, dobou a zpiisobem skladovini (ovoce a zelenina).

Vzhledem k t¥mto objektivnim problémiim jsme nakonec zachovali pouze
dva porovnavaci vzory, které predstavovaly krajni meze devitibodové &isel-
né stupnice (m&kky — taveny syr Modrava, tvrdy — bonbony Haslerky).

Vzorky z vybranych potravin (pokud to velikost a struktura vzorki dovo-
lovala) se k senzorickému i pfistrojovému stanoveni tvrdosti pfipravovaly
vykrajovanim vale¢ki o priméru 13 mm a vy$ce 14 mm. Teplota vzorkd
b&hem stanoveni odpovidala teploté mistnosti.
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Vy3skoleni hodnotitelé stanovovali stupeii tvrdosti u &tyf vybranych vzor-
ki podle devitibodové stupnice, jejiZ krajni body pfedstavovaly dva porov-
navaci vzorky, které méli hodnotitelé u sebe k dispozici. Hodnotitelé
postupovali podle formulafid, jejichZ tvar a texty uvadime:

FORMULARE HODNOCENI{

1. Hodnoceni tvrdosti poradovou metodou

VloZte vzorek mezi stoliky a klidn& skousnéte. Hodnot'te maximéini silu
potfebnou ke stlageni potraviny v priib&hu skousnuti (ne aZ na konci skusu).
Nenechte se zmast riiznou soudrZnosti nebo kfupavosti vzorki, soustfed'te se
jen na kladeny odpor potraviny vii¢i skousnuti.

1... m&kky
2%
3 .

g...

9 ...tvrdy
2. Hodnoceni tvrdosti stupnicovou metodou
a) BODOVOU STUPNICI

VloZte vzorek mezi stoliCky a klidn€ skousnéte. Hodnot'te max. silu potfe-
bnou ke stlateni potraviny v priib&hu skousnuti. Nenechte se zmdst riiznou
soudrZnosti nebo kiupavosti vzorkii. Hodnoceni proved'te podle nasledujici
stupnice (pouZivejte i desetinna &isla).

; ... m&kky napf. syr Modrava
3..

9.. tvrdy  napf. bonbony Haslerky

b) GRAFICKOU STUPNICH

VloZte vzorek mezi stoli¢ky a klidn€ skousnéte. Hodnot'te max. silu potie-
bnou ke stladeni potraviny v prib&hu skousnuti. Nenechte se zméast riiznou
soudrZnosti nebo kfupavosti vzorkil. Vysledky hodnoceni zaznamenejte po-
moci kurzoru na uvedenou useku.
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|

[l L}
| J : 1
mé&kky stiedni tvrdy

Stanoveni tvrdosti pfistrojové se provddélo na univerzilnim testovacim
zafizeni Instron 1140. Aby byly zachovény pfibliZzné podminky stlatovani
mezi stoliCkami, byla k m&feni pouZita metoda stlatovani vzorkii mezi dvé-
ma kruhovymi paralelnimi deskami. Rychlost stlaovani se volila 100 mm
za minutu jako kompromis mezi odhadnutnou rychlosti skousnuti (cca 300
aZ 500 mm/min) a schopnosti piistroje zaznamenat dostate¢né pfesné prib&h
sil i u malych vzorkil. Sniméni prib&hu sily a deformace bylo zajisténo po-
¢itatem HP-85 pomoci software COM upraveného pro nase podminky. Mé-
feni vzorki probihalo pfi pokojové teplot&. Ke stanoveni pfistrojové tvrdosti
se na zat€Zovaci kfivce vyhodnocovalo prvni lokédlni maximum sily Fimax
a deformace Dimax. Pokud byl materidl plasticky a zat&Zovaci kfivka neobsa-
hovala lokdlni maximum (monotonni rnist), byla vyhodnocena primé&m4 sila
Fp v ploché oblasti zat€Zovaci kfivky nebo sila pfi smluvni deformaci Dp,
odpovidajici pfiblizn& stfedu celkové relativni deformace vzorku (80 %).
Vyhodnocované veli¢iny jsou patmé z obr. 1.

1. Charakteristické tvary zat&Zovacich
kfivek a vyhodnocované veli&iny
F — Typical shapes of loading curves and
(N) the evaluated characteristics
F
Dymax
Qmak fp
/) >
#0p

Dl%%)

Kromé sil jsme ke stanoveni korelace vyhodnocovali praci potfebnou
k dosaZeni prvniho maxima a odpovidajici hodnotu piikonu P, ktery se sta-
novil délenim price vykonané do prvniho maxima dobou deformace vzorku
do dosaZeni prvniho maxima.

K mé&feni bylo pouZito 5 aZ 20 vzorki, z vyhodnocenych veli¢in byl sta-
noven aritmeticky primér a odchylka.
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VYSLEDKY A DISKUSE

Vzhledem k tomu, Ze zatim neexistuji normalizované zkousky posuzovani
tvrdosti potravin, byl vybér vzorki pouZitelnych jako vzory tvrdosti velice
obtiZzny a n€kdy zcela nespravny. Jednd se hlavn€ o gumovité potraviny (Ze-
1¢ bonbony) a potraviny vicevrstevné, z nichZ kaZda vrstva ma jiny stupeii
tvrdosti. Nasledné senzorické hodnoceni ukazalo vhodnost ¢i nevhodnost
vybranych vzorki. Velice obtiZné bylo i posuzovani ovoce a zeleniny, pfi
némzZ hraji diileZitou roli stupeii zralosti, doba a zpiisob uskladnéni i &4st, ze
které byl vzorek piipraven. S piihlédnutim k variabilité zd4nlivé identickych
potravin jsme ustoupili od hodnoceni tvrdosti pomoci deviti standardii a po-
nechali jsme pouze dva standardy predstavujici krajni meze stupnice (m&kky
— taveny syr Modrava, tvrdy — bonbony Haglerky). )

Dal$im problémem vyplyvajicim z danych skute¢nosti bylo statistické vy-
hodnecovani vysledki. DileZitou otdzkou se zda byt vyfazovani odlehlych
dat ze souboril. Vznik odlehlych dat je spojen piedeviim s variabilitou po-
uZitych potravin (ovoce a zelenina) a &asto i s nestilou technologii vyroby
i zplisobem skladovani (syry, bonbony apod.).

