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STABILITY OF SELECTED VITAMINS AND MINERALS DURING
CULINARY TREATMENT OF LEGUMES

Eva MASKOVA, Jana RYSOVA, Viasta FIEDLEROVA, Marie HOLASOVA,
Slavomira VAVREINOVA

Food Research Institute Prague, Prague, Czech Republic

Abstract: The stabilities of thiamin, riboflavin, vitamin Bg, niacin, total to-
copherols and minerals (K, Ca, Mg, P, Fe, Cu, Zn ) were determined during
culinary treatment (classical cooking and pressure cooking ) and microwave pro-
cessing of lentils, beans, peas and soybean. The highest retentions of the moni-
tored factors were found in culinary treatment of lentils, the lowest retention
occurred in soybean. The retention of thiamin after the culinary treatment of
legumes varied within the range 32-105%, in riboflavin it reached 72-111%.
Vitamin Be was stable at treatment of lentils, the lowest (53%) retention was
ascertained during cooking of soybean. The decrease in niacin retention (in some
cases up to 50%) was mainly caused by vitamin extraction into the aqueous
phase. The retention of total tocopherols was not affected by the culinary
treatment and it never decreased under 88%. The decrease in the retention of
minerals amounting up to 66% that was observed in K, Zn and P and in some
cases also in Fe and Cu, was due to extraction into the aqueous phase. The micro-
wave processing was not suitable for treatment of beans, peas and soybean
owing to high losses of the water-soluble factors at practically no saving of time
and energy.

retention; total tocopherols; thiamin; riboflavin; vitamin Bs; niacin; minerals;
culinary treatment of legumes

Legumes represent a good source of basic nutrients especially of proteins
and also of vitamins and minerals. The consumption of legumes is always
preceded by their culinary treatment. The procedure applied can have an
important effect on the contents of nutrients.

The data on losses of these factors (that occur during the culinary treatment
and are due to decomposition of labile vitamins and extraction of the water-
soluble components) are of utmost relevance in the ascertainment of satura-
tion of population with the individual nutrients. The values available differ
significantly and they depend not only on the type and quality of the legume
but also on the method of processing, heat conditions and last but not least
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also on the method of determination of retention after the culinary treatment
(Murphy etal., 1975). Matthews (1989) gives for instance a wide range
of vitamin (6-96%) and mineral ( 26-99% ) retentions after culinary
treatment.

In our investigation we monitored the retentions of thiamin, riboflavin, vi-
tamin By , niacin, total tocopherols and minerals (K, Ca, Mg, P, Fe, Cu, Zn)
during culinary treatment of lentils, beans, peas and soybean. The work was
focused on ordinary procedures (classical cooking, pressure cooking) and
microwave processing.

MATERIAL AND METHODS

Survey of the raw-materials applied and of the conditions of heat treatment
of the legumes is shown in Table I. The legumes were purchased in normal
retail sale. Ordinary kitchenware including the pressure cooker was used.
The microwave treatment was carried out in Moulinex microwave oven
(output 850 W, level III). Double mass amount of drinking water was always
used for the culinary treatment and water was added during the processing at
a minimum necessary amount and finally the excessive water was discarded.

I. Survey on materials applied and on conditions of heat processing of legumes

Time of soaking Time of treatment
Type and mass [h] Procedure [min]

Edible lentils 3 couking ik

(Lens culinaris Mack.) = pressure cooker 25
250¢g

3 microwaves 15

Common bean 15 poiokis o

(Phaseolus vulgaris L.) = pressure cooker 50
250 g

17 microwaves 60

Pexg 16 cooking 45

(Pisum sativum L.) = pressure cooker 40
250 g

16 microwaves 60

Soybean 16 cooking 165

(Glycine max L.) g pressure cooker 60
250 g

16 microwaves 70
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Samples of raw and heat treated materials were — after homogenization in a
mixer — used for the following analyses:

— thiamin: thiochrome method (AOAC);

— riboflavin: lumiflavin method (AOAC);

— vitamin Bg: microbiological assay with Saccharomyces uvarum ATCC
9080 (AOACQ);

— niacin: microbiological assay with Lactobacillus plantarum ATCC 8014
(AOAC); -

— vitamin E (total tocopherols — o, y and d-tocopherols): alkaline saponifi-
cation and HPLC method (stationary phase — Separon SGX, 7 mm, column
— 250 x 4 mm, mobile phase — n-hexane—2-propanol (9 1), flow-rate
— 1 ml/min, fluorescence detection A, . =290 nm, A, =330 nm);

— minerals: dry mineralization (520 °C, HNO; digestion, ¢ = 1 mol/dm?)
flame-AAS - K, Ca, Mg, Fe, Cu, Zn, spectrophotometry of P.

RESULTS AND DISCUSSION

The results of analyses of raw legumes are shown in Table II. The values
for the individual nutrients are in the case of legumes considerably affected
by the cultivar, the region of cultivation and the procedures of post-harvest
storage.

Tables III — VI illustrate the retention values of the monitored vitamins and
minerals at various procedures of culinary treatment of lentils, beans, peas
and soybean. These values represent an average of analyses of two inde-
pendent culinary treatments. They were calculated on the basis of mass ba-
lance and are related to the concentrations of these factors in the original
legume — the true nutrient retention (Murphy ct al., 1975). The values of
retentions determined after the culinary treatment of peas and soybean by

II. Vitamin and mineral contents in raw legumes [mg/100 g]|

B, | B, | By |Niacin| E K | Ca | Mg |[Fe Cu | Zn P

Lentils [0.35]10.15]0.43 | 23 (traces| 937| 76| 73.2 | 50 [0.66 | 3.2 | 332
Beans 0.49]0.141035| 1.7 46 |1269| 165|103.3 | 4.7 | 0.66 | 2.9 | 382

Peas 0.88(0.1210.05( 2.6 9.0 |1056| 73| 645 | 42 |0.50| 2.9 | 448
Soybean | 0.86 [ 0.26 [ 0.46 | 1.7 |31.9 [1607| 260 | 109 8.7 | 1.04 | 3.6 | 607
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III. Retentions of vitamins and minerals in lentils after culinary processing [%]

B B2 Bs |Niacin| K Ca | Mg | Fe Cu Zn P

Cooking 71 | 97 [104 | 87 | 75 | 118 | 103 | 129 | 105 | 104 | 88
Pressure

oitte 96 |111 [108 | 102 | 95 | 125 | 106 | 133 | 107 | 103 | 97
Microwave | s | 103 111 | 101 | 94 | 114 | 107 | 132 | 115 | 84 | 93
processing

microwave processing are not given owing to the fact that we did not obtain
any meal suitable for consumption even after 60 min of processing. Nonho-
mogeneous heating of the legume layer occurred, the consumption of coo-
king water was high and thus also the extraction of the water-soluble factors
set in to a high extent.

The results showed that the retention of thiamin decreased to 32—-96% at all
procedures of culinary treatment of legumes with the exception of lentils and
the classical processing appeared to be more sparing. Matthews (1989),
Haytowitz et al. (1983), Augustin etal. (1981) and Deshpande et
al. (1990) found nearly identical values of retention during cooking of beans
and lentils as we did in our investigation.

Riboflavin is — in comparison with thiamin — more stable and an eventual
decrease of its content is explained by extraction into water during swelling
and cooking. The retention in cullinary treatment varied in the range of 72 to
111%, the highest reduction of retention was observed in soybean during
processing in a pressure cooker. Retention approximating to 100% was deter-
mined by Haytowitz et al. (1983) in cooking of lentils. Augustin et al.
(1981) found 60-90 % decrease of retention in beans and the same results
were described by Matthews (1989) and Deshpande (1990).

IV. Retentions of vitamins and minerals in beans after culinary processing [%]

B B B, [Niacin| E K | Ca |Mg| Fe [ Cu | Zn P

1 2 6
Cooking 73 | 99 100 | 79 | 93 | 94 | 118 | 106| 95 | 81 | 82 | 106
osspue 42 | 98 |90 | 90 | 91| 97 | 120 104 96 | 90 | 93 | 105
cooking
Microwave

49 | 81 | 69 56 93 | 67 | 117 91| 84 | 88 | 66 | 100

processing
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Vitamin B4 was stable in culinary treatment of lentils and beans whereas in
soybean the retention decreased up to 50% at processing in the pressure coo-
ker. The content of vitamin B¢ was negligible in raw peas and therefore its
retention was not followed during culinary treatment. Ekanayake et al.
(1990) and Matthews (1989) give retentions near 90% in culinary
treatment of beans and lentils. Lower retentions were, however, found by
Haytowitz etal. (1983),Raab etal. (1973)and Augustin etal. (1981).

A decrease in niacin retention up to 50% is caused by extraction of this
vitamin into the water used for cooking. The shorter processing in a pressure
cooker in comparison with the classical procedure had an effect on the
increase of niacin retentions in lentils, peas, beans but not in soybean. The
values of retentions obtained are comparable with the data of the authors:
Colakoglu etal. (1986), Haytowitz et al. (1983), Matthews (1989)
and Augustin et al. (1981). Other relationships were, however, observed
by Vidal-Valverde ctal. (1991).

V. Retentions of vitamins and minerals in peas after culinary processing [%)]

B, | B, |Niacin| E K Ca | Mg | Fe | Cu | Zn P

Cooking 81 | 106 67 88 81 118 | 102 | 97 87 92 81

Pressure

: 44 96 87 98 99 [ 115 [ 100 | 100 |100 | 101 90
cooking

The retention of total tocopherols was not affected by the type of culinary
treatment and it never decreased under 88%. Only sporadic data are available
on tocopherol losses during culinary treatment of legumes. Similar rela-
tionships as those described in this paper were observed by Grela et al.
(1993). The microwave processing, on the contrary, led to approximately
40% losses of tocopherols (Yoshida et al., 1989).

VI. Retentions of vitamins and minerals in soybean after culinary processing [%)]

B, | B, | B, |Niacin| E | K |Mg | Fe | Cu | zn | P

Cooking 53 87 75 86 92 88 96 81 104 | 95 97

Pressure

» 32 72 53 49 | 100 69 86 71 105 | 98 93
cooking
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The cooking of legumes did not cause substantial losses of minerals. The
retention decrease observed for K, Zn and P that reached exceptionally up to
66%. It was caused by extraction into the aqueous phase. The retentions
ascertained were affected by the drinking water and the kitchenware applied.
This explains the large variation range of retentions in the culinary treatment
of legumes estimated by other authors (Meiners etal., 1976; Matthews,
1989; Augustin etal.,, 1981).

It might be summarily stated that the highest retentions of nutrients were
observed during culinary processing of lentils and the lowest retentions of all
factors monitored were found in soybean. The microwave processing was
not suitable for culinary treatment of beans, peas and soybean owing to the
nonhomogenous heating and the large losses of water-soluble factors without
any saving of time and energy. The retention of tocopherols was not affected
by the type of culinary treatment.
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Stabilita vybranych vitamini a mineralnich latek
pii kulinirni dpravé lu§ténin

Lusténiny jsou dobrym zdrojem zakladnich Zivin, hlavné bilkovin, ale i vitamini
a mineralnich latek. Konzumaci lusténin vétSinou pfedchazi kuchyiiska tprava,
ktera miZe mit vyznamny vliv na zménu obsahu vyZivovych faktori.

Byla sledovéna stabilita thiaminu, riboflavinu, vitaminu B, niacinu, celkovych
tokoferolli a mineralnich latek (K, Ca, Mg, P, Fe, Cu, Zn) pii kulinamni upravé ocky,
fazoli, hrachu a s6je. Prace byla zaméfena jak na tradi¢ni zpiisoby upravy (klasické
vafeni a vafeni v tlakovém hrnci), tak 1 na mikrovinny ohiev.

Ptehled pouzitych surovin a podminek tepelnych tprav luténin je v tab. I.
Vysledky analyz vzorki syrovych lusténin jsou uvedeny v tab. II. V tab. III-VI jsou
znazomény hodnoty retenci sledovanych vitamini a mineréalnich latek pii kulinami
upravé Cocky, fazoli, hrachu a s6je. Uvedené hodnoty jsou vypocéteny na zaklade
hmotnostni bilance a vztaZeny na obsah jednotlivych faktorii v ptivodni syrové lusté-
niné - true nutrient retention (Murphy et al., 1975).

