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The Composition of Essential Oil from Laurel Leaf

DANG MINH NHAT, MARIA TAKACSOVA, TIBOR JAKUBIK, NGUYEN DAC VINH

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

Abstract

MINH NHAT D., TAKACSOVA M., JAKUBIK T., DAC VINH N. (1999): The composition of essential oil from laurel leaf.

Czech J. Food Sci., 17: 201-203.

The composition of essential oil from laurel leaf was analyzed by GC-MS. A total number of 49 compounds were found to be
present in the oil. The main constituents of laurel leaf essential oil are 1,8-cineol (45.7%), a-terpinyl acetate (14.8%), sabinene
(12.7%), a-pinene (4.8%), terpinene-4-ol (3.7%), o.-terpineol (2.8%) a caryophylene oxide (1.3%). The concentration of eug-
enol was lower than is reported in literature, which can affect the antioxidative and antimicrobial effect of laurel leaf.

Key words: laurel leaf; spice; spice composition; GC-MS

Laurel leaf (Laurus nobilis L.) is a very popular and
favorable spice. It grows in Minor Asia and around the
Mediterranean Sea. The leaf possesses a characteristic
spicy aroma and bitter taste, so that it is commonly used
for the preparation of soups, sauces, jellies, sausages, roasts
and also for other vegetable preparation (ROMVARY 1982).
Results of some studies have shown its antioxidant effect
(LOLIGER et al. 1996; NAKATANI 1994).

For evaluating the quality of laurel leaf and understan-
ding its effect against oxidation, it is important to know
the composition of essential oil. Reports from some stu-
dies have shown that the essential oil of laurel leaf inclu-
des mainly 1,8-cineol, sabinene, eugenol, linalool, pinene,
metyl eugenol, terpineol (BORGES et al. 1992; VONASEK
et al. 1987).

The aim of our recent work is to determine the chemical
composition of laure] leaf essential oil from commercial
sources in the Slovak Republic.

MATERIALS AND METHODS

The isolation of essential oil: Analyzed laurel leaf was
retrieved from a commercial source: VIDO Ltd. Co. The
Spice was ground in a vibration mill. Essential oil was
retrieved by hydrodistillation of ground spice (PRIBELA
1987). The yield was 1.5%.

Essential oil analysis: The composition of essential oil
was determined by means of gas chromatography combi-
ned with mass spectrometry (GC-MS) after diluting es-
sential oil with hexane and filtration through water free
sodium sulfate.

The MS 25 RFA from KRATOS (Manchester) equip-
ped with CHROMPACK chromatographic column CP Sil
& CB (25 m % 0.32 mm) was used for GC-MS analysis;
the film thickness was 0.12 pm.

The operating conditions of GC-MS analysis were as
follows:
— Temperature program: 2 min isothermal at 50°C, tem-
perature increase: 2°C/min to 260 °C.
— Carrier gas: helium at 1ml/min.
— Electron energy: 70 eV.
— Ion current: 100 pA.
— Injector temperature: 250°C.
— Scan speed of mass spectra 0.6°s/decade.
The identification of mass spectra was carried out by
the spectra interpretation and comparing spectra with data
from mass spectrometric libraries.

RESULTS AND DISCUSSION

The GC-MS chromatogram of laurel leaf essential oil is
shown in Fig. 1. Table 1 shows the percentage representa-
tion of constituents of essential oil from laurel leaf, which
was calculated by quantification of GC-MS chromatogram.
In total, 49 compounds were found to be present, 12 con-
stituents were not identified. According to the similar mass
spectrum of peak 33 (which was identified as B-elemene)
and peak 35, it is proposed that the compound of peak 35
has a very similar structure to the structure of 3-elemene.
The same was found in the case of peaks 9 and 11 as well
as peaks 17 and 20, although the structure of these consti-
tuents was unable to be identified. A constituent — dibu-
tylphthalat-, which was present in 0.3%, was from the
solvent.

The main constituents of essential oil from laurel leaf
are 1,8-cineol (45.7%), o-terpinyl acetate (14.8%), sabine-
ne (12.7%), a-pinene (4.8%), terpinene-4-ol (3.7%), o-ter-
pineol (2.8%) and caryophylene oxide (1.3%) (Fig. 2).

Comparing our results and the results from reported study
(BORGES et al. 1992) we see some quality differences.
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Table 1. The composition of essential oil from laurel leaf
Peak No. Constituent [%] Peak No. Constituent [%]
1 2-methylbutyl acetate 0.1 26 sabinyl acetate 0.2
2 a-thujene 0.3 27 L-bornyl acetate 0.3
3 o-pinene 4.8 28 -u- 0.2
4 camphene 0.3 29 -u- 0.3
) sabinene 12.7 30 -u- 12
6 2,3-dehydro-1,8-cineol 0.1 31 a-terpinyl acetate 14.8
7 1,8-cineol 45.7 32 eugenol 04
8 y-terpinene 0.8 33 B-elemene 0.2
9 -u- 0.6 34 methyleugenol 0.7
10 terpinolene 0.1 35 -u- 0.5
11 -n- 0.5 36 a-muurolene 0.1
12 f-linalool 0.9 37 eremophylene 0.2
13 -u- 0.4 38 y-cadinene 0.2
14 pinocarveol 0.6 39 &-cadinene 0.1
15 sabinylketone 0.4 40 a-caryophylene traces
16 thujene-2-ol 0.5 41 spathulenol 0.1
17 -u- 0.9 42 caryophylene oxide 1.3
18 terpinene —4-ol 37 43 -u- traces
19 myrtenal 0.2 44 guaiol traces
20 o-terpineol 28 45 -u- 0.2
21 myrtenol ~ 0.7 46 B-eudesmol 0.8
22 trans-carveol 0.1 47 globulol 0.1
23 -u- 0.2 48 dibutylphthalate 0.3
24 -u- 0.1 49 dehydrocostulacton 0.1
25 carvone 0.2

- u - unidentified constituent

Eugenol, its structure is represented in Fig. 2, has been
assumed as a natural antioxidant and antimicrobial consti-
tuent of a number of spices (CHYLEOVA 1986; LOLIGER
et al. 1996). It was found in the study mentioned as the
second most abundant constituent of essential oil (18%),
but in our study it was present at a small concentration
(0.4%). Because of this lower concentration of eugenol, it
is expected that the essential oil of analyzed laurel leaf has

7

a weaker antioxidative effect. Beside caryophylene, ca-
ryophylene oxide was also identified in the studied oil,
possibly because of oxidation during distillation. Sabine-
ne hydrate was not present in our essential oil, but sabinyl
acetate and sabinyl ketone were found.

Results from our study show that the chemical compositi-
on of essential oil from laurel leaf available from a commer-
cial source in Slovakia is qualitatively and quantitatively
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Fig. 2. The structures of some constituents of laurel leaf essen-
tial oil

Sihrn

different from that mentioned in the literature. We propose
the low concentration of eugenol in essential oil can have
an influence on the antioxidant and antimicrobial effect of
this spice. The precise representation of each constituent
should be determined by other techniques, for example
GC.
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Mass Transfer Coefficient for Vacuum Cooling of Liquid Foods*
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Abstract

BARTOS P., HOUSKA M., HOFFMAN P., KYHOS K., SESTAK J. (1999): Mass transfer coefficient for vacuum cooling of
liquid foods. Czech J. Food Sci., 17: 204-210.

The work contains results from the research on mass transfer coefficient during the boil of Newtonian fluids, induced by the
pressure decrease (during the cooling process). Results of experiments have been correlated into the dimensionless equation,
which comprises criteria, by Sherwood, Reynolds and Schmidt extended by the ratio of liquid column vs. mean diameter of vapor
bubbles (bubbles that pass upwards). The resulting correlation is amended by the simple theory of determination of interfacial
surface. Resulting dimensionless equation is applicable to the prediction of the mass transfer coefficient and subsequently to the
design of vacuum coolers which process Newtonian fluid foods. Results are applicable also to the mathematical simulation of
processes.

Key words: mass transfer coefficient; vacuum cooling; liquids

Adequately, rapid cooling is except for a heating-up
operation the consecutive part of food hygiene safety pro-
duction executed in compliance with good manufacture
practice. Unlike heating-up, a lesser attention was paid
to this operation in the past. Abroad, on the other hand,
the Food Safety Regulations determine maximal cooling
periods of big joint of meat. Similar regulations are pre-
pared also in this country in connection with the chilled
and frozen food production for public catering. One of
the most effective methods of food cooling is vacuum
cooling.

The vacuum cooling is an interesting procedure for food
industry due to more reasons. Above all it is the rapidity
of cooling which could successfully eliminate the higher
temperature influence on sensitive — thermally unstable
food components (for instance the pectin-chain compo-
nent degradation, decrease of vitamin content, discolora-
tion). The rapidity of cooling is very important from the
standpoint of food safety conditions. The more rapid the
cooling, the lower risk of the undesirable growth of mi-
croorganisms. The most dangerous temperature range for
the growth is between 30—40°C.

The principle of vacuum cooling of fluid food products
is based on the evaporation of water vapor (from prod-
uct) at reduced pressure during boiling. The evaporation
heat is taken away from the heat content of the batch. As

the evaporation heat is much higher than specific heat of

cooled fluid, the cooling is very effective.

1t is problematic to satisfy demands for required tem-
perature and comply with prescribed concentration dur-
ing the operation of fluid vacuum cooling. This problem
is possible to solve successfully by the selection of initial
conditions of the fluid (initial concentration, temperature)
and by the experimental determination of the cooling con-
ditions (from initial to final temperature). This is the case
of simple vacuum cooling, which is attained only due to
vapor condensation at the expense of batch heat content.
Furthermore, combined procedures are possible:

— cooling by vapor condensation with simultaneous batch
heating (the goal is to reach the higher concentration
than can be done by simple vacuum cooling),

— cooling by vapor condensation with simultaneous batch
cooling by the duplicator (the goal is to reach the lower
concentration than can be done by simple vacuum coo-
ling).

These combinations enable to reach a desired final tem-
perature and batch concentration. An extensive research
on the present vacuum cooling application is shown in
Barto3 diploma thesis (1998). There have been published
many research papers in the literature dealing with appli-
cations of the process, e.g., for the marchpane dough cool-
ing, baby nutrition (expansion into a vacuum vessel is here

*This work has been accomplished with contributions of grant No. 101/96/0327 GA CR and partly also grant No. EP-6260 of

Ministry of Agriculture of the Czech Republic.
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called “flash cooling”), fruit spreads, potatoes, mush-
rooms, Spanish chestnut, lettuce and sliced cabbage, blue-
berries, bread and processed cheese.

Theory

Determination of &S product

In the process of vacuum cooling the mass decrease of
batch occurs as a consequence of exhausted vapor con-
densation. The cooling process driving power is the con-
centration differential, defined by water vapor partial pres-
sure P at a point of formation of vapor bubbles and in
system p. The BURFOOT and HAYDEN (1989) relation is
accepted for that case.

dm
——dT—k-S-(P—P) (1]

DITL and SULC (1998) have been engaged in those prob-
lems recently. They have deduced a differential equation
that describes a transitional process of vaporization from
the overheated solution (simultaneous mass and heat trans-
fer) including the dimensionless form, which is valid for
the step change of pressure. The work does not solve the
problems of determination of interfacial area size.

Owing to the fact that the interfacial area size S is pos-
sible to be determined only roughly (see below), we de-
termine the value of &S product from experiment. Values
of absolute pressure p have been calculated according to
daily measured barometric pressure. The value of pres-
sure P of saturated water vapor has been determined for
batch temperature 7. This is a value of pressure when the
water evaporation caused by boiling starts. For &S prod-
uct data evaluation we proceed from [1], shaped as:

~ dm = k.S(P - p).dt 2]

We convert this equation into integral form. We suppose
product kS = const.:

= ;[:im - kS]'(P - pydt (3]
0

) 0

y =3E - 0.5x - 7.8275
R*=0.9996

As the (P-p) difference is a time function defined only as
atable of discrete experimental data, we convert this equa-
tion [3] into the following form:

my —m, = ksi(P—p)At [4]
0

When we plot data into a diagram where the axis y =m —m,
represents the mass of water evaporated within specified
period and x axis represents quantity:

x= ZO:(P—p).At

We obtain the typical shaped curve of vacuum boiling
(for selected typical measurement run).

The linear section is evident in the diagram, where val-
ue kS =const. As aresult of regression application to this
section we obtain the value of kS, which represents the
line slope. Outside this linear section the &S product is
not constant any more and model (1) cannot be used.
Owing to the fact that 80% of vapor evaporates within
the linear section, this section is the crucial for the pro-
cess and henceforth we will deal only with it.

Determination of Approximate Size of Interfacial Area S

Linear section (see above) corresponds to bubble boil,
which comes through the whole mass of batch (observed
during experiments). By the omission of surface evapo-
ration, the interfacial area S is equal to the sum of partial
surfaces of all bubbles inside the batch. We will use the
following relations for approximate determination of the
area:

At first we determine the vapor mass-flow in linear sec-
tion:

L= (5]
where: m, —mass of water evaporated in linear section
t, — operating period of linear section
The volumetric flow of vapor is given by the equation:

VL = 'h; R [6]

where: v” - specific volume of vapor at mean temperature of
linear section T,

Z(P-p) At [Pas]

300000 400000 500000 600000 700000

800000 900000

Fig. 1. Typical dependence of conden-
sation volume increment (as a pressure
integral function)
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Next we have to know the bubble diameter D,. We de-
termine it from the Laplace formula (SESTAK & ZITNY
1997) providing that the bubble is ball-shaped:

o
i e e 7
Ds \}g(p—p") 7]

where: o — surface tension of the batch fluid at 7,
g —the acceleration of gravity
p — the batch fluid density at T,
p’’~ vapor density at temperature T,

From the bubble diameter we calculate its volume:
1
Vi= i D; [8]

We use the volume of bubble for the “bubble-flow”
determination:
.V,
ng = Vg [9]
To determine the number of bubbles in the batch we
have to know a detention period:
LB
t;=—
Ug
where: L 5 — Path on which the bubble must flow through
We can simplify it and substitute the height of fluid lev-
el in cooker L. The symbol u, means the velocity of bub-
ble climbing. We can write the equilibrium of forces act-
ing on each bubble:

=Dy
g TH g

[10]

zD) #.D} u}
PR Cy— R p

[11]

When we express the bubble velocity from relation [11],

we obtain:
v <[4 Delo=P)e
N3 Cpp

The direct calculation of velocity from equation [12] is
impossible because friction factor C,) is a function of
Reynolds number (see NOVAK & RIEGER 1994), in which
the unknown velocity u, occurs. We can obtain the sim-
ple expression for the bubble velocity calculation only
when we are able to estimate a character of bubble flow
in the fluid. We use a dimensionless criterion C,Re? for
this purpose:

[12]

4 Dy(p-p").r.8
GpRe’ = EHT
‘We can calculate boundary values from the given threshold
limits of Re:
a) We obtain for the Stokes’s zone CDRe2 <48
o Dile-r)g [14]
2 18u

b) We obtain for the transitional zone 48 <C Re*<1.1 x 10°
and the bubble velocity expression will be following:

(13]

D5 (p- p,,)om Pl

p0.29 “0.43

ug =0153 [15]
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¢) We obtain for the Newton’s zone 1.1 x 10° < C Re?<4 x 10"
and the bubble velocity expression will be following:
Dl p— o
4y =174 Dale-r)e [16]
P

The number of bubbles inside the batch can be predict-

ed by the equation:
ny,=t,.np [17]
Approximate interfacial area size S is given by equa-

tion:

S=n.Dj.ny [18]

When we divide product &S by value of S, we obtain
the value of mass transfer coefficient .

Summary of Relations for Mass Transfer Coefficients

The dimensionless criterion of mass transfer results from
the inspection analysis of mass transfer equations (DITL
1996). This criterion is then applicable to the description
of a given phenomenon, especially under conditions of
turbulence flow. Especially next equations fit analogous
conditions for the vacuum cooling of fluids.

The mass transfer during of fluid flow around the ball:

Sh=2+0552Re"2. sc'/3 [19]

The range of validity: 0 <Re < 10%, 0.6 < Sc < 2.7
The flow in solid bed of particles:

Sh= 182 Re®*. sc!/3 [20]

The range of validity: 50 < Re <350

Sh =0.989 Re595c1 [21]

The range of validity: 350 < Re < 5000 where
k.D u.D.p H

Sh =—3 Re= )
D,y Yz Dy.p

Se=

MATERIAL AND METHODS

Description of Experimental Set-up

The series of measurements has been performed with
an experimental set-up installed in the Food Research
Institute Prague for determination of &S product. The ba-
sic element of the device is a glass bell, made of special
glass Simax, engineered for vacuum keeping. The bell is
placed on the support plate which was equipped with seal-
ing material to fit well to the bell to keep the vacuum.
Under the glass bell the digital scale Sartorius is placed
with the measuring range of 0550 g. The scale is con-
nected to the measuring card of PC through a special con-
verter. The glass with sample in placed on the scale. The
thermocouple is installed in the vacuum chamber to mea-
sure the fluid temperature in the glass. The thermocouple
is connected through a converter to the measuring card of
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v

Fig. 2. Schematic representation of ex-
perimental set-up

1 — glass with sample

2 —scale
3 - steam condenser

L

.
E=3
=1

4 — thermocouple sensor
5 — pressure converter

6 ~ weight converter

7- temperature converter
8-PC

3 9 — oil vacuum pump

l\_ 91 -

PC. The oil vacuum pump is attached by flexible tube to
the steam condenser and stopcock and to the support plate.
The vacuum is measured by the pressure-difference con-
verter BHV 5355 DM that is also connected to the mea-
suring card of PC (Fig. 2).

Experiments conducted in the company Briliant Nova,
Ltd., located in Horni Pogernice (PODLOUCKY 1994) have
also been included into the final evaluation. There was
installed a vacuum cooker for jam production. The cook-
er has been made under nomenclature AV-630. The de-
vice works in closed system with optional sterilization
temperatures in the range 90-98°C and is provided with
controlled vacuum cooling by a water ring pump. The
inner diameter of the cooker vessel is D, = 884 mm and
volume of the batch is about 500 litres.

The Methodology of Measuring

The series of sixty-four measurements has been per-
formed with a lab apparatus in the Food Research Insti-
tute Prague. Three different flame-ware jars were used to
reach miscellaneous cooling volumes. Jar diameters were
Jar No. 1 D=44 mm, Jar No. 2 D= 59.9 mm, Jar No. 3 D
= 86.1 mm. Pure water was used as a cooled fluid at first
and twelve measurements were carried out — four per each
jar. Further the sugar solution was used with the mass
concentration 20%, 30%, 40%, 50%, and 60% at the be-
ginning of the measurement. The sugar solution was boiled
in the process of measurement, and so the continuous
change of concentration distribution was reached. Sam-
pling was performed within each set of measurements that
enabled determination of all necessary solution proper-
ties. Dry matter was determined with a refractive index-
meter Zeiss for all samples. The numerical values of den-
sity p, dynamic viscosity p and surface tension for each
measurement were predicted using the Sugar Industry
Tables (BRETSCHNEIDER 1975) for the mean tempera-
ture of linear section 7,.

A teaspoon of sea sand was placed on the bottom of
each jar before start of measurement to enable easier pro-

duction of vapor bubbles. This jar was put on the scale
which had been zeroed before each measurement. There-
fore, only the batch mass was read on the scale. The mea-
sured fluid heated nearly to the boiling temperature was
filled into the experimental jar. The jar was placed on the
scale and the system covered up by bell. Then the stop-
cock was opened and at the same time the program was
run for experimental data reading. The values of instanta-
neous mass m, instantaneous temperature 7" and instanta-
neous pressure were read stepwise with time step 1 sec-
ond. The atmospheric pressure p, was read on a stationary
barometer located in the same room as the measuring ap-
paratus at each set of measurements. The measured value
of the atmospheric pressure was used for the absolute pres-
sure calculation.

Nine measurements was accepted from the source (POD-
LOUCKY 1994) — three measurements made for pure wa-
ter and six measurements made for sugar solution with
concentration about 60%. All the measurements were in-
terpreted according to above mentioned procedure.

RESULTS AND DISCUSSION

When we are able to calculate the interfacial area S (see
above), we are able to eliminate it from the product of S.
We can search for the relation between dimensionless
parameters which was found in the literature for predic-
tion of mass transfer coefficient in similar mass transfer
problems:

Sh=ay.Ref.Sc"? [22]

where:
k,.D
Sh=-2"8 [23]
AB

In this relation: k_is the mass transfer coefficient recal-
culated by using the following relation (providing that the
ideal gas equation of state is accepted for the vapor at

reduced pressure):
R

k p= k.