Primé&mé hodnoty senzorické tvrdosti, prvnich maxim sil, deformace do
prvniho maxima, vy$ky vzorki a pfikonu do prvniho maxima jsou uvedeny
v tab. I. Tvary vzorki jsou uvedeny spolu s typickymi tvary zatéZovacich
kiivek v tab. II.

s, [-] HA s,I-1 HA

a -

1 10 100 1000 1 10 100 1000
FimaxN] FreaNl

2. Korelace senzorické a pfistrojové tvrdosti - Correlations of senzory and instrumental
hardness
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L. Stanoveni pfistrojové a senzorické tvrdosti - Determinace of instrumental and sensory hardness

F D P h S S
1 1max 1max s

Nbampvmorks'— NI |~ e [ o i
Lahddkovy pérek’ 3,2
= 19,5 46,3 0,0154 | 14,0 0,62 i
Mrkev® 6,5
o 2014 | 20,6 0,184 15,5 0,45 e
Fazole® 8,5
2 197,0 8,0 0,983 5,0 0,42 -
Mandle’ 73 56,1
94 186,0 13,7 0,179 7.1 0,59 59
&okoléda® 51 38,4
&6 288,0 23,0 0,272 82 097 23
Eidam’ 29 17,5
- 41,0 68,4 0,0247 | 156 0.26 66
Arazidy® 48 35,4
AR 14,3 43 0,253 5,1 e 126
Modravasyr® 9 .9 1,0 1,0
e 1,0 30,0 0,0017 | 179 ! T3
Piskoty'? 41,7 11,1 oo 11,1 5,0 36,3
PI 4,0 1,6 ’ 0,8 1,27 11,4
Hermelin 42" | 410" 00030, b 288 1., 29 15,0
HE 0,5 7,5 s 2,4 0,67 3,8
Lentilky 128,2 L 6,3 5,7 429
LE 26,7 32 ’ 015 | 1,68 13,1
Luina 127 | 555" oot | 223 1,6 43
LU 0,2 5,1 ’ 3,1 0,4 23
Haslerky 526,0 273 0,280 14,0 9,0 70,0
HA 81,0 8,6 0,056 12 vzor vzor
Miramint 52,1 6,3 5,5 6,1 443
MI 12,4 1,8 9,0838 014 | 1,57 14,2
Vexta 11,7 | 4627 | oo 14,5 51 37,6
VX 1,6 0,9 0,002 0,5 1,6 10,7
Nugétové pochoutka'! | 97,3 17,2 0,1245 82 3,8 25,7
NU 43 1,8 0,0105 0,2 0,67 7,0
Okurky sterilované'? | 18,3 332 0,0442 13,9 3,1 16,2
OK 42 49 0,0037 1,3 1,09 11,7
Pastika jétrova' 4,7 473 14,7 1,9 9,5
PA 0.7 1.7 i e T 5.0

481



Potrav. VE&dy, 12, 1994 (6) : 475488
Pokr. tab. I — Table I continue

F, D P h s S
" Nézev vzorku' 1 max Lmax : 2
° N] (%] w] [mm] -] -]
Cotky ovocné'? 439 63 S 6,9 6,1 45,1
oé 6,1 22 * 0,2 1,54 13,0
Pralinky'® 36,4 5,0 0,044 17,1 5,0 38,8
PR 14,4 2,5 0,016 1,3 1,41 10,0
Salém Junior'S 13,6 48,1 0,0080 | 16,9 3,1 19,6
U 33 7,0 0,0028 3,8 0,72 83
Zelé maliny'? 227 | 455? | o012 | 161 2,5 122
ZE 48 | 02 0,0027 L1 0,2 4,6
Banén'® 217 | 3707 | 00036 | 145 17 i
BA 0,7 13,0 0,0008 11 0,15 2.8
Peprmintové bonbony'® | 103,4 5,5 0,138 11,5 438 36,0
PE 43 13 0,011 0,8 0,35 86
Klokanky 363,0 10,5 0377 9,9 7.8 61,5
KL 95,0 38 0,078 0,3 021 83

V fédcich pod udaji jsou stfedni kvadratické odchylky- mean quadratic deviation are in thé
rows below data

+)
79D,

lname of samples; 2fine frankfurter; 3carrot; 4raw bean Salmond; Schocolate; "Edam cheese;
8groundnuts; °Modrava cheese; %spongle bicuits; ! !nougat cream; lzsterili:zed gherkins; liver
sausage; !“fruit lentils; '*rum pralines; '$Junior sausage; '7raspbcrry jelly; '®banana; pepper-
mit candies; 2°model

Vysledné hodnoty korelaénich koeficienti mezi zkoumanymi veli¢inami
jsou uvedeny v tab. III. Graficky jsou ziskané korelace dokumentovany
vobr.2a3.

Z tab. II je patrné, Ze byly promé&feny jak potraviny vysoce viskézni
a pastovité, tak potraviny kiehké. Celkem v 3esti pfipadech z 25 bylo nutné
pouZit stanoveni priim&€mé sily F,, pro zvolenou deformaci D,, odpovidajici
pfiblizn& poloviné celkové proméi’ovane deformace. Udaje tab I byly podro-
‘beny korelaéni analyze nejprve v line4drnich soufadnicich. Vysledky jsou
uvedeny v pravé &asti tab. III. Bylo-dosaZeno pomérné vysokych hodnot
korelaéniho koeficientu. Pfesto byl u¢inén pokus zlepsit stupeii korelace
senzorickych a pfistrojovych tdaji logaritmovanim pfistrojovych udaji.
Vysledné korelaéni koeficienty se transformaci podstatn€ zlepSily, jak vy-
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11. Doprovodné Gdaje — Additional data

Nézev' Tvar vzorku® | Tvar zaté¥ovaci kiivky?!
Lahiidkovy parek?
Mrkev syrova®

Fazole syrova®
Mandle®

Cokolada na vafeni®
Eidam nizkotu&ny?
Arasidy palené®
Modrava (taveny syr)°
Piskoty détské!®
Hermelin

Lentilky

Luéina

Ha3lerky

Miramint

Vexta (zelé)
Nugitova pochoutka'’
Okurky sterilované 12
Padtika jatrova'd
Co&ky ovocné 4
Pralinky rumové?®
Salam Junior'®
Zelé maliny'”
Banin'®
Peprmintové bonbony'®

Klokanky Z _V\/

|

(P lplpePmeppom, BT, pt) s

name of samples; fine frankﬁnia: 3carrot; “raw bean; Salmond; ‘cooking chocolate; low-fat
Edam cheese; *halves of groundnuts; "Modrava (processed cheese); %baby spongle bicuits; !'nou-
gat cream; 'Zsterilized gherkins; *liver sausage; “fruit lentils; !*rum pralines; !®Junior sausage;
raspberry jelly; '®banana; *peppermit candies; 2%sample shape; 2loading curve shape
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0,001 0,01 B X B

4. Korelace senzorické tvrdosti a pfikonu — Correlation of senzory hardness and input power

plyva z daji v levé &ésti tab. III (viechny zde uvedené korela&ni koeficien-
ty jsou vy33i neZ kritickd hodnota korela&niho koeficientu pro 20 stupiii vol-
nosti a stupeft vyznamnosti 0,01, r,;, = 0,537). V téZe tabulce jsou pak
uvedeny konkretni tvary vzajemnych korelaci veli€in.