Nejvyssi retence u vétiny sledovanych faktor byly nalezeny po kulinarnich
upravach Cocky, nejnizsi byly shledany u séje. Retence thiaminu po kulindrnich
tpravach lusténin se pohybovala v rozmezi 32-105 %, riboflavinu 72—-111 %. Vita-
min By byl stabilni pfi kulindrni ipravé ¢ocky, nejniZsi retence (53 %) byla zjisténa
pii vafeni soje. Pokles retence niacinu, v nékterych pfipadech az pod 50 %, byl
zplsoben prevazné vyluhovanim vitaminu do vyvaru. Retence celkovych tokoferolii
nebyla ovlivnéna druhem kulindmi tipravy a nikdy neklesla pod 88 %. Pokles re-
tence mineralnich latek aZ na 66 % zjistény u K, Zn a P, v nékterych ptipadech u Fe
a Cu, byl zpiisoben vyluhovanim do vyvaru. Mikrovinny ohfev nebyl vhodny pro
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upravu fazoli, hrachu a s6je z ditvodu velkych ztrat hydrofilnich faktorti bez ispory
¢asu a energie.

retence; celkové tokoferoly; thiamin; riboflavin; vitamin B; niacin; mineralni latky;
kulinarni Gprava lusténin

Contact address:

Ing. Eva MasSkova, Vyzkumny ustav potravinafsky Praha, Radiova 7,
102 31 Praha 10-Hostivaf, Ceska republika,
tel.:02/702 331; fax: 02/701 983; e-mail: vupp@vupp.anet.cz
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MATHEMATICAL MODEL OF TEMPERATURE DISTRIBUTION
IN FOOD MATERIALS HEATED BY MICROWAVES*

Jifina HOUSOVA, Petr TOPINKA, Karel HOKE

Food Research Institute Prague, Prague, Czech Republic

Abstract: By using finite-difference method a simplified mathematical model to
predict temperature distribution in solid or semi-solid material of cylindrical
geometry during microwave heating was developed. Energy equation for heat
conduction with an internal source of heat, Lambert’s law for description of
attenuation of incident microwave power in material, convective heat exchange
between heated material and surrounding air and other assumptions were made
for process description. Mashed potatoes as heated material were used for nu-
merical calculation and in experiments for model testing. Possibility of
asymmetrical heating due to non-homogeneity of microwave field around the
sample is assumed in the last version of model according to experiments.
Comparison of predicted temperatures (in selected points of cylinder, average
temperature) with results of experiments was made and some results are shown
in figures. Sensitivity analysis was provided and influence of variation of all
input parameters for calculation on temperature response was tested for different
time of heating. Analysis confirmed a great influence of total microwave power
value, microwave power density distribution around the surface of heated mate-
rial and physical properties of material as main input parameters for calculation
on accuracy of model prediction.

microwave heating; mathematical model; temperature distribution

Microwave heating is a rapidly expanding method in food processing
technology. Microwave ovens are now accepted in the family kitchens and
catering and some industrial applications have been adopted in the world, as
microwave tempering units, microwave pasteurisation plants, microwave
driers, etc. The production of the microwaveable foods has been evoked by
the growing popularity of microwave ovens and different types of these pro-
ducts are available at the market-place now.

* Work was supported by Czech Grant Agency (project No. 510/93/0805) and Czech Ministry of
Agriculture (project No. RE 093095012).
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Microwave heating offers potential advantage, such as saving in pro-
cessing time and energy but heating itself is connected with some problems.
While rapid heating can be achieved by microwaves, the temperature distri-
bution in a product is mostly non-uniform even in homogeneous materials. A
number factors can affect the non-uniform heating by microwaves. These
include generally volume and geometry of products and their thermal, physi-
cal and dielectric properties, as well as process parameters, such as microwa-
ve frequency, power supply, initial temperature of a heated material and
process time. Their influence on the temperature development of heated food
is mostly combined. Non-uniform microwave distribution within a microwa-
ve oven cavity and the different rate of microwave power absorption by va-
rious food components are factors contributing to the heating
non-uniformity.

The control of temperature distribution and local heating rate within a pro-
duct during the heating is generally important for quality and safety of pro-
duct as well as for economy of a process. In the case of microwave heating
the monitoring and control of product temperature is hampered by the diffi-
culty and expense of measuring product temperature during heating process.

Mathematical modelling offers to solve this problem. Mathematical model
enables with certain accuracy to predict the behaviours of food during its
heating in microwave field and offers better understanding of this process
and its improving and optimisation.

Many mathematical models — simple or more complex were developed
from the seventies years for description of behaviour of food in microwave
heating. Review of some of publicated models is available (HouSova,
1995). First simple 1-D or2-D models (Ohlsson, Bengston, 1971; Kirk,
Holmes, 1975; Nykwist, Decareau, 1976) enable to predict the
temperature distribution in product (solid food) of simple geometry — infinite
slabs, cylindrical body, spheres. Energy equation for heat conduction in solid
body, volumetric heat generation as internal source of heat, exponential
microwave energy decay within the product, heat exchange between heated
product and surrounding air by convection and other assumptions were used
by mathematical description of process together with finite difference
method for numerical solution of differential equations. Surface microwave
power flux (incident power flux) was determined in most models by experi-
ments using either calorimetric determination or results of temperature mea-
suring during the heating.
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The same method was used by other researches for modelling of specific
cases of microwave heating. Models of microwave heating of liquid mate-
rials assume the natural convection of liquid and this term is expressed in
energy equation (Datta et al., 1992), model of microwave heating of cereal
products assumed simultaneous heat and mass transfer and enable prediction
of time-temperature and time-moisture development in product (Tong,
Lund, 1993), etc.

The Maxwell’s equations for energy distribution in microwave field
instead of Lambert’s law for expressing an exponential decay of energy
within the heated product were used in some models from the last years
(Ayappa, Davis, 1991;Ohlsson, Rissman, 1993; Ohlsson, 1993)
as well as finite element methods for numerical solution of appropriate equa-
tions (Lin et al., 1995; Chen et al., 1993). Many model simulations of
microwave heating of non-food materials presented at the last international
conference on microwave and high frequency heating (Cambridge, 1995) are
based on the Maxwell’s equations. The finite-element method have been
used as a more useful tool for computation in cases of complicated material
geometry.

The temperature distribution within heated product, predicted by models,
was in all cases compared with experiments, mostly with heated materials of
simple form, homogeneous and certain chemical composition (water, NaCl
solution, sucrose solution, agar solution, mashed potatoes, etc.). The simple
models allow to predict temperatures with relative reliability, more complex
models enable more precise prediction, but require much more effort to de-
velop and to test. More information on published models in Housova
(1995).

Simplified mathematical model for prediction of local temperature distri-
bution within solid or semi-solid material of a cylindrical form during micro-
wave heating and post-process delay was developed in this work. A
comparison of computed temperature distribution and results of experiments
with heating of mashed potatoes samples in glass container of cylindrical
form in one of the domestic microwave oven was made for validation of
temperature prediction. A sensitivity analysis of predicted temperature distri-
bution within the heated product on a variation of input parameters for calcu-
lation was provided, too.
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Theoretical consideration

For mathematical modelling of the temperature distribution in
incompressible solid food heated by microwaves the thermal energy equa-
tion can be described as

pe,or = VOYD+Q [

where: p — density [kg/m ]
L specific heat capacity [J/kgK]
A — thermal conductivity [W/mK]
T - temperature[°C]
t - time [s]
QO - internal volumetric heat source [W/m3]

For body of cylindrical form the equation [1] can be written in cylindrical
co-ordinates » and z as

laT

ST T 2

€ P at ) + 0 2]

The heat generated per unit volume of a material as a consequence of the
conversion of electromagnetic field’s energy can be expressed as

0= nfe, k" |E]? 3]
where: f — frequency of microwaves (1/s)
€y — dielectric constant of free space (8.854.10_12 F/m)

K" — relative dielectric loss factor of material [1]
E - electric field strength [V/m]

The influence of magnetic part of electromagnetic field on heating process
is neglected. The exponential decay of microwave power within material in
the direction of microwave propagation was assumed for simplicity in this
case. For x direction this assumption can be expressed by Lambert’s equation

X
P, =Pye D, [4]
where: P, - incident microwave power flux on the surface of the body [W/mz]
x - distance from surface [m]
Dp— penetration depth according to the following equation [m]
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A 2 5
Ve N e e

where: ¥’ - relative dielectric constant of material [1]
A, — wave lenght of microwaves in free space [m]

Initial and boundary conditions, other assumptions
for mathematical simulation

Initial condition
Uniform initial temperature distribution in food sample is considered
I(r,2) = T, at r=0

Boundary condition

Heat exchange between surface of heated material and surrounding air by
convection is assumed

0
ka—T—h(T - 1) at r=R
and
0
6: T, - 1) at z=H
where: i — surface heat transfer coefficient - SHTC [W/m2 K]
T — temperature of surrounding air [°C]

R H - radius and length of cylinder (sample of material) [m]

The following assumptions were made in the model development:

— symmetrical heating is considered (central symmetry in the first stage of
model development and axis symmetry of heating in next stages),

— heated material is homogeneous in composition,

- the shape, dimensions, volume, density, specific heat capacity and thermal
conductivity of heated material are constant during heating,

— internal moisture transport in material during heating is neglected,
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evaporation of water in material at the temperature of 100 °C is considered
together with free release of water vapour from the material without heat
exchange between vapour and heated material,

the heat transfer coefficient on surface is constant during heating,
temperature of air in oven is constant during the heating,

microwaves enter from all sides of material, normal diretion of microwave
incidence to the surface is assumed and effect of microwave energy ente-
ring to the element of material from all directions is summing,

reflection and refraction of microwaves on the surface is not assumed and
only one way of microwaves through material is considered,

microwave power flux (W/m?) has a constant value over individual parts
of cylinder surface (upper, bottom, side), but these values can be different.

Calculations

Finite difference method with rectangular equidistant grid has been used

for calculation. Placement of a sample in the oven cavity and co-ordinates »
and 4 are shown in Fig.1.

Input data for calculation. Calculations were provided for a mixture of

dry mashed potatoes and water (87% water), with volume of samples 1 053 ml,

i ;
;//1 Wall ofcawty . ,’//
% Bottom of cavity — -~%
,/ﬂ Glass plate 5 //_/_
Z i Z
2 h | _
é / 7
é upper surface UPPER CENTRE W ! j/é
, , 7
i axis 7
. 2| Y
BOTTOM CENTRE r ,’/’/
3 N RN \E~§§‘\y‘ 71
%, :/:’i//:'//;/

© 185 mm

1. Placement of heated cylinder in the oven cavity (co-ordinates r and k)
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diameter and height of samples 185 and 40 mm. Heating of mashed potatoes
samples in glass container was supposed, partial absorption of microwaves
in glass was neglected. :

Physical properties (p, A, ¢p) for mashed potatoes as input parameters
were taken from experiments (Ambros, 1993). All these parameters were
considered as constants for calculation. In the case of slight temperature de-
pendence (A, ¢p) the average value for the temperature range 20-80 °C was
used.

Dielectric properties were taken from literature. The penetration depth D,
was used for calculation. Values of 6 and 8 mm were used for calculation
according to Kent (1987) and Risman et al. (1993).

Initial temperature of heated material. The temperature of 10 °C was
used as initial value for calculations in the most cases.

Temperature of air and surface heat transfer coefficient. Temperature
of air around the heated sample was considered as constant during heating
and the value of 30 °C as the average value from the experiments was used.
Only free convection on the surface of heated sample and constant values of
surface heat transfer coefficient both for heating and post-process delay were
taken in consideration in calculation. Values from 10 to 20 W/m2K were used
in calculations. Both the same and different values of SHTC on individual
parts of cylinder’s surface were used.

Time of heating. Calculations were provided for 8 min of heating and
following post-process delay of 10 min.

Microwave power used for heating. Values of 850 W (declared power
output for oven used for experiments) were used at first for computation.
Other calculations were made also with values of absorbed energy estimated
in calorimetric experiments (heating of 1 000 ml of water in glass container
from 10 £ 2 °C to 20 + 2 °C by full power of magnetron) and with value of
energy derived from heating experiment with mashed potatoes (1 053 ml,
development of average temperature of heated sample in the first 60 sec of
heating was used for absorbed energy calculation). The great response in
temperature prediction on relative small differences in values of microwave
power was estimated.

Microwave power flux distribution. Total incident microwave power
was divided by the area of sample surface to obtain the microwave power
flux. Uniform power flux distribution over all surface of sample was consi-
dered in first calculations, and values of microwave power entering to the
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sample by way of upper, bottom and side part of its surface were obtained by
multiplication of power flux and area of individual parts of surface.

Some corrections were made in next development of model to input diffe-
rent values of microwave power entering to the sample via its upper, bottom
and side part of surface according to results of experiments. Many experi-
ments have been made with this type of oven (no turntable) and result have
showed a decrease of local temperature from surface to the middle of cy-
linder and higher temperature near upper surface than at the bottom (Hou-
Sova, 1995). To express power distribution on upper, bottom and side part
of surface coefficients k,, k; and k,, were used. Some relations of &, : k : k,,
were tested by calculation.