M,

v

(75 +27315) [24]
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D, is the bubble diameter calculated by relation [7],
and D, is the diffussivity coefficient converted by the
relation: i

DAB = Dgg (_&J (Ts‘ +273.15) [25]
Ps. )
where: DS, — the standard conditions diffusivity coefficient,
for our caseD%,=25.1 % 10~ m%s™! (value is
accepted for the diffusion between water and air)
p, — standard atmospheric pressure 101.325 kPa
P, —mean absolute pressure inside the linear section
T, —normal temperature 273.15 K

0
T, — mean temperature in the linear section

SL
Re, = up-Dy-p [26]

u
In that relation #, is the bubble velocity calculated by
using the relevant relation [14], [15], or [16].

Se=—£
D.p
The experimental data transferred into dimensionless
criteria were used for regression and free parameters of
equation [22] were predicted:
a,=0.0145 a,=0.6279 R?=0.2683
Fig. 3 shows that all measurements made by Podloucky
are shifted toward much lower values of S#/Sc’>. Values
of Re,, are similar for both data files. It is caused by the

[27]

dimension simplex absence in equation [22]. As measure-
ments differ primarily in the level of fluid Z in the cooker
and the bubble size is nearly the same, we introduce a
dimensionless criterion L/Dinto equation [22]. This cri-
terion was used by HOFFMAN (1973) in his thesis dealing
with boiling of fluids. The criterion takes into account
also the hydrostatic depression influence. The dimension-
less criterion equation is now reformulated:

h=a, Re3. 50 (] 28]

DB

Values a,=0.9092, a, =0.4677, a,=-1.1314, R?=0.986
were assessed by repeated regression.

The received regression parameters are in a good agree-
ment with expected values of exponents for similar cases
of mass transfer, see equations [20] and [21]. The validi-
ty ranges of individual criteria are:

5< L <333
D,

It is apparent from Figs. 4 and 5 that there is a reason-
able agreement between experimental data and proposed
model [28]. The comparison of Sherwood criteria exper-
imental values with predictions given by relation [28] is
performed in Fig. 6. It is evident that the very good agree-
ment has been reached (exceptions are the data obtained
with very small volumes of water).

25 <Re, <1700 0.002 <Sc<0.2

Fig. 3. The dependence of Sherwood and
% Schmidt criteria complex on Reynolds
o criteria
1
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Fig. 5. The correlation of Sherwood,
Schmidt and Reynolds criteria complex
plotted against geometrical criteria
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Experiment
CONCLUSION List of symbols
The mass transfer coefficient for vacuum cooling of €,  friction factor &
Newtonian fluids can be calculated from developed di- €, ~ mass concentration 2 [‘%;]
mensionless equation [28] with reasonable accuracy. This D,  diffusivity [m®s7]
model represents very well the dependence of mass trans- D},  coefficient of volume diffusion under
fer coefficient on properties of cooled fluid in spite of the standard conditions [m%s™']
introduction of several simplifying assumptions. Dy bubble diameter [m]
Product k.S is the major parameter influencing the speed ~ @m  mass decrease of the batch [ke]
of vacuum cooling. This parameter is necessary for the an vessel d‘a'?eter (m]
design of equipment, for instance by using a computa- d’Q g‘::g:;o hoat taken away from the batch E‘g
tional pr ‘Tg' an desc.nbetd by PODLOUCKY (1994). The dT batch temperature decrease within time step [°C]
program is the applu.:an(.)n ofa mathgmatxcal model‘ of g acceleration of gravity [m.s2]
the process and by using it we can avoid the construction mass transfer coefficient [kg.s'm2.Pa']
of costly pilot plant equipment. Model [28], which we & mass transfer coefficient [ms™]
recommend for application, also describes the influence s liquid height in the cooker [m]
of the surface tension of cooled fluid and is valid forthe L,  bubble path [m]
Newtonian flow behaviour of cooled fluid. m,  instantaneous batch mass [ke]
M molar mass [kg.kmol™]
Acknowledgements m, initial batch mass [kg]
The authors of the paper thank Dr. Ing. MARTIN DoSTAL for  m,  mass of water evaporated within linear section  [kg]
programming of the software for experimental datareadingand M, molar water mass [kg-kmol™']
m effective mass flow kg.s ™
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Souhrn

mass flow of vapour within linear section,

see Fig. 1 [kg.s]
number of bubbles of vapour per second

(“bubble flow™) s
number of bubbles [-]
total pressure above liquid surface [Pa]
pressure of saturated water vapor at batch
temperature [Pa]
saturated water vapor pressure [Pa)
atmospheric pressure [Pa]
standard pressure [Pa]
critical pressure [Pa]
mean absolute pressure in linear section [Pa]
evaporation heat kg™
universal gas constant [J.kmol ' K]
coefficient of correlation -1
Reynolds number by relation [26] [-]
interfacial area [m?]
Schmidt number [-]
Sherwood number [-1
cross-sectional area of vessel [m?]
time [s]
instantaneous batch temperature [°C]
standard temperature 273.15 K
period of linear section, see Fig. 1 [s]
period of process [s]
mean temperature in linear section [°C]
detention period [s]
bubble climbing velocity [m.s™]
specific volume [m’kg™]
batch volume [m?]
bubble volume [m3)
volumetric flow of vapor [m’s7']
batch fluid density at T, [kg.m™]
batch vapor density at 7', [kg.m™]
dynamic viscosity of fluid in batch at Ty, [Pa.s]
fluid surface tension at T, N.m™
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Initial Freezing Temperature of Various Foods with Special Reference

to Fruit Juices and Concentrates and to Grapes

ANGUEL G. FIKIIN and KOSTADIN A. FIKIIN

Technical University of Sofia — Refrigeration Science and Technology Division, Sofia, Bulgaria

Abstract

FIKIIN A. G., FIKIIN K. A. (1999): Initial freezing temperature of various foods with special reference to fruit juices and

concentrates and to grapes. Czech J. Food Sci., 17: 211-215.

The paper presents a set of experimental engineering data on the initial freezing point of various food materials of plant or animal
origin, including fruits, vegetables and meats, as well as meat, dairy and poultry products. Special attention is devoted to fruit
juices and concentrates and to grapes. Predictive relationships are established between their initial freezing temperatures and the
dry matter (or carbohydrate) content. The results obtained can be used for accurate prediction of the thermal properties and
behaviour of frozen foods during production, storage and distribution, as well as for selecting appropriate temperature regimes

during refrigerated storage of chilled foods.

Key words: food refrigeration; freezing point; refrigerated storage; thermophysical properties; heat transfer

Good knowledge of the initial freezing (cryoscopic)
temperature of food products has an extraordinary im-
portance for food science and technology. The initial freez-
ing point is a fundamental themophysical parameter with
enormous significance when analysing the entire system
of food thermal properties and the heat transfer processes
taking place during food refrigeration. Freezing tempera-
ture input values are required as a starting point in a se-
ries of key thermophysical computational relationships.
Moreover, this is a determinant factor when establishing
the most suitable temperature regimes for long-term re-
frigerated storage of chilled foods.

Hence, the present paper aims to provide a collection
of experimental data on the cryoscopic teperature of var-
ious food materials by summarising and further develop-
ment of previous and recent authors’ investigations in that
field (FIKIIN 1962, 1980; FIKIIN et al. 1970; FIKIIN &
FIKIIN 1995; FIKIIN & KUZMANOVA 1970).

MATERIAL AND METHODS

The initial freezing temperature was measured by reg-
istration of the typical plateaux on the recorded tempera-
ture histories during slow freezing of food samples at an
ambient air temperature of —20°C. The temperature of
supercooling was registered as the lowest point in the time-
temperature curves before the start of freezing. The sam-
ples had cubic or spherical shapes with an edge or diameter
of about 4 cm. The fruits and vegetables to be studied
were chosen in their natural dimensions. Ten representa-

tive samples were selected from ten standard batches of
each studied food commodity. Copper-constant thermo-
couples were used as temperature sensors and the maxi-
mum error of the temperature recorder was 0.05°C. The
differences between the measured cryoscopic tempera-
tures of different samples did not exceed 0.5°C.

RESULTS AND DISCUSSION

Experimental Data for the Initial Freezing Temperature
of Various Foodstuffs

As is known, the depression of the food freezing point
with respect to that of pure water may qualitatively be
explained by the Raoult’s Law, which unfortunately pos-
sesses a restricted validity. This Law can accurately pre-
dict initial freezing temperatures of ideal, highly diluted
non-electrolytic solutions only, but it is not exact for real
foods where the physical situation is much more compli-
cated. The water, present in them, enters into very com-
plex physico-chemical structural interactions, quite
specific for the different products. The experimental mea-
surements remain, therefore, the only reliable and indis-
pensable way for accurate determination of the food
cryoscopic temperature.

Our measurements showed an initial freezing tempera-
ture of about —1°C for the majority of the studied food
products. This varied from —0.6 to —1.2°C for different
kinds of meat, from —0.5 to —1°C for freshwater fish, from
—0.9 to—2.2°C for sea and ocean fish, while for white and
yolk of egg the cryoscopic values were —0.45 and —0.65°C,
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respectively. For the majority of fruits and vegetables the
freezing point is about ~1°C and rarely decreases down
to —2°C. The presence of dissociated salts, acids, carbo-
hydrates, etc., considerably lowers the initial freezing tem-
perature. For instance, this reaches —4.95°C for grapes,
—4°C for morellos, —8°C for yellow cheese Kashkaval and
—11°C for white brined cheese.

Table 1 presents our experimental data on the initial freez-
ing temperatures of a number of popular products, wide-
spread on the Bulgarian and international food markets.

Because of the specific structural peculiarities and the
presence of various dissociated salts, acids, carbohydrates,
etc., unfortunately, it is not possible to derive a single func-
tional relationship, universal relationship functional, for
all products, between the moisture (or dry matter) con-
tent and the cryoscopic temperature, which is a very at-
tractive idea for the engineer. Such a relation could be
obtained only for one and the same product with varying
moisture content or for a group of products with qualita-
tively close chemical compositions and structures. For

Table 1. Initial freezing temperatures and dry substance contents for various foodstuffs

Kind of product t..[°C] £ [%] Kind of product t..[°C] & [%)]

Fruits Meat and meat products

Apricots Beef
Hungarian -1.40 11.5 Medium fat class -1.1 28.0
Louisette -1.50 12.0 Fat -1.1 38.0

Cherries (A) -1.95 12.9 Corned beef

Cherries (B) -2.05 14.1 Sazdarma (A) -6.6 64.9

Grapes Sazdarma (B) -6.4 60.0
Bulgar -4.55 23.5 Flat sausage
Hamburg Muscat —4.30 24.1 Loukanka (A) -8.0 73.3

Blueberries -1.50 11.5 Loukanka (B) -7.1 70.0

Cranberries -1.20 10.9 Goose meat -0.9 46.0

Morellos (A) -2.90 15.1 Poultry -0.8 26.1

Morellos (B) -3.10 16.0 Kidneys

Peaches Mutton -1.1 26.1
Marygold -1.30 10.5 Pork -1.0 23.9
Carmen -1.45 12.5 Larded sausage (A) -7.2 70.0
Henriette -1.50 15.0 Larded Sausage (B) 1.5 72.5
Halle -1.45 13.2 Liver

Plums Veal -0.9 28.0
Hungarian -1.95 16.9 Pork -1.0 29.0
Ontario -1.90 16.0 Mutton
Queen Victoria -2.00 20.0 Medium fat class -1.2 44.0

Raspberries (A) -1.20 11.8 Fat -1.2 49.9

Raspberries (B) -1.55 123 Pork

Strawberries Medium fat class -1.0 42.0
Madame Mouteau -0.90 8.0 Fat -1.0 55.1
Sharpless -0.95 8.6 Veal

Vegetables Lean -0.9 25.0

Beans Fat -0.9 30.9
Stara Zagora -1.10 8.0 Dairy Products
Sax -1.20 9.1 Cheese

Carrots White brined -10.0 48.0
Paris -1.20 14.0 White Feta -11.0 52.5
Nancy -1.10 8.1 Yellow (Kashkaval)

Pepper Vitosha -7.0 57.5
Kapia -1.30 10.0 Polish -8.0 64.0
Sivria -1.20 6.2 Balkan -1.5 60.0

Tomatoes Curds (A) -1.1 27.0
Rogers -0.70 5.0 Curds (B) -1.0 24.0
Plovdiv Can -0.80 7.1 Poultry products

A and B denote different lots of one and the same product with two Mixed eggs (A) -0.5 26.0

different dry substance contents. Mixed eggs (B) -0.5 28.0
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example, the following equation is proposed for minced
beef (TOCCI & MASCHERONI 1994):

to =(1-¢)/(0.06908-0.4393 o) (11

MILES et al. (1997) and MAYER and HOUSKA (1997)
recently correlated the initial freezing point with a more
detailed chemical composition dataset (with particular
emphasis on water; monosaccharides; disaccharides; lac-
tic, malic, citric, isocitric, acetic, tartaric and oxalic acids;
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Fig. 1. Cryoscopic temperature of juices and concentrates of ap-
ples (varieties Karastoianka and Golden Delicious) and of grapes
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Fig. 2. Cryoscopic temperature of juices and concentrates of
plums, peaches and apples (variety Cassels Renate)
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Fig. 3. Cryoscopic temperature of juices and concentrates of
apricots, oranges and apples (variety Aivania)

alcohol and microelements — Na, K, Ca, Mg, Fe, P and
Cl). Their analysis is based on the Raoult’s Law for freez-
ing point depression of multicomponent solutions and can
serve as a good first approximation when there are no
reliable experimental data for cryoscopic temperatures of
the studied products.

Initial Freezing Temperature of Fruit Juices and
Concentrates

Functional relations between the cryoscopic tempera-
ture and the dry matter concentration were established
for a number of fruit juices and concentrates. For that
purpose our experimental results, shown in Figs. 1-3, were
used as a starting point.

It is obvious (Figs. 1-3) that for all studied kinds of
fruit juices and concentrates the initial freezing tempera-
ture decreases with the dry matter concentration in con-
formity with a parabolic pattern of change. Hence, the
resulting functional relationship is:

tep =ab 2 +bé+c 2]

where g, b, c are food-specific coefficients presented in
Table 2 for various fruit juices and concentrates. Besides,
5% < & < 50% for juices and concentrates of apples,
grapes, oranges and plums, whereas 5% < & < 23% for
juices and concentrates of apricots and peaches.

These experimental results are important, in particular,
for the processes of freeze concentration of fruit juices
and further refrigerated storage of fruit concentrates.

Initial Freezing Temperature of Grapes

In an analogous way, the dependence between the cryo-
scopic temperature and the concentration of dry substances
or carbohydrates was examined for two varieties of grapes
in two different states of the experimental material (grapes
and homogeneous squash, i.e., must). The experimental
data obtained are shown on Figs. 4 and 5.

The data analysis yields the following simple linear re-
lations:

te, =aé+b [3]

or
t, =c& +d [4]

where for the variety Bulgar a=-0.250, b= 1.317,c=-0.180
and d = —0.146, while for the variety Hamburg Muscat
a=-0.180, b=0.014, c=-0.180 and d=-0.034. Besides,
for Bulgar variety 14.50% < £ <25% and 17.78% <§_<
21%, while for variety Hamburg Muscat 13% < £ <23.60%
and 18.50 < & < 21%. Equations [3] and [4] fit in well
(within 3%) with the experimental freezing point values.
Figs. 4 and 5 suggest that no sufficiently accurate rela-
tionship could be established between the temperature of
supercooling and the concentration of dry substances (or
carbohydrates) in grapes, like it was done for the cryo-
scopic temperature. Our researches show that the tem-
perature of supercooling strongly depends not only upon
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Table 2. Values of the coefficients 4, b and ¢ of equation [2] for different kinds of juices and concentrates

Product kind a b (4
Apple juices and concentrates from the varieties:
Aivania -0.0036 -0.041 -0.83
Cassels Renate -0.0033 —-0.051 -0.76
Karastoianka -0.0030 -0.068 -0.82
Golden Delicious —-0.0035 -0.044 -0.66
Grape juice and concentrate -0.0050 0.068 -1.78
Orange juice and concentrate -0.0020 -0.140 -0.30
Plum juice and concentrate -0.0025 -0.100 —0.35
Apricot juice and concentrate 0.0000 -0.120 -0.20
Peaches juice and concentrate 0.0000 -0.120 -0.10
2 - 2
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Fig 4. Cryoscopic temperature (+ of grapes; » of homogeneous squash; — according to equation [3]) and temperature of super-
cooling (* of grapes; M of homogeneous squash) versus the dry substance content: (a) variety Bulgar; (b) variety Hamburg

Muscat
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Fig. 5. Cryoscopic temperature (+ of grapes; » of homogeneous squash; — according to equation [4]) and temperature of super-
cooling (* of grapes; M of homogeneous squash) versus the carbohydrate content: (a) variety Bulgar; (b) variety Hamburg

Muscat

the content of dry substances and various carbohydrates
but also on the fruit sizes and cellular structure, refriger-
ating rate, etc.

The results obtained for the initial freezing temperature
enabled us to develop and implement a novel technolo-
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gy for long-term cold storage of grapes at -2 ...-2.5°C
with periodic gassing by SO, (FIKIIN ef al. 1979). Thus, a
high-quality preservation of grapes in fresh state can be
ensured during a six-month period (from the harvesting
season in September until the end of March).
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CONCLUSION

Numerous data on the cryoscopic temperature of foods
exist in the literature (DISKERSON 1968; ASHRAE Hand-
book 1990; MIRRONNEAU 1961). However, there is some-
times mutual inconsistency between the values reported
by different authors for one and the same product. For
instance, the ASHRAE Handbook (1990) quotes a great
number of freezing points, mainly for American products,
some of which differ significantly from the commonly
accepted classical reference results.

It is believed that the present contribution makes a fur-
ther step in advancing the current state of the art and the
engineering tools for accurate prediction of the initial fre-
ezing temperature when processing, storing and distribu-
ting refrigerated foods and beverages.

List of symbols

1, cryoscopic (initial freezing) temperature [°C]
t temperature of supercooling [°C]
& dry substance content [%]
é content of carbohydrates [%]
@ moisture content kg, ke . ]
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mohou byt pouZity pro pfesnou pfedpovéd tepelnych vlastnosti a chovdni mraZenych potravin b&hem vyroby, skladovani
a distribuce, ale také pro volbu vhodného teplotniho rezimu b&hem skladovéni chlazenych potravin v chladni&ce,

Kli¢ova slova: mrazené potraviny; bod tuhnuti; skladovani v chladni&ce; termofyzikalni vlastnosti; pfenos teploty

Corresponding author:

Prof. Dr. ANGUEL FIKIIN, Ph.D., D.Sc., Technical University of Sofia, Refrigeration Division, 95 Vassil Levski Blvd,
BG-1000 Sofia, Bulgaria, tel./fax: + 359 2 88 48 16, e-mail: agf@vmei.acad.bg

215


mailto:agf@vmei.acad.bg

Vol. 17, No. 6: 216-222 Czech J. Food Sci.

Stanoveni celkového poétu psychrotrofnich bakterii v bazénovych vzorcich
mléka a jejich vztah k celkovému poétu mikroorganismi*

MARCELA VYLETELOVA', PAvEL BENDA', OT0 HANUS', PAVEL KOPUNECZ?

!Research Institute Jor Cattle Breeding, Rapotin; Central laboratory, Pardubice, Czech Republic

Abstract

VYLETELOVA M., BENDA P., HANUS 0., KOPUNECZ P. (1999): Determination of total counts of psychrotrophic bacteria
in pool milk samples and their relation to total counts of microorganisms. Czech J. Food Sci., 17: 216-222.