Je patrné, Ze neni rozdil v pouZiti grafické nebo pevné Ciselné stupnice pro
senzorické hodnoceni pevnosti. Mezi ob&ma daji je vysoky stupeii korela-
ce. RovnézZ je vysoky stupeii korelace mezi pfistrojovymi udaji, tj. mezi
silou v prvnim maximu zatéZovaci kfivky a pfikonem vynaloZenym do prv-
niho maxima sily.

Jak déle vyplyva z tab. II, rovnocenné korelace se dosahlo pro vzdjemnou
korelaci mezi logaritmy obou pfistrojovych veli¢in s hodnotami senzorické
tvrdosti vyjadfenymi jak devitibodovou stupnici, tak plynulou grafickou
stupnici. Uvedené zavé&ry Ize posoudit z obr. 2 a 3, v nichZ je zkratkami vy-
znaCeno, pro jaky vzorek dany bod plati. Touto identifikaci je moZné vy-
patrat, Ze se pro vzorky, u nichZ byly pouZity smluvni hodnoty D, F, (Herme-
lin, Lu¢ina, Zelé maliny, banin, Modrava a Vexta), body nevzdaluji
vyznamné od vysledné korela¢ni z4vislosti, aZ na Zelé bonbony Vexta. U to-
hoto typu vyrobku se ziejmé odpor v ustech vnima pii vy33i deformaci nez
~ byla zvolena jako charakteristické pro vyhodnoceni (tab. I - D, = 46 %).
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IIL. Korelaéni koeficienty a korela¥ni vztahy mezi sledovanymi velitinami -Correlation coeffi-
cients and correlations between the investigated characteristics

Sg log o log P S‘ - P
S, 1,0 0,8577 0,8748 0,9950 0,7581 0,6845
log Fymax 1,0 0,9197 0,8569° - —
log P 1,0 0,8814 = =
Se 1,0 0,7584 0,6851

S’ = 0,826 + 2,482.IogFlm
S, = 1,057 + 0,111 .S‘

Sg = 7,973 + 2,403 .log P

S' = 62,31 + 21,67.logP

S‘ = ~1,876 + 22,20.10gF,
log Fy .= 2,746 + 0,873.log P

Z obrazki déle vyplyva, Ze velmi blizko korelaéni zavislosti S, resp. Sg
vs. log Fimax se nalézaji body pro bonbony Klokanky, mrkev, lentilky, pis-
koty, pralinky, saldm Junior, pastika, bandn a syr Modrava (vzor). Naopak
vzor Haslerky se od korelace dosti vzdalil, coZ je podle na$eho ndzoru zpi-
sobeno tim, Ze nikdo z hodnotiteldl se jej uZ neodvaZil rozkousnout (vzhle-
dem k obavé o chrup). Z t&chto idajii je moZné ulinit zavér, Ze uvedené
potraviny jsou vhodné jako instruktivni vzory tvrdosti v nadich podminkich.
Naopak potraviny na bazi &okolddy a Zelé bonbonii jsou méné vhodné, ne-
bot’ jejich body lezi pom&me daleko od koreladni zévislosti (Nugitova po-
choutka, Cokol4da na vafeni, Zelé malina, Vexta atd.). U &okolddovych
vyrobki miZe hrét roli na vjem v ustech rychlé odtdvéni pfi skousnuti. U Ze-
1¢ bonbonti miiZe hrét roli velmi progresivni nist sil na konci stlatovéni, kdy
je vjem v tstech ovlivnén zejména koncem dé&je, ktery si hodnotitel nejlépe
pamatuje. U vzorki s plochym tvarem zatéZovaci kfivky tento jev nenastane,
nebot’ si hodnotitel zapamatuje spiSe prim&my odpor, ktery trval nejdéle.

ZAVER

Uvedené vysledky prokdzaly existenci korelace mezi senzorickym sta-
novenim tvrdosti a logaritmy pfistrojovych parametri, tj. silou v prvnim
maximu zatéZovaci kfivky, resp. pfikonem k dosaZeni tohoto prvniho maxi-
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ma pfi stlatovani vzorki v istech mezi stolitkami a mezi dvéma paralelnimi
deskami pfistroje Instron. Stupeii korelace neni vysoky, ale je statisticky vy-
znamny.

Neni vyznamny rozdil v pouZiti devitibodové stupnice a grafické plynulé
stupnice. Neni vyrazny rozdil, zda pouZijeme jako pfistrojovy parametr
silu v prvnim maximu zatéZovaci kfivky, nebo piikon do dosaZeni tohoto

Jako vhodné vzory tvrdosti se ov&fily pfedevsim ty potraviny, které vyka-
zuji vyrazny vrchol na zatéZovaci kfivce, tj. bonbony Klokanky, mrkev, len-
tilky, piSkoty, pralinky, saldm Junior, pastika, bandn a syr Modrava.
Materidly elastické lze do korelace zafadit po vhodném stanoveni charak-
teristické deformace, pii niZ nastdva vjem odporu v tstech. Tato deformace
je v oblastech kolem 70 % relativni deformace vzorku. Vzorky &okolddy ne-
jsou vhodné jako vzory tvrdosti vzhledem k silné zdvislosti pevnosti na tep-
lot& (odtavani v ustech nebylo pfi experimentech modelovano).

Uvedené zivéry plati, pokud provedeme vyhodnoceni zatéZovacich kii-
vek stejné jako v této préaci (obr. 1). U potravin s vyraznym prvnim maxi-
mem pouZijeme toto maximum, u potravin plastickych urime primérnou
silu v ploché oblasti zat&%ovaci kfivky. U elastickych potravin je tfeba zvolit
charakteristickou deformaci bliZe konci zatéZovaci kfivky. Pokud zvolime
stfed (tak jako v této préci), dojdeme k niZ$imu stupni korelace.

Pfi poZadavku na vy33i stupeii korelace pro dany druh potraviny je moZné
pfizpilisobit pfistrojovou metodu lépe danému druhu potraviny i zpiisobu
senzorického hodnoceni. UZ sdm fakt, Ze se senzoricky hodnoti jeden reolo-
gicky podobny druh (napf. syry), umozni pfipravovat standardni vzorky stej-
né velikosti a hodnotiteliim jsou pfedkladany vzorky z ustdleného rozmezi
tvrdosti. Pro tyto pfipady je pak vhodné si rozsifit $kalu hodnocené tvrdosti
pro krajni vzory daného druhu a volit daleko jemn&jsi d€leni stupnice, neZ
bylo moZné v naSem pfipadé.