An example of calculated temperature microwave distribution in one half
of heated cylindrical sample of mashed potatoes in 6. min of microwave hea-
ting is shown in Fig. 2, input parameters for this calculation are given in Table .

I. Process parameters used by calculations

Parameter Units Value Parameter Units Value

Microwave power w 850 surrounding temperature

— upper °C 30

— side °C 30

Diameter mm 185 — bottom i & 30

Height mm 40 | SHTC upper W/m’K 20

Grid spacing radial | mm 1.25 | SHTC side W/m?K 20

axial| mm 1.25 | SHTC bottom wm’K | 20

Density kg/m> |1035 | time of calculation s 480

time of post-process
Specific heat capacity | J/kgK |3 800 delay s 600
power distribution

Thermal conductivity | W/mK 0.48 | upper surface — k,, = 1
Penetration depth m 0.01 | side (wall) surface — k,, - 2
Initial temperature °c 10 bottom surface — kj, - 0.5
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2. Local temperature distribution in a sample of mashed potatoes (185 mm diameter, 40 mm
height of sample) heated by microwaves — 6. min of heating, microwave power (incident
value) 850 W

Comparison with experiments

Experiments with heating of mashed potatoes in glass cylinder for model
testing and its improving have been made. Domestic microwave oven Mou-
linex 850 W was used for these experiments along with Luxtron’s thermo-
metric system with four fibreoptic probes for local temperature monitoring.
For comparison with computation 36 points in left half of vertical cross
section of cylinder (sample) were selected for probe installation (4 points in
each of 9 levels). Monitoring of temperature was provided during 8 min of
heating and 10 min of post-processing for each position of probes. (More
information on experimental method and results is available in HouSova
etal., 1994.)

100 s e R 1
[oC] // /[/
-
/
// < \
‘-0 ) -~ / / .
= /Y 17 . =l 3. Transient temperature
/ / Pl — [ profiles in selected points
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// /*// \\. comparison of calculated
J// [ EXPERIMENT | and experimental values
W 3 | (input data for
0 100 200 300 400 [s] 500 calculation in Table I)
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Comparison of experimental estimated and by model predicted temperatu-
re distribution during the heating of mashed potatoes samples is given in
Figs. 3—8. The model calculation was provided in this case for 850 W as
input microwave power, distribution of microwave power between upper,
side and bottom part of cylinder’s surface in ratio 0.5 : 1 : 0.2, penetration
depth 0.008 m and 20 W/m2K as surface heat transfer coefficient.

4. Transient temperature
100 = profiles in selected points
[°C] ’_,/_/t/ = of cylinder — comparison
T of calculated and
\ ,/ s experimental values
\ ,)( Pt 4\ (input data for
50 /)‘/ /\i/ "\ EXPERIMENT ]_ " calculation in Table I)
2 »
/ 5 £ | 11—
/] & )‘-—"'/‘ L ——
Al
9 100 200 300 400 [5] 500

As concerns the local temperatures, the model predictions were relatively
similar to the experimental results only in some positions — in a layer near
upper surface, except points near axis, where predicted temperatures were
lower, and in the middle layer (Figs. 3 and 4). Difference between calculated
and experimental temperatures in the center of cylinder was to 3 °C during
the first two minutes of heating and about 10 °C at the 8th minute. In other

100 ——
[oC] //
L~
peal
\\ // il
\ /( //
\ et
50 > /\ i 5. Transient temperature
= iy profiles in selected points
{/:/,,..r > = of cylinder — comparision
L = of calculated and
=] Wm Ml— experimental values
0" ' (input data for calculation

100 200 300 400 [s] 500 ;i\ TableT)
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places — especially in the Jayer at the bottom of cylinder — the predicted and
experimental estimated temperatures were different (Fig. 5). The predicted
values in all places in this layer were higher than experimental ones and their
difference increased during the heating. One possibility for this difference
explanation is a too high value of microwave power flux for this part of
sample surface used in calculation (unreal power density distribution).

100 6. Transient temperature
profiles in selected points
of cylinder —
comparision of
calculated and
experimental values of

o A average temperaure
“u

/ \ (input data for

calculation in Table I]

(°C]

A\
!

EXPERIMENT

0 100 200 300 400 [5] 500

Predicted values of average temperature of heated samples were very close
to the values derived from experiments for the whole time of heating (Fig. 6).
A relative good agreement between predicted and from experiments derived
values of average temperatures can be influenced also by the calculation of
average values.

100 +
el 4.min |
A N
e
N
50 AN 9
B s il
\74"% 7L e experimentalyl derived
= R b radial temperature
—{ EXPERIMENT }4 profiles fo‘: the upper
| ! | layer of cylinder (input
0 20 ) 40 60 80 100 4ata for calculation in
distance from the wall [mm] Table I]
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The axial and radial profiles from predicted temperatures have a decrea-
sing tendency from surface to the center of cylinder like the profiles from
experimental values but the differences there are both in their shape and in
individual values of temperature. Radial profiles (experimental and pre-
dicted) for the upper layer of cylinder are shown in Fig. 7, axial profiles for
the axis of cylinder in Fig. 8.

60 I 8. Comparison of
[oC] /\ calculated and

experimentally derived

| / axial temperature
' - profiles for the axis of
[ - // /— cylinder (input data for

30 / p calculation in Table I]
L / e
[T K|
2. min
EXPERIMENT
0 10 20 30 40
distance from the bottom [mm]

Non-uniformity in microwave power distribution over the upper cylinder’s
surface could be one of the possibilities for explanation of differences in
upper layer temperature distribution (constant value of microwave power
flux was assumed in model prediction) and other power flux density distribu-
tion between upper, side and bottom part of surface as a possibility for expla-
nation of axial profile differences.

A change of axial temperature profile for cylinder’s axis with variation of
power flux density distribution is shown in Fig. 9.

There are many factors possibly influencing the differences between by
model calculated and from experiments estimated temperature distribution:
simple assumption of interaction of microwaves and food sample, an
assumption of the microwave distribution around the sample’s surface, an
assumption of power absorption in the sample (Lambert’s law used for a
body with finite dimensions), exactness of all input parameters used in calcu-

lation (total microwave power, microwave power distribution, physical pro-
perties of heated material, etc.), an assumption of axis-symmetrical heating
and other assumptions made by description of process and computation.
Exactness of experimental values used both for computation and for compa-

340



Potrav. Védy, 14, 1996 (5): 329-346
9. A change of axial

60
[°c] | l ' te.mperaturc? profiles for
different microwave
- distribution:
upper 0.4 —side 2 —
/4' L ~"| bottom 0.1 (rest 'of inut
30 e data for calculation in
/ // _s—| Tablel]
i
-
/' — N
@m,j EXPERIMENT
0" T 110 20 30 40

distance from the bottom [mm]

rison has also some influence. Validity of some mentioned factors is very
difficult to verify. Especially the microwave field density distribution around
the heated sample in oven used for result comparison. To find out an
influence of individual input parameters on exactness of temperature pre-
diction sensitivity analyses weres provided.

Sensitivity analysis of temperature prediction by model

The variation in the response of predicted temperatures (local, average) by
the model due to changes in the selected input parameters was calculated. As
tested input parameters were selected:

— miCrowave power,

distribution of incident microwave power between upper, side and bottom
part of cylinder’s surface,

physical and dielectrical properties of heated material,

surface heat transfer coefficient,

temperature in oven cavity.
Calculation was performed for a cylinder of diameter 185 mm, height of
40 mm and heating time of 2, 4 and 8 min.

Nominal values of tested parameters and their percentage variation used in
calculation are shown in Table II.
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II. Variation in input parameters of microwave heating model for sensitivity testing (cylinder
185 mm diameter, 40 mm height)

Model parameters Nominal values Units :)’Zl:x:z::r:f
Microyave power 850 w +10%
Thermal conductivity 0.48 W/mK +20%
Specific heat 3800 JkgK +20%
Density 1035 kg/m® +20%
Penetration depth 0.01 m +20%
SHTC 20 w +50%
Surrounding temperature 30 °C +20%
Distribution of microwave power

Upper surface h=1 - 1.3; 0.7
Side surface b=1 - 1.3; 0.7
Bottom surface s=1 - 1.3; 0.7

Results of sensitivity testing for the case of average temperature of heated
sample are shown in Table III (heating time of 2 min) and response in the
average temperature of heated sample is shown in Fig. 10.

Relative sensitivity (RS) was used in Table II as an index to determine the
influence of tested parameters on local and average temperatures of heated

Sensitivity analysis

100
[°C] [dammj\\ o
[nodinarviie] P
et
e %‘_fj <
50 / / Pe
A~ {EXPERIVMENT]
/,V// \ 10. Influence of density
// = X variation on the value of
| derfsity +2D% | average temperature of
mashed potatoes sample
0 (input data for
100 200 300 400 5] 500 calculation in Table I]
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III. Relative sensitivity [%)] of average temperature variation to variation of selected model para-
meters

Heating time
120 240 360 480
T,, at nominal values 334 54.5 70.6 81.7
+10% 67.6 68.0 53.8 33.0
Power
-10% -67.6 =73 -60.5 —47.5
. +20% -57 -62.1 -53.7 -44.4
Density
-20% 85.1 829 65.3 43.5
: +20% =57 -62.1 -53.7 -44.4
Heat capacity
-20% 85.1 829 65.3 43.5
- +20% 33 34 44 6.1
Termal conductivity
-20% =2.5 -34 -4.8 =73
; +20% 2.2 6.8 11.2 13.2
Penetration depth
-20% -3.9 -10.3 -14.1 -19.2
. +20% 36 3.4 2.5 13
Surrounding temperature
-20% -3.6 -34 =2.5 -1.3
+50% -0.6 -2.1 -2.3 -1.7
SHTC ’ .
-50% 0.6 23 2.4 1.2

Tm — average value calculated from local temperatures

samples (Lin et al., 1995). RS was calculated as percent variation of the
temperature response to the percent variation of the model parameter.

Following conclusion results from sensitivity testing

The prediction of temperature distribution and heating rate by the model is
very sensitive to the change of incident microwave power and density and
specific heat of heated material. The change of these parameters very
influenced both local and average temperatures of sample during heating.
Tested variation of thermal conductivity, depth of penetration and incident
microwave power distribution influenced the response in some local tempe-
ratures. An increase in the value of penetration depth entailed — for example
— an increase in local temperatures near cylinder’s surface and on the contra-
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ry the decrease of temperatures in a centre of cylinder. The response in ave-
rage temperature of heated sample was smaller.

Effect of surface heat transfer coefficient and air temperature variation was
very small on response in both average and local temperatures.

All these conclusions are related to the cylinder with 185 mm as its diame-
ter and 40 mm as its height.

Conclusions

By using the finite difference method, thermal energy equation and
Lambert’s law for microwave attenuation within material a simplifield
computer model to predict temperatures in material of cylindrical shape hea-
ted by microwaves was developed.

The model can be used for prediction of temperature distribution and local
heating rate for heating of solid or semi-solid food of cylindrical geometry
and for analysis of process parameters influence on variation of temperature
response. Homogenity of composition and known thermo-physical and die-
lectric properties of heated material are assumed. Certain limitation was
made for the ratio of dimensions of cylindrical sample (diameter, hight) and
penetration depth because of Lambert’s law using.

With this model the asymmetrical heating observed during experiments
can be predicted. The description of microwave power density distribution
around the food surface has to be made in this case.

Exactness of the prediction by the model is very much influenced by the
values of total microwave power, density and specific heat capacity used as
input parameters for computation. According to sensitivity analysis also the
thermal conductivity, penetration depth and distribution of microwave power
density around the surface of heated food have influence on the distribution
of local temperatures in heated material.
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Matematicky model distribuce teploty v potraviniach pfi mikrovinném ohrevu

Mikrovinny ohfev predstavuje progresivni technologii zpracovani fady material
véetné potravinarskych. Prinasi fadu vyhod pro individuélni i profesionalni aplikaci,
ale i problém nerovnomémeého ohfevu. Ten predstavuje, piedevsim pii tepelné tipra-
v& potravin, potencialni riziko poklesu finalni kvality.
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Ptedpovéd’ rozloZeni a vyvoje teplot materidlu pfi jeho ohfevu je dileZita pro
optimalizaci teplotniho zasahu, volbu adekvatni doby ohfevu a dalich parametrii
procesu.