Determination of total psychrotrophic microorganisms (CPP) and identification and specification of relationships between CPP
and some accompanying factors were the principal objectives of the study. Three sets of pool milk samples were analyzed in
total. The first consisted of 85 routinely collected and transported pool milk samples from northern Moravia and central Moravia.
Sample collection was realized within one day by transport dairy lines. Samples were preserved with Heeschen agent. The 2"
sample set — 163 unpreserved samples of one enterprise collected at three localities — was compiled in 1997. Samples were
collected and transported by the mentioned enterprise. Besides CPP analysis, total counts of mesophilic bacteria (CPM) were
determined in the two sets. Samples were diluted with sterile physiological solution (0.85%) and cultivated by the plate method
under standard conditions (30 °C/3 days for CPM; 6.5 °C/10 days for CPP) using conventional media (GTK, Milcom Tébor).
Plates characterized by colony number ranging from 20 to 200 CFU/ml were accepted. The 3™ (the largest and most relevant)
sample set furnished by the Central Laboratory Pardubice (4754 CPM a CPP data compiled throughout 1997) was evaluated
statistically. In the 1%! set, total count of psychrotrophic bacteria and total count of mesophilic bacteria varied from 1 x 10 to
2.2 x 10° CFU/ml and from 1 x 10? to 3.1 x 10° CFU/ml, respectively. The 2°d sample set was characterized by CPP range
1 x 102-1.4 x 10° CFU/ml and CPM range 1 x 10°~4 x 10° CFU/ml. In the 3™ set, CPP and CPM varied from 1 x 10% to 2 x 105
CFU/ml and from 5 x 10° to 3.2 x 10° CFU/ml, respectively. The relative index p; (ratio between the real values of CPP and CPM
in one sample) was calculated for all samples in the three mentioned sets. The following p, values were found in specific sets:
0.13 (1% set), 0.35 (2™ set), 0.24 (3" set) — Table 1. The mentioned results were processed statistically. A highly significant rate
of correlation (» = 0.96, Fig. 1) was found between CPP and CPM in the 1% set. A substantially lower correlation (r = 0.61, Fig.
2) was recorded in the 2™ set. The mentioned difference can be attributed to the different methods of sampling and transport.
Samples collected in the 2" set were not preserved and they were transported out of the thermobox. The results of 3™ set from
Pardubice Central Laboratory showed the rate of correlation » = 0.63 (Fig. 3). Differences between the 1% set and the 3" get can
be caused by various methods of CPM analysis. In Central Laboratory, Bactoscan is used for analysis instead of our conventional
plate method. Problems approaching microbial quality of milk are closely related to harmonization of Czech standards with EU
directives, introduction of HACCP systems, and exacting technological programs of some dairies (e.g. cheese production).
Relations between mean microbiological quality of produced milk and corresponding variability of microbiological parameters
(CPM and CPP), i.e., between hygienic level and technological repeatability of milking process, and cowshed parameters were
studied as well. KHR (consolidated hygienic regimen) point on the hypothetic graph (Fig. 6) shows reduced microbial pressure
of the environment, satisfactory operating parameters guaranteed by milk producers, and hypothetized reduced incidence of milk
secretion disorders. Highly significant rate of correlation in the two controlled microbial sets (CPM and CPP) r = 0.94 (Figs. 4
and 5) suggests a close correlation between the hygienic regimen and the operating parameters, Table 2 demonstrates examples
of possible practical interpretation of results in HACCP construction or in consulting activity associated with positive modifica-
tion of milk microbial quality in problematic herds and cowsheds. All correlation coefficients calculated in this paper were
significant at the level P < 0.001.

Key words: milk; total psychrotrophic microorganisms (CPP); total count of mesophilic bacteria (CPM); correlation coefficient

*Redeno v rémci vyzkumného tikolu NAZV MZe CR &. EP 7154.
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Abstrakt

VYLETELOVA M., BENDA P., HANUS 0., KOPUNECZ P. (1999): Stanoveni celkového poitu psychrotrofnich bakterii
v bazénovych vzorcich miléka a jejich vztah k celkovému poétu mikroorganismii. Czech J. Food Sci., 17: 216-222.

Identifikovali jsme vztahy celkového poltu psychrotrofnich mikroorganismii (CPP) k nékterym doprovodnym faktorim. CPP
byl stanoven jednak ve standardn& odebranych a transportovanych bazénovych vzorcich mléka ze svozné oblasti severni a stiedni
Moravy, jednak ve vzorcich jednoho podniku v priibéhu roku 1997. Soucasné s CPP byl stanoven celkovy po&et mezofilnich
mikroorganismi (CPM). Vzorky byly kultivovény na bé&Zné& pouZivanych médiich za standardnich podminek podle norem IDF.
Vysledky byly statisticky vyhodnoceny a pro standardné odebrany, transportovany a analyzovany soubor byla zji§téna vysoce
vyznamna korelace mezi CPP a CPM (r = 0,96). Ve druhém sledovaném souboru vzorki dosahovala korelace podstatng niz$ich
hodnot (» = 0,61). Mezi redlnymi hodnotami CPP a CPM byl pro kaZdy vzorek vypodten pomémy index p,. Pro standardn&
ofetfeny soubor vzorki &inil p,= 0,13; v pfipadé vzorki jednoho podniku jsme nalezli p,= 0,35. Dile byl statisticky vyhodnocen
rozsahly soubor vzorki z Centralni laboratofe Pardubice. Méfeni CPM zde byla provedena na pfistroji Bactoscan a CPP totoZnou
uvedenou metodou. Korelalnf koeficient v tomto piipadé ¢inil » = 0,63 a pomémy index p; = 0,24. Otdzka mikrobialni kvality
mléka tizce souvisi s harmonizaci nasich pfedpist s EU, zavadénim HACCP systému a néaroénym technologickym zamé&fenim
nékterych mlékaren (nap¥. vyroba syrit). Dal$im cilem bylo tedy zjistit vztah mezi variabilitou mikrobiologickych hodnot (CPM
a CPP) podniki a primémou mikrobiologickou kvalitou mléka, jinak feeno mezi technologickou opakovatelnosti dojiciho
procesu i stavu stje a dlouhodobou hygienickou trovni stéje. Korelaéni koeficient pro oba sledované mikrobiologické soubory
(CPM a CPP) &inil shodné r = 0,94. V3echny vypodtené korelaéni koeficienty byly statisticky vyznamné na hladiné P < 0,001.

KliZova slova: miéko; celkovy potet psychrotrofnich mikroorganismii (CPP); celkovy poget mezofilnich mikroorganismi (CPM);

korelaéni koeficient

Psychrotrofni mikroorganismy jsou schopné riistu
a metabolickych projevil i pfi nizkych teplotach 4 °C. Pti
této teplot& je mléko uchovavano v mléénicich, pfi pre-
pravé ke zpracovateli i v dob& skladovéni a distribuce
hotovych vyrobki. Vzhledem k tomu, Ze nizké teploty
neinhibuji tvorbu a ¢innost enzymatickych systémi pro-
teas a lipas, miiZe dojit ke zm&ndm struktur bilkovin a tuki,
zv14%té pak po del3i dobé skladovéni suroviny a produkti
(LAW 1979; URBANOVA 1993; HUSEK 1988).

Uvedené procesy pak pfispivaji ke znehodnoceni mlég-
né suroviny a znemoziuji tim jeji dali zpracovani (JAS-
PE et al. 1994; KRATOCHVIL 1992; MUIR & PHILIPS
1984). Nejéast&jsimi zdstupci jsou bakterie rodu Pseu-
domonas (MUIR et al. 1979; TERNSTROM et al. 1993;
URBANOVA & PACOVA 1995), které mohou byt i pFiéi-
nou infek&niho onemocnéni (KOHUT & RUSINKO 1978;
MICKOVA ef al. 1989).

Podle CSN 57 0529 je jednim z ukazatelii kvality mlé-
ka ureni celkového poétu mikroorganismi (déle jen
CPM). Vedle toho je dopliikovym znakem mikrobiolo-
gické jakosti i stanoveni celkového poétu psychrotrofnich
mikroorganismi (déle jen CPP); norma pfipousti CPP <
<50 000 CFU/ml, CPM < 100 000 CFU/ml pro standard-
ni mléko a CPM < 50 000 CFU/ml pro vybérovou kvalitu
(KADLEC et al. 1997).

Ve specifickych pfipadech poZaduji n&které mlékaren-
ské podniky vy3etfeni na ob& uvedené skupiny mikroor-
ganismi vzhledem ke svému technologickému zamé&feni
a pro urfeni kvality mléka za (i&elem propliceni. MUIR,
PHILIPS (1984) dokonce uvadéji, Ze pro vyrobu n&kte-
rych syri mus{ byt hodnota CPP ni%¥i ne% 2 x 10° CFU/ml.
Problematika mikrobiologické kvality mléka jako suro-
viny nabyva na vyznamu zejména v souvislosti:

— s harmonizac{ nadich hygienickych standardi s predpi-
sy EU (92/46/EU Milk and milk products quality);

— se zavadénim kontrolnich systémi (HACCP — Hazard
Analysis Critical of Control Points) v potravinafském
prostiedi jako oficidlné schvélené metodiky EU v rAm-
ci filozofie preference maximélni moné ochrany zdra-
vi spotfebitele (BER 1998);

- se vieobecné vzristajicim podilem mléka zpracovava-
ného na naro¢né mlékarenské vyrobky, pfedeviim syry
(nap¥. v Ceské republice byl nariist vyroby syrii v roce
1997 13 % po podobném meziroénim nardstu v roce 1996,
a to pfi celkov& klesajici produkci mléka (KRI-VANEK
1998).

Cilem préce bylo zabyvat se mikrobiologickymi aspekty
produkce mléka, vztahy mezi technologickymi skupina-

mi mikroorganismi i uvnitf téchto skupin.

MATERIAL A METODY

Ke konzervaci vzorki bylo pouZito b&Zné konzervaéni
Heeschenovo ¢&inidlo (HEESCHEN et al. 1969; PETTIPHER
& RODRIGUES 1982) v poméru 1 : 10. Do sterilnich vzor-
kovnic jsme napipetovali 3 ml Heeschenova &inidlaa ne-
chali je vysusit pfes noc pii teploté 60 °C .

Odbér prvniho souboru vzorki probihal b&hem jednoho
dne ve dvou terminech (réno a odpoledne) vy3kolenymi
pracovniky mlékérny. Vzorky se pfepravovaly v termo-
boxech s chladicimi vlozkami. Po pfedani do laboratofe
byly ihned zpracovény. Celkem bylo analyzovano mléko
z 85 svoznych mist severni a stfedni Moravy.

Béhem celého roku byly dale pravidelné sledovany ba-
zénové vzorky jednoho podniku, a to ze tfi odb&mych
mist (» = 163). Odbér tohoto druhého souboru vzorkd
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provédéli pracovnici sami a mléko bylo pfepravovéano ve
vzorkovnicich bez konzerva¢niho ¢inidla a mimo termo-
box. Po dodéni do laboratofe byly vzorky uchovany
v chladniéce pti 6,5 °C a zpracovéany nejpozdéji do dvou
hodin.

Na zéklad& dohody s Centrélni laboratofi Pardubice byly
ke statistickému zpracovani dodény vysledky CPP a CPM
za celé obdobi roku 1997. Kompletni tfeti soubor obsa-
huje 4 754 hodnot.

Stanoveni CPM u prvnich dvou souborti a CPP u viech
tfi prob&hla podle norem IDF (HAVLOVA ef al. 1993).
Bylo pouZito standardné doddvané médium GTK (Mil-
com Tébor), upravené podle norem IDF. Kultivace pro-
bihala tfi dny pfi 30 °C (CPM) a 10 dnii pfi 6,5 °C (CPP).
Hodnoceny byly misky s po&tem kolonii v rozmezi od 20
do 200 CFU/ml. Pro fedéni vzorki byl pouZit sterilni fy-
ziologicky roztok (0,85%). 1 ml inokula pfislu¥ného fe-
déni byl zalit médiem vytemperovanym na 45 °C, a to
vidy pro kazdé fedéni ve dvou opakovénich. Hodnoty
CPM z Centralni laboratofe jsou vysledkem méfeni na
pfistroji Bactoscan (CURDA ef al. 1992; SUHREN ef al.
1989).

Pro viechny tfi sledované soubory vzorki byly vysled-
ky statisticky vyhodnoceny, uréen korela¢ni koeficient
mezi CPP a CPM a byl vypodten pomé&my index p, (tj.
pomér redlnych hodnot CPP/CPM uvnitf jednoho vzor-
ku).

Vzhledem ke skute¢nosti, Ze data (CPM a CPP) o mik-
robiologické kvalit® mléka zpravidla nevykazuji normal-
ni distribuci hodnot, byla u nékterych vypoéti koreladni
aregresni analyzy pouZita logaritmicka transformace dat.
Mikrobiologické ukazatele mléka (CPM a CPP) vykazu-
ji azejména dfive (pfi méné piisnych hygienickych stan-
dardech) vykazovaly velkou variabilitu v pfipadech frek-
ventniho vyskytu technologické nekazné pfi ziskdvani
mléka. To odpovida ristu hodnot dat, ktery je blizky ge-
ometrické fadg, resp. exponencialni progresi. Proto je
logaritmicka transformace dat pfi statistickém hodnoceni
opravnénd. Ze stejného diivodu byly jako stfedni hodno-
ty soubori uréeny geometrické priméry.

Ve tfetim souboru (CL Pardubice) byla provedena ko-
rela¢ni a regresni analyza vztahu technologické opako-
vatelnosti hodnot dosahovanych v chovech v obdobi od-
béru minimalné $esti vzorkl (frekvence odbéru jednou

az dvakrat za mésic) ke korespondujici primérné mikro-
biologické trovni (aritmeticky primér) uvnitf obou sle-
dovanych technologickych skupin mikroorganismi (CPM,
CPP). Nésledné byla provedena regresni analyza vztahu
uvedenych parametrii: osa x = aritmeticky primér (¥) mik-
robiologické kontaminace mléka (CPM, CPP) v podniku
za definované &asové obdobi = iroveii hygienického sta-
vu stéje jako odraz ,,stupné technologickych znalosti cho-
vatele”; osa y = smérodatné odchylka (s;) koresponduji-
ciho priiméru mikrobiologické kontaminace (CPM, CPP)
mléka v podniku za definované &asové obdobi = uroveri
technologické opakovatelnosti hygienické kvality =,,pro-
vozni jistota chovatele” z pohledu dosahovéni Zadouci kva-
lity mléka a odpovidajictho zpenéZovani.

Ke statistickému vyhodnoceni byly pouZity zdkladni
statistické charakteristiky, ddle metoda linedrni regrese
a korela¢ni koeficienty.

VYSLEDKY

Celkovy podet psychrotrofnich mikroorganismi se
u vzorki ze svozné oblasti severni a stfedni Moravy pohy-
boval v rozmezi od 1 x 10>do 2,2 x 10° CFU/ml, u me-
zofilnich od 1 x 10° do 3,1 x 10° CFU/ml. Pomé&rny index
CPP/CPM obou sledovanych skupin pro jednotlivd mé-
feni ¢inil 0,13 (tab. 1).

Ke statistickému vyhodnoceni byla pouZita linearni
regrese, jejimz vysledkem je rovnice regresni pfimky
y = 1,83x — 4,77. Mezi naméfenymi hodnotami CPP
a CPM byl stanoven i vysoce vyznamny korelaéni koefi-
cient » = 0,96 (obr. 1).

Béhem roku 1997 bylo hodnoceno 163 bazénovych
vzorkl mléka jednoho zemé&dé&lského podniku. CPM se
pohyboval od 1,4 x 10* do 4 x 10° CFU/ml a CPP od
1 x 10% do 1,4 x 10° CFU/ml. Vysledn4 rovnice pfimky
ma tvar y = 1,00x — 0,72 (obr. 2). Korelaéni koeficient
v tomto piipadé€ nebyl tak vysoky jako u predchoziho
méfeni (» = 0,61) a pomémny index CPP/CPM ¢&inil 0,35
(tab. 1). '

Hodnocen byl i soubor vzorkt z CL Pardubice za cely
rok 1997. Hodnoty CPM se pohybovaly od 5 x 10° do
3,2 x 10CFU/ml a CPP od 1 x 10° do 2 x 10° CFU/ml.
Rovnice regresni pfimky mé tvar y=0,81x + 0,04 (obr. 3).
Korela¢ni koeficient nebyl ani v tomto pfipadé tak vyso-

Tab. 1. Celkovy obraz souboru vzorkii ze svozné oblasti, souboru vzorki jednoho podniku a souboru vzorki z centralni laboratore
— General data on sample set from a collecting area, sample set from one enterprise and sample set from central laboratory

Vzorky svozné oblasti'  Vzorky jednoho podniku?  Vzorky z CL Pardubice’
Geometricky primér CPP* (CFU/ml) 2300 3858 4932
Geometricky primér CPM® (CFU/ml) 26 951 19 941 31189
Korelani koeficient® » (CPM/CPP) 0,96 0,61 0,63
Pomémy index” p, (CPP/CPM) 0,13 0,35 0,24

Isamples from collecting area; Zsamples from one enterprise; samples from Pardubice CL; “‘CPP geometric mean; *CPM geometric mean;

Scorrelation coefficient; "relative index p,
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Obr. 1. Vz4jemné korelace mezi CPM a CPP u vzorkii ze svozné
oblasti severni a stfedni Moravy — Mutual correlations be-
tween CPM and CPP in samples from a collecting area in north-
ern and southern Moravia
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Obr. 3. Vzédjemn4 korelace mezi CPM a CPP u vzorki z CL

Pardubice — Mutual correlations between CPM and CPP in
samples from Pardubice CL

ky jako u prvniho souboru (r = 0,63) a pomé&rny index
CPP/CPM ¢inil 0,24 (tab. 1).

Korelaéni koeficienty uvnitf souboriit CPM a CPP (vy-
brany soubor vzorki z CL Pardubice, n=271) mezi pri-
mérmymi hodnotami a jejich variabilitami u jednotlivych
vyrobcti mléka €inily shodn& » = 0,94 (obr. 4 a 5).

Vsechny vypodtené korelaéni koeficienty byly statis-
ticky vyznamné na hlading P < 0,001.

DISKUSE

Podle otekavan{ byl vzajemny vztah mezi CPP a CPM
vyznamny. Korela¢ni koeficient byl vy3$3i pro skupinu ba-
zénovych vzorki z jedné svozné oblasti a jednoho odbé-
rového terminu (» = 0,96). Naproti tomu korelani koefi-
cient u priib&Znych vzorki z jednoho podniku byl niZsi

Obr. 2. Vz4jemn4 korelace mezi CPM a CPP u vzorki jednoho
podniku b&hem roku 1997 — Mutual correlations between CPM
and CPP in sampiies from one farm in 1997

(r=0,61). Tento rozdil lze vysvétlit odli¥nym zplisobem
odbéru, transportu a hlavné odbérem vzorki ve vice ter-
minech. Vzorky jednoho podniku nebyly konzervovény,
jejich odbér byl éasové riiznorody, transport se provadél
mimo termobox a po dopravé jsme je zpracovali bud’
ihned, nebo po uskladnéni v chladniéce pfi 6,5 °C do dvou
hodin. Podobné rozdily ve vzdjemnych vztazich CPP
a CPM uv4d&ji URBANOVA et al. (1993). V tomto pfipa-
dé se jednalo o tfi soubory vzorkl ze dvou odbérnych
mist. Mnohem vy338i vypovidaci schopnost v§ak maji co
do rozsahu vzorkid hodnoty z centralni laboratofe.
I v tomto piipadé jsme ofekavali mnohem vyssi korelad-
ni koeficient nez byl vypoéten (» = 0,63). Je viak teba si
uvédomit, Ze zde byly hodnoceny vysledky provadéné od-
li¥nymi metodami, coZ mohlo byt divodem niZ¥iho kore-
la¢niho koeficientu. CPP byl stanoven shodnou metodi-
kou jako u pfedchozich soubort, kdeZto CPM udava
hodnoty namé&fené na pfistroji Bactoscan.

Nase vysledky potvrdily, Ze vyskyt psychrotrofnich
bakterii koreluje vyznamné s vyskytem mezofilnich bak-
terii. Stejné jako je CPM komplexnim vysledkem zne&is-
t&ni ze viech &4sti technologie dojeni (TICHACEK et al.
1995), 1ze pedpokladat totoZny zdroj kontaminace psych-
rotrofnimi mikroorganismy. URBANOVA et al. (1993) po-
pisuji vyznamné korelace u vzorku ziskanych z depistaZ-
nich st&rii dojiciho zafizeni.

KOPUNECZ (1995) uvadi, Ze v CL Pardubice splfiu-
je pozadavek CSN 57 0529 na psychrotrofni bakterie
(<0050 000 CFU/ml) 89-92 % dodavatelii. Uvedené nor-
meé vyhovélo také 96 % dodavatelli ze sledované svozné
oblasti severni a stfedni Moravy. Pro sledovany soubor
vzorki z CL za rok 1997 bylo zjiiténo, Ze normé& rovnéz
vyhovuje 96 % odbérnych mist.

Piekvapivé vysoké korelace mezi CPP a CPM u vzor-
ki ze svozné oblasti naznaduje, Ze pro hodnoceni hygie-
nické kvality syrového kravského mliéka by s uspokoji-
vou spolehlivosti postadoval jediny ukazatel, a to CPM.
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Obr. 4.1. Line4mni regrese aritmetického priiméru a smérodatné
odchylky (CPP v 1 000 CFU/ml) — Linear regression of arith-
metical mean and standard deviation (CPM per 1 000 CFU/ml)

Vypusténi dopliikovych ukazateli by také korespondo-
valo s normou EU, ve které je uveden pouze CPM. EU
tedy povaZuje CPM za dostatedny ukazatel mikrobialni
hygienické kvality mléka.