Seznam symboli

F . Prvni maximum sily [N]

D, .. relativni deformace pro dosaZeni prvniho maxima sily [%]
F A prim&mé sila [N]

Dp smluvni deformace [%]

P ptikon [W] .
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S senzorick4 tvrdost stanoven4 stupnici v ré;sahu 1-9[]
S senzorick4 tvrdost stanoven4 grafickou stupnici 1-70 [-]
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M. Houska, I. Pauli¢kova, J. Pokorny (Food Research Institute, Praha;
Institute of Chemical Technology, Praha, Czech Republic)

Correlations of evaluation of sensory and instrumental hardness

The paper documents a procedure of establishing the correlations of sensory and
instrumental hardness of solid foods. A group of trained assessors was employed
for sensory establishment of hardness pursuant to draft standard ISO 11036. An
instrumental Instron 1140 was used to determine instrumental hardness. Samples
were compressed by two plates, which is geometry closest to food compression by
. the molars in the mouth. All kinds of foods typical with respect to rheological be-
havior during compression were used for the experiments and correlations of the
characteristics were determined which were identified from deformation curves on
sensory evaluation of hardness.

The first maximum of force in the loading curve and the power input necessary
for sample compression to reach this first maximum were treated as the charac-
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teristics evaluated from instrumental determination of hardness. If the food did not
show extreme values during compression, an agreed force was evaluated that was
the mean force in the flat part of the loading curve.

Both the force and the input power correlate (after logarithmic transformation)
with the sensory hardness of foods in a satisfactory manner.

A requirement for the closer correlation of instrumental and sensory hardness
can be met by identification of the correlation for the given kind of food. It is also
possible to modify the instrumental method for a specific kind of food so that it will
describe the activity in the mouth during determination of sensory hardness as good
as possible.

Models of hardness useful for our conditions were tested in research.

hardness; sensory evaluation; instrumental determination; mutual correlations
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Prehledy

NOVSIE POZNATKY Z OBLASTI STANOVENIA
INHIBICNYCH LATOK V MLIEKU

Bernadetta HOZOVA, Fridrich GORNER, Zuzana SKLENAROVA
Chemickotechnologickad fakulta STU, Radlinského 9, 812 37 Bratislava

Kvalitu surového mlieka charakterizuje komplex akostnych ukazovatelov, pri-
&om prioritné postavenie mé hygienické a senzorickd akost', obsah zdkladnych zlo-
Ziek a vyskyt neZiadficich (cudzorodych a inhibi¢nych) latok.

Pojem inhibi¢né latky charakterizuje vieobecne litky, ktoré svojimi bakteriosta-
tickymi a baktericidnymi G¢inkami zhorSujt, prip. znemozZiiuji spracovanie mlieka
na mlie¢ne vyrobky, pri vyrobe ktorych sa aplikuji &isté mliekérenské kultiry (sy-
1y, jogurty). Do skupiny inhibiénych létok sa zarad'ujh najma litky antimikrobial-
neho charakteru, ako st antibiotikd a sulfonamidy pouZivané na lietbu mlieXnej
ZFazy dojnic. Najva¢sim nebezpedim vyskytu rezidui inhibiénych latok v mlieku je
intramamérna terapia u mastitidnych dojnic po&as laktécie, a to v pripade nedodr-
Zovania ochranného &asu, potas ktorého sa nesmie mlieko dodavat’ do mliekdme.

Dal3ou skupinou latok inhibujiicich rast mliekérenskych kultir si &istiace a de-
zinfek&né prostriedky pouZivané v prvovyrobe mlieka na sanitéciu zariaden, pot-
rubi, tankov atd’. Av3ak inhibi¢ny vplyv tychto latok sa prejavuje aZ pri vysokych
koncentriciach, kedy je uz mlieko vyrazne senzoricky zmenené (Kolo¥ta, 1994).

Smemica Eur6pskeho spolofenstva (EEC Council Directive 85/397, 1992) vy-
medzila 3tyri zdkladné akostné znaky surového mlieka a jednym z nich st rezidué
antibiotik. Aj naSa norma na surové kravské mlieko STN 57 0529 riesi problemati-
ku pravidelného (dvakrit mesaéne) a povinného sledovania inhibi¢nych latok v na-
kupovanom surovom mlieku. Rozhodujiicim kritériom tohto posudzovania st
detek&né limity testov. Mikrobiologické testy s Bacillus stearothermophilus var.
calidolactis C 953 sa vyznaluji citlivostou na zachytenie maximélnych pripust-
nych mnoZstiev beta-laktdmovych antibiotik, sulfonamidov a tetracyklinov (Ko-
loXta, 1994; Ry34nek, Schlegelova, 1993). Utinné latky nezaevidované
tymito testami sa musia identifikovat’ pomocou mikrobiologického receptorového
testu alebo imunotestu (RIA, ELISA). Pri potvrdzovacich metédach sa vZdy pouZi-
vaju chemicko-fyzikdlne metédy — HPLC, plynové chromatografia alebo plynova
chromatografia kombinované s hmotnostnou spektrometriou (Kolo3ta, 1994;
Gorner, 1991). Pozitivny vysledok — nezévisle od druhu existujicich inhibi¢-
nych létok vedie vZdy ku zraZkam z ceny mlieka. Aj ked identifikAcia inhibi¢nych
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latok nie je podla u nés platnej Smernice &. 2377/90 v zésade potrebnd, v rdmci
hodnotenia akosti v zmysle charakteristického znaku je vhodnd (Hutkov4,
1994).

Pouiitie rychlometéd

Okrem charakteristickych Standardizovanych diftiznych metéd, ktoré sa popisu-
ju v literatire ako zékladné a najrozsirenejsie testy uréenia citlivosti mikroorganiz-
mov na antibiotikd, chemoterapeutikd, ale aj na iné latky inhibujice rast
mikroorganizmov (Betina etal., 1981; ON 0531) v poslednom desatroii sa stile
&astejSie stretdvame s aplikdciou racionalizovanych metdd stanovenia inhibiénych
latok v mlieku (Sasano et al., 1983). Tento technicky nendro&ny testovaci systém
na mikrodo3ti¢kédch alebo v ampulkéch poskytuje promptné a spolahlivé vysledky
a je vhodny najmé pre sériové analyzy v centrdlnych laboratéridch na triedenie
mlieka podla akosti, ale aj na kontrolu sanitdcie v mliekérenskych prevadzkach
i v prvovyrobe (uZ spominané zvy3ky dezinfek&nych latok po Cisteni a sanitécii
potrubia, vani, tankov, dojacich zariadeni a pod.). Komer&ne sa vyrabaji testy, kto-
ré sa od seba vyrazne liSia. V Ceskej republike sa vyraba INTEST citlivy na peni-
ciliny a INTEST AS - okrem penicilinov citlivy aj na sulfonamidy (Mlékarensky
primysl, s.p. Klatovy), v SRN fy Enterotox je vyrobcom BR a BR AS testu, v Pol-
sku je zavedeny FDT a STD — ABIOTEST a uZ tradiéné je pouZitie DELVOTESTu
— P fy Gist-Brocades, Food Ingredients Division, Holandsko.