Pokus o pfedpovéd’ priibéhu mikrovinného ohfevu materialti modelového slozeni
a jednoduchych geometrickych tvarii pomoci matematické simulace procesu byla
pfedmétem fady publikovanych praci. V tomto pfispévku je popsan vyvoj zjedno-
duSeného matematického modelu pro mikrovinny ohiev homogenniho materialu
tuhé konzistence valcového tvaru. Model byl feSen jako dvojrozmérna uloha nesta-
cionamniho vedeni tepla s uvazovanim vnitiniho zdroje energie a s konvektivni vy-
meénou tepla mezi povrchem materialu a okolnim vzduchem. Je predpokladana
platnost Lambertova vztahu pro vyjadfeni postupného poklesu energie mikrovin pfi
pruchodu materidlem a fada dalSich zjednodusujicich predpokladii. K numerickému fe-
Seni byla pouzita metoda kone¢nych diferenci. Vstupnimi parametry pro feSeni jsou:
celkovy mikrovinny vykon a jeho rozdéleni na jednotlivé €asti povrchu vilce, hustota,
meéma tepelna kapacita, teplotni vodivost a penetraéni hloubka ohiivaného materialu,
primér a vySka vzorku, soucinitel pfestupu tepla a teplota vzduchu, obklopujiciho ohii-
vany material, doba ohfevu a nasledujici vyrovnavaci prodlevy, krok sité.

Testovani bylo provadéno pro parametry srovnavacich experimentt (bramborova
kaSe jako ohfivany materil, mikrovinna trouba pro doméacnost bez rota¢niho talife
se Stitkovym vykonem 850 W, doba ohfevu 8 min, doba prodlevy 10 min).

Jsou uvedeny piiklady pocitadové zjisténého rozloZeni teplot v ohfivaném vzorku
daného materialu i piiklady porovnani vysledki poCitacové predpovédi a vysledky
experimentii s diskusi rozdili.

Provedena analyza citlivosti modelu specifikovala vyznamnost vlivu jednotlivych
vstupnich parametrii pro feSeni na piesnost pfedpovédi teplot. Mezi parametry
s nejvétsim vlivem na piesnost piedpovédi jak lokélnich, tak primérnych teplot
patii (pro uvazované rozméry materidlu 185 mm primér, 40 mm vy3ka): celkovy
mikrovinny vykon, hustota a mérna tepelna kapacita ohfivaného materidlu. Mini-
malni vliv ma pouZita hodnota soucinitele pfestupu tepla a teplota vzduchu okolo
materialu. Teplotni vodivost materialu, penetra¢ni hloubka a event. nerovnomémeé
rozloZeni mikrovinného vykonu ovliviiuji v urité mire lokalni rozloZeni teplot,
v malé mife primémou teplotu materialu.

mikrovinny ohfev; matematicky model; rozloZeni teplot
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MODELOVANI TEPELNEHO ZPRACOVANI RYZE*

Modelling of Thermal Processing of Rice

Karel KYHOS, Marian CIGANIK, Milan HOUSKA

Food Research Institute Prague, Prague, Czech Republic

Abstract This work deals with experimental modelling of thermal processing of
rice with the aim to prepare the so called five-minute rice, e.g. the instant rice
which is prepared only by adding the hot water and standing for rehydratation for
5 minutes. The processing procedure was optimized. The influence of the time of
washing and temperature of washing water on the weight loss of rice grains was
studied. The sensory evaluation of prepared samples and comparison with
commercially delivered instant rice was done. The hardness of prepared samples
was measured by compression of individual grains between parallel plates of uni-
versal testing machine Instron 1140. We also dealt with correlation between
sensory and instrumental evaluation of hardness of cooked rice. Results of meas-
urement together with standard deviations are summarized in Table I. Experi-
mental set-up is shown in Fig. 1. The rice was washed in water having various
temperature for different processing time. Correlation between sensory and me-
chanical hardness is shown in Figs. 2 and 3 (the figures differ only by the relative
deformation at which the mechanical hardness — force was measured). The
influence of temperature and time product on the relative mass of grains (compa-
red with outgoing mass of grains) is shown in Fig. 4. It is apparent that the relative
mass of the grains decreases with increasing product of time and temperature of
processing. Mechanical and sensory hardness of prepared rice decreases with
increasing product of time and temperature of processing (Figs. 5 and 6). The
scatter of mechanical hardness data from linear dependence is greater than for
sensory hardness (Fig. 6). This work provided the physical method of washing for
production of the instant rice (“five-minute rice*). The optimum temperature of
washing solution is 85 °C together with the time of processing about 30 up to 35
minutes. The rice should be washed properly by washing solution. This request
can be fulfilled by pulsatile mixing the rice in the metal mesh basket. The higher
temperature should be avoided because of the cooking of starch released into the
washing solution and intensive foaming. Drying of the rice should be in a fluidi-
zed bed at 45 °C of the air. The drier should be equipped with the tool for de-
sintegration of rice agglomerates. We found that the loss of the rice mass can

* Prace byla vykondna s podporou Grantové agentury CR (grant &. 510/93/0805).
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achieve about 37% of the input raw material. The loss mass can be utilized as a
good quality rice starch suspension or dried.

instant rice; thermal processing; sensory and mechanical hardness; relative mass
of grains; modelling

Abstrakt: Prace se zabyva experimentalnim modelovanim tepelného opracova-
ni ryZe za ucelem jeji instantizace (tzv. pétiminutova ryze). Byl optimalizovan
technologicky postup piipravy a zkouman vliv teploty a doby prani na ubytek
hmotnosti zm a na vyslednou kvalitu pfedvafené ryZe. Byl také zkouman vztah
mezi senzorickym a pfistrojovym hodnocenim tvrdosti ryZe piipravené ke
konzumaci a porovnani kvality nami pfipravené ryZe se zahrani¢nimi vyrobky.

ryZe instantni; teplota; ¢as; tvrdost; modelovani procesu

Tepelné¢ opracovani zmitych potravin, jako jsou lusténiny nebo ryze, je
pfedmétem dlouhodobého vyzkumu, nebot’ pfi jejich pripravé v domacnosti
je zpravidla tieba delsiho ¢asu a velkého mnozZstvi energie. Aby prumysl
zvys$il prodejnost téchto vyrobkii a vysel vstfic potfebam zakazniki, vyvinul
se velmi rozmanity sortiment pfedem tepelné zpracovanych produkti napf.
pfedvafenych (Reifenstuel, 1989). Jsou znamy rizné stupné tepelného
zpracovani, jako ryZe pifedvafena nebo vafena i se slupkou v pafe (parboiled)
(Ferrero, 1991).

Jednim z velmi efektnich druhi, i kdyZ vzhledem k dovozu velmi niklad-
nym, je ryZe instantniho typu, tzv. pétiminutova (dodavatel Bask Roudnice
nad Labem). Je to ryze, kterd nevyzaduje vafeni (Chakrabarthy, Dwa-
rakanath, 1980). Postaci jeji zaliti vielou vodou s ndslednym pétiminuto-
vym pusobenim tepla a vody. Za tuto dobu zrna ryZe nasaji vodu, zméknou
a ohfeji se natolik, Ze je mozné ryzi pfimo podavat ke konzumaci. Bobtnéni
je natolik efektivni, Ze k pripravé Ctyf porci posta¢i mnozstvi o polovi¢ni
hmotnosti v porovnani s nepfedvafenou ryzi (uvedeno v navodu na obalu
pétiminutové rvze dodavané firmou Bask).

Vzhledem k tomu, Ze detailni technologie pfipravy této ryZe neni znama,
pokusili jsme se modelovat tento proces. Vysli jsme z predpokladi Cisté fy-
zikalniho pusobeni na ryZi, pfedem jsme vyloucili postup enzy maticky, ktery
je mozna pouzivan v zahranic¢i, ale v nasich podminkich ho povaZzujeme za
nakladny. Navic fyzikalné odlouceny $krob neni enzymaticky rozloZen a lze
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ho jako plnohodnotny produkt déle vyuzivat. Ekonomika takového postupu
je tedy nasobena vyuZitim druhotného produktu.

Cilem této prace bylo nalézt tepelné a hydrodynamické reZimy tepelného
opracovani zrn ryze, které by vedly k produktu co mozna nejpodobné&jSimu
produktu dovazenému.

MATERIAL A METODY

Podstatou metody je dosaZeni co nejvétsSiho odlouceni Skrobu a bilkovin ze
zrn ryZe pii zachovani konzumni kvality vysledného produktu. Vyslednym
pokusiim pfedchézela fada vice ¢i méné uspéSnych zkusebnich tepelnych
i fyzikalnich opracovani (i v ultrazvukové lazni), kterymi byly eliminovany
problémy tepelného rozkladu vylou¢eného Skrobu, sluCovani zméklych zrn,
obtékani v8ech zrn v daném zafizeni v€etné udrzeni vSech zrn ve vznosu
apod. Dal$im problémem bylo nasledné suSeni produktu, nebot’ musel byt
nalezen zpusob, ktery by zarucil vysledny produkt ve formé suchych jednot-
livych zrn (zabranil tvorbé hrudek).

K experimentim bylo zakoupeno véts§i mnozstvi téhoz druhu béZné ne-
upravené ryZze (loupané), dovazené do obchodni sité pod nazvem RISO DEL
TAGLIERE, RISERIA MONFERRATO srl, Villanova Monferrato, Italie
(energeticka hodnota 1 436 kJ/kg, uhlohydraty 77,8 g, bilkovina 6,8 g, dietni
vldknina 0,8 g, tuky 0,5 g ve 100 g ryZe). Vysledkem téchto pfedbéznych
pokust byl nasledujici postup:

Byla sestavena aparatura (obr. 1), ve které se ryZe opracovava proudem
teplé vody z termostatu. RyZe je umisténa v draténém kosi, ktery se pohybuje
jako pist v nddobé s vodni 1dzni. Ko$ byl v nidobé& t€sn€n gumovou manze-
tou. Zdvih kose byl 50 mm. Oka sit’ky 1 x 1 mm zaji$t'ovala dokonaly pritok
vody kolem zrn. Vzhledem k velikosti koSe a bobtnavosti ryZe byla zvolena
jako optimalni navazka 50 g. Zrna byla vii¢i proudici vodé dokonale fixova-
na. Objem vody v nadobé byl cca 1 500 cm® a poget zdvihii byl optimalizo-
van na 50 za minutu. Stalost teploty vody zajiSt'oval termostat UH MLW 4,
ktery za pomoci odstfedivého Cerpadla zajistoval cirkulaci vody v promyva-
ci naddobé&. Propojeni niadoby s termostatem bylo zajiSténo klasickymi potra-
vinafskymi hadicemi o vnitfnim priméru 9 mm a délce 1 800 mm. Celkovy
objem vody v okruhu byl cca 6 000 cm®. Do kose s 1yZi se voda piivadéla
stiedovou trubkou opatfenou osmi tryskami o priméru 2,5 mm. Timto uspo-
fadanim jsme zajistili dokonalou cirkulaci a oplach zrn jiZ od poatku poku-
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50mm zdvih®
frekvence zdvihii 50 mim’

—

= [—
!l

termostat'
UHMLW 4 praci vilce
s kodem z nerezového pletiva

primér oka 1 mm”

kontroln{ digitalni
teplomé&r

Ithermostat; 2washing cylinder with a drum made of stainless meshes (mesh diameter 1 mm);
3control digital thermometer; *50mm stroke; frequency of 50 strokes per min

1. Schéma experimentalni aparatury — A diagram of experimental apparatus

su, kdy ryZe neni je$t€ nabobtnala a zaujima pouze jednu tfetinu objemu ko-
Se.

Po vymyti $krobu z ryZe byla zrna rozprostiena v tenké vrstvé na plastové
polokulové sito a suSena v proudu vzduchu (tvofeného ventildtorem) o teplo-
té€ 45 °C. Vyssi teplota vzduchu byla zkousena pfi suSeni v horkovzdusném
sterildtoru (50-70 °C). Vzhledem k tomu, Ze v tomto zaifizeni nebylo mozné
zajistit samovolnou cirkulaci zm, dochazelo ke spékani zrn a k nedokonalé-
mu prosu$eni. Dokonalost suseni byla kontrolovana vaZenim zvoleného po¢-
tu zrm. Vzhledem k nedokonalému zafizeni trvala vyroba jedné SarZe (50 g)
cca 6 hodin. Odebrana péna a praci voda byla podrobena lyofilizaci a suSina
analyzovana na obsah Skrobu a bilkovin.