Pomérny index se pro nase analyzované soubory vzor-
ki pohyboval okolo 0,3. Vysledek potvrzuji také n&kterd
naSe nepublikovana pfedchozi sledovani. Z tohoto pohle-
du se jevi pfed nedavnem planovana tiprava CSN 57 0529,
kdy pocet psychrotrofnich bakterii pro I. jakostni tiidu
mél dosahovat maximalng 5 x 10> CFU/ml, jako nepfilis
dobre pfipraveny krok. Tomuto poZadavku by vyhovélo
jen 56 % odbérnych mist ze souboru vzorkl z centralni
laboratofe a 67 % vzorki ze svozné oblasti. Je proto je-
nom v zdjmu objektivity hodnoceni mléka, Ze tento krok
byl revidovan.
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Obr. 5.1. Lineami regrese aritmetického priméru a smérodatné
odchylky (CPP v 1 000 CFU/ml) — Linear regression of arith-
metical mean and standard deviation (CPM per 1 000 CFU/ml)
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Obr. 4.2. Vyset grafu 4.1, (CPM = 8 000 a% 100 000 CFU/ml)
— 2. detail of Fig. 4.1. (CPM = 8 000100 000 CFU/ml)

Logicky bylo moZné o&ekévat pozitivni korelaéni vztah
mezi variabilitou mikrobiologickych hodnot (pro CPM
a CPP) dodavatell a primé&rnou mikrobiologickou kvali-
tou jejich mléka. Je zajimavé, Ze tésnost uvedenych vzta-
hi v provedenych vypodtech vyrazné pied¢ila olekava-
ni, a proto jsou pro ilustraci zobrazeny v obr. 4 a 5. Na
zékladé odhadu byl ogekéavén korelaéni koeficient v oboru
0,5-0,7 proti skute¢nosti 0,94. Je hypoteticky pfedstavi-
telné (obr. 6), aby aritmeticky primér mikrobiologického
ukazatele prakticky pfedstavoval troveii hygienického
reZimu staje, ktera odpovidé tirovni znalosti chovatele
(&im niZ&i, tim lep¥{ Grovei znalosti; obr. 4-6; osa x), za-
timco by variabilita uvedeného priméru (smérodatna od-
chylka) pfedstavovala provozni jistotu chovatele z hle-
diska zpen&Zovani mléka (¢im niZsi, tim vy3si provozni
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Obr. 5.2. Vyse& grafu 5.1. (CPM = 8 000 a% 100 000 CFU/ml)
— A detail of Fig. 4.1. (CPM = 8 000~100 000 CFU/ml)
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Optimélni erudice chovatele*

XAné reali

/

Provozni jistota chovatele, tzn. odraz opakovan¥

Urovelt hygienického stavu sléje,'
tzn. stupefi znalosti chovatele?

jistota; obr. 4-6; osa y). DosaZeni KHR (konsolidovany
hygienicky rezim) znamena pokles mikrobidlniho tlaku
prostfedi a dilleZity pfedpoklad pro zpracovani mléka na
mlékérenské vyrobky. Zaroveri miiZe jit i o faktor reduk-
ce poruch sekrece mléka dojnic, zejména environmental-
niho, ale i kontagiézniho piivodu, tedy o jeden z faktori
prevence a péce o zdravi mlé&né Zl4zy.

Pfi zavadéni systémi HACCP — preventivni systém kont-
roly nezavadnosti potravin (BER 1998) - sledujicich ochra-

Obr. 6. Hypoteticko-empiricka pfedstava vztahu trovné hy-
gienického reZimu stéje (znalosti chovatele) a provoznf jistoty
chovatele z hlediska zpen&zovéni mléka — Hypothetico-empiri-
cal idea of the relation between the level of cowshed hygienic
regime (breeder s knowledge) and breeder s operational secu-
rity with respect to milk marketing

KHR =konsolidovany hygienicky reZim prvovyroby mléka — consol-
idated hygienic regime of on-farm milk production

Ibreeder’s operational security, i. e reﬂectxon of repeated rcsponﬂble
implementation of sanitary p i level of responsi-
bility at sanitary operations of mllkmg process; >level of cowshed
hygienic situation, i.e., the level of breeder’s ledge; “op
breeder’s erudition

nu zdravi konzumenti se pfedpokladé, Ze bude zahrnuto celé
prostiedi zemé&délsko-potravinafské technologie (verti-
kala) ve smé&ru priitoku suroviny k findlnim potravinim. Ci-
lem je (BER 1998) podpora spravnych postupli u subjektii
zapojenych v pripravé, zpracovéni, vyrobé, skladovani, do-
pravé, distribuci, manipulaci, prodeji a doddvkéch potravin.
Podle zminéného pojeti je kontrola kvality mléka jako suro-
viny pfi pfejimece v zemé&d&lském podniku jednim z prvnich
moznych kritickych kontrolnich bod systému HACCP.

Tab. 2. P¥iklad moZnych praktickych interpretaci vztahu primémé mikrobiologické kvality syrového mléka (hygienické irovné
prvovyroby = znalosti chovatele ¥) a jeji variability (technologické opakovatelnost = provozni jistota chovatele s;) v ¢ase, ve
smyslu hodnoceni podle obr. 4-6 — An example of possible practical interpretations of the relation of mean microbiological
quality of raw milk (hygienic standard of on-farm production = breeder’s knowledge x) and its variability (technological repeatability
= breeder’s operational security s;) in time, in the sense of evaluation according to Figs. 46

Priméma mikrobiologick4 kvalita Variabilita mikrobio- Opatfeni pfi kontrole kvality Interpretace pfi poradenstvi k pozi-

mléka v zem&délském podniku'  logické kvality miéka>  (napf. v rAmci HACCP)? tivni modifikaci kvality mléka®
Velmi dobra, ¥ nizky® mald, s; nizk4® poskytuje moznost sniZeni
(£25a< 6) (<20a<38) frekvence analyz, coz redukuje

naklady na kontroly (dnes

cca 30 % staji)’
Dobra, ¥ pomémé nizky® mirné vetsi, béznd konvendni frekvence  néhodné nepravidelné odchylky
(26-50a 7-12) s, mim& zvétien4’ kontrolnich analyz'® od technologické kdzné& pri

(21-30 2 9-14)

v, s vyssl
(3145 a 15-20)

realizaci hygienickych rezimii!!
vy3en4 frekvence kontrolnich  zdrojem kontaminace jsou pravdg-
mikrobiologickych analyz'* podobné povrchy nebo korodovana

pryZ dojiciho zafizeni a jeho

nedostatetn4 sanitace'>

vysoka frekvence kontrolnich zdrojem kontaminace je $patna

mikrobiologickych analyz!®  sanitace dojiciho zafizeni v&etn&
technologické nekdzné pfi toaleté
vemen, §patna stijova hygiena!®

Pro min. $est analyz bazénového mléka u dodavatele b&hem tii aZ Sesti m&sicil po jeden rok (CPM a CPP v tis. CFU/ml) — At least for six
analyses of pool milk on the producer’s farm within three to six months for a year (CPM and CPP in thous. CFU/ml)

'mean microbiological quality of milk on the farm; 2variability of microbiological quality of milk; measures taken for quality control (e.g.,
in the framework of HACCP system); *interpretation with respect to consulting aimed at positive modification of milk quality; Svery good,
low ¥, ®small, low s; "a decrease in the frequency of analyses is provided, so the cost of checks is reduced (currently ca. 30% of cowsheds);

8good, relatively low £; “moderately higher, moderately increased Sgi %ommon conventional frequency of control analyses; !'random
irregular deviations from technological discipline at hyglemc regime implementation; '?worse, higher to high ¥; '*higher, higher S5 Win-
creased frequency of control microbiological analyses; '*surfaces or corroded rubber of milking machines and their insufficient d|smfect|on
are likely to be the sources of contamination; '*bad, high ¥; 'high, high s;; '®high fr y of control microbiological analyses; %insuf-
ficient disinfection of milking machines including technological lack of discipline at udder washing are the source of contamination,
insufficient cowshed hygiene

Hordi, ¥ zvySeny az vysoky'?
(51-75 a13-18)

Spatnd, ¥ vysoky!'®
(>752>18)

vysoka, s vysoka!?
(> 452> 20)
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Uvedené hodnoceni (obr. 4 a 5), hypotetickd uvaha
(obr. 6) a jejich nasledné moZné praktické interpretace
(tab. 2) mohou byt vyuZity pravé jako informace pfi za-
vadéni systémi HACCP v diskutovaném prostfedf nebo
také pfi poradenstvi orientovaném na pozitivni modifika-
ce mikrobiologické kvality mléka v problémovych pro-
vozech prvovyroby.

Zavér

Byla zjit&na vysoce vyznamnd korelace u souboru ba-
zénovych vzorkil z jednoho terminu odbéru ze svozné
oblasti severni a stfedni Moravy. Vypotteny korelagni
koeficient (= 0,96) sv&d¢i o tom, Ze vyskyt psychrotro-
fnich mikroorganismi je velmi tizce svazén s vyskytem
mezofilnich mikroorganismi. Pro dal$i soubory vzorki
(soubor vysledkti CL Pardubice, vzorky z delitho &aso-
vého obdobi z jednoho podniku) viak korelace jiz tak
vysoké nebyly (r = 0,63, resp. r = 0,61). Vysledny kore-
laéni koeficient mezi primérnou hodnotou mikroorganis-
mu a jejich variabilitou r = 0,94 napovid4, Ze irovei hy-
gienického reZimu staje logicky Gzce souvisi s provozni
jistotou chovatele.
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Pribéh proteolyzy bilkovin a zmény aktivity kyselé fosfatasy v syrech
holandského typu vyrabénych s riznymi druhy smetanovych kultur*
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Milcom Ltd., Dairy Research Institute, ' Tébor and *Prague; *Institute of Chemical Technology
— Department of Biochemistry and Microbiology, Prague, Czech Republic

Abstract

DRAB V., VEIDOVA M., SAJDOK J., HYNEK R. (1999): Proteolysis and acid phosphatase activity in cheeses of Gouda type
made with different starters. Czech J. Food Sci., 17: 223-234.

Influence of five different mesophilic starters on proteolysis, free amino acids and water soluble peptides content and acid
phosphatase activity in Gouda cheese during 120 days of ripening were tested. Different starters produced different degrees of
bitterness, with starter 973 producing the most bitter cheeses. Significant differences in the level of proteolysis and free amino
acids content were observed. The most intensive breakdown of proteins was observed in cheeses made with starter 933, the
lowest breakdown in cheeses made with starter 1026. After 120 days of ripening the total amount of free amino acids was 182
mmoles/kg for cheeses made with starter 933 and 71 mmoles/kg for cheeses made with starter 1026. The most abundant amino
acids were glutamic acid (11-17%), leucine(10-17%) and lysine (8-21% of total content). The most significant differences
between cheeses made with different starters were observed in relative amount of lysine. Appreciable differences were also found
in the content of water soluble peptides. The peptide pattern allowed a distinction between cheeses made with different starters.
The level of acid phosphatase activity was infl d by age of cheese and by starter used. The lowest values after 5 and 120 days
of ripening were observed for cheeses made with starter 973 (0.88 x 107; 0.56 x 10~*), the highest for cheeses made with starter
F24 (3.04 x 107%; 2.80 x 10~ phosphatase units/g dry matter). The obtained results indicate that low activity of acid phosphatase in
combination with insufficient hydrolysis of some peptides are reasons for appearance of bitter taste in cheeses made with starter 973.

Key words: Gouda cheese; ripening; proteolysis; free amino acids; peptides; acid phosphatase

Abstrakt

DRAB V., VEIDOVA M., SAJDOK J., HYNEK R. (1999): Priibéh proteolyzy bilkovin a zmény aktivity kyselé fosfatasy v syrech
holandského typu vyribénych s riiznymi druhy smetanovych kultur. Czech J. Food Sci., 17: 223-234.

Vliv péti riznych smetanovych kultur na priibéh proteolyzy bilkovin, zastoupeni volnych aminokyselin, ve vodé rozpustnych
peptidi a na aktivitu kyselé fosfatasy byl sledovan béhem 120 dni zrani u syri typu Gouda. Jednotlivé kultury se liily mirou
hotkosti vyrobenych syril, pfi¢emZ nejvice hotké byly syry vyrobené s kulturou 973. Nejvy3si rozklad bilkovin byl pozorovan
u kultury 933 a nejnizsi u kultury 1026. Béhem 120 dni zréni vzrostl celkovy obsah volnych aminokyselin na 182 mmolii na kg
syra v pfipadé kultury 933, resp. na 71 mmolii u kultury 1026. Nejvice zastoupenymi aminokyselinami byla kyselina glutamové
(11-17 % celkového obsahu), leucin (10-17 %) a lysin (8-21 %). Nejvyrazn&jsi rozdily mezi jednotlivymi kulturami byly
zaznamendény v obsahu lysinu. Rozdily mezi kulturami byly také patrné ve sloZeni frakce rozpustné ve vodé. Rozdéleni peptidu
obsaZenych ve frakci rozpustné ve vod& umoznilo rozliSeni mezi syry vyrobenymi s riiznymi kulturami. Aktivita kyselé fosfatasy
v syrech byla nejvice ovlivnéna stafim syra a pouZitou kulturou. NejniZ3i hodnoty po 5 a 120 dnech zréni byly pozorovény u syri
vyrobenych s kulturou 973 (0,88 x 107%; 0,56 x 107 jednotek fosfatasy/g susiny) a nejvy3si pro syry vyrobené s kulturou F24
(3,04 x 107*; 2,80 x 107*). DosaZené vysledky naznaduji, Ze nizka aktivita kyselé fosfatasy v kombinaci s nedostatenym rozkla-
dem n&kterych peptidi jsou pfi¢inou vzniku hotké chuti u syrii vyrobenych s kulturou 973.

Klitovi slova: syry holandského typu; zréni; proteolyza; volné aminokyseliny; peptidy; kyselé fosfatasa

* Préce byla uskutenéna za finanéni podpory GA CR (grant &. 203/96/1143), NAZV (projekt & EP 0960006038) a postdoktoradského
grantu &, 203/98/P201.
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Proteolyza bilkovin je dileZita pro vyvoj chuti a viin&
vétSiny druhi syrd. Na rozkladu bilkovin mléka se podili
fada enzymi pochézejicich ze syfidla (chymosin, pep-
sin), z mléka (plasmin) nebo obsaZenych v pfiddvaném
zékysu ¢i mikrofléfe kontaminujici produkt béhem vy-
robniho procesu. Relativni pfisp&vek proteolytickych en-
zymUd z jednotlivych zdroji zdvisi na druhu syra
a podminkach vyroby (FOX ef al. 1993). A&koliv bakte-
rie mlé&ného kvaseni jsou zpravidla jen mirné proteoly-
tické, obsahuji proteinasy a fadu peptidas, které jsou
zodpovédné za tvorbu malych peptidl a aminokyselin
v syrech.

Nejpouzivan&j$im druhem v zdkysech pro vyrobu syri
je rod Lactococcus, jehoZ proteolyticky systém byl dii-
kladné& studovin na molekuldrni, biochemické a genetic-
ké tirovni (BOCKELMANN 1995; EXTERKATE 1995; LAW
& HAANDRIKMAN 1997). V syrech holandského typu
dochézi k dosazeni maximélniho poétu kolonii do 24 hodin
po vyrob¥ (pFiblizn& 10° kolonie tvoficich bungk [ktb]
na 1 g syra). Poté dochazi k poklesu poétu Zivych bunék,
pfitemzZ rychlost poklesu je vlastnosti charakteristickou
pro kaZzdy kmen (MORGAN et al. 1995). Pfi¢inou pokle-
su je nizké pH, nedostatek vyuZitelnych sacharidi a vy-
sokad koncentrace NaCl. Autolyzou bun&k dochdazi
k uvolnéni intraceluldrnich peptidas do tésta syra. Tyto
enzymy dale odbouravaji pfitomné peptidy za vzniku
malych peptidii a aminokyselin. Dal3i enzymatické a che-
mické reakce vedou k odbourdvéani aminokyselin a vaniku
fady sloudenin, v&etn& amin, aldehydu, alkohold, feno-
I a indolu, pfispivajicich k vysledné chuti a viini zra-
Iych syrid. Také nékteré oligopeptidy jsou povaZovéany za
mozné nositele horké a naslddlé chuti.

MARTLEY a LAWRENCE (1972) ve své préci naznadu-
ji, Ze kultura produkujici syr s dobrou chutf a viini by
obecné méla mit relativng vysokou aktivitu kyselé fosfa-
tasy a nizkou proteolytickou aktivitu, atkoliv existuje fada
vyjimek. Vysokd aktivita kyselé fosfatasy byla také navr-
Zena jako jedno z kritérif pfi vyb&u vhodnych termo-
filnich kultur pro syry italského typu (BERSANI & BOT-
TAZZI 1978). Navzdory potencialng dileZité roli kyselé
fosfatasy v procesu zrdni se prace na toto téma zabyvaji
pfevainé jen m&fenim aktivity fosfatasy v kulturdch a v &e-
daru (MARTLEY & LAWRENCE 1972; DULLEY & KIT-
CHEN 1973). Aktivita kyselé fosfatasy u syri holandské-
ho a 3vycarského typu nebyla sledovéina a jeji role
v procesu zrani neni zndma. Pfedpoklada se, Ze &ast akti-
vity pochézi z enzymu pfitomného v mléce a &4st z pou-
Zité kultury. ANDREWS a ALICHANIDIS (1975) sledovali
relativni dileZitost jednotlivych zdrojl u fady syril fec-
kého typu a ¢edaru a zjistili, Ze vysledna aktivita kyselé
fosfatasy byla zpiisobena pfevaZné enzymem pochézeji-
cim z mléka.

LARSEN a PARADA(1988) sledovali aktivitu kyselé fos-
fatasy u fady kultur (Lactococcus lactis, Streptococcus
thermophilus, Penicillium roqueforti) a v syrech vyrobe-
nych s témito kulturami. Prokazatelny vliv kultury byl
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jen u syril vyrobenych s plisni Penicillium roqueforti.
Kyseld fosfatasa je schopna defosforylace kaseinu a fos-
fopeptidil vznikajicich z kaseinu plsobenim sytidla a plas-
minu. Pfitomnost defosforylovanych nebo &asteéné
defosforylovanych fosfopeptidi byla prokdzéna fadou
autordl v riiznych typech syrii (ADDEO et al. 1992; ROU-
DOT-ALGARON et al. 1994; FERRANTI et al. 1997). FER-
RANTI ef al. (1997) naznaduji, Ze k rozkladu fosfopeptidil
dochézi nejprve odstranénim fosfatu z N-koncového fos-
foserinu a nasledné& dochazi k degradaci ¢astedné defos-
forylovaného peptidu aminopeptidasami za vzniku peptidu
kratsiho o N-koncovy serin (nebo jinou aminokyselinu).

Cilem prace bylo porovnat vlastnosti syrii holand-
ského typu vyrobenych s riznymi kulturami z hlediska
pritb&hu proteolyzy, aktivity kyselé fosfatasy a organo-
leptickych vlastnosti.

MATERIAL A METODY

Sledovani vlivu pouZité smetanové kultury na priib&h
proteolyzy bilkovin a senzorické vlastnosti syri typu
Gouda bylo provadéno na pilotnim zafizeni Vyzkumné-
ho uistavu mlékarenského (VUM) v Tabore. Na zékladg
dfivéjsich vysledki ziskanych b&hem fedeni iikoli pro-
vadénych VUM v oblasti &istych mléénych kultur bylo
vybrano pét riiznych smetanovych kultur liSicich se pro-
centudlnim zastoupenim kyselinotvornych a aromatvor-
nych mikroorganismii. PouZité kultury pochazeji ze sbirky
Laktoflora a jsou uchovévany pod &isly 16, 933, 973, 1026
aF24. Lyofilizované kultury byly obnoveny v egalizova-
ném mléce a kultivovany pfi optimélni teploté do sraZe-
ni. Po dvojim pfeockovani byly pouZity pro vyrobu,
pfipadn& zamraZeny. Aktivace zamraZenych kultur byla
provéadéna zpisobem shodnym s aktivaci kultur lyofili-
zovanych.

Podminky vyroby syri, odbér a senzorické hodnoceni
vzorkd

Ka¥d4 kultura byla pouZita pfi tfech vyrobach syri typu
Gouda, K 180 I pasterovaného a baktofugovaného mléka
byl pfidén 40% (m/v) roztok NaNO, (25 mI/100 1) a na-
syceny roztok CaCl, (30 ml/100 I).