Uvedené¢ testy kombinuji princip agarovych diftiznych testov so zmenou vhod-
ného indikétora v ddsledku aktivneho metabolizmu testovacieho mikroorganizmu
v nepritomnosti inhibitora. Rezidu4 antibiotik a inych inhibi¢nych latok difundujt
z pridanej vzorky mlieka do reak&nej agarovej zmesi na dne jamiek alebo ampuliek
obsahujucich testovaci mikroorganizmus, Specidlny nutriény agar a acidobazicky
alebo oxidoreduk&ny indikétor rastu. Pri uvedenych testoch sa ako test-organizmus
pouZiva Bacillus stearothermophilus var. calidolactis C 953; indikatory metaboliz-
mu sa pri jednotlivych testoch lisia— DELVOTEST a INTEST pouZivaji brémkre-
zolovi &ervent, priCom vo vzorkdch bez inhibi¢nych latok nésledkom tvorby
kyselin (oxidativna fermentécia gluk6zy) zmeni pdvodné fialové zafarbenie agaro-
vej vrstvy na ZIté aZ Zltozelené. Vo vzorkach obsahujtcich inhibitor pdvodné fialo-
vé zafarbenie sa po inkubécii reak&nej zmesi pri 64 °C nemeni. V mlieku sa zatial
najéastejsie stanovuji rezidua penicilinu (sodna alebo draseln4 sol’). Hranica citli-
vosti DELVOTESTu a INTESTu je 0,004 aZ 0,005 IU PNC/ml. Vysledok je od&i-
tatePny uZ po 2,5 h. BR test (brilliant black reduction test vo variantoch BR, BR AS
a BR Blue Star) je ne3pecificky test pre reprodukovatelnii detekciu antibiotik, an-
tibakteridlnych potravinirskych aditiv a inych indikatorov. Pritomnost’ inhibi¢-
nych latok sa prejavuje zmenou farby pocas inkubacie — briliantova ¢ierna ako
indikator sa v pripade nepritomnosti inhibiénych latok ireverzibilne redukuje
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na 2Ita. Ako test-organizmus, podobne ako u DELVOTESTu a INTESTu, sliZi B.
stearothermophilus var. calidolactis C 953. Deklarovana MIC pre penicilin je 0,003
IU/nl. Porovnanie citlivosti BR testu a INTESTu uvédza tab. 1.

1. Porovnanie citlivosti BR testu a INTESTu (podl'a dokumentaZného materidlu)

BR-TEST Antibiotikum INTEST
0,003 m.j./ml Penicilin G-NA 0,005 m.j./ml
0,0075 m.j./ml
0,001 pg/ml Ampicilin 0,008 pg/ml
0,003 pg/ml
2,500—3,000 pg/ml Chloramfenikol 4,000 pg/ml
5,000 pg/ml
0,200~0,250 pig/ml Tetracyklin 0,300 pig/ml

Streptomycin 10,000 pg/ml

1,000 pg/ml Neomycin 11,000 pg/ml

Ry3anek a Schlegelova (1993) testovali detek&éné limity pre jednotlivé
antibiotikd (penicilin, oxacilin, chloramfenikol, oxytetracyklin a sulfadimidin),
reprodukovatelnost’ stanovenia, vplyv konzervicie mlieka (Heeschenovym ¢&inid-
lom) a bola overovana aj deklarovana expirécia testov. Detek&né limity zvolenych
chemoterapeutik pre BR testy uvddzané Medzindrodnou mliekérenskou federdcion
(IDF, 1991) dokumentuje tab. II. S tu zahrnuté aj pripustné maximélne mnoZstvé

IL. Porovnanie detek&nych limitov BR testov s maximalne pripustnymi mnoZstvami odporida-

nymi WHO a EEC (Ry$4dnek, Schlegelovéd, 1993)

Terapeutiké Deteké&ny limit Pripustné mnoZstvo rezidui
IDF (1991) [ug/ml] | WHO (1966) [ug/ml] | EEC (1992) [ug/g]

Penicilin 0,004 0,006 0,004
Streptomycin 13,000 0,200

Oxacilin - - 0,030
Chloramfenikol 15,000 0,000 0,010
Oxytetracyklin 0,500 0,100 0,100
Sulfadimidin 1,000 0,100 0,100

491



Potrav. V&dy, 12, 1994 (6) : 489-496

rezidui chemoterapeutik v mlieku podl'a poZiadaviek Svetovej zdravotnicke;j orga-
nizdcie (WHO, 1969) a EEC (1992). Zo zéverov experimentov vyplynulo, Ze IN-
TEST preukazal vysledky, ktoré sii porovnatelné a v niektorych pripadoch lepsie
neZ BR test, s vynimkou dékazu sulfadimidinu, ktory niekolkonasobne prevysuje
detek&ny limit deklarovany IDF. Vzhl'adom na to, Ze klinické pouZitie sulfadimidi-
nu u dojnic je mélo frekventované, autori odporuéili INTEST na systematicky
plo3ny screening inhibi¢nych latok antibiotickej povahy. Napriek tomu BR test ani
INTEST nevykazuji dostatoéni citlivost’ na ddkaz maximélnych pripustnych
mnoZstiev rezidui chemoterapeutik podl'a poZiadaviek WHO a EEC. To naznaduje
nevyhnutnost’ a smer d'al§ieho vyskumu.

V Porl'sku bol v poslednych rokoch zavedeny tzv. Fast Diffusion Test (FDT,
1990). Je to mikrobiologicky test na stanovenie inhibi¢nych latok v mlieku pri po-
uZiti testovacieho kmeidia B. stearothermophilus var. calidolactis C 953. Test je vy-
robeny v dvoch verzidch: FDT a STD-A-Biotest. FDT je tzv. ekonomickd norma
pre velkoodberatel'ov, zloZen4 z troch samostatnych &asti. Podmienkou stanovenia
je erstvé mlieko, o stanovenej kyslosti, bez pridavku dvojchromanu draselného;
nesmie sa pouZit' mlieko odobrané z jednotlivych 3tvrtiek vemena. Vysledky st od-
¢itatel'né po 2 h a 15 min alebo 2 h a 30 min. Pri nezmenej farbe (modrofialova) ide
o pozitivnu reakciu, pri hrani¢nej zmene farby (Zltofialova) sa predlZuje ¢as inku-
bécie aZ na 3 h. Negativne st vietky vzorky, pri ktorych farebna reakcia nadobudla
ZIta farbu. Citlivost FDT testu na niektoré antibiotikd v mlieku uvadza tab. IIL.
Vyhodou tohto testu je tieZ jeho aplikovatelnost’ na rezidua &istiacich a dezinfek-
¢nych prostriedkov, ako uvéadza tab. IV.