Postup price

Vybrany druh ryZe jsme piesusili v laboratorni suSarné pii teploté 40 °C po
dobu 60 minut. Vzhledem ke kvalité zrn neslo pouzit vy3si teploty. Z takto
upraveného zma bylo navaZeno 50 g na laboratornich vahich Mettler AE 200,
které bylo nasypano do draténého kose. Po dosaZeni poZzadované teploty pra-
ci vody byl ko$ ponofen na zvolenou dobu do vilce. Po dobu prani se ko3
pohyboval vertikdlnim pohybem po drize 50 mm s frekvenci 50 zdvihi za
minutu. Po 10 minutach se z otvoru termostatu po¢ala odebirat péna obsahu-
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jici vylouZené substance (8krob, bilkoviny). Praci voda se priibéZné zbavova-
la téchto substanci a byla naddle schopna rozpoustét dalsi latky ze zrn ryZe.
Timto zpusobem se podafilo odstranit cca 70 % vylou¢enych substanci. Po
ukonceni prani se kos§ s ryzi vyjmul z teplé 1dzné a prudce se ochladil tekouci
vodou (15-19 °C). Ochlazeni bylo nutné pro dal$i manipulaci se zmy, nebot’
se zmen$i vzajemna pfilnavost zrn. SuSeni prob&hlo na tenké silonové siti
s oky o svétlosti 1 x 1 mm v proudu vzduchu vyvozeném ventildtorem Elko
30 W. Zde se ryzova zrna suSila cca 6 hodin. Vzduch byl ohfivian topnou
spirdlou na teplotu cca 45 °C. Mezi 5. a 6. hodinou sueni byla hmotnost zrn
jiz stejnd. Celkové mnoZstvi zpracované ryZe se po vysuseni zvazilo a vypo-
Cital se ubytek, tvofeny pravdépodobné Skrobem, bilkovinami a ostatnimi
latkami (lipidy). Takto zpracovana ryze byla uloZena v hermeticky uzavie-
nych vzorkovnicich a skladovana pfi teploté 4 °C po dobu 100 dni.

Hodnoceni kvality

Po skladovani byly vzorky ryZe podrobeny hodnoceni kvality v¢etné srov-
nani se vzorky dovaZené komeréné doddvané ryze Bask. V rdmci hodnoceni
kvality se hodnotila textura vyjadifena senzorickou tvrdosti ryze (ISO 11340)
na vzorcich, které byly standardnim zpisobem pfipraveny ke konzumaci.
Pied hodnocenim byli hodnotitelé pouceni o zptisobu hodnoceni a provedeno
orientatni hodnoceni béZzného druhu ryZe o rizné dobé vafeni. Vysledky
hodnoceni intenzity tvrdosti byly zaznamendvany na nestrukturovanou use¢-
ku o délce 100 mm, u nizZ byly ozna¢eny pouze krajni body.

Hodnoceni tvrdosti ryze
mékka tvrda

V3echny vzorky byly zaznamenany na jednom formulafi. Hodnotitelé pied
hodnocenim oznatili tvrdost standardni ryZe Bask do stfedu stupnice a ostat-
ni vzorky hodnotit proti tomuto standardu jako vice nebo méné tvrdé. Po
celou dobu hodnoceni bylo moZné vzijemné srovniavat dosud hodnocené
vzorKy.

Soucasné se senzorickym hodnocenim tvrdosti ryZe byla méfena sila po-
tfebna ke stlaeni jednotlivych zrn ze stejnych vzorki, které byly predklada-
ny k senzorickému hodnoceni. K méfeni bylo pouzito 11-15 zrn. Zrna byla
stlaovéna rychlosti 50 mm za minutu mezi dvéma paralelnimi deskami pfi-
stroje Instron 1140. Pfistroj nejprve stanovil vy$ku kazdého zrna (dotek

351



Potrav. Védy, 14,1996 (5): 347-357

s horni deskou piistroje) a poté deformoval zrno o 10 a 50 % puvodni vysky
a stanovil hodnoty sil pfi t€chto deformacich (oznaCujeme je F';ja Fi; ).

Priprava ryze k hodnoceni kvality

Od kazdého zkoumaného vzorku ryZe bylo odebrano mnozZstvi 30 g zrn do
laboratorni kadinky. Zma byla zalita 100 ml vrouci vody a poté susena po
dobu 5 minut v laboratorni susarné s teplotou vzduchu 100 °C. Po uplynuti
této doby sc voda slila a zma ryZe se ochladila zalitim studenou vodou z
vodovodu. Po jedné minuté chlazeni se voda opét slila a ryZe byla ponechina
k odkapéni na sité opét po dobu jedné minuty. Takto pfipraveny vzorek byl
podavan k senzorickému hodnoceni tvrdosti 10 osobam soucasné a rovnéz
byla méfena mechanicka tvrdost na pfistroji Instron. Pii podavani vzorki by-
la kadinka se vzorkem peclivé piikryvana k zamezeni osychani zrn.

VYSLEDKY A DISKUSE

V ramci experimentii byl mapovan vliv teploty a doby prani na ubytek
hmotnosti zrn a na vyslednou kvalitu pfedvarené ryZe po jeji rehydrataci uve-
denym postupem.

Vysledky vSech méfeni jsou uvedeny v tab. I, v niZ jsou uvedeny i odchyl-
ky naméfenych hodnot senzorické¢ho hodnoceni a namérenych vysledki sil
na piistroji Instron.

V ramci této prace jsme se zabyvali rovnéZ vztahem senzorického a pfi-
strojového hodnoceni tvrdosti ryZe pfipravené ke konzumaci. Vzijemna ko-
relace mezi senzorickou tvrdosti a silou pfi 50% deformaci zrn je uvedena
na obr. 2a. Je patmé, Ze zavislost je nelinedrni, coz je zpuisobeno tim, Ze
smysly maji limitovany prah vnimani tvrdosti. Hodnotitelé jsou ochotni volit
udaje kolem nuly, pfestoze ve skute¢nosti sila neni nulova. Podobny tvar ma
zavislost pro silu pfi 10% deformaci (obr. 2b). Zde vSak do$lo k vétsi odchyl-
ce jednoho bodu od regresni kiivky, nebot’ sila pfi malé deformaci ryze vy-
kazuje velkou chybu méfeni.

Vliv soucinu teploty a doby tepelné tipravy na relativni hmotnost uprave-
nych zrn je graficky vyjadien na obr. 3. Je zfejmé, Ze relativni hmotnost zrn
nelineamné klesa s rostoucim soucinem doby piisobeni a teploty lazné. Z obr. 3
a z udaji uvedenych v tab. I vyplyva, Ze nejmensi relativni hmotnosti zrn
(nejvétsiho ubytku) bylo dosazeno pro nejdel$i zkoumané dobé plisobeni
(35 minut) a nejvy3$3i jesté pripustnou teplotu pusobeni (85 °C). Na obr. 4 je
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. Hodnoty naméfené pfi zpracovani ryZe — Values measured during rice processing

Hmot % hmot- % hmot-
Doba '::;- nosti po | Odpad nosti
Cislo | Teplo- [piisobeni|suchého gpracovini) Skeobn, | odpetich
. 1 | .6 ) ryze | bilkovin latek
i v VE:; toac ttipl70 zn;a vzhledem |a ostatnic| vzhledem
[°C] y. ; k vstupni |h latek'®| k vstupni
[min] |zpracov g O syl
o8 navazce [g] navaZce
ani”[gl) 5, 50g
Pé&timinutova ryze? 1 _ _ 3 B : 5
Bask Roudnice n. L.
2 85 35 31,4 62,8 18,6 37,2
RISO DEL TAGLIERE | 3 80 35 42,5 85,0 755 15,0
konstantni doba vareni’
: 4 70 35 48,2 96,4 1,8 3,6
5 60 35 48.6 97,2 1,4 2,8
6 85 30 41,7 83,4 83 16,6
RISO DEL TAGLIERE
8 85 20 46,9 93,8 3,1 6,2

!sample kind and origin; “five-minute rice (packing plants); 3constant time of cooking; “con-
stant temperature; “sample no.; ®temperature; "time of dry grain action after processing; 8 9% of
weigth of dry grains after processing; weight after rice processing in relation to output weight;
0waste of starch, proteins and other substances; Hog of weigth of waste substances in relation
to output weigth

zobrazena zavislost mechanické tvrdosti (sily F'5,) na souCinu teploty a doby
upravy. Je ziejmé, Ze tato zavislost vykazuje pomérné znacny rozptyl hod-
not. S rostouci hodnotou soucinu klesa mechanicka tvrdost. Zde je tfeba upo-
zornit na skute€nost, Ze srovnavaci vzorek €. 1 vykazal hodnotu sily 1,9 N.
Této hodnoté€ se blizi nimi pfipraveny vzorek €. 2 (opét nejdelsi doba ptisobe-
ni a nejvy$si teplota).

Z obr. 5 je patrna zdvislost senzorické tvrdosti na sou€inu teploty praci
lazné a doby upravy. Senzoricka tvrdost klesa s rostoucim sou¢inem téchto
veli€in linearn€. Zavislost vykazuje mensi rozptyl neZ mechanicka tvrdost
uvedena na obr. 4.

Zajimavé byly i1 poznamky hodnotitelii a poznatky z diskuse s nimi. Vzo-
rek €. 2 byl nékterymi hodnotiteli hodnocen jako velmi mékky azZ rozbiedly
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Pokradovani tab. I - Table I to be continued

sl Senzorick(él}(;o(:lsno(::)cl:;\i Tkt Textura piredvafené ryze na Instronu'’
[ :;ﬁdt:ciﬂg odehylkelt] S9EtIca | Fyp [N} FypN] | ' men] mgf(;?ch
(%] [%] [%] [%] [%] 26

1 50,0 0,0 0,0 o 4 i3 12
2 533 18,4 34,5 03290 157]1 2174 11
3 49,5 20,4 40,9 O 4 212 1
4 83,0 7,1 8,5 A 9;1%5 159 11
5 89,7 4,0 4,5 i iy 4 15
6 42,1 14,7 34,9 el 2 % 15
7 54,5 15,1 27,7 e vy Al 15
8 72,0 13,7 19,0 oy o ' - 15

2gensory evaluation of hardness (10 assessors); 2average value; !“deviation; results of meas-

urements of precooked rice texture on Instron apparatus; 1number of measured grains

a jinymi jako pomérné tvrdy. Podle mechanické sily F'5, byl hodnocen jako
méné tvrdy neZ standard od firmy Bask. Jako celkem piijatelny a velmi po-
dobny standardu byl senzoricky hodnocen vzorek €. 6 (druhy nejvy$si ibytek
hmotnosti). Pfitom senzoricka tvrdost tohoto vzorku vysla v priméru mensi
nez zadany vzor. Zde se ukdzala pravdépodobné téZ rovnomérnost zpracova-
ni jednotlivych zrn, ktera na zdkladé diskuse s hodnotiteli byla nejlepsi
u vzorku &. 6. Z téchto vysledki 1ze tedy udinit zavér, Ze optimalni doba pu-
sobeni je mezi 30 aZ 35 minutami pfi teploté 85 °C. Vys$i teplota prani byla
zkou$ena pfi pfedbéznych pokusech, av§ak praci voda enormné pénila a zis-
kany Skrob byl prakticky rozvafen (nesedimentuje).
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2. Korelace mechanické a senzorické textury predvarené ryZze — Correlations of mechanical and

sensory texture of precooked rice

Zavéry

Podafilo se nalézt fyzikalni metodu pfipravy instantni pétiminutové ryZze,
kterou lze pfipravit ke konzumaci pouhym prelitim suchého produktu horkou

vodou bez vafeni.

100 [
(%]

80

601

401

0 'l 1 1 1 ']
1500 1800 2100 2400 2700 3000
[°C/min]

3. Zavislost relativni hmotnosti zrn [%] na
soudinu teploty a doby tpravy [°C/min] -
Relation of the relative grain weight [%] to the
product of processing temperature and time of
rice grains[°C/min]
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4. Zavislost mechanické tvrdosti F5; na soudinu 5. Zavislost senzorické tvrdosti [%] na souti-
teploty a doby upravy [°C/min] — Relation of  nu teploty a doby tipravy [°C/min] — Relati-
the mechanical hardiness to the product of on of sensory hardness [%] to the product of
processing temperature and time of rice grains  processing temperature and time [°C/min]
[°C/min]

Optimalni teplotou praci lazné je teplota 85 °C s dobou ptisobeni 30 az 35
minut. Produkt musi byt dokonale omyvan praci lazni, coZ lze zajistit pri
pulzaénim michani ryZe v draténém kosi. Vyssi teploty nelze pouzit, nebot’
dochazi k mazovaténi Skrobu vymyvaného do praci lazné.

SusSeni ryZe je optimalni pfi teploté 45 °C v silném proudu vzduchu ve
vznosu (fluidni suSeni), nejlépe pii Setrném mechanickém nebo aerodyna-
mickém rozru$ovani vznikajicich hrudek.