Po oht4ti na 31 °C bylo mléko zaotkovano 0,7 % pfi-
sludné kultury a po 30 min pfedkysén{ zasyfeno syfidlem
Cagliostar obsahujicim 75 % chymosinu (Caglificio Cle-
rici spa, Cadorago, Itélie) o sile 1 : 15 000. Déle byl do-
drZovén nésledujici technologicky postup: doba syfeni
30-35 min; kréjeni 15 min; michéni 10 min; pauza 5 min;
odpousténi syrovatky 1/3 pivodniho objemu; pfidavek
teplé vody 1/3 pivodniho objemu; teplota dosouseni
37 °C; délka dosouseni 30-40 min; doba piedlisovani
20 min; doba lisovani 120 min; prokysévani 20 h; solen{
48 h pti 14 °C; zréni pi 14 °C pod nétérem Fungus (La-
mirsa, Barcelona, Spanélsko) (3—4 nétéry béhem zréni).

Vzorky byly odebirany ve formé vykroje po 5, 15, 30,
60, 90 a 120 dnech od data vyroby a po okrojeni 2-4mm
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povrchové vrstvy byly pouZity pro zjisténi sledovanych
hodnot. Senzorické hodnoceni syri bylo provaddéno po
60, 90 a 120 dnech zréni podle kritérii definovanych pro
kazdy druh syra. Hodnoceni chuti syrii bylo provadéno
podle p&tibodové stupnice (1 vynikajici, 2 dobry, 3 vyho-
vujici, 4 ¥patny, 5 velmi $patny). Prezentované vysledky
jsou priimérem hodnoceni viech hodnotitelii (4-6 osob).

Z#kladni analyzy

Obsah susiny: po 4 h suseni pfi teploté 102 °C.

Obsah tuku: acidobutyrometrickou metodou podle van
Gulika.

Obsah NaCl: argentometrickou titraci.

Hodnota pH vpichovaci elektrodou InLab 427 (Mett-
ler-Toledo, Greifensee, Svycarsko) ve stladeném nastrou-
haném vzorku syra.

Stanoveni obsahu celkovych bilkovin a podilu jednot-
livych frakci na celkovém obsahu bilkovin: NavaZeny
nastrouhany syr (40 g) byl homogenizovan s 25 ml deio-
nizované vody (65 °C ) pfi 13 500 rpm 1 min pomoci
Ultra-Turraxu T25 (Janke &Kunkel, Staufen, FRG). Zis-
kana suspenze byla pfevedena do odmé&mé batiky a tem-
perovéna 60 min pfi 65 °C. Po ochlazenf suspenze na 20 °C
byl objem doplnén po rysku a filtrovén pfes Filtrak 389
a 390 (Filtrak, Niederschlag, FRG). Ziskany filtrat byl po-
uZit pro stanoveni dusiku rozpustného pfi pH 4,6 (NCN),
dusiku rozpustného v 12% (m/v) kyseliné trichloroctové
(NPN) a dusiku rozpustného v 5% kyseling fosfowolframové
(PTA).

Obsah NCN: K 20 ml filtrdtu byly po zfedéni (1: 1)
deionizovanou vodou (4050 °C ) pfidany 2 ml 10% ky-
seliny octové. Po 10 min temperace pfi 38 °C bylo pfi-
déno 2,4 ml 1M octanu sodného a po temperaci na 20 °C
byl objem doplnén na 50 ml. Po 15 min srdZeni byla sra-
Zenina odfiltrovana pomoci Filtrak 390 a filtrat byl po
zaliti koncentrovanou kyselinou sirovou pouZit pro sta-
noveni.

Obsah NPN: Pro stanoveni bylo pouZito 25 ml filtratu,
ktery byl srdZen stejnym objemem 24% (m/v) kyseliny
trichloroctové. Po 60 min temperace pfi 65 °C a ochlaze-
ni na 20 °C byla sraZenina odfiltrovdna pomoci Filtrak
390 a po zaliti koncentrovanou kyselinou sirovou ve fil-
tratu stanoven NPN.

Obsah PTA: Pro stanoveni bylo pouZito 20 ml filtratu,
ktery byl sréZen do druhého dne pfi pokojové teploté 6 ml
33,3% (m/v) kyseliny fosfowolframové a 14 ml 25% ky-
seliny sirové. SraZenina byla oddélena odstfedénim
(5 000 rpm, 15 min) a filtraci p¥es Filtrak 390. Ziskany
filtrét byl po zaliti koncentrovanou kyselinou sirovou
pouZit pro stanoveni PTA.

Obsah celkovych bilkovin (CBI): Pro stanoveni byl
pouZit 1 g nastrouhaného vzorku. Obsah celkovych bil-
kovin byl ziskan vyndsobenim obsahu celkového dusiku
faktorem 6,38. Kjeldahlizace probihala po pfidavku se-
lenového katalyzatoru spalovanim ve spalovacim bloku
Digestion system 20 fizeném programétorem Autostep
1012. Obsah dusiku byl zjistén automatickou titraci po-

moci Kjeltec Auto 1030 Analyser. PouZité pfistroje jsou
vyrobky firmy Tecator (H6gan4s, Svédsko). Vysledky
uvedené v tab. 1 jsou primérem dvou stanoveni; NCN,
NPN a PTA jsou uvedeny v procentech obsahu celko-
vych bilkovin.

Piiprava vzorki pro HPLC a stanoveni aktivity kyselé
fosfatasy

Veskeré nadobi pouZivané pro pfipravu vzorki pro ana-
lyzu volnych aminokyselin a peptidi bylo 24 h mé&eno
v 6N HCl a poté diikladné opl4chnuto deionizovanou vo-
dou a usuSeno pfi 180 °C. Sklenéné vialky pouZivané pro
uchovévani vzorkid byly vy¢istény v ultrazvukové lazni
a pyrolyzovany (4 h pfi 500 °C ).

Nastrouhany syr (15 g) byl mixovan s 45 ml 30 °C tep-
1€ deionizované vody pfi 12 500 rpm (2 X 1 min s minu-
tovou pauzou). Po homogenizaci byla hmotnost upravena
deionizovanou vodou na 80 g a ziskana smés byla za ob-
¢asného michani inkubovéana 30 min pfi 30 °C. Poté byla
odstfed&na (50 00 rpm, 10 min) a temperovéna pii 4 °C.
Po ztuhnuti byla tukova vrstva odstranéna nerezovou 1Zi¢-
kou a vodna féze filtrovana pfes Filtrak 390. Alikvotni
podil filtratu byl pouzit pro stanoveni peptidd rozpust-
nych ve vodg a aktivity kyselé fosfatasy. Pro stanoveni
volnych aminokyselin metodou AccQ¢Tag bylo pouZito
20 ml filtratu, ke kterému byly pfidiny 4 ml 20% (m/v)
kyseliny sulfosalicylové. Po 2 h sraZeni pfi pokojové tep-
loté byla sraZenina oddé&lena filtraci pies Filtrak 390. Po
promyti sraZeniny 10 ml 4% (m/v) kyseliny sulfosalicy-
lové byl filtrat doplnén na 50 ml 0,2M boratovym puf-
rem (pH 8,8). Alikvétni podil byl do doby analyzy
uchovavan v hnédych vialkéach pfi—18 °C.

Analyza peptidi rozpustnych ve vodé HPLC

Pro analyzu aminokyselin a peptidi rozpustnych ve
vodé byl pouZit kapalinovy chromatograf firmy Waters
(Milford, USA) sestdvajici z autosampleru model 717+,
kvartémiho &erpadla model 616 , spektrofotometrického
detektoru model PDA996 a fluorimetrického detektoru
model 474. Data byla ziskdvéna a analyzovana prostfed-
nictvim programu Millenium 2010 (Waters). PouZivany
termostat kolony LCO 101 je vyrobkem firmy ECOM
(Praha, CR). Vzorky byly pfed analyzou filtrovany po-
moci membranovych filtri Chromafil PVDF (0,2 mm).

Podminky stanoveni: nastiik 25 ml; teplota kolony 35 °C;
stacionarni faze C18 Nova-Pak 4mm, 60 A (3,9 x 150 mm)
(Waters); mobilni faze: A — 1,4% vodny roztok kyseliny
trifluoroctové, B — acetonitril, C — deionizovana voda;
gradient: pritok 0,8 ml/min; detekce p¥i 210 nm:

&as [min] A[%]  BI[%] C[%]  kfivka
0 7 1 92 6
15 7 12 81 6
32 7 20 73 6
52 6 32 62 6
68 6 37 57 6
71 6 40 54 6
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Tab. 1. Zmény chemického sloZeni a senzorického hodnoceni béhem zrini syrii typu Gouda vyrobenych s riiznymi druhy smetanovych kultur — Changes in chemical composition and
sensory evaluation during ripening of cheeses of Gouda type made with different starters

Pouzité Susina® SH pH NaCl tvs CBI NCN NPN PTA Senzorické
kultura' [%] (%] [%] [%] [%] [%] [%] analyza®
973 5724+0,72 77,9+23  536+0,08 1,92+0,17 453+4,9 2501+0,74 5,63 + 0,47 3,00 £ 0,11 0,71 £ 0,01

5924+1,15 744£21 542+0,10 2,10+0,11 nest. 26,70 +£2.22 8,35+ 1,53 4,56 + 0,44 0,73 £ 0,06

61,96+1,65 77,8+28  543+0,07 226+0,12 475+24 27,53+168 12,70+ 0,70 6,52+0,78 1,08 + 0,30

6420+ 1,61 804+22 551+0,06 237+0,17 445+4]1 3043+258 1621195 897+1,13 1,55+0,17 3,8+06

6620+223 851+32 557+0,14 257+0,19 443x42 2958+216 21,41+141 11,90 + 1,48 2,16+020 420,22

66,40+ 1,38 84,1+33  557+0,11 2,61+0,04 46,0+4,5 30,13+2,72 23,76+1,97 1344+124 2,16+0,17 42402
933 56,17+£0,52 764+57 542+0,05 2,08+0,08 436+52 2625+239  555+0,84 2,77 0,26 0,71 + 0,08

58,12+0,67 76,127  550+0,06 2,32+0,10 42,7+50  2629+2,65 9,12+ 1,25 5,11+ 0,46 1,12+0,18

59,89+036 78,1+53  550+0,05 2,60+0,17 437+52 2640+1,05 12,71+0,70 7,20+ 0,21 1,65+ 0,24

62,07+2,11 783+46 555+0,05 2,54+0,19. 43,0+4,6 2882+230 17,73+0,97 9,78 + 0,58 2,54+ 0,32 1,5+0,5

63,09+031 799+63  557+0,03 2,70+0,13 438+56 29,70+279 21,62+1,56 12,13 £ 0,27 3,56+0,44 23+0,5

63,83+0,88 89,1+7,.8 557+0,04 2286+0,07 43,1+56 2937+290 24,76+ 1,99 14,43 £ 0,78 393+047 22+06
1026 57,43+0,77 753+24 544%0,06 226+0,09 432+0,5 26,72+042 5,07 + 0,60 2,62+ 0,30 0,64 + 0,04

59,69+0,60 70,0+51  553+005 2,35+0,07 438+1,1 27,50+0,31 7,97 0,10 4,29 +0,11 0,76 + 0,04

60,55+0,55 740+1,1 554+0,04 2,61+0,08 427+04 2801+045 11,66+0,22 6,30 + 0,03 0,97 + 0,06

6231+034 768+33 554+002 2,66+ 0,08 43,1+14 2944+0,69 17,36+1,85 8,46 + 0,56 1,32+£0,01  2,0£0,5

63,96+0,68 832+35 555+002 2,56+ 0,07 441+1,6 30,02+0,16 18,80+ 0,81 10,33 + 0,48 1,61 + 0,07 1,8+0,8

66,08+ 0,85 87,5+1,1 559+0,04 2,98+020 43,6+0,7 30,64+088 2244+0381 11,94 + 0,36 1,79 + 0,18 1,3+0,3
F24 58,31+0,78 72,7+ 0,5 543 +0,07 2,21 +0,22 446+1,1 26,01 £1,35 491 + 0,49 2,77+0,24 0,74 + 0,05

61,38+0,54 75,6+ 1,1 553+0,01 251+024 462+1,6 27,55+0,79 12,86+0,77 7,34+ 0,29 1,82+ 0,05

61,66+0,61 740+12 561+0,04 242+028 457+1,4 2799+139  11,94+1,08 6,95+ 0,39 1,54 + 0,05

62,49+0,84 763+13  557+0,07 2,68+0,31 458+25 2851+142 16,59+ 0,91 9,53 +0,53 229+023 23+0,5

63,92+049 832+0,9 559+0,04 2,63+0,12 441+1,6 28,74+1,18 20,35+033  11,75+0,19 3,03£0,10 1,6+0,1

65,02+0,51 840+22 563+0,06 2,89+0,18 456+24 29,15+1,16 22,82+0,81  13,84+0,18 3,76£020 1,3+02
16 58,46+029 71,7+10 544+0,02 1,93+0,11 46,8+02  2598+0,53 5,26 + 0,64 3,10+ 0,33 0,79 + 0,09

60,37+1,03 70,5+1,5 550+0,01 2,25+0,13 480+12 26,76 0,35 8,38 + 0,50 4,82+0,29 1,12+0,18

61,86+1,04 747+21 558+002 2,53:+0,07 482+0,7 27,20+0,5  12,80+0,59 7,36+ 0,39 1,58 £ 0,28

62,63+1,03 793+3,0 552+004 2,62+ 0,08 46,0+ 1,0 28,00+0,56 19,72+390  11,70+2,78 2,84+1,07 22£02

64,80+0,86 813+02 552+000 2,82+ 0,08 468+1,0 28,12+0,85 21,45+1,04 12,52+091 326+049 32+0,6

66,12+064 815+44 559+004 283+0,07 46,6+0,4 29,18+0,57 21,78+086  13,83+0,35 335+0,52 23+02

PET—€CT 9 ON LI 194
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Vysvétlivky k tab. 1 — Explanation for Table 1
Sudina (Dry matter) = obsah su¥iny syri — content of cheese dry matter

SH = titrani kyselost syrli (v mi 0,25 N NaOH/100 g syra ) - titratable acidity of cheeses (in ml 0.25 N NaOH/100 g cheese)

pH = aktivni kyselost syrii — active acidity of cheeses

NaCl = obsah NaCl — NaCl content

tvs = obsah tuku v sudiné& — fat content in dry matter

CBI = obsah celkovych bilkovin — total protein content

NCN = obsah dusfku rozpustného pfi pH 4,6 — pH 4.6 soluble nitrogen

NPN = obsah dusiku rozpustného v 12% kyseling trichloroctové — 12% trichl

PTA = obsah dusiku rozpustného v 5% kyselin& fosfowolframové - 5%
nest. = — not eval d

ic acid

N 1081,

1

gstic acid

Obsah NCN, NPN a PTA je vyjadfen jako procento obsahu celkovych bilkovin — The contents NCN, NPN and PTA are expressed as percent-

ages of total protein content

Vysledky uvedené v tabulce jsou prim&mé hodnoty ze tfi nezavislych pokusi (+ — hodnota smérodatné odchylky) ~ The results in the table are
average values of three independent experiments (+ — standard deviation value)

Itype of starter; 2dry matter; senzory analysis

Stanoveni volnych aminokyselin a amoniaku v syrech
metodou RP-HPLC

Podminky stanovent: Pfislusny SSA extrakt byl roz-
mrazen, nafedén (1 : 3) mobilni fazi A a filtrovéan pfes
membranovy filtr (0,2 mm). Pro derivatizaci bylo pouZi-
to 10 ml filtrdtu, 70 ml boratového pufru a 20 ml AccQ
Fluor reagent (Waters).

Postup a podminky derivatizace byly shodné s metodi-
kou derivatizace volnych aminokyselin v bilkovinnych
hydrolyzatech metodou AccQeTag (Waters): nastiik vzor-
ku 20 ml; teplota kolony 37 °C; stacionarni faze C18 Nova-
Pak 4 mm, 60 A (3,9 x 150 mm) (Waters); mobilni fize A
— AccQ, Tag Eluent A, B — acetonitril, C — deionizovana
voda; gradient: pritok 1,0 ml/min; detekce: fluorescence
excitaéni pfi vlnové délce 250 nm, emisni 395 nm:

&as [min] A [%] B[%] C[%] kfivka
0,0 0 100 0 0*
0,5 99 0 11

18,0 95 5 0 6
19,0 91 9 0 6

29,5 83 17 0 6

33,0 0 60 40 11

36,0 100 0 0 1

Stanoveni aktivity kyselé fosfatasy

Tato metoda je modifikaci metody, kterou pouZili LAR-
SEN a PARADA (1988) pro stanoveni kyselé fosfatasy
v syrech a zdkysech. Definice fosfatasové jednotky byla
pievzata z prace autorit ANDERSCH a SCZCYPINSKI (1947).
Jedna fosfatasové jednotka (acpu) byla definovéna jako
mnoZstvi enzymu schopné uvolnit pfi teploté 37 °C bé-
hem 1 h 1 mmol p-nitrofenolu z 1 1 roztoku. Vodny ex-
trakt syra (0,25 ml) byl mixovan s 0,25 ml 0,25% (m/v)
roztoku p-nitrofenylfosfatu (Sigma 104 phosphatase sub-
strate) a 0,5 ml 1M roztoku acet4tového pufru pH 4,8. Po
16 h inkubace pfi 37 °C byla reakce ukon&ena 1 ml 12%
(m/v) kyseliny trichloroctové. Po 60 min inkubace byly
vysrazené bilkoviny oddé&leny odstfedénim a 0,7 ml su-
pernatantu bylo mixovéano s 3 ml 1M NaOH. Absorban-

ce byla méfena pfi 405 nm proti slepému vzorku a vy-
sledné hodnoty byly vyjadieny ve fosfatasovych jed-
notkéach na gram su$iny syra (LARSEN & PARADA 1988).
Aktivita kyselé fosfatasy u bakterii mlééného kvaseni byla
méfena po 20 h kultivace testované kultury pfi jeji opti-
madlni teploté v 0,25 ml 10% obnoveného odstfedéného
mléka obohaceného 0,5% kvasniéného extraktu.

VYSLEDKY A DISKUSE
Zmény zikladnich parametri syri béhem zrini

V tab. 1 jsou uvedeny zmény zékladnich sledovanych
parametrii — susiny, tuku v susiné, titraéni a aktivni kyse-
losti, obsahu soli — a také zmény v zastoupeni jednotli-
vych skupin bilkovin. Parametr dusik rozpustny pii pH
4,6 (NCN) zachycuje obsah nekaseinového dusiku (po-
lypeptidi, oligopeptidii a aminokyselin). Hodnoty dusi-
ku rozpustného v 12% kyseling trichloroctové (NPN)
zachycuji predevsim obsah peptidl s 2-20 aminokyseli-
novymi zbytky, zatimco v 5% kyseliné fosfowolframové
(PTA) jsou rozpustné pfedeviim aminokyseliny a pepti-
dy do molekulové hmotnosti 600 daltont.

Syry vyrobené s kulturou 973 vykazuji relativng vyso-
ky rozklad bilkovin z hlediska obsahu NCN a NPN, ale
relativné nizky rozklad z hlediska obsahu PTA, tzn. Ze
tato kultura ma4 pomémé zna¢nou proteasovou aktivitu
a rozklada pfitomné kaseiny na fadu peptidi vy¥3i a stfedni
molekulové hmotnosti, z nichZ fada miiZe mit hotkou chut’.
Zaroveii ma nizkou aminopeptidasovou aktivitu, a proto
vznikajici hotké peptidy nejsou v dostate&né mife odbou-
ravany a jejich koncentrace v syru postupné roste. Tento
z4veér odpovida ziskanému senzorickému hodnoceni syri
vyrobenych s touto kulturou, nebot’ ve viech hodnoce-
nych syrech byla zaznamenéna pomé&rné& vyrazna horka
chut’ a primérné bodové hodnoceni po 120 dnech zrani
bylo 4,2. Proto nedoporudujeme poufZiti této kultury pro
vyrobu syrd typu Gouda.

Syry vyrobené s kulturou 933 vykazuji nejvy3si pri-
mémé hodnoty rozkladu bilkovin ve viech tfech sledo-
vanych parametrech, tzn. vy$3i hladinu jak proteasové,
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tak aminopeptidasové aktivity. Pravdépodobnym diisled-
kem je, Ze vznikajici hotké peptidy jsou piisobenim ami-
nopeptidas dostate¢né rychle odbourdvany, a proto byl
syr po 120 dnech zréni celkem pfiznivé senzoricky hod-
nocen s primérem 2,2. U déle zrajicich syri byla v n&-
kterych pfipadech zaznamenéna hotkéd chut,, a proto
doporudujeme pouZivat tuto kulturu pouze pro kratkodo-
bé zréni (do 60 dni).