Kurek et al. (1990) porovnavali citlivost FDT testu a PENZYM testu na rezi-
dud Sirokej $kily komeréne vyrdbanych &istiacich a dezinfek&nych prostriedkov
uvedenych v tab. IV. Autori zistili, Ze pri pouZiti PENZYM testu boli dosiahnuté
falo3ne pozitivne vysledky v dosledku zmeny pri pH mlieka nad hodnotou 6,1 (fa-
rebna 3kéla variovala od jasnoruZovej pri pH 6,1 po intenzivne ruZowvi pri pH 8,4).

ML Citlivost’ FDT testu na antibiotik4 a chemoterapeutikd v mlieku (FDT, 1990)

Antibiotikd 3 Antibiotikd 3
a chemoterapeutika MIC [uglem’] a chemoterapeutik4 MIC [pg/cm’]
Penicilin G 0,003-0,004 Tetracyklin 0,70
Syntarpen 0,02 Erytromycin 0,10
Streptomycin 3,00 Oxytetracyklin 0,10
Chloramfenikol 2,00 Sulfametazin 0,25
Neomycin 0,10
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IV. Citlivost’ FDT testu na rezidua niektorych &istiacich a dezinfek&nych prostriedkov vyrdba-
nych v Pol'sku (FDT, 1990)

c""‘:o:mdf;:yfmé MIC [% %) c""m:'ky“f*c"é MIC [% %]
Pollena Jod K 0,10 Josan CCT 0,40
Chloraminum T 0,70 Mirax 0,10
Chlorogen D 0,08 Michasia ' 0,40
Mastycyd D 0,50 IX1-65 0,20

Miller a Jones (1993) pouZili v experimentoch kombinovana techniku BR
testu a agarovych difiznych testov na zlepSenie detekcie inhibi¢nych latok v suro-
vom mlieku.

Suhrenové (1991) uvadza dobrii koreldciu vysledkov testov najéastejsie apli-
kovanych v praxi, a to diskovej metddy s B. stearothermophilus var. calidolactis
C 953, DELVOTESTu a BR testu pre detekciu beta-laktdmovych antibiotik v mlie-
ku vedrl'a seba (viac ako 50 % pozitivnych vysledkov). Testy zodpovedajii poZia-
davkidm EEC (1992). Pre skupinu tetracyklinov platia niZ$ie detek&né limity, ako
boli zistené experimentélne, s vynimkou diskovej metédy (Suhrenovéa, 1993a).
Pre detekciu tetracyklinovych antibiotik v mlieku (tetracyklin, chlértetracyklin,
oxytetracyklin, doxycyklin a rolitetracyklin) bol pouZity titra&ny test s Bacillus ce-
reus var. mycoides ATCC 9634 a TTC ako indikdtorom. Zistené detek&né limity st
nasledovné: pre tetracyklin 100 pg/kg, chlértetracyklin 60 pg/kg, oxytetracyklin
60 pg/kg, rolitetracyklin 80 pg/kg. Test je menej citlivy na penicilin G a sulfona-
midy neZ klasické difizna metéda s B. stearothermophilus, v istom rozmedz{ vyka-
zuje citlivost’ na dihydrostreptomycin a chloramfenikol (Suhrenova4,
Heeschen, 1993).

Pre prakticki aplikédciu (vy3etrenie mlieka z réznych zdrojov maloobchodnej
siete) pouZila Suhrenova (1993b) okrem diskovej diftiznej metédy, DELVO-
TESTu a BR testu aj modifikovany CHARMov test II. Je zaloZeny na principe mik-
robidlnych receptorov a funguje ako semiautomatickd metéda na testovanie
velkého poltu vzoriek (384 aZ 500). HPLC receptorgram vyhodnocuje rezidu4 &i-
rokého spektra antibiotik — beta-laktdmové, tetracykliny, chloramfenikol, ale aj
aminoglykozidy, sulfonamidy a makrolidy (Charm, Ruth, 1993). Uvedenou
metédou sa zistilo, Ze 71 aZ 86 % vzoriek mlieka uréeného na konzum obsahovalo
najmene;j jednu zo spomenutych inhibiénych latok. Najnovsie skiisenosti s CHARMo-
vym testom II prezentuje aj Carlsson (1993).

Na zaklade najnov3ich experimentdlnych skiisenosti nadobudnutych pri testova-
ni a porovnani troch metéd stanovenia inhibiénych latok v mlieku na naSom praco-
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visku - antibiotik (penicilin G, ampicilin, streptomycin), &istiacich (NaOH, HCI)
a dezinfekénych prostriedkov (Ajatin, PUR, Jodonal-M, H203), a to: klasickou di-
fuznou metddou s B. stearothermophilus var. calidolactis C 953, DELVO-
TESTom P a chemickou metédou stanovenia peroxidu vodika (Pietz, 1959) sme
zistili nasledovné:

- Citlivost’ testovacicho kmeifia Bacillus stearothermophilus var calidolactis
C 953 na Penicilin G stanovenim klasickou difiiznou metédou a pomocou DEL-
VOTESTu je dobre porovnateI'né a koreSponduje s idajmi v literAmom prehfa-
de (0,004-0,005 IU PNC/ml).

—Minimélna inhibi¢ni koncentricia modelovo skimanych &istiacich a dez-
infek&nych prostriedkov sa pohybovala v rozmedzi, ktoré v redlnych tech-
nologickych podmienkach vyroby (vyplachy potrubi, tankov, pastérov
atd’.) nemdZu ovplyvnit’ kysaciu schopnost’ mliekdrenskych kultir.

—Porovnanim diskovej diftiznej metédy a chemickej metddy stanovenia peroxidu
vodika v obnovenom mlieku oSetrenom pri réznych podmienkach (bez tepelné-
ho o3etrenia a po tepelnom o3etreni 10 min/100 °C + 2 h/20 + 2 °C) sa zistili
isté vyhody chemickej metédy, ako rychlost, jednoduchost, citlivost’ v niZSom
koncentraénom rozmedzi, a to od 0,001 do 0,1 % (farebna zmena od hnedej cez
hnedoZlti, fialovohnedd, fialové, pri vy38ich koncentrécidch prechadzajiicu do
svetloruZovej aZ mliene bielej). Pre beZni kontrolu surového mlieka v zdvod-
nych kontrolnych laboratéridch ju moZno odporudit. Porovnanie tejto metddy
s DELVOTESTom P vykazovalo dobrii zhodu vysledkov. Ziskané vysledky ex-
perimentélnej préce budi podrobnejsie popisané v samostatnom prispevku.