Pri vyrobé lze ziskat az 37% ubytek hmotnosti zrn. Odpad z procesu obsa-
huje prevazné ryZovy $krob velmi dobré kvality. Tento odpad pfedstavuje
produkt pouZitelny ptimo ve vyrobé, pokud je spojena napiiklad s vyrobou
hotovych pokrmii (polévky, omacky) nebo po ususeni jako standardni ryZo-
vy Skrob.

Seznam symbolu

Fy,  silapfi 10% deformaci [N]
Fs,  sila pfi 50% deformaci [N]
h vySka zma ryze [mm]
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Euro Food Chem IX

Conference on Authenticity and Adulteration of Food
— the Analytical Approach
September 24-26, 1997 Interlaken, Switzerland

Proof of authenticity and prevention of fraud of a whole range of foods are very
important topics in food chemistry. This is the area of activity for many food
chemists, be they engaged in compositional research, in food law enforcement,
compliance work, quality control or in the research and development of
analytical methodology.

The selection of these topics is meant to encourage contributions demonstrating
the applications of a wide range of analytical techniques. Authoritative lectures
by well known experts in these field will lay the ground for the discussions,
encouraged by a series of short papers and a wide range of posters.

Invited lectures:

1. Legal aspects and the role of food analysis (M. Walsh, IRL)
2. Authenticity of Meat, Adulteration of Meat Products (G. Wijngaards, NL)
3. Adulteration of Milk and Dairy Products (P. Resmini, I)
4. Plant Products; Adulteration of Spices, Flavours and Aromas
(A. Mosandl, D)
5. Authenticity of Olive Oil (M. Lees, F)
6. Fruit Juice Adulteration (S. Page, USA)
7. Chromatography of Carbohydrates in the Detection of Adulterations
(J. Prodolliet, CH)
8. Chemotaxonomy as a key to authenticity testing (F. Lambein, B)

Call for papers
Contributions from the whole field of food analysis with relevance to the
conference theme are invited. Posters and oral presentations are considered to

be of equal status. The final decision on oral papers/posters will be made by the
Scientific Committee in January 1997. Authors will be informed by March 1997.

One-page abstracts, containing a summary of the experimental work and
the results, should be submitted before 31 December 1996 to

Prof. Dr. Wemner Pfannhauser

Institut fiir Biochemie und Lebensmittelchemie

Technische Universitit Graz, Petersgasse 12/2

A-8010 Graz, Austria
If you would like to receive the second circular (to appear in spring *97), please
contact

Dr. Reto Battaglia, Migros Laboratories,

P.O. Box 266, CH-8031 Ziirich, Switzerland,;

Phone +41 1 277 3140, Fax +41 1 277 3170,

E_Mail: Reto Battaglia@mgb.migros.inet.ch
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MECHANICKE A SENZORICKE VLASTNOSTI SYRU
EMENTALSKEHO TYPU V PRUBEHU ZRANI*

Mechanical and Sensorical Properties of Hard Cheese
of Emental Type during Ripening

Milan HOUSKA, Viadimir DRAB'; Marian CIGANIK, Karel KYHOS

Food Research Institue Prague, Prague; jDairy Research Institute, Tabor,
Czech Republic

Abstract: Mechanical and rheological properties of hard cheese change rapidly
during ripening. If the ripening of emental type of hard cheese is too rapid and
mass of the cheese is too hard, the gas evolution causes the breakage of the cheese.
This work describes the changes of mechanical and sensory properties of this type
of cheese during ripening up to the stage of consumer acceptance including the
quantitative evaluation of the breakage length on the cut surface. The obtained
data sets are correlated by the multiple correlation method between various para-
meters and also between various stages of the ripening (basic ripening, hot stora-
ge, ripened cheese). It is shown that the dry matter of cheese does not correlate
with mechanical and sensory properties in any stage of ripening. On the other
hand the good correlation was found between mechanical and sensory properties
in the stage after hot storage and for ripened cheese. Basically ripened cheese
showed not very well correlation between those properties. Highest correlation
coefficient was achieved for hardness evaluated between fingers and hardness
evaluated on the Instron 1140 instrument (compression between parallel plates).
Scheme of sample preparation is shown in Fig. 1. Diameter of the cylinder was
15 mm and height was 20 mm. Typical compression curves are shown in Fig. 2.
Evaluation of Hencky deformation and stress was made using equations 1-6. The
sensory profile consisted in evaluation of acceptance of the whole texture,
hardness in the mouth, grainness, greaseness, cohesivity, elasticity between
fingers, elasticity during chewing, chewiness, hardness between fingers. The
basic composition of cheese during ripening and length of breakage on the cut of
ripened cheese was determined. Resulting correlation matrix is shown in Table I.
Parameters 1-8 are valid for cheese after basic ripening, parameters 9-16 are
given for cheese after hot storage (eyes are developed) and parameters 17-30 are
valid for ripened cheese. The length of breakage was not possible to evaluate for
all samples, therefore it has the different number of experimental points and diffe-

* Prace byla uskutetnéna za podpory Grantové agentury CR (&. grantu 101/93/0625).
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rent value of critical coefficient of correlation. On the basis of inpection of Table
1 we can conclude that parameters of cheese obtained after basic ripening only
seldom correlate with parameters determined at other stages of ripening. We the-
refore cannot expect that we can find any method to predict the final quality of
cheese in the stage of basic ripening. The biochemical changes are during further
ripening so great that even dry matter of basically and finally ripened cheese does
not correlate too much, parameters 4 and 25, » = 0.502). Much better correlation
exists between parameters of cheese after hot storage and finally ripened, see
parameters Nr. 9-16 and Nr. 17-30 (Table I). The correlation between the length
of the breakage of ripened cheese and hardness of cheese after hot storage (r =
=0.379) is statistically significant on the significance level 0.05. This result indi-
cates that the length of the breakage increases with increasing hardness of ripened
cheese (Fig. 6). It is apparent that the dependence has a great scatter caused by
other influencing parameters (we can hope to find the deterministic model of the
effect). Figs 3—5 contain other dependences of various mechanical properties
measured at all three ripening stages as a function of the breakage length. Typical
examples of correlation of sensorical and mechanical properties valid for ripened
cheese are shown in Figs. 7-9. By inspection of Table I we can conclude that the
correlation between the same parameters at the stage after hot storage and ripened
is very good. This supports the meaning that the mechanical properties do not
change too much between hot storage and final ripening.

hard cheese; mechanical properties; sensory properties; fault of cheese quality;
breakage; correlation

Abstrakt: Mechanické a reologické vlastnosti tvrdych syrii se méni v pritbé¢hu
zrani syra ve zralou syrovou hmotu. U syri typu emental dochazi vlivem souhry
nevhodnych mechanickych vlastnosti tésta za soucasné tvorby plynu v pritbehu
zrani k vzniku prasklin. Sledovali jsme zmény mechanickych a senzorickych
vlastnosti téchto syri v prubéhu zrani az do stadia konzumni zralosti v¢etné
kvantitativniho vyhodnoceni prasklin pomoci jejich délky na fezu. Ziskana data
jsou vzajemné korelovana samostatné v danych stadiich zralosti i navzajem mezi
riiznymi stadii. Ukazuje se, Ze suSina syri nekoreluje s mechanickymi ani senzo-
rickymi vlastnostmi syri v Zadném stadiu zralosti. Naopak velmi dobfe koreluji
senzorické a jim odpovidajici mechanické vlastnosti (kromé stadia zékladniho
zréani, tj. korelace jsou mezi stadiem po kvasném sklepé a stadiem syri zralych).
Viibec nejvyssiho stupné korelace dosahla tvrdost hodnocena stlaCovanim mezi
prsty s tuhosti hodnocenou na pfistroji Instron 1140 (pif1 pocateCnim ne-
destruktivnim stlaceni).

tvrdé syry; mechanické vlastnosti; senzorické vlastnosti; vady; praskliny; korelace
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Mechanické a reologické vlastnosti syri se dramaticky méni v priibéhu
pfemény mléka ve zralou syrovou hmotu (Fox, 1993; Lavanchy et al,
1993). Kazdy zraly syr je typicky nejen svym aromatem a chuti, ale i textu-
rou. Textura je tedy velmi citlivym méfitkem zralosti syri a je vyuzZivana
k senzorickému hodnoceni jejich kvality. Najdeme-li souvislost mezi senzo-
rickymi a reologickymi nebo mechanickymi vlastnostmi syri v priibéhu je-
jich zrani a podafi-li se nim definovat rozsah téchto pfistrojové méfenych
parametrii, v némz hodnotitelé povazuji dany produkt za vyhovujici, mame
jeden z objektivnich ndstroju k hodnoceni zralosti syri (Rohm et al.,
1992a, b).

Snazili jsme se mapovat zmény mechanickych vlastnosti syri ementalské-
ho typu v pribéhu zrani. Préice je ¢aste¢nym vysledkem a soucésti rozsahlé-
ho experimentalniho vyzkumu vlivu kultur, sloZeni vychozi syfeniny,
podminek zrani, biochemickych zmén a vysledné kvality tvrdych syri emen-
talského typu, ktery byl proveden Vyzkumnym ustavem mlékarenskym ve
spolupréci s Ustavem chemie a analyzy potravin FPBT — VSCHT Praha
a VUP Praha s podporou mezinirodniho grantu PECO-EU, kontrakt &. CIPE
CT 926132 (Drdab, Houska, 1994, 1995).

Cilem této prace je prezentovat ziskané vysledky z oblasti sledovani me-
chanickych vlastnosti syri v pribéhu zrani a ovéfit existenci korelaci mezi
mechanickymi a texturnimi vlastnostmi béhem tohoto déje. Dale je cilem ovéfit
existenci korelaci mezi ostatnimi dileZitymi parametry zralych syri (existence
prasklin) a mechanickymi parametry stanovenymi v priitbéhu zrani.

MATERIAL A METODY

Meéreni mechanickych vlastnosti

Vzorky byly po dodani skladovany v chladni¢ce. Pfed vlastnim méfenim
byly ponechdny cca dvé hodiny v mistnosti s teplotou 23+2 °C. Vzorky syri
byly vykrojeny ve tvaru kvidru z centra bochniku a dile krajeny podle sché-
matu (obr. 1). Nejprve byla odkrojena vrchni a spodni ¢ast bochniku o tlous-
t'ce cca 20 mm. Poté byl vznikly kvadr rozfiznut svisle strunou na dva platky
siln¢ 20 mm. Z téchto platkd byly vykrajovany korkovrtem vzorky vélecku
o priméru 15 mm kolmo na smér lisovéni. U vzorku zdkladniho stupné zra-
losti (pfed kvasnym sklepem) byly vykrajovany vzorky valecki jesté ve smé-
ru lisovani tak, Ze z jednoho platku byly vykrajeny kvadriky o vy$ce 20 mm
(obr. 1).
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vrchni plocha — upper surface; vzorky ve sméru lisovani — samples in the direction of compres-
sion; vzorky kolmo na smér lisovani — samples perpendicularly to the direction of compression;
spodni plocha — lower surface

1. Schéma pfipravy vzorku syri pro stlaovéani mezi dvéma deskami — A scheme of preparation
of cheese samples for compression between two plates

StlaCovani valeckli se provadélo na univerzalnim zku$ebnim pfistroji In-
stron 1140 (High Wycombe, Velka Britdnie) mezi dvéma paralelnimi deska-
mi mirn€ mazanymi silikonovym olejem, aby se zabranilo vlivu adheze cel
valeckl na ziskdvané vysledky. Rychlost stlatovani pohyblivé horni desky
byla volena 100 mm za minutu. Pfi stlatovani se méfila sila pisobici na horni
pohybujici se desku od okamziku kontaktu desky se vzorkem. Maximalni
relativni stlaceni vzorku bylo zvoleno 80% tak, aby se dosahlo destrukce
vzorku. Naméfené hodnoty sil a relativnich deformaci byly zpracovany do
tzv. zatéZovaci kiivky. Typicky pfiklad této kfivky je uveden na obr. 2. Na
kiivce se vyhodnocovaly charakteristické udaje: maximalni sila F,,, rela-
tivni deformace D, ., pfi niZ je dosaZzeno maximalni sily, plocha pod kfiv-
kou do dosaZeni maxima A4 ,.. pfikon P, .. a tuhost tg o.. Z tuhosti se pak
vyhodnotila dalsi veli¢ina — zdanlivy modul pruznosti £. Vztahy pouZzZité
k vyhodnoceni téchto veli¢in:

Ho-H

D= Ho 100 (1]
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P..= t,::: . . 2]
F e
Omax = —3}/‘; 3]
ga
2 4
1Cd2/4 41

Alternativné byly z téchto udajii vyhodnoceny parametry Henckyho (ma-
ximalni napéti podle Henckyho) a deformace podle Henckyho (transformaci
zdrojovych dat sila — relativni deformace) podle vztahu:

Oy=

7?52 (1-D/100) [5]

Dy = -In(1-D/100) [6]

Paralelné s hodnocenim mechanickych vlastnosti bylo provadéno senzo-
rické hodnoceni texturnich vlastnosti syri v senzorické laboratofi FPBT
VSCHT. Pouzita mistnost odpovidala poZadavkim normy ISO 8589/88

100 +

804 g
B 60 -
=
o 40
2 +
0 t t t {
D 0 40  pg. 6D 80
Relativni deformace® D [95]
016 T omms Iforce
012 2relative deformation
&£ 3Hencky’s deformation
B 008
5 00 1 2. Zat&Zovaci kfivky pfi

. méfeni mechanickych

0,00 4 + : —- } ¢ i )
0 02 04 0,6 0,8 1 1,2 1,4 1,6 Vlastnosti syrii — Loading
DEun curves during measurements
Henckyho deformace1® Dy [+] of mechanical properties of
cheeses
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a byla vybavena Sesti hodnotitelskymi kdjemi s okénky pro podavani vzorki.
Soubor hodnotiteli prosel skolenim v délce Sest m&sicti a mél Sestimésicni
praxi v hodnoceni. Vzorky byly pfipraveny a podavany v souladu s normou
ISO 6658/85. AZ do senzorického hodnoceni byly skladovany pii teploté
4 °C. Byly pfedkladany v randomizovanych blocich, nejvyse dva vzorky pfi
jednom hodnoceni, na bilych porceldnovych talifcich opatfenych Ctyimist-
nym &iselnym kédem. Plocha vzorku byla nejméné 200 cm?, aby bylo mozné
dostate¢né vyhodnotit nepravidelnosti barvy a tvorby ok.