Syry vyrobené s kulturou 1026 byly charakteristické
nejnizsim rozkladem bilkovin ve v8ech sledovanych sku-
pindch. Pfi hodnoceni syrii po 60 dnech zrani byla &asto
zaznamendana hoika chut, jejiZ intenzita klesala se vzris-
tajicim sta¥im syra a po120 dnech zran{ byla jiZ neznatel-
né. S poklesem intenzity nahotklé chuti se zlepSovalo
senzorické hodnoceni a po 120 dnech zrani byl dosaZeny

primér 1,3. Vzhledem k pomalejsimu rozkladu bilkovin
a pfitomnosti nahotklé chuti v ranéj$ich fazich zréni je
tato kultura vhodna pro dlouhodobé zréni syrii typu Gou-
da z diivodii vhodnych reologickych vlastnosti t&sta ome-
zujicich riziko vzniku prasklin a vyborného senzorického
hodnoceni.

Syry vyrobené s kulturou F 24 vykazovaly po 5 a 15
dnech zrani charakteristicky rychly rozklad bilkovin.
U 30 dni starych syrii byly namé&fené primémé hodnoty
niZz3i neZ po 15 dnech zrani. MoZnym vysvétlenim je &4s-
te¢né spotfebovéni volnych aminokyselin a peptidl vznik-
lych plsobenim intraceluldrnich enzymi mezofilnich
laktokoktl kontaminujici mikroflérou, pfedevsim lakto-
bacily a pediokoky. Hodnoty sledovanych parametrii roz-
kladu bilkovin v pozd&jSich fazich zréni se pfili§ neligily
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Tab. 2. Obsah volnych aminokyselin a amoniaku v syrech typu Gouda vyrobenych s riznymi druhy smetanovych kultur béhem zréni syrii(15, 30, 60, 90 a 120 dni) — Contents of free
amino acids and ammonia in cheeses of Gouda type made with different starters during cheese ripening (15, 30, 60, 90 and 120 days)

Kultura' 973 Kultura 933 Kultura 1026 Kultura 16 Kutura F24
Aminokyselina’ 15d 30d 60d 90d 120d 15d 30d 60d 90d 120d 154 30d 60d 90d 120d 15d 30d 60d 90d 120d 15d 30d 60d 90d 120d
Alanin® 1,42 1,36 2,63 448 515 126 2,16 2,79 482 636 095 1,08 142 1,70 2,78 090 1,19 2,02 2,79 3,20 1,14 1,78 1,65 2,68 3,42
Arginin* 032 026 044 063 062 074 126 09 087 087 022 034 049 047 062 047 072 1,10 1,18 1,36 0,56 1,00 1,04 147 1,69
Glycin® 047 060 127 253 269 085 1,76 2,77 492 656 059 091 122 162 259 046 080 1,58 2,52 293 0,76 1,30 2,30 1,97 2,65
Histidin® 0,95 1,08 249 430 428 1,67 325 441 75 970 093 1,15 131 146 253 097 143 2,62 3,62 4,10 1,20 2,10 2,17 3,67 4,57
Isoleucin’ 0,47 050 1,30 224 243 092 1,57 202 379 523 024 035 036 078 1,53 0,38 053 1,08 1,63 201 0,52 0,92 097 1,72 2,28

Kys. asparagovd® 0,34 033 0,69 127 139 070 1,05 124 1385 246 027 028 035 045 066 032 047 074 111 089 042 0,64 056 088 1,19
Kys. glutamovd® 2,62 2,66 589 9,76 9,97 4,10 865 12,35 20,39 27,47 221 2,92 4,09 508 823 295 474 835 11,57 1424 3,16 572 634 10,54 13,82

Leucin'® 2,55 2,66 6,47 1094 11,95 523 10,78 14,68 22,14 2497 1,71 2,96 4,85 6,10 9,66 2,62 4,41 850 1090 12,44 3,14 6,18 7,13 11,18 12,84
Lysin!! 2,52 296 7,05 1341 13,74 3,54 643 842 1348 17,72 3,33 5,12 7,28 847 1405 1,70 240 4,12 6,15 7,13 2,10 3,34 329 5,87 7,68
Methionin'? 037 045 1,13 2,09 235 043 095 1,57 301 437 0,17 029 051 064 129 029 048 1,02 1,55 1,97 040 0,74 0,83 1,58 2,08
Phenylalanin'? 1,81 2,03 490 825 857 228 457 59 877 11,04 1,01 1,77 296 3,70 557 124 2,06 3,89 504 594 1,42 2,82 3,04 495 6,24
Prolin'* 1,46 128 272 4,63 509 098 586 6,86 13,05 1805 1,77 1,86 3,00 3,67 6,13 1,37 1,69 3,01 426 491 1,78 2,86 2,90 4,99 6,51
Serin!® 1,37 1,79 423 7,59 824 307 648 921 1435 1788 1,38 1,88 280 3,65 553 1,89 331 617 833 973 2,30 4,28 4,46 7,12 927
Threonin'® 088 091 204 367 433 1,11 224 353 642 876 063 081 1,23 1,51 262 067 1,03 1,89 281 3,54 0,76 1,28 1,35 2,38 3,25
Tyrosin'’ 0,96 086 1,58 238 252 1,36 2,04 237 392 486 071 083 1,02 1,07 1,78 0,79 1,01 1,64 201 243 096 1,54 146 223 2,84
Valin'® 1,37 1,65 4,07 707 764 213 456 674 11,79 1546 1,00 147 2,53 3,04 525 1,50 2,32 4,28 581 7,13 2,02 3,60 3,62 6,12 17,92
Amoniak'? 12,73 11,58 15,63 24,04 29,77 11,33 16,27 15,86 18,66 2294 10,55 5,63 8,15 9,12 11,78 2,09 3,58 4,22 557 6,10 2,66 4,08 2,78 4,03 5,13
Suma (ak)® 19,88 21,37 48,89 8525 90,94 30,38 63,60 85,81 141,13 181,77 17,11 24,02 35,52 43,42 70,82 18,49 28,60 52,01 71,29 83,96 22,6440,10 43,11 69,36 88,25
Obsah aminokyselin a amoniaku je uveden v mmolech na kg syra — Content of amino acid and ia are gived in les per kg of cheeses

Istarter; 2amino acid; *alanine; “arginine; Sglycine; histidine; 7isoleucine; ®aspartic acid; glutamic acid; '®leucine; ''lysine; ?methionine; *phenylalanine; '4proline; 'Sserine; 'Sthreonine; ’tyrosine;
18yaline; '?ammonia; 2°sum of amino acids
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od hodnot pro kultury 933 a 16. Podobné jako u kultury
1026 se senzorické hodnoceni syri zlepSovalo s rostou-
cim stafim syra. Proto pokladame tuto kulturu za vhod-
nou pro dlouhodobé&jsi zrani, ale vzhledem k rychlej§imu
rozkladu bilkovin by délka zrani neméla piekrotit Etyfi
mésice.

Syry vyrobené s kulturou 16 byly typické logaritmic-
kym néristem sledovanych parametri rozkladu bilkovin
a vyskytem netypické nepiijemné prazené chuti po 90 dnech
zrani. Tato chut’ spole¢né s fastym vyskytem slabé& na-
hotklé chuti byla pfi¢inou niZ3fho primérného hodnoce-
ni pfi senzorické analyze (primér 2,3 po 120 dnech zréni).

Obsah volnych aminokyselin

V tab. 2 jsou uvedeny zmény v zastoupeni jednotlivych
aminokyselin b&hem zrani syri typu Gouda vyrobenych
s riznymi kulturami. NejniZ$i hodnoty volnych amino-
kyselin béhem zréni vykazovaly syry vyrobené s kultu-
rou 1026 anejvy33i syry vyrobené s kulturou 933. Kultury
16 a F 24 vykazovaly podobné hodnoty celkového obsa-
hu volnych aminokyselin. Mezi celkovym obsahem vol-
nych aminokyselin stanovenym metodou kapalinové
chromatografie a obsahem PTA rozpustného dusiku exis-
tovala vysoka korelace (» = 0,914, P < 0,05).

Na z4kladg t&chto vysledki je moZné konstatovat, Ze
hodnota PTA rozpustného dusiku miZe relativné velmi
dobfe zachytit rozklad bilkovin na aminokyseliny, ale
neumoziiuje stanovit konkrétni pfispévek jednotlivych
aminokyselin. A¢koliv se koncentrace volnych aminoky-
selin zpravidla zvy3ovala s rostoucim stafim syra, rela-
tivni podil jednotlivych aminokyselin zistdval v podstaté
konstantni. Ve vSech syrech bylo vy3si zastoupeni kyse-
liny glutamové (11-17 %), leucinu (10-17 %) a lysinu
(8-21 %) a pocetnd byla také skupina aminokyselin tvo-
ficich 5-10% podil celkového obsahu volnych aminoky-
selin Phe, Pro, Ser a Val. Nejvyraznéjsi rozdily mezi syry
vyrobenymi s riznymi kulturami byly zaznamenény v ob-
sahu lysinu. U syri vyrobenych s kulturou 1026 pfedsta-
voval lysin pfiblizné& 20 % volnych aminokyselin, zatimco
u syrd vyrobenych s kulturami 933, 16 a F 24 pouze 10 %.
U syri vyrobenych s kulturami 933 a 1026 byl také za-
znamenan vy3$i podil volného prolinu. Substraty obsa-
hujici lysin a prolin byly také pfednostné hydrolyzovany
intraceluldrni enzymatickou frakci Lactococcus lactis
subsp Jactis IFPL 359 (REQUENA et al. 1993). Syry vy-
robené s kulturou 973 se od ostatnich ligily vy$$im podi-
lem phenylalaninu. Zna¢né rozdily mezi jednotlivymi
kulturami byly zaznamenény také v obsahu amoniaku.
Tyto rozdily mohou byt z&4sti zplisobeny metabolismem
argininu, nebot’ syry vyrobené s kulturami 973,933 a 1026
vykazujici vy$$i obsah amoniaku se od zbyvajicich vzor-
ki 1i3f niz$im zastoupenim argininu. C4st pfitomného ar-
gininu byla pravdépodobné metabolizovéna na citrulin,
ornithin a amoniak. Potfebné enzymy vlastni Lactococ-
cus lactis subsp. lactis, jeden ze zékladnich druhi pouzi-
vanych pfi sklddani smetanovych kultur. Zajimavy je
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prudky nériist koncentrace volnych aminokyselin po
60 dnech zréni u syri vyrobenych s kulturou 933. To miZe
souviset s autolyzou bunék zékysu (BIRKELAND et al.
1992; WILKINSON et al. 1994; CHRISTENSEN e al. 1995).

Zmény v zastoupeni ve vodé rozpustnych peptidi

Na obr. 1 je zachycena separace peptidi rozpustnych
ve vod¢ pomoci kapalinové chromatografie na reverzni
fazi u rizné starych vzorkd syri Gouda vyrobenych
s kulturou F24. PouZitd metoda umoznila rozdéleni vod-
ného extraktu na vice nez 130 riznych peptidi, pficemz
fada z nich se objevuje jiZ po péti dnech zrani a jejich
koncentrace b&éhem zréini postupné roste. V men3im po-
¢&tu se také vyskytuji piky, jejichZ vySka b&hem zréni kle-
sa z diivodu jejich $tépeni na produkty nizsi molekulové
hmotnosti. Pfedpokléda se, Ze velké nebo hydrofobni pep-
Tab. 3. Zmény v procentudlnim zastoupeni celkové plochy pep-
tidii béhem zrani syrii typu Gouda — Changes in the percentage
of total peptide area during ripening of cheeses of Gouda type

Procento acetonitrilu v eluentu®

Stafi syra
Kultura' [dny]? 0-14 >14-24 >24-33 >33-40
973 5 25,5 278 157 308
15 22,8 31,9 194 256
30 20,7 308 18,7 29,5
60 234 306 165 294
90 24,6 29,5 152 30,1
120 26,9 30,1 152 275
933 5 33,2 21,8 17,8 27,2
15 28,7 228 146 339
30 29,4 233 13,1 342
60 29,9 22,1 135 345
90 32,4 202 129 345
120 34,2 19,1 13,0 337
1026 5 29,8 20,6 189 308
15 233 21,4 185 36,5
30 21,8 230 18,6 36,6
60 20,9 22,5 188 378
90 22,7 22,0 17,6 378
120 253 214 151 382
16 5 31,3 280 17,9 229
15 28,8 298 17,6 238
30 24.4 31,3 17,1 272
60 26,0 30,7 149 28,5
90 27,9 292 13,7 293
120 28,6 29,6 14,6 273
F24 5 272 22,5 228 27,6
15 24,1 253 202 304
30 25,0 269 168 314
60 26,1 267 148 324
90 29,0 260 141 309
120 30,2 263 146 289

'starter; 2cheese age (days); * percentage of acetonitrile in eluent
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tidy vykazuji na reverznich fazich delsi retencni casy
a n&ktefi autofi pokladaji za hydrofobni viechny peptidy
eluujici za tryptofanem (LAU et al. 1991), coz jsou v na-
$em piipadé peptidy eluujici po 17. minuté. Piitomnost
hydrofobnich peptidi v syrech je spojovana s hotkou chuti
ajejich rozklad béhem zrani za vzniku hydrofilnich pep-
tida pfispiva ke vzniku typické chuti (ENGEL & VISSER
1994). V tab. 3 je zachycen podil jednotlivych zén (defi-
novanych obsahem acetonitrilu v eluentu) na celkové plo-
Se pro jednotlivé kultury. Prvni skupina, kterd zahrnuje
hydrofilni peptidy, vykazuje podobny trend pro v§echny
kultury — zpocétku jeji podil na celkové plose klesa, ale
v prubéhu zréani se dfive nebo pozdéji zacne opét zvySo-
vat. V pocate¢nich fazich zrani dochéazi ke vzniku pepti-
di predevsim pisobenim syfidla a proteinasy pouzité
kultury. Rozdily mezi kulturami projevujici se riznym
podilem prvni skupiny na celkové plose mohou byt zpt-
sobeny rozdilnymi aktivitami jejich aminopeptidas a roz-
dily v citlivosti k autolyze (REQUENA er al. 1993;
WILKINSON ef al. 1994). Role aminopeptidasy N Lacto-
coccus lactis v rozkladu nizkomolekuldrnich hotkych
peptidi byla prokdzana riznymi autory (BAANKREIS
1992; TAN et al. 1993).

Nedostate¢né odbouravani vznikajicich hoikych pep-
tida zptisobené nizkou aktivitou tohoto enzymu mize byt
pfi¢inou existence hotké chuti vyskytujici se u syra vy-
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robenych s kulturou 973. Porovnani podilu jednotlivych
z6n na celkové plose (tab. 3) u syrt lisicich se intenzitou
horké chuti viak nevedlo k ocekavanym vysledkiim a proto
jsme zvolili odlidny postup a sledovali zmény v koncen-
traci jednotlivych peptidi. Po vyhodnoceni chromatogra-
fickych zdznami bylo evidentni, Ze syry typu Gouda
vyrobené s riiznymi smetanovymi kulturami obsahuji fadu
identickych peptidu, ale v riznych koncentracich. Tyto
rozdily mohou byt také jednou z pfi¢in odli§né senzoric-
ké jakosti vyrobenych syra.

Proto byly vybrany takové piky, které se objevuji na
vSech chromatogramech a lii se reten¢nim casem a cel-
kovou plochou, tj. da se predpokladat, ze zvoleny vybér
tak zahrne jak hydrofobni, tak hydrofilni peptidy s rtiz-
nou molekulovou hmotnosti. Zvolené peptidy jsou po-
psény na obr. 1 a zmény jejich koncentraci béhem zrani
pro jednotlivé kultury zachycuji obr. 2—6. Plochy vétsiny
pikt se u syri vyrobenych s riznymi kulturami béhem
zrani postupné zvy3ovaly, pfi¢emZ rozdily se objevovaly
ve velikosti plochy a intenzité narGstu mezi jednotlivymi
odbéry. Plocha fady pikt mezi 90. a 120. dnem poklesla
u nékolika vzorki pravdépodobné v disledku jejich roz-
kladu pfitomnymi enzymy. Vyznamnéjsi rozdily byly po-
zorovany piedevsim u piki 13, 27 a 41. Ve sledovaném
souboru pik(i nebyla prokézana souvislost mezi vysledky
senzorického hodnoceni a plochou jednotlivych piki.

Obr. 2. Zmény v obsahu
nékterych vybranych pep-
tidii béhem zrani syrt typu
Gouda vyrobenych s kul-
turou 973 — Changes in the
12 content of some peptides
10 during ripening of cheese
Stéfi syra of Gouda type made with
[dny]? starter 973
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Obr. 6. Zmény v obsahu
nékterych vybranych pep-
tidd béhem zrani syri typu
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Aktivita kyselé fosfatasy

Hodnoty aktivity kyselé fosfatasy v jednotlivych vzor-
cich byly nejvice ovlivnény pouzitou kulturou a stafim
syra. Ziskané hodnoty pro jednotlivé vzorky jsou uvede-
ny na obr. 7. Ve vétsiné pripadi byla hodnota aktivity
kyselé fosfatasy nejvyssi po 5 dnech zrani a postupné kle-
sala do 30. dne, mezi 30. a 60. dnem opét rostla. Mezi 60.
a 120. dnem zrani byly patrné riizné trendy, od mirného
rustu €1 stagnace az po mirny pokles.

Nejvyssich hodnot aktivity po 5 a 120 dnech zrani
dosahovaly syry vyrobené s kulturou F 24 (3,04 x 107%;

Obr. 7. Zmény v aktivité kyselé fosfatasy béhem zrani syri
typu Gouda vyrobenych s riznymi druhy smetanovych kultur
— Changes in the activity of acid phosphatase during ripening
of cheeses of Gouda type made with different starters
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2,80 x 107 acpu/g suginy), nejniZich s kulturou 973
(0,88 x 107*; 0,56 x 10~* acpu/g suiny). Hodnoty akti-
vity kyselé fosfatasy naméfené v syrech jen z&4sti sou-
visely s pouZitou smetanovou kulturou (obr. 7 a 8).
Nejvyznamnéjsi rozdily mezi aktivitou kyselé fosfatasy
v syrech a aktivitou vlastni kultury byly pozorovany
u kultur 973 a 933. Podobné vysledky byly dosaZeny pfi
porovnavani aktivity kyselé fosfatasy fady riznych kul-
tur pouZivanych pro vyrobu &edaru a syrii vyrobenych
s t¥mito kulturami (DULLEY & KITCHEN 1973). U né-
kterych kultur pfes vyrazné rozdily v hodnotach aktivity
kyselé fosfatasy byly hodnoty namé&fené v syrech prak-
ticky totoZné. ANDREWS a ALICHANIDIS (1975) to vy-
svétluji pisobenim dalsich faktori ovliviiujicich stanoveni
hodnoty aktivity, napf. aktivaénim efektem molekul ka-
seinu. Podle naeho nazoru je tfeba vzit v ivahu moZny
prispévek sekundérni & kontaminujici mikrofléry, kterd
b&hem zrani miZe docilit fadové stejnych podti jako
mikroorganismy pfiddvané ve form& zdkysu. Mikroorga-
nismy podilejici se na sekundarni fazi zrani mohou byt
zodpovédné za ndrist hodnot aktivity kyselé fosfatasy
v syrech pfedeviim v pozdé&jsich fazich zréni, tj. v dobg,
kdy dociluji fadové vyznamnych poéti. Do této skupiny
1ze zafadit pfedeviim mezofilni laktobacily, které se
v syrech ¢asto objevuji jako kontaminace z vnéjsiho pro-
stredi a béhem zréni dochézi k nardstu jejich podtu z jed-
notek az desitek na stamiliony ktb v 1 g syra (BEUVIER
et al. 1997). Méfenim aktivity n&kolika kmenti rodu Lac-
tobacillus a Pediococcus izolovanych ze syrt byl zjis-
tén velky rozptyl aktivity u jednotlivych kmeni. Na obr.
8 jsou graficky zndzornény hodnoty aktivity kyselé fos-
fatasy riznych kmeni mléénych bakterii po 20 h kulti-
vace v obnoveném odstiedéném mléce obohaceném
kvasni¢nym extraktem. Zaroven s mé&fenim enzymatické
aktivity byly stanoveny poéty ktb v 1 ml mléka, které jsou
uvedeny v log ktb v zdvorkach za nazvem kmene. Testo-
vané kultury se z hlediska aktivity kyselé fosfatasy dosti
li%ily, v pfipadé smetanovych kultur byla maximalni hod-
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paracasei V13 (9,59)
Pediococcus sp. ND6 (9,18)

Lbe. paracasei ssp.