Podmienky metdd stanovenia rezidui antibiotik a latok inhibujicich rast mlieké-
renskych kultir v mlieku a mliekdrenskych vyrobkoch s zakotvené v pripravova-
nej STN 57 0531 v plnom rozsahu. Touto metédou sa rusi metéda B s testovacim
mikroorganizmom Streptococcus thermophilus pomocou metédy s resazurinom,
reviduje sa metoda A s testovacim mikroorganizmom Bacillus stearothermophilus
CCM 5965 podra diftiznej diskovej metédy stanovenia penicilinu, citlivost
0,0025 IU/ml a zavadzaji sa metody:

—diftizna diskové met6da stanovenia penicilinu s B. stearothermophilus kmeii
CCM 5965 (identicky s ATCC 10149), citlivost 0,008 IU/ml pre surové mlieko,
tekuté mlie¢ne vyrobky, suSené mlieko po obnoveni;

—INTEST a INTEST AS pre surové mlieko, pasterizované mlieko, suSené
mlieko po obnoveni, konzervované surové mlieko;

—reduké&ny test s briliantovou &iemou — BRT test pre surové mlieko, pasterizova-
né mlieko, chemicky konzervované mlieko;

—~DELVOTEST a DELVOTEST SP pre surové mlieko a suSené mlieko po
obnoveni.
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Z uvedeného prehladu vyplyva, Ze problematika stanovenia inhibi¢nych latok je
stale vysoko aktualna, najmi z hPadiska splnenia poZadovanych kvalitativnych
ukazovatelov mlieka pre d'al3ie spracovanie. Zistovanie pritomnosti inhibi¢nych
latok v mlieku v nadvaznosti na hodnotenie mikrobiologicke;j akosti mlieka v labo-
ratériu zda sa byt nevyhnutnostou, nakolko je vieobecne zndme, Ze mikrobiolo-
gick4 akost’ mlieka sa da umelo ,,vylep3it* prave pridavkom viac alebo mene;j
toxickych, baktericidnych alebo baktériostatickych latok (H202, formalin). Do-
. mnievame sa preto, Ze m4 vyznam v naznaenom smerovani vyvoja metdd a kon-
troly inhibiénych latok v mlieku aj nad’alej systematicky pokrafovat.
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More recent knowledge of the sphere of determination
of inhibitory substances in milk

The paper contains a survey of more recent knowledge from the field of determi-
nation of inhibitory substances residues in milk (antibiotics, disinfectants and
cleaning agents). Various progressive methods of determination and identification
of inhibitory substances in the last decade are described (classical diffusion method,
rapid methods — DELVOTEST, INTEST, BR test, CHARM test, etc.), applied both
in this country and in other countries. The importance of determination of inhibi-
roty substances is emphasized from technological and economic aspects as well as
the significance of milk quality control with respect to legislative requirements.
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Z VEDECKEHO ZIVOTA

XL seminaf ,,Kontaminace potravnich retézci“, Milovy 19.-21. 9. 1994

JiZ den pfed zahédjenim seminéfe se do hotelu Devét skal v Milovech (u Nového
Mésta na Moravé) za&ali sjiZd&t Gastnici semindfe. Pfedem bylo jasné, Ze pottem
i&astnikd tento seminaf daleko pfekonéd seminaf pfedchozi, ktery se uskute¢nil
v roce 1992 v Koutech nad Desnou. Teprve daldi priib&h celé akce pfesvédiil, Ze
kromé& tsp&chu kvantitativniho 1ze prdvem hovofit i o zna¢ném kvalitativnim po-
kroku. K tomu ptispéla aktivni G&ast Spickovych odbornikil z Ceské a Slovenské
republiky a d4le n&kolika host ze Svédska, Velké Briténie, Nizozemska a USA.

Oficidlni zahdjeni seminéfe, které se tentokrat obeSlo bez obligitnich projevii
reprezentanta n&€které mocné statni instituce, navodilo atmosféru v&€cného jednéni,
ktera pak ovladala celou spole&nost aZ do konce.

Uvodni blok tstnich sd&lenf byl vénovan kontrole a monitoringu potravnich
fetézci. Systém monitoringu potravnich fetézcl prezentoval V. Kocourek
(VSCHT Praha). Tento systém je ji od lofiského roku pln& funk&ni a je napliiovin
validovanymi daty z monitoriza&nich bodi lokalizovanych ve 21 okresech celé CR.
Probihd harmonizace s programem GEMS/Food-Euro a s poZadavky evropskych
norem na kvalitu dat u jejich producentil. Konkrétni soubory dat ziskané Ceskou
zem&d&lskou a potravindfskou inspekci komentoval P. Cuhra (CZPI Praha). Z4-
jem vzbudily zv145t& vysledky sledovani PAH: po pfepoétu na spotfebu se ukazuje,
Ze nejv&tsi dietdmi piijem PAH reprezentuji rostlinné jedlé oleje a cereélie (mou-
ka, chléb, pefivo). Souvislost kontaminace rostlinnych vyrobkl PAH se Zivotnim
prostfedim potvrdil i pfisp&vek J. Leni&ka (KHS Usti n. L.), ktery demonstroval
vztah mezi koncentracemi PAH v ovzdu3i a tymiZ ldtkami v hroznovém ving ze
sledovanych oblasti. Vieobecn& dobrou kvalitu pitnych vod v CR — alespoii z hle-
diska dodrZeni stdvajicich norem pro organické polutanty — potvrdil pfisp&vek
E.Btfizové (SZU Praha). Zd4 se, Ze n¥ktera ,,organika“ v pitnych vodach jsou
spiSe organoleptickym a nikoli je§t& hygienickym problémem. Pfehledny pfisp&vek
I. Holoubka (MU Bmo) o vstupech a osudu perzistentnich organickych polutan-
tl v atmosféfe se stal urfitym pojitkem mezi touto sekci a sdélenimi zatazenymi na
posledni den, kdy byly transportni jevy diskutovény podrobn&ji.