K hodnoceni byl vytvoren profil textury. Pouzili jsme nestrukturované gra-
fické stupnice s iseCkami 100 mm dlouhymi. Pfi hodnoceni textury byly
hodnoceny tyto deskriptory:
pfijatelnost textury celkové 0 vybornd, 100 $patna

tvrdost v Gistech” 0 velmi mékky, 100 velmi tvrdy

zrnitost 0 neznatelnd, 100 velmi napadna

mazlavost 0 nepatrnd, 100 velmi silnd

soudrZnost 0 siln€ drobivy, 100 zcela soudrzny
elasticita mezi prsty*) 0 nepatrna, 100 velmi silna

elasticita pri ivy"kz’mi') 0 nepatrnd, 100 velmi silnd

svykatelnost ' 0 velmi houZevnaty, 100 snadno Zvykatelny
tvrdost mezi prsty*) 0 velmi mekky, 100 velmi tvrdy)

Pro korelaci s mechanickymi vlastnostmi byly vybrany deskriptory ozna-
¢ené hvézdickou. Kromé téchto parametri byly v ramci hodnoceni textury
stanoveny parametry jako zralost, typi¢nost textury pro ementalsky typ syra,
pfipadné zavady textury. Kromé textury byl hodnocen vzhled syri, profil vi-
né a profil chuti. Tyto profily v§ak nejsou tématem této prace.

Kromé senzorické textury se stanovily ve Vyzkumné ustavu mlékaren-
ském v Tébofe téz fyzikalné-chemické parametry syri, z nichZ jsme pro ko-
relaci s mechanickymi vlastnostmi a texturou vybrali obsah suSiny syra.
Podrobny popis metod a vysledky analyz uvadéji Drab aHouska (1994).
U zralych syri byla navic hodnocena délka prasklin na zvolené plose fezu
syra v centimetrech (celkova délka vSech prasklin v hodnoceném fezu).

VYSLEDKY A DISKUSE

Tabulky pouzitych dat jsou velmi rozsahlé a jsou k dispozici u autori této
prace. Jde o vybér z rozsahlého souboru, orientovany pfedevsim na cile této
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prace. Inspekci hodnot a odchylek mechanickych vlastnosti syri po zaklad-
nim zrani se di prokdzat, Ze maximalni napéti ani Henckyho deformace pfi
prasknuti nezavisi na sméru, v némz byl vzorek odebran, resp. Ze tento rozdil
nelze statisticky prokazat (vysledky K — kolmo na smér lisovani, L — ve smé-
ru lisovani).

Zavislosti sledovanych parametrii na dobé zrani syri byly jiZ zpracovany
(Drab, Houska, 1995), a proto se jimi nebudeme zabyvat. Velmi dilezi-
té je sledovat vzajemné souvislosti mezi parametry v pribéhu zrani. Pokud
by takové souvislosti existovaly, bylo by mozné viceméné presné predikovat
na zakladé parametrii po¢ate¢nich stadii kone¢né hodnoty parametrii. Za tim-
to ucelem je provedena nasledujici analyza ziskanych dat.

K analyze dat a stanoveni vzijemné souvislosti jednotlivych parametri by-
la pouzita metoda linedrni korelace. Vizudlni inspekci grafii v§ech zkouma-
nych zavislosti bylo ovéfeno, Ze neni v datech skryta nelinedrni zivislost,
ktera by mohla zistat neodhalena metodou linedrni korelace.

Vysledna korela¢ni matice je uvedena v tab. I. Parametry 1-8 jsou zde uve-
deny pro syry po zakladnim zrani, parametry 9-16 jsou uvedeny pro syry po

1,40
H o 2
130 + o Z“nu 27 - e : o ¢ o
o i 9 o o
o 1,20 + - ACF :
Q X o
é L0t "
O
k)
o
g
o
0.70 - x x Al o po zikladnim zrani
0.60 v 4 po kvasném zrini
? x zraly
0,50 t =+ st t . = i
0 10 20 30 40 50 60

Délka prasklin ve zralém syru® [cm]

po zikladnim zrani — after basic ripening; po kvasném zrani — hot storage; zraly — ripened
cheese
"Hencky’s deformation; Zbreakage length in ripen cheese

3. Korelace délky prasklin ve zralém syru s Henckyho deformaci v riiznych stadiich zrani —
Correlations of breakage length in ripen cheese with Hencky’s deformation in the particular
stages of ripening
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I. Korelace mechanickych a senzorickych vlastnosti zralych syri s mechanickymi vlastnostmi
nical properties during ripening

1 2 3 -+ 5 6 7 8 9 10

1 1,000

2 | 0,259 | 1,000

3 ] 0949 ( 0,011 | 1,000

4 | 0,333 |-0,127 | 0,350 | 1,000

5 | 0,296 | 0,987 | 0,060 {-0,114 | 1,000

6 | 0,958 | 0,363 | 0,902 | 0,341 | 0,398 | 1,000

7 | 0,977 | 0,452 | 0,880 | 0,278 | 0,487 | 0,965 | 1,000

8 | 0,956 | 0,083 [ 0,989 | 0,361 | 0,130 | 0,918 | 0,900 | 1,000

9 | 0,298 (-0,030 | 0,282 | 0,284 |-0,066 | 0,314 | 0,268 | 0,269 | 1,000

10 | 0,417 | 0,256 | 0,303 | 0,289 | 0,255 | 0,382 | 0,444 | 0,307 | 0,317 | 1,000
11 |-0,085 [-0.231 |-0,008 |-0,006 (-0.262 |-0.047 {0,130 [-0,020 | 0,616 (-0,536
12 | 0,253 |-0,017 | 0,242 . 0,664 |-0,015 | 0,242 | 0,218 | 0,285 | 0,203 | 0,207
13 | 0,394 | 0,298 | 0,270 | 0,222 | 0,295 | 0,353 | 0,432 | 0,281 | 0,267 | 0,967
14 | 0,267 (-0,007 | 0,231 | 0,265 [-0,051 | 0,255 | 0,244 | 0,228 | 0,926 | 0,441
15 | 0,415 | 0,126 | 0,340 | 0,311 | 0,097 | 0,405 | 0,410 | 0,333 | 0,869 | 0,729
16 |-0,096 [-0,090 (-0,071 [-0,059 |-0,130 [-0,060 |-0,113 |-0.059 | 0,569 |-0,478
17 | 0,165 [-0,015 | 0,164 | 0,154 |-0,033 | 0,221 | 0,151 | 0,137 | 0,470 |-0,028
18 | 0,400 | 0,290 | 0,243 | 0,209 | 0,298 | 0,345 | 0,433 | 0,249 | 0,207 | 0,901
19 |-0,127 [-0,154 (-0,031 |-0,012 [-0.168 [-0,053 [-0,148 [-0,049 | 0,201 |-0,559
20 (-0,223 [-0,285 (0,160 |-0,026 |-0,288 [-0,196 |-0,266 [-0,197 | 0,077 |-0,520
21 | 0,080 |-0,294 | 0,135 | 0,140 |-0,314 | 0,087 | 0,012 | 0,077 | 0,356 [-0,198
22 | 0,298 | 0,206 | 0,221 | 0,113 | 0,214 | 0,236 | 0,312 | 0.253 |-0,178 | 0,252
23 |-0,315 | 0,269 |-0,358 [-0,384 | 0,259 |-0,291 [-0,235 |-0,295 |-0,370 |-0,086
24 | 0,155 | 0,057 | 0,075 | 0,153 | 0,058 | 0,099 | 0,138 | 0,056 | 0,084 | 0,518
25 | 0,007 (-0,062 | 0,044 | 0,502 (-0,042 | 0,053 [-0,008 | 0,062 | 0,018 | 0,031
26 | 0,363 | 0,242 | 0,219 | 0,197 | 0,257 | 0,287 | 0,390 | 0,227 | 0,148 | 0,867
27 | 0,199 | 0,097 | 0,157 | 0,152 | 0,096 | 0,215 | 0,204 | 0,137 | 0,371 | 0,141
28 | 0,347 | 0,126 | 0,257 | 0,222 | 0,115 | 0,364 | 0,348 | 0.233 | 0,500 | 0,473
29 |-0,134 [-0,090 |-0,054 |-0,038 |-0,097 [-0,072 |-0,141 |-0,068 | 0,127 (-0,532
30 (-0,148 |-0,034 [-0,097 (-0,172 |-0,027 [-0,043 |-0,131 |-0,147 | 0,264 |-0,177
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b&hem zrani — Correlations of mechanical and sensory properties of ripen cheeses with mecha

11 12 13 14 15 16 17 18 19 20
1

2

3

4

5

6

7

8

9

10

11 | 1,000

12 [-0,019 | 1,000

13 |-0,548 | 0,169 | 1,000

14 | 0,468 | 0,189 | 0,445 | 1,000

15 | 0,162 | 0,221 | 0,682 | 0,899 | 1,000

16 | 0,935 |-0,082 |-0,447 | 0,522 | 0,173 | 1,000

17 | 0,387 | 0,265 |-0,112 | 0,276 | 0,306 | 0,210 | 1,000

18 |-0,546 | 0,066 | 0,913 | 0,374 | 0,614 |-0,425 [-0,136 | 1,000

19 | 0,603 | 0,158 |-0,624 (0,041 |-0,163 | 0,402 | 0,785 |-0,702 | 1,000

20 | 0,451 | 0,163 (-0,580 |-0,124 |-0,242 | 0,286 | 0,527 |-0,617 | 0,725 | 1,000
21 | 0,426 | 0,209 [-0,296 | 0,142 | 0,121 | 0,227 | 0,648 |-0,342 | 0,638 | 0,821
22 -0,339 | 0,070 | 0,263 |-0,047 | 0,030 [-0,200 [-0,255 | 0,402 |-0,408 |-0,551
23 |-0,195 |-0,232 | 0,006 |-0,209 [-0,279 |-0,004 |-0,511 | 0,028 [-0,340 |-0,529
24 |-0,375 | 0,171 | 0,462 | 0,167 | 0,347 |-0,322 | 0,057 | 0,545 (-0,317 |-0,341
25 |-0,041 | 0,667 |-0,006 |-0,005 | 0,013 |-0,133 | 0,290 |-0,131 | 0,262 | 0,256
26 |-0,566 | 0,078 | 0,899 | 0,331 | 0,547 |-0,441 |-0,163 | 0,977 |-0,698 |-0,610
27 | 0,175 | 0,234 | 0,108 | 0,268 | 0,323 | 0,070 | 0,844 | 0,089 | 0,560 | 0,303
28 | 0,008 | 0,249 | 0,411 | 0,434 | 0,596 |-0,076 | 0,819 | 0,436 | 0,297 | 0,134
29 | 0,519 | 0,139 [-0,562 |-0,073 [-0,201 | 0,354 | 0,748 [-0,655 | 0,951 | 0,655
30 | 0379 |-0,251 [-0,255 | 0.061 | 0,074 | 0,208 | 0,187 |-0,257 | 0,267 | 0,372
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Pokr. tab. I — Table I to be continued