Lbc sp.V2 (9,29)
Lbc. curvatus 123(9,54)

Lbc. fermentum 17 (8,94)
Lbc. sp. V8 (8,66)

nota namé&fena u kultury 16 (0,161 acpu) a minimalni
u kultury 933 (0,048).

Vzhledem k malému poétu testovanych smetanovych
kultur byl rozptyl vysledkd podstatné niZ3i nez vysledky,
které uvad&ji DULLEY a KITCHEN (1993), ktefi zazna-
menali 20—40nasobné rozdily v aktivit& kultur pouZiva-
nych pro vyrobu &edaru. Testované kmeny laktobacili
a pediokoki se vyraznéji liSily v hodnotach aktivity, pfi-
¢emZ maximalni hodnota byla ziskana pro Lactobacillus
paracasei subsp. paracasei V17 (0,329) a minimélni pro
Lbc. fermentum 17 (0,025), Lbc. sp. V8 (0,024) a Pe-
diococcus sp. ND6 (0,016). Kmeny s vy$Si aktivitou
kyselé fosfatasy mohou odstépit fosfatové skupiny z vys-
Sich peptidii a tim zpfistupnit vazbu -CO-NH- fad€ ex-
traceluldrnich a intraceluldrnich enzymti a umoZnit jejich
postupné odbouréavani. Z obr. 1 je patmé, Ze koncentrace
nékterych peptidii se béhem zrani zvyuje. Rada z nich
vykazuje hotkou chut, kter4 je pfi pfekrodeni uréité kon-
centrace zaznamenana pfi senzorickém hodnoceni syri.
Odstranéni fosfatové skupiny z takovych peptidii mize
usnadnit jejich dalsi rozklad a tim sniZit jejich negativni
vliv na chut’ syra (DULLEY & KITCHEN 1973). Nami zis-
kana data ukazuji, Ze syry s vy$si aktivitou fosfatasy byly
¢asté&ji 1épe senzoricky hodnoceny (r = 0,436). Ziskana
hodnota korelace je v8ak pomémé nizk4 a jednozna¢né
neprokazuje zavislost mezi vysledkem senzorického hod-
noceni a aktivitou kyselé fosfatasy v syrech. Vysledek
miiZe byt pongkud zkreslen tim, Ze vysledek senzorické-
ho hodnoceni zahrnuje celkovou jakost syra a ne pouze
intenzitu hotké chuti.

Pro objasnéni role kyselé fosfatasy v procesu zrani je
zapotfebi ziskat rozséhlejsi soubor dat doplnény o sledo-
vani zmén aktivity kyselé fosfatasy v pouZité suroving,
sledovani vyvoje kontaminujici mikrofléry, véetné vlivu
piidavku kmenl se zndmou hodnotou aktivity. Z tohoto
hlediska by bylo také potfebné porovnani zmén v obsahu
a zastoupeni fosfopeptidi v syrech vyznamné se li¥icich
aktivitou tohoto enzymu.

smetanova kultura 16 (8,76)
smetanova kultura F24 (8,73)

Istrain

smetanova kultura 1026 (8,91)

smetanovi kultura 933 (8,85)

Obr. 8. Aktivita kyselé fosfatasy u riiz-
nych kment bakterii mlé&ného kvaseni —
Activity of acid phosphatase in different
strains of lactic acid bacteria
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Vliv vysokého tlaku na Carpoglyphus lactis L. (Acaridae: Carpoglyphidae)*
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Abstract

ZDARKOVA E., STROHALM J., HOUSKA M. (1999): Effect of high pressure on Carpoglyphus lactis L. (Acaridae: Carpo-
glyphidae). Czech J. Food Sci., 17: 235-237.

High pressure can control stored product mites particularly Carpoglyphus lactis L. Mortality of mites is directly proportional to
the applied pressure and time of exposure. One hundred percent mortality was achieved after application of 100 MPa for 25 min,
150 MPa for 10 min or 200 MPa for 2 min. High pressure might be one of the ways of nonchemical control methods for stored
product mites under special circumstances.

Key words: Carpoglyphus lactis; dried fig; mortality; temperature; high pressure; LD,

Souhrn

ZDARKOVAE., STROHALM J., HOUSKA M. (1999): Vliv vysokého tlaku na Carpoglyphus lactis L. (Acaridae: Carpoglyphidae).
Czech J. Food Sci., 17: 235-237.

Bylo zjisténo, Ze roztoée druhu C. /actis 1ze hubit vysokym tlakem. Mortalita roztodu se zvySuje s expozici a s pfibyvajicim
tlakem — napf. 100% mortalita nastdva pfi tlaku 100 MPpo 25 min, pfi tlaku 150 MPa po 10 min a pfi tlaku 200 MPa po 2 min.

Vysoky tlak je dalsi z cest nechemického hubeni skladi$tnich rozto¢a v potravinach.

Kli¢ovi slova: rozto¢; suseny fik; mortalita; teplota; vysoky tlak; LD,

Skladistni roztodi patii k vyznamnym $ktidetim sklado-
vanych produkti. Pro svou malou velikost (méfi 0,3 mm)
unikaji pozornosti skladnikti a v dobg, kdy se prozradi
nasladlym pachem a rizovym prachem, je surovina uZ sil-
né znehodnocend. Kromé toho tvori nékteré druhy skla-
didtnich rozto¢l zvlastni trvalé stadium (hypopus), které
odola vem nepfiznivym vliviim a komplikuje i Gsp&§né
hubeni rozto¢i. Chemické zplisoby hubeni zatézuji Zivot-
ni prostredi a selektuji rezistentni kmeny, a proto je nutné
se vénovat vyzkumu novych zplisobii hubeni, hlavné bio-
logickych a fyzikalnich. Zatimco biologicky boj proti skla-
distnim roztoétim je propracovanou a do praxe zavedenou
metodou (PULPAN, VERNER 1965), fyzikdlni metody (napf.
fizena atmosféra a ioniza¢ni zafeni) se u nas pouzivaji vi-
ceméné nahodile vzhledem k vysokym nékladiim a nevy-
hovujicim skladiim.

ZDARKOVA a VORACEK (1993) studovali vliv nizkého
tlaku, nizké a vysoké teploty i svétla na mortalitu sedmi
druhti skladi$tnich roztodd. Nejodolngjsi byl Carpo-
glyphus lactis L. Tento druh se téméf vyhradné vyskytu-

je na surovinach, které obsahuji kyselinu mlé¢nou, octo-
vou a jantarovou, jako je su§ené ovoce, medové plastve,
staré marmelddy a hnijici brambory. Z velkych slinnych
zlaz vyluduje tekutinu fungicidniho charakteru, ktera za-
branuje plesnivéni napadenych surovin.

Cilem této prace bylo studium mortality Carpoglyphus
lactis L. vlivem vysokého tlaku, aby bylo mozné doplnit
vliv vyznamného fyzikalniho jevu na tohoto odolného roz-
toce.

MATERIAL A METODY

K pokusu byl pouzit vysokotlaky lis CYX 6/0103. Zari-
zeni je uréeno pro provadéni zkousek a pokusi v oblasti
vysokotlaké Gpravy potravin. Vzorky se vkladaji do liso-
vaci komory a pomoci tlakového média (pitné vody) se
podrobuji u¢inkim vysokého tlaku. V pracovni komote
o objemu 1,2 1 (vyrobce vyrabi i lisy se 150litrovou pra-
covni komorou, kterd ma $ir$i praktické uplatnéni) byla
teplota vody 22 °C a rozsah pracovnich tlaki byl 50 az
600 MPa, tj. 5006 000 bar. Piikon piistroje, jehoZ vyrob-

*Préce byla d&léna za finanéni podpory grantu MZe CR &. EP 096 0986259.
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cem je ZDAS a.s. Zd’r nad Sazavou, je 7,5 kW a ma hmot-
nost 2 300 kg.

Jako materidl byly pouZity suSené fiky, které byly napa-
deny druhem C. Jactis. Na jednotlivych fikdch nebo jejich
&astech byli spocitani rozto€i. Pocet roztocli pouZitych
v pokuse je uveden v tab. 1. Fiky byly vkladény do f6lio-
vych sackl 20 PA/70 PE o rozmérech 100 x 50 mm
a bezvakuové uzavieny na svafecim pfistroji. Zhotovené
vzorky byly okamZité vkladany do tlakové komory a podro-
beny oSetfeni vysokym tlakem. Rychlost nab&hu byla za-
visla na schopnostech zafizeni — izostatickém lisu — a po-
hybovala se v rozsahu 11,1-14,6 MPa/s, rychlost poklesu
se fidila velikosti §krceni dekompresniho ventilu ru¢né
a pohybovala se v rozsahu 10-16,6 MPa/s. Nabéh i po-
kles tlaku se pohyboval v rozsahu 4-30 s. Po oSetfeni

byly vzorky ponechény ve f6liovém obalu pfi teplot& 22 °C
a po 24 hodinach byly fiky s rozto&i vyjmuty a spoéitan
podet zivych roztodli. Kontrolni oetfené vzorky byly ulo-
Zeny ve stejnych podminkach jako vzorky oSetfené. Pri
expozici 1,2, 5,10, 15, 20 a 25 min byli roztoi podrobeni
tlaku 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200,
300 a 400 MPa. Kazda kombinace méla dvé opakovani.
Mortalita byla statisticky vyhodnocena probitovou ana-
lyzou a byly vypotitiny hodnoty LD, a LD, (dévka MPa,
pri které uhyne 50 nebo 95 % jedinct za ur¢itou dobu).

VYSLEDKY A DISKUSE

Mortalita rozto¢ii se zvy3uje s tlakem a s délkou expozi-
ce. Pii expozici 1 min nastdva 100% uhyn rozto& aZ pii

Tab.1. Podet rozto¢l na susenych fikach pied ofetfenim vysokym tlakem a po ném a jejich mortalita — Number of mites in dried
figs before treatment with hight pressure and after it, and their mortality

Davka' Exp.? Mort.> Exp. Mort. Exp. Mort. Exp. Mort. Exp. Mort. Exp. Mort. Exp. Mort.
[MPa] Imin  [%) 2min = [%] Smin [%] 10min [%] 15min [%] 20min [%] 25 min [%]
100 pied* 265 81 335 74,1 500 89 145 91 360 90,3 300 99,6 550 100
po® 51 87 55 13 35 1 0
110 pied 620 83,1 440 91,5 250 928 250 948 370 98,1 550 984
po 105 37 18 13 7 9
120  pied 160 90,5 50 92 80 93,7 165 951 260 985 750 98,7
po 15 4 S 8 4 10
130  pfed 130 88,5 160 90,6 300 96,6 450 975 380 994 550 100
po 15 15 10 11 2 0
140 pfed 720 882 310 96,1 680 97 350 98,5 500 100
po 85 12 20 5 0
150 pred 200 90 360 95,8 600 96,6 1400 100
po 20 15 20 0
160 pfed 450 944 185 94,5 200 97 600 100
po 25 10 6 0
170  pfed 300 933 190 92,1 180 994 550 100
po 20 15 1 0
180 pred 400 95,5 240 99,6 150 100 850 100
po 18 1 0 0
190 pied 240 958 220 100 120 100
po 10 0 0
200 pied 700 97,1 570 100 400 100
po 18 0 0
300 pfed 105 100 200 100
po 0 0
400 pred 290 100 240 100
po 0 0

ldose; Zapplication; *mortality; “before treatment; after treatment
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Obr. 1. Mortalita Carpoglyphus lactis po oSetieni vysokym
tlakem — Carpoglyphus lactis mortality after application of
high pressure

tlaku 300 MPa, pfi expozici 2 min jiZ pfi tlaku 190 MPa,
zatimco pfi tlaku 100 MPa aZ po 25 min (tab. 1 a obr. 1). Na
obr. 2 jsou uvedeny hodnoty LD,  a LD, (MPa) pfi testo-
vanych expozicich. Nejvétsi rozdily v hodnotach LD jsou
mezi 1. a 5. minutou expozice. Tak napf. pfi expozici 1 min
uhyne 50 % jedinc pii tlaku 96 MPa a 95 % pfi tlaku
160 MPa, pfi expozici 5 min uhyne 50 % jedinct pfi tlaku
76 MPa a 95 % pfi 120 MPa. Po 20 min expozice uhyne
50 % jedinct pfi tlaku 60 MPa a 95 % pfi tlaku 88 MPa.

Druh C. lactis je velice odolny i vii€i nizkym tlakiim,
napf. k 85% mortalité dochézi po 96 h pfi tlaku 0,0126 MPa.
Po 24 h téhoZ tlaku je 2% uhyn, zatimco u jinych druhtt
acaroidnich rozto¢i, napf. u Acarus siro je mortalita 100%.
Rovnéz tak je odolny i vii¢i nizkym a vysokym teplotam.
Napt. pfi teploté —15 °C a expozici 1 h je mortalita 10%, pii
teploté +45 °C a téZe expozici je 30% a 100% mortalita na-
stavd az po 1 h v teploté 55 °C.

—e—LD 50
~#-LD 95

Hodnoty LDy, a LD,,' [MPa]

e T ———
0 1 23 4 S 67 3 9 1011 121314151617 18192022
Expozice? [min]

Imortalita; 2application

Obr. 2. Hodnoty LD, a LDy, pfi riizné expozici — Values LD,
and LD, at different applications

Zivér

Bylo zjisténo, Ze roztoce druhu C. /actis 1ze hubit vyso-
kym tlakem. Mortalita roztoi se zvySuje s expozici a s pfi-
byvajicim tlakem. Tak napf. 100% mortalita nastavé pti
tlaku 100 MPa po 25 min, pfi tlaku 150 MPa po 10 min a pfi
tlaku 200 MPa po 2 min. Vysoky tlak je dal¥i z cest neche-
mického hubeni skladi$tnich rozto¢i v potravinach.
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Abstract

CIBULKA J., CURDOVA E., MIHOLOVA D., STEHULOVA I. (1999): Mercury loss from edible mushrooms after their model

thermal treatment. Czech J. Food Sci., 17: 239-240.

Our pilot model study on mercury loss from edible mushrooms after their thermal treatment has proved that about one third
(34.3%) of naturally bound or spiked mercury evaporates during 20 minutes of thermal treatment at the temperature of 300°C.
Therefore, thermal treatment of edible mushrooms, for example, pan-frying, can decrease the mercury burden of human body.
This experiment was performed using edible mushroom homogenate with known content of mercury and with the homogenate

samples spiked with different doses of mercury.

Key words: edible mushrooms; mercury contamination; thermal treatment; mercury loss

Edible mushrooms were collected at various localities
of the Czech Republic during 1994 to 1997. Three locali-
ties were selected based on available data concerning the
status of forest damage. The localities were generally clas-
sified as the places with strongly and medium impaired
forest stands due to the contamination of the environment,
and intact forest stands (ANONYMUS 1988). The aim of
the study was to monitor the contents of contaminating
elements in common edible mushrooms and to evaluate
the findings in relation to the valid hygienic normative and
to the forest stand health status that is influenced by vari-
ous immission loads. In some cases, higher contamination
of various species of edible mushrooms was detected.
These results were presented at Mikroelementy (Microe-
lements) 1997 international conference (CIBULKA ef al.
1997).

It has been repeatedly documented that some species of
edible mushrooms may cumulate significant amounts of
foreign elements (for example, Boletus, Xerocomus, Aga-
ricus, and Macrolepiota species). Mushroom picking and
increased seasonal consumption of wild edible mushro-
oms belong to very popular hobbies in the Czech Repub-

lic. Therefore, the monitoring of hygienic quality of edi-
ble mushrooms is very important with respect to a possi-
ble burden of the consumers. The detailed literature data
review was published by the authors elsewhere (CIBULKA
et al. 1996) jointly with the discussion of broader aspects
of this problem area (CIBULKA 1996).

Currently, the question of possible losses of volatile ele-
ments (particularly mercury) from edible mushroom body
mass during its thermal treatment has been discussed at
professional forum in the last years. After studying avai-
lable scientific literature, it was found out that there is a
lack of concrete and exploitable data related to this pro-
blem. ZURERA et al. (1986) in their work on mercury con-
tent in Spanish mushrooms referred to WENNING et al.
(1978), who published the fact that the losses of mercury
from edible mushrooms during their kitchen processing
are about 70%. According to the quoted author, this high
loss of toxic mercury substantially decreased a risk of in-
toxication in the case of repeated consumption of larger
amounts of such contaminated mushrooms.

KOPLIK et al. (1994) quoted less recent literature (HER-
NANDEZ et al. 1988) and they stated that the mercury los-

*This research was financed from the internal grant No 236-10-17396/0 of the Faculty of Agronomy of the Czech University of

Agriculture in Prague.
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ses due to various procedures of thermal treatment of fish
(frying and baking of anchovies, sardines and tuna fish)
varied about the average of 30% from the original total
content of Hg.

The allowable limits (in mg/kg of fresh material) of
mercury in edible mushrooms (fresh mushrooms and pre-
served products made of them) are listed in the Act of
Foodstuffs N° 298/1997 of December 12, 1997 and in its
appendixes. This law sets the maximum content of mercu-
ry in edible mushrooms to 0.1 mg/kg of fresh weight. This
value can be calculated to dry matter by multiplying it by
10 since mushrooms have about 10% and less of dry mat-
ter (in the case of the quoted normative, it means the ma-
ximum of 1.0 mg Hg/kg of dry matter, LEPSOVA & KRAL
1990).

MATERIAL AND METHODS

Mushrooms (Xerocomus badius, Xerocomus chrysen-
teron) were collected during the fruiting season of 1997
and the samples were stored at the temperature of ~20°C
in a freezer. Before the analysis, the thawed samples (both
caps and stalks) were homogenised in the ETA mixer for
10 minutes. Such prepared mash homogenate of the mix-
ture of edible mushrooms served as a mushroom model
matrix. Different amounts of mercury were added into the
separated portions (50 g) of the homogenate in the form
of mercury (II) solution at the level of 1, 10 and 100 mg
Hg per kg of dry matter. The addition of mercury was done
in the form of basic solution (1000 + 2 mg Hg/l in 5%
nitric adic, Merck, Germany). This basic solution was dilu-
ted into two further concentrations (100 and 10 mg Hg/I)
using deionised water. The volume of 0.5 ml of these so-
lutions was added to each experimental sample and 0.5 ml
of deionised water was added to the control samples.

In this way, the following sets of four model samples
were prepared, 50 g each:

— samples with natural content of Hg only

— samples with natural content of Hg + 1 mg Hg/kg of dry
matter

— samples with natural content of Hg + 10 mg Hg/kg of
dry matter

— samples with natural content of Hg + 100 mg Hg/kg of
dry matter

The content of Hg in these samples was determined be-
fore their thermal treatment. Thermal treatment of the sam-

ples was performed by heating the samples in beakers of
250 ml at the hot plate temperature of 300°C (the actual
temperature of the mixed material inside the beaker was
not measured) under continuous stirring using a glass stick
for 20 minutes. This process should simulate common ther-
mal treatment of edible mushrooms. After finishing ther-
mal treatment, the same analytical method was used for
repeated determination of mercury content in the indivi-
dual samples. The content of dry matter of the individual
samples was also currently determined.

Chemical Analysis

The homogenate samples (100 mg or 4 mg) with and
without the mercury additions, before and after thermal
treatment were analysed employing the AMA-254 mercu-
ry analyser and using a routine procedure. The obtained
results were calculated and expressed in mg per 1 kg of
dry matter.

Quality Control and Quality Assurance (QC/QA) of the
Analytical Data

The QC/QA of the analytical data of the mushroom sam-
ples was done by the simultaneous triple analysis of the
Czech CRM (TY-SET, TY-1 Yeast) certified reference ma-
terial. All results were acceptable [mg/kg]:

CRM Yeast TY-1

Certified Measured
Hg 0.063 £ 0.008 0.072 £ 0.003
after treatment 0.054 +0.003

RESULTS AND DISCUSSION

The results obtained are arranged in the following Tab-
le 1. The average content of dry matter of the analysed
samples was 9%.

It is obvious from the listed results that at the higher
levels of Hg addition (100 mg/kg) the Hg actual measured
content was higher than the theoretically calculated level.
Certainly here, and even in other cases, (for example,
measured 17.9 mg Hg after the addition of 10 mg Hg to
the homogenate with its original mercury content of 1.8 mg
Hg) probable non-homogeneity of the mushroom mixture
played its role due to rather coarse cutting in the mixer.
Nevertheless, we are convinced that our results are usable
for orientation assessment of the studied problem.