Blok v&novany otizkdm hodnoceni zitéZe Elov&ka zah4jil P. Slanina (NFA
Uppsala) svym kritickym pfistupem k metodikdm stanoveni priorit organickych
slou¢enin. Stanoveni priorit musi odpovidat konkrétnim projektim v jednotlivych
zemich a krom& v3eobecné platnych aspekt toxikologickych (a ekotoxikologic-
kych) musi byt brany do vahy téZ moZnosti technické a ekonomické. Metodikdm
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hodnocenf rizik z expozice Elov&ka cizorodym latkdm se v&noval déle pfispEvek
B. Turka (SZU Praha). Mechanicka aplikace t&chto metodik v3ak nebere do tiva-
hy ochranné faktory ve vyZivé&, které mohou riziko z cizorodych litek Edstedn& sni-
Zovat. Konkrétni program monitorovani zét&Ze &lovéka na zékladé sledovani
kontaminace spotfebniho kose Eeské populace prezentoval J. Ruprich (SZU Br-
no). Jedné se soudédst velmi rozséhlého projektu ,.zdravotnického* monitoringu,
ktery navazuje na jiZ zminény monitoring potravnich fetézci, ktery je proti tomu
orientovén na produkci potravin v konkrétnich agréarich ekosystémech. Se zajima-
vymi pfistupy k hodnoceni vysledkil dlouholetého sledovéni kongeneri PCB ve
Svédskych potravinich seznémil ptitomné O. Anderssen (NFA Uppsala). Ziska-
ni &asovych fad pti takovychto studiich je sice ndkladné, umoZiiuje v3ak ziskat vy-
stupy s podstatn& vy33i vypovidaci hodnotou a nésledn& néklady podstatn&
redukovat volbou vhodnych indikétoril a metodik. Vy3etfovanim dietArni expozice
organismu chlorovanym slou¢enindm na Slovensku se tradi¢n& zabyval J. Uhnék
(UPKM Bratislava). Na tento pfisp&vek navazovala pak posterova sdéleni M. Ur-
siniové z téhoZ tstavu (Toxické prvky v strave a odhad rizika) a déle V. Jifika
(KHS Ostrava), ktery se pokusil o posouzeni rizik z potravin v projektu Slezsko.

Pon&kud suchou informaci R. Wooda (MAFF Norwich) o metodice testovéni
zpiisobilosti laboratofi doplnila J. Haj$1ov4 (VSCHT Praha) konkrétnimi vysled-
ky testovén{ souboru Eeskych laboratofi plisobicich v dané oblasti. Problematice
systémi zabezpeCovani jakosti v chemickych laboratofich (QA/QC) se v&novalo
nékolik dalsich pHsp&vki tistnich — napf. B. Pokorny (KHS Bmo), M. Such4-
nek (VSCHT Praha) - ale i posterovych. Aktudlnim otédzkdm validace analy-
tickych metod se v&novalo ustni sd€leni J. Haj$lové.

V oblasti analytickych technik mé&la tisp&ch brilantni pfedné4Ska P. van Zoone-
na (RIVM Bilthoven) na téma ,, Trace analysis of pesticides and their metabolites
using coupled chromatographic techniques®, nisledované sdélenim S. L. Rey-
noldse (MAFF Norwich) s ndzvem ,,Recent advances in analysis of pesticide re-
sidues in food“. Aplikaéni moZnosti SFE v rezidudlni analyze kriticky zhodnotil
J.Poustka (VSCHT Praha). Altenativni postupy pro stanoveni pozad'ovych hla-
din ftalath v rostlinnych materidlech uvedlaK. Holadov4 (VSCHT Praha). Prob-
lematikou stanoveni stopovych prvkl v potravinich se zabyval J. Kuc‘.era
(AV CR, ReZ u Prahy) aR. Koplik (VSCHT Praha).

Zajimavy pohled na problematiku cizorodych latek pfinesl dal3i pfisp&vek
P.Slaniny (NFA Uppsala), zamé&feny na porovnéni rizik z pfirodnich toxind
a z antropogennich slouenin. Lze objektivn& dokumentovat vyrazné pfehnané
obavy z antropogennich latek (vyjadiené v legislativé a v prostfedcich vénovanych
pro tyto uely napf. na vyzkum a monitoring). Naproti tomu podceiiovéni rizik
z piirodnich toxickych latek (napf. n&€kterych glykoalkaloidil, mykotoxind aj.) md-
Ze vést k ohroZeni zdravi, které v3ak vefejnost neirituje ani zdaleka tolik, jako da-
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leko mensi ohroZeni ze zdroji primyslovych. Piikladem mohou byt tzv. dopliiky
vyZivy (nutritional supplements), které unikaji legislativé a tim i testovéani toxiko-
logickych charakteristik, jak je obvyklé u lékil a primyslovych chemikalii.

Hladinami solaninu v riiznych odriidich brambor péstovanych v CR se zabyval
piispévek Z. Panovské (VSCHT Praha) a vysledky kontroly mykotoxini
v n&kterych rizikovych potravindch prezentoval L. Adensam (KHS Plzeil). My-
kotoxiny byly tématem také posterovych sdélenf M. Cigdnka (SZU Bmo)
aF.Kotala (VSCHT Praha).

Dalsi vyznamnou skupinou latek jsou kontaminanty z priimyslového zpracovéani
potravin a oball. Témto sloudenindm se v&novaly pfisp&vky V. Gajdiikové
(VUVL Bmo) a M. Kempného (CZPI Praha), ktery otf4sl oblibenym mytem, Ze
lihovin se problémy kontaminace potravin netykaji. :

Posledni &4st programu byla v&novana studiim transferu kontaminant potrav-
nim fetézcem a modelovéni. MoZnosti predikce osudu perzistentnich organickych
polutantd v Zivotnim prostfedi na zaklad& jejich fyzikaln&-chemickych vlastnosti
zminil I. Holoubek (MU Bmo). Naproti tomu moZnosti predikce toxickych G¢in-
ki organickych sloudenin na zdklad& znalosti jejich struktury diskutoval M. Ti-
chy (SZU Praha). Praktické zkuSenosti s modelovanim transferu stopovych prvkil
v potravnich fet¥zcich se snaZil prezentovat V. Kliment (SZU Praha), jehoZ
rychlému toku my3lenek v3ak n&ktefi Gfastnici (véetn® mne) nestadili. Pozornost
jisté zasluhuje té% posterové sd&leni F. Skdcela (VSCHT Praha) na téma ,Mate-
maticky model predikce hladin kontaminantd v plo¥nych sitich“. Kupodivu pouze
jediny pfisp&vek byl v&novén studiu moZnosti biodegradace PCB (K. Demnero-
vé, VSCHT Praha).

Uvedeny vycet prisp&vki je velmi netiplny a bylo by moZné uvést jeit& celou
fadu dalSich zajimavych sdéleni posterové sekce. Vpiipadé& bliZiiho zdjmu bude
v3ak lépe odkézat na sbornik souhmil, ktery organizétofi vydaji a rozeSlou b&hem
listopadu. ;

Seminaf potadala Ceska chemick4 spoleénost ve spolupréci s Ustavem chemie
a analyzy potravin VSCHT Praha, Ceskou spolenosti pro chemii a toxikologii Zi-
votniho prostfedi a AOAC International.

Ing. V.Kocourek, CSe.
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