Table 1. Mercury content [mg/kg] in mushroom samples (K = without Hg addition, P = with Hg addition, 0 = without thermal
treatment, S = with thermal treatment, arithmetic mean from three measurements and standard deviation)

Sample K Sample P
Hg addition [mg] 0 0 0 1 10 100
Treatment 0 245 083 1.83 032 176 0.2 | 354 061 1791 208 21590 24.32
S 126 0.06 1.31 0.37 1.10 0.28 | 223 029 1373 426 14852 11.13
Hg loss [%)] 48.6 284 37.5 37.0 23.3 31:2
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It is clear that the highest mercury losses were in the
samples with the lowest addition of mercury and the lowest
in the samples with the highest Hg addition. This fact can-
not be uniquely explained based on the results of our stu-
dy, particularly, when the set of control samples (without
any mercury addition) did show the same tendency. Ne-
vertheless, it is possible to object that the form of Hg ad-
dition (solution of mercury II) and its interaction with the
matrix of mushroom homogenate are different compared
to the naturally bound element. Therefore, it would be ideal
to have at our disposal one mushroom species with vari-
ous natural contents of mercury in the orders of units, tens
and hundreds of mg and to perform a similar study using
these samples. However, it was not possible for us but we
do realise this drawback of our study.

The main result of our work was the fact that there was
a decrease in mercury content by the average of 30.6% in
all experimentally contaminated samples after their ther-
mal treatment. In all samples without any mercury additi-
on and with their natural level of Hg 2.04 mg Hg/kg of dry
matter there was a loss of mercury at the level of about
38.2% after their thermal treatment. Therefore, it can be
generally stated that the total average loss of Hg due to
performed thermal treatment was at the level of about one
third (34.3%). This value is very close to the results obta-
ined during the evaluation of the mercury losses during
fish thermal treatment (KOPLIK ef al. 1994) but it does not
reach the level of about 70% as cited by ZURERA et al.
(1986).
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KONFERENCE A SEMINARE

20. Mezinarodni kongres chlazeni
19.-24. zaii 1999 Sydney (Austrélie)

Na zakladé pozvani vlad Australie a Nového Zélandu byl ve dnech 19.-24. za¥{ 1999, ve spolupraci s Mezinarodnim
ustavem chlazeni (International Institut of Refrigeration — déle jen IIR) uspofadan v Sydney 20. Mezinarodni kongres
chlazeni, jehoZ soucdsti bylo zaseddni Generélni konference Clenskych stéti IIR a jeho fidicich organii. Kongres
organizuje IIR jedenkrat za &tyfi roky.

Kongresu se podle oficidlnich tidaji zi¢astnilo 898 odbornikii z 59 zemi svéta. V rdmci védecko-technického pro-
gramu bylo uspofadéno celkem 5 plendrnich a 16 kli¢ovych zasedéni. Celkové bylo pfedneseno ve 103 odbornych
zasedénich vice nez 500 referatti. Hlavni témata kongresu, jehoZ motto znélo Chlazeni pro treti tisicileti, se tykala p&ti
oblasti: Kryofyzika, kryotechnika a kryobiologie; Aplikovana termodynamika a pfenos tepla, vyvoj novych chladiv,
alternativni cykly, energetickd i€innost; Zpracovani, oSetfovani, skladovani a pfeprava zkazitelnych potravin; Chla-
dirny, mrazirny a chlazen4 pfeprava; Klimatizace, regulace vnitiniho prostfedi a pohoda prostiedi.

Tato témata byla dale rozifena o specidlni seminédfe zaméfené na termodynamické vlastnosti chladiv, bezpeénost
uhlovodik, Co,, transportni chlazeni, HACCP, fizenou atmosféru, klimatizaci, skladovéni v chladu, systémy vzduch-vo-
da. Soucasné byly poradany i odborné kurzy na téma kryogenika, nova chladiva a oleje, sorpéni chlazeni a tepelna
¢erpadla, NH;, matematické modelovani procest, energeticka G¢innost, PC néstroje pro chladici fetézce, klimatiza-
ce—automatizace, kvalita vzduchu pro klimatizaci (AIQ).

Do technického programu kongresu bylo zahrnuto 23 exkurzi, na kterych se Gi¢astnici mohli seznédmit s nejnovéjsimi
chladicimi stroji a zafizenimi (podle kongresovych témat) v Australii (Novy Jizni Wales).

Do vé&decko-technického programu jednéni jednotlivych zasedéni kongresu byly pfijaty t¥i pfispévky &eskych od-
bornikd, které budou zahrnuty do sborniku referétii: Vacuum Cooling of Foods (M. Houska — Vyzkumny ustav potra-
vinafsky Praha); Cryopreservation of Hematopoietic Progenitor Cells for Autolougous and Allogeneic Transplanta-
tion (P. Mé&fi¢ka — Fakultni nemocnice Hradec Krélové); Conversion of the Turbocompressor Cooling Station with R
12 into the Station With Absorption Cooling (J. Pafizek — CKD Praha DIZ, a. s.)

Francouzskymi odborniky byly prezentovany dvé prace z oblasti chlazeni potravin, na kterych se podilela H. Opa-
tova z Vysoké skoly chemicko-technologické v Praze.

Odborny program kongresu

T&%itém odbornych jednani byla jednotliva zasedani a navazujici diskuse. Pro pfehlednost jsou poznatky ziskané
v pritbéhu kongresu sefazeny podle jednotlivych védecko-technickych komisi IIR: A1 - Kryofyzika, kryoinzenyrstvi;
A2 — Zkapaliiovéni a déleni plyni; B1 — Termodynamika a sdileni tepla; B2 — Chladici zafizeni; C1 — Lyofilizace,
kryobiologie, 1ékafské aplikace; C2 — Technologie potravin; D1 — Chladirny a mrazirny; D2 — Chlazena pieprava;
E1 - Klimatizace; E2 — Tepelna Cerpadla a rekuperace energie.

Z bohatého programu kongresu se zminime o tématice majici vztah k potravindm a potravinafskému vyzkumu.

Program komise C2 — Technologie potravin

V ramci plendrniho zasedani pfednesl novy feditel IIR dr. Billiard prednasku na téma Nové poznatky z oblasti
chladiciho fetézce — celosvétovy pohled. (Plny text pfednasky je k dispozici pod &. 726). Autor porovnavé trendy
ristu celosvétové populace a zdroje potravin. V sekci Chlazeni potravin dr. Haugland z Norska ukazal vyhodnost
zpracovani ryb v pfedmrazeném stavu (2 dny v moiské vodé o teploté —4 °C), v némzZ jsou dobfe zpracovatelné,
nemaji velké ztraty a pfi zpracovani v mistnostech s teplotou 20 °C nenastane vys3i teplotni nértist nez 0,2 °C (diky
skupenskému teplu tanf). Dr. Lukasova prezentovala vysledky modelovani zmrazovani ponofovanim s uvazovanim
tvorby zmrazené vrstvicky, kterd Spatné vede teplo a brani pfestupu hmoty. Zaujala prednédska Dr. Suna z Irska
o pfednostech vakuového chlazeni velkych kusi vafeného masa ($unka); srovnani chlazeni vzduchem, vodou a pouze
v chladnice. Pfi vakuovém chlazeni jsou sice vyssi ztraty, ale pfi nasledném skladovani dochézi k men$imu pomno-
eni mikrobi (referaty & 168, 440). Proti m&fenim ve VUPP Praha byl zji¥tén teplotni profil s anomalii (stfed jde
rychleji nez nékterd East blize k okraji).
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V sekei Chlazeni potravin zaujaly prace o vyvoji ¢idla na stanoveni lokalniho souginitele pfestupu tepla do modelu
téla hov&ziho masa, o vlivu mezer na dobu chlazeni balenych potravin, o vyuZiti vodni mlhy (ultrazvukovy generator)
na chlazeni loZe kulovych &stic a zejména o vyvoji listerii u balenych a nebalenych dribeZich t&l za 24 a 48 hodin
(brany povrchové st&ny, kontaminace pfi nedostate¢ném sprchovani na poraZce, zdroj asi voda, rukavice obsluhy;
referét & 718). Kromé této prace zaujala piehledova studie dr. Baila z Francie o moZnostech tlakového zmrazovan{
potravin (referét €. 036).

Z této sekce jE¥t& upozoriinji na praci dr. Juhla z vyzkumné organizace Meat Research Institute (druzstva Farmaii
Danska), ktery predvedl novy zptisob chlazeni prasat ve vakuovém obalu (pytle 1ze pouZit vicekrat) ponofovanim do
rizné vychlazenych solnych roztok (-2 °C, potom —12 °C). Pfi chlazeni dochézi k minimalizaci ztrat, zlepSeni
vaznosti vody v mase a sniZeni po¢tu mikroorganismii na povrchu masa. Po chlazeni se téla vyjimaji a umistuji do
normaélniho skladu. Nadoby s roztokem soli jsou michané. Roztok soli miiZe preventivné obsahovat i konzerva¢ni
l4tku, nebot’ nepfichézi do styku s masem. Cely systém by se mél sniZenim ztrat zaplatit za dva roky.

Déle zaujala prace dr. Grudy o moZnosti jak zvysit kapacitu stavajicich fluidnich zmrazovacich tunelt pfedfazenim
dusikového mrazeni na vstupu (doba 3 sec staéi ke zmrazeni povrchu, &dstice se nelepi). Vykon lze zvysit az o 100 %.
Druhy zplisob miiZze byt proveden tak, Ze se provadi sprchovani na konci tunelu, nebo se zafadi ponofovéni na jeho
konci (referdt k dispozici).

V sekci Modelovani a vlastnosti potravin zaujala prace dr. Lowatta (MIRINZ — Novy Zéland ) o matematickém
aparatu pro navrhovani zmrazovaciho zafizeni (modifikovand Planckova rovnice). Prof. Mascheroni pfednes] piispé-
vek na téma vyuzZiti pfechodovych funkci teploty zboZi v daném zafizeni jako odezvy na skokovou zménu teploty
prostiedi (nelze vyuZit pfi zméné faze). Pak je mozné pro obecny pribéh teploty prostfedi numericky uréit priibéh
teploty zboZi a integrovat napf. kinetické rovnice pro kaZeni, zmény barvy, doby skladovatelnosti atd. V dal3i ¢asti
sekce piednesl! dr. Tanner zajimavou praci, ve které pomoci numerické analyzy navrhoval optimélni zptisob baleni
jablek. Dr. Beaufort prednesla piispévek o srovnani skute¢ného riistu salmonely a stafylokoka aurea v redlnych potra-
vinéch s pfedpovédi pomoci Food Micro Model. V piipadé salmonely a §lehacky s cukrem (creme chantily) dochazi
k rychlej$imu ristu nez lze predpovédét podle Food Micro Modelu.

V dal3im jednani nejvice zaujala plenarni prednéska a nasledujici workshop na téma MoZnosti predikce doby skla-
dovéni minimélné o$etfenych chlazenych potravin, kterou piednes! prof. Mc Kenna z Irska. Z pfednasky a nasledujici
diskuse vyplynulo, Ze modelovani tepelnych procesi metodami koneénych prvki je jiz pomémé zvladnuto, i kdyz
stale chybi pfesna vstupni data fyzikalnich vlastnosti a zejména soucinitele prestupu tepla (citlivostni analyzou bylo
zjisténo, Ze ma nejvétdi vliv na presnost predikce zejména teplot povrchu). RovnéZ predikce ristu mikroorganismt
znaéné pokroéila, i kdyz zde existuji rozsahlé oblasti neznamych teplot, kdy mikroorganismy ani nerostou, ani nehy-
nou. Nejsou viibec zvladnuty modely, které by zahrnuly vlivy kombinaci G¢inkt riznych zakrokt (pH, mirné davka
konzervantu, teplota). Pii predikci doby skladovatelnosti vSak mohou byt urcujicim parametrem ,kaZeni“ i textura
a barva. Pro tyto parametry (dileZité pro obchod) zcela chybi kinetické data.

V ramci jednani sekce o mikrobiologii zaujal pfispévek dr. Morové ze Spanélska o prezivani E. coli v jogurtech
a déle pfednaska dr. Rybkové z Australie o moZnostech biologickych zpiisobil prodlouZeni trvanlivosti hotovych
jidel. Z dalgich témat komise vyplynula snaha o matematické modelovéni procest a o jejich zlepSovani ve smyslu
ziskavani vy$si kvality vyrobki a snizovani nakladi, resp. spotieby energie. RovnéZz dochézi k rozmachu prediktiv-
nich databazi zaméfenych na pfedpovéi doby skladovatelnosti a riistu mikroorganisma.

Program komise D1 — Chladirny a mrazirny

V sekci Zmrazovani potravin prof. Reida z University of California-Davis hovofil o0 moznosti predpovidat dobu
skladovatelnosti zmrazenych potravin ze dvou zméfenych bodi (napf. z hodnot -6 a—10 °C pfedpovédél chovéni pii
teploté —18 °C), coZ lze provést u potravin bez tuki (plny text pfednasky k dispozici).

V dal3f ¢asti programu zaujala zejména prednaska prof. Grudy z Polska o stanoveni veiikosti soudinitele prestupu
tepla pfi fluidnim zmrazovéni ovoce. Velmi zajimavou praci pfedstavila dr. Mertsova z Nového Zélandu, ktera se
zabyvala srovnanim rozmrazovani blokt masa ve vodni lazni a sprchovénim vodou, rozmrazovanim mezi dvéma
deskami a vzduchem. Pfi vhodném uspofadani se zda byt nejvyhodnéjsi (kromé dalsich nakladné&jsich zplsobi, jako
za vakua nebo mikrovlnného) rozmrazovani ve vodni lazni.

V ramci této sekce se konal workshop na téma Po&italové prostiedky pro simulaci chlazeného fetézce, v ramci
néhoZ byl prezentovan program Food Product Modeller, vyvinuty dr. Phanem a Lowattem z MIRINZ Novy Zéland
(funkéni demo verze k dispozici). V ramci workshopu byly diskutovény tyto okruhy: uZivatelské hledisko, hledisko
tviirce programu, vztahy mezi uZivatelem a tviircem. Bylo konstatovano, Ze uZivateli prediktivniho software jsou
piedevsim konzultaéni firmy a konstruktéfi strojii a zafizeni. Ojedinéle se software uplatiiuje pro orientaci vedoucich
provozi. Dr. Lowatt a dr. Van Sluis informovali o prvych aplikacich on-line. Dr. Lowatt aplikoval vypocet zmrazovani
na vsadkové zafizeni. Operator si voli dobu zmrazovani a po&itat optimalizuje rychlost proudéni a teplotu vzduchu
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v ramci ,,rozumnych* mezi tak, aby nedochazelo k velkym ztrdtdm. Podobnou aplikaci programu BERTIX pouzZil
dr. Sluis pro fizeni chlazeni piilek hovéziho masa. Piilky jsou zvéZeny a je uréen priibéh teploty chlazeni véetn& uréeni
mnoZstvi odvedeného tepla. Chladici zafizeni je pak fizeno podle teploty v chladirné (méni se vyparn4 teplota, &imz
se méni rozdil teplot mezi zboZim a vzduchem a reguluje se mnozstvi odebraného tepla podle predchoziho vypoétu).
Vyhodou je sniZeni ztrat pfi chlazeni a zkriceni jeho doby.

V dali &asti workshopu bylo konstatovano, Ze bude uZiteéné v ramci webovych stranek IIR pfipravit seznam dosud
existujiciho software k modelovani chladiciho fetézce. Na poZadavek vyvoje obecné platného software z pléna reago-
vali pfitomni autofi programi poukazem na jiZ existujici COSMOS apod. Vstupni data fyzikélnich vlastnosti a sougi-
niteli pfestupu tepla jsou nepresna. Ing. Houska prezentoval vysledky PECO projektu a sou¢asnou snahu o sbér dat
v ramci projektu FLAIR. Cesta naznaéena FRPERC Bristol — vyvoj jednoucelovych programii COOLVAN,
BEEFCOOL - je cestou nizkych ndkladii na kopii, funkce na PC a jednoduché obsluhy.

Komise D2 — Chlazend pFeprava

Problematice chlazené dopravy byla vénovana ivodni pfednaska A. C. Stery, &tyfi zasedani sekce, na kterych bylo
piedneseno celkem 22 referati, jeden piildenni kurz a exkurze.

Rozsah chlazené dopravy ve svété 1ze podle riiznych vystoupeni na kongresu odhadovat na 1 az 1,5 mil. silni¢nich
vozidel, z &ehoZ je 30 % trailert, 40 % truckd s nezavislym pohonem chladici jednotky a zbytek jsou mensi vozidla
s chladicimi jednotkami s pohonem od motoru vozidla. Ndmoini chlazena pfeprava je odhadovéna na roéni objem
50 mil. tun s ro&nim nariistem 5 % (hlavné banany, maso a ryby). K vyraznému ristu dochazi v poslednich péti letech
u letecké chlazené prepravy (maso, moi'ské plody, ovoce, zelenina, fezané kvétiny), u niZ bylo pii meziroénim nértstu
10-12 % v roce 1998 dosazeno 4,4 mil. tun.

D. Crombie (Thermo King, USA) referoval o novém feSeni kontejnerové chladici jednotky, kterd v disledku pouZiti
scroll kompresoru s novym systémem regulace vykonu a vylepSeni ventilatori vyparniku i kondenzatoru dosahuje
sniZeni spotieby energie o 50 % proti standardnimu provedeni. J. Paul (INTEGRAL, NSR) referoval o pouZiti tzv.
binarniho ledu jako zdroje chladu pro transportni chlazeni. Tento binarni led (smés malych krystall ledu a kapaliny)
vyrabény ve staciondrnim chladicim zafizeni se naplni do mezistény specialniho kontejneru, ve kterém se pak udrzuje
pozadovana teplota.

Nekolik referatli se zabyvalo pouZitim fizené atmosféry a to zejména pro délkovou piepravu kontejnery po mofi.
A. R. Lawton (Cambridge Refrigeration Technology, UK) popisoval systém zlep3ujici distribuci vzduchu a nasledné
zlepSeni rovnomérnosti teploty v kontejneru. G. Panozzo (ITEF CNR Padova, Italie) se zabyval oscilacemi teploty na
vystupu z vyparniku a jejich vlivem na nestabilitu termostatického ventilu. V dal$im pfisp&vku se stejny autor zabyval
parametry, které maji vliv na starnuti (aging) tepelné izolace skfini chladirenskych prepravniki.

Zhodnoceni kongresu

Mezinérodni ustav chlazeni (ITR) je mezinarodni vladni organizace se sidlem v PafiZi a sdruZuje 61 &lenskych zemi
z péti kontinentt, véetn& Ceské republiky. Zakladnim cilem IIR je napoméhat vyzkumu a vyvoji chladici techniky
formou rozsifovani a vymény informaci o nejnovéjsim stavu védy a techniky v oblasti vyroby a pouZiti chladu. Vznik
IIR se datuje od roku 1908. IIR je férum pro vyménu védeckého a pramyslového know-how, které podporuje ve
vyzkumnych dstavech, vyrobnich spole¢nostech, vysokych 8koléch a dalsich organizacich vyvoj a rozmach znalosti
chladici technologie a jeji vyuZiti. Utast a odborna tiroveii kongresu potvrzuje, 7e IIR z{istava v soudasné dobé vy-
znamnou instituci pro styk a vyménu informaci o vyvoji chladici techniky. Neni pochyb o tom, Ze technologie chlazeni
se zlepSuje ve prospéch lidstva a ¢ini tak zvy$enou mérou riznymi formami (zlepdené dodavani potravin a jejich
zdravotni nezdvadnost, zdravi a lékafstvi, pohodli chlazeni a vytap&ni, energeticky G¢inné technologie chlazent, eko-
logickd chladiva apod.). IIR svym strategickym planem na obdobi 2000-2003 dév jasn& najevo, Ze podporuje tento
smér vyvoje a usiluje na daldi rozvoj védy a jejiho primyslového vyuziti. Rozvijejici se existence IIR je ditkazem
toho, Ze chlazeni je kli€ovou technologii, ktera uspokojuje poZadavek rostouci svétové populace.

Aktivni Gi¢ast Eeskych odbornikii na jednéni kongresu umoznila seznamit se bezprostfedng s nejnové&jimi vysledky
védy a techniky v oblasti chlazeni, navazat kontakt s pfednimi svétovymi odborniky a konfrontovat stav chlazen{
v CR se svétem. Jejich prednasky prednesené na kongresu, skutenost, ze v CR bylo uspofédéno v minulém funk&nim
obdobi sedm mezindrodnich konferenci z oblasti chladici techniky, a obsazeni posti ve vrcholnych orgéanech IIR
odborniky z CR sv&déi o velmi dobré trovni tohoto oboru v CR.

Na zdkladé Informace o pribéhu a vysledcich 20. Mezindrodniho kongresu chlazeni, kterou vypracovali ¢lenové delegace Ceské-
ho nérodni komitétu pro spolupraci s Mezindrodnim ustavem chlazeni, zpracoval Ing. Milan Houska, CSc.
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