21

22

23

24

25

26

27

28

29

O 00 N QA AW -

e e e e T R
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20

1,000
-0,377
-0,823
-0,106

0,268
-0,356

0,423

0,379

0,534

0,396

1,000
0,255
0,624
-0,031
0,403
-0,118
-0,010
-0,383
-0,585

1,000
-0,070
-0,285

0,042
-0,413
-0,441
-0,278
-0,274

1,000
0,088
0,531
0,190
0,388
-0,290
-0,294

1,000
-0,085
0,359
0,221
0,343
-0,050

1,000
0,141
0,407
-0,606
-0,327

1,000
0,836
0,678
-0,039

1,000
0315
0,004

1,000
0,158

1,000
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Vysvétlivky k tab. I — Explanation to Table I

pocet vzorkl — number of samples = 40

kriticka hodnota koefientu korelace — critical value of correlation coefficient r( o5 = 0.312; ry o; = 0.402
*ze zdkladniho souboru jsou vyfazeny vzorky s nestanovenou délkou prasklin — samples in
which breakage lengths were not determined are excluded from the basic set

pocet vzorkl — number of samples = 34

kriticka hodnota koefientu korelace - critical value of correlation coeflicient r; o5 = 0.333; rg o; = 0.429

. skuteéné max. napéti — actual max. stress

. Henkyho deformace — Hencky’s deformation

. tuhost — toughness

. suSina — dry matter

. deformace pro max. silu — deformation for max. force
. prace deformaéni — deformation work

. maximalni nap&ti — maximum stress

. modul pruZnosti — module of elasticity

. skute¢né max. napé&ti — actual max. stress

. Henkyho deformace — Hencky’s deformation

. tuhost — toughness

. suina — dry matter

. deformace pro max. silu — deformation for max. force
. prace deformacni — deformation work

. maximalni nap&ti — maximum stress

. modul pruZnosti — module of elasticity

. skutetné max. napé&ti — actual max. stress

. Henkyho deformace — Hencky’s deformation

. tuhost — toughness

. tvrdost mezi prsty— hardness between fingers

. tvrdost v ustech — hardness in the mouth

22. elasticita mezi prsty — elasticity between fingers

23. zvykatelnost — chewiness

24. elasticita pfi Zvykani — elasticity during chewing

25. susina — dry matter

26. deformace pro max. silu — deformation for max. force
27. prace deformaéni — deformation work

28. maximalni napéti — maximum stress

29. modul pruznosti — module of elasticity

30. praskliny— breakage

O 0 NN AW~

B DD et et et et et et et et et
—_ O NN AW~ O

zrani v kvasném sklep€ (maji jiZ vytvofena oka), parametry 17-30 jsou uve-
deny pro zralé syry. V tabulce jsou uvedeny i kritické hodnoty koeficientu
korelace pro zvolenou hladinu vyznamnosti. Parametr 30, (j. délku prasklin
na fezu, nebylo mozné vyhodnotit u péti z 40 méfenych vzorki. Proto byly
korelace s timto parametrem provedeny samostatné a uvadi se odli$né kritic-
ké hodnoty koeficientu korelace.
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Délka prasklin ve zralém syru® [cm]

po zdkladnim zrani — after basic ripening; po kvasném zrani — hot storage; zraly — ripened
cheese
!deformation at maximum force; “breakage length in ripen cheese

4. Korelace délky prasklin ve zralém syru s relativni deformaci v riznych stadiich zrani —
Correlations of breakage length in ripen cheese with relative deformation in the particular sta-
gesof ripening

Na zdklad¢ inspekce této tabulky je mozné konstatovat, Ze parametry syri
po zdkladnim zrani velmi malo koreluji s parametry syri po kvasném zrani
a se zralymi syry. Z tohoto duvodu nelze ofekavat moznost predikce findlni
kvality syri na zdklad¢ zakladniho zrani. V pribéhu dal$iho zrani dochdzi
k tolika biochemickym zménam (proteolyza bilkovin, tvorba ok v disledku
tvorby CO, atd.), Ze neexistuje jednoznana korelace mezi mechanickymi
vlastnostmi syri po zdkladnim zrani a zralymi syry. Tento zavér lze doku-
mentovat i na pomérné nizké vzdjemné korelaci obsahu susiny syri (veli¢ina
4 a25,r=0,502).

Mnohem lepsi korelace (nez u syri po zdkladnim zrani) dosahuji paramet-
1y syri po zrani v kvasném sklepé s parametry syru zralych. To dokumentuji
korelacni koeficienty mezi veli¢inami €. 9 az 16 a ¢. 17 az 30.

Zde se jako extremné zajimava jevi vzajemna korelace mezi délkou prask-
lin a tuhosti (0,379), ktera je statisticky vyznamna na hladiné¢ vyznamnosti
0,05. Tento vysledek znamena, Ze s rostouci tuhosti syra po kvasném sklepé
roste délka prasklin ve zralém syru. Zavislost je uvedena na obr. 6, z néhoz
je patrné, Ze zavislost vykazuje velky rozptyl zpusobeny fadou dalSich para-
metri.

370



Potrav. Védy, 14, 1996 (5) : 359-376

11000
" 4 pokvasném
10 000 2réni
2 zalj
9000
- po kvasném
& gooo zani
R
_§ 7 000
S 6000
3
=4
= 5000
4 000 A
3 000 . x
2000 + t ; |
40 50 60

Délka prasklin ve zalém syn? [cm ]
po zakladnim zrani — after basic ripening; po kvasném zrani — hot storage; zraly — ripened cheese
Imodulus of elasticity; 2breakage length in ripen cheese

5. Korelace délky prasklin ve zralém syru s modulem pruznosti v rinznych stadiich zrani —
Correlations of breakage length in ripened cheese with the modulus of elasticity in the particu-
lar stages of ripening

550 000
<
500 000 & pokvasném zéni
x maly
450 000
po kvasném méni
— 400 000 — — -maly
P~y
350 000
™
é 300 000 ] o
250 000 2 8
A A
200 000
x ¥
150 000
100 000 + ——— —s e |
0 10 20 0 40 50 60

Délka prasklin ve zralém syrs’® [cm]

po zdkladnim zrani — after basic ripening; po kvasném zrani — hot storage; zraly — ripened cheese
ltoughness; 2breakage length in ripen cheese

6. Korelace délky prasklin ve zralém syru s tuhosti v riznych stadiich zrani — Correlations of
breakage length in ripened cheese with toughness in the particular stages of ripening
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7. Korelace mechanickych vlastnosti a senzorického hodnoceni zralého syra: tuhost — tvrdost
mezi prsty — Correlations of mechanical properties and sensory evaluation of ripened cheese:
toughness — hardness between fingers

Na obr. 3 az 5 jsou uvedeny zivislosti dal§ich mechanickych vlastnosti
syri po zrani v kvasném sklep€ na délce prasklin. Z obr. 3 a 4 je patrny po-
kles délky prasklin s rostouci deformaci, pro stadium po zrani v kvasném
sklepé nebo u zralych syru. Zavislosti nejsou statisticky prikazné vzhledem
k rozptylu, ktery sledované veli€iny vykazuji. Na obr. 5 je uvedena zavislost

40 o' ) » =0,0084x +36,595

r =0,655

0 PPN 4 3 " " i i " " i
Ll T = X T T T T T T T 1

1500 2500 3500 4500 5500 6500 7500 8500 9500 10500 11500
Modu | prufnosti’ [Pa]
8. Korelace mechanickych vlastnosti a senzorického hodnoceni zralého syra: modul pruznosti —

tvrdost mezi prsty — Correlations of mechanical properties and sensory evaluation of ripened
cheese:modulus of elasticity — hardness between fingers
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9. Korelace mechanickych vlastnosti a senzorického hodnoceni zralého syra:skutedné maximal-
ni napéti — tvrdost v ustech — Correlations of mechanical properties and sensory evaluation of
ripened cheese: actual maximum stress — hardness in the mouth

modulu pruZnosti syrii na délce prasklin. S rostoucim modulem pruznosti
roste délka prasklin, av§ak zdvislost je opét statisticky neprikazna.

Mezi mechanickymi parametry syri po zrani v kvasném sklepé a syri zra-
lych existuji v fad€ piipadii velmi t€sné vztahy, napf. mezi Henckyho defor-
macemi (» = 0,901), deformacemi pro maximalni silu (» = 0,899)
a maximalnimi napétimi (» = 0,596) nebo tuhostmi (» = 0,603). To znamena,
Ze po zrani v kvasném sklepé se jiZ mechanické vlastnosti prili§ neméni.

Daile se zaméfime na stanoveni vzajemnych korelaci mezi senzoricky sta-
novenymi parametry textury syri a jejich mechanickymi vlastnostmi. Pres-
toZe byla sledovana textura senzoricky jiZ u syri po zdkladnim zrani a po
zrani v kvasném sklepé, zaméfili jsme se na sledovani vzdjemnych korelaci
jenu zralych syni. Lze totiZ oéekdvat, Ze senzoricky vnimana textura je u ne-
zralych syri timto faktem siln€ ovlivnéna. V tab. I jsou senzoricky stanovené
parametry textury uvedeny pod polozkami €. 20 az 24. S nimi vice ¢i méné
koreluji parametry €. 17 az 19 a €. 26 az 29. Nejvyssich stupiii korelace do-
sahuje parametr tvrdost mezi prsty se skute¢nym maximalnim napétim (r =
= 0,525), s Henckyho deformaci (-0,617) a zejména s tuhosti (0,725). Déle
tento senzoricky parametr koreluje s deformaci pfi maximalni sile (-0,610)
a modulem pruznosti (0,655).
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Parametr tvrdost v ustech koreluje vyznamné se skute¢nym maximalnim
napétim (0,648), s tuhosti (0,638) a modulem pruznosti (0,534).

Dal3i senzoricky atribut textury — elasticita mezi prsty — koreluje na hra-
nici vyznamnosti pouze s tuhosti (—0,408). Zvykatclnost koreluje se skuteé-
nym maximalnim napétim (-0.511) a s maximalnim napétim (vztaZeno na
neporuseny prifez vzorku) (» = —0,441).

Elasticita pri zvykani koreluje s Henckyho deformaci (0,545) a s obdob-
nou veli¢inou, tj. s deformaci pro maximalni silu (0,531).

Vibec nejvyssiho stupné vzajemné korelace dosahla tedy tvrdost mezi prs-
ty s tuhosti (obr. 7) a modulem pruznosti (obr. 8). Rovnéz velmi vyznamny
stupeni korelace dosahl parametr tvrdost v tstech se skute¢nym maximalnim
napétim (obr. 9). Ostatni parametry koreluji sice vyznamné, ale jejich kore-
la¢ni koeficient se pohybuje velmi blizko kritické hranice pro statistickou
vyznamnost.

Velmi zajimavym faktem je, Ze suSina zralého syra nesouvisi statisticky
vyznamng s Zadnym parametrem (velmi malo s praci do maxima a s modu-
lem pruznosti). To znamena, Ze v rozvoji senzorické textury a mechanickych
vlastnosti zralych syri nehraje su$ina vyznamnou roli. To plati i pro cely
prubé&h zrani (tab. I), pfi némZ parametr susina koreluje vZdy pouze se susi-
nou z jiného stadia vyroby.

Zavéry

- Prokazali jsme souvislost tuhosti syni ve stadiu zréni po kvasném sklepé
s dilezitym parametrem kvality a to délkou prasklin zralych syni. Stupeii ko-
relace neni vysoky a je snizovan dalSimi vlivy pisobicimi v prib&hu zrani.
Tento fakt by mohl byt vyuZit k predikci, které syry je mozné vyloucit z dal-
§iho zrdni (a zpracovat jinak), nebot’ budou mit tendenci k prasklindm. Je
vSak nutné vytvofit prediktivni model zahrnujici vlivy dal§ich parametri.

Mechanické vlastnosti syri po prvém stadiu zrani nekoreluji s parametry
syru po kvasném sklepé a syru zralych.

Byly prokazany statisticky vyznamné korelace mezi senzoricky stanove-
nymi atributy textury zralych syrni a jejich mechanickymi vlastnostmi méfe-
nymi piistrojové.

Susina syri v pribéhu celého zrani nekoreluje statisticky vyznamné s me-
chanickymi vlastnostmi ani se senzoricky stanovenymi atributy textury
u zralych syri.
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Ziskany soubor dat zasluhuje dal$i podrobné zpracovani a analyzy, zejmé-
na metodou hlavnich komponent a shlukovou analyzou. Pfesto nami pouZita
klasicka korelaéni analyza ukazala nékteré zajimavé souvislosti mecha-
nickych , texturnich a uZitnych vlastnosti.

Seznam pouzitych symboku

D relativni deformace [%0]
Dmax relativni deformace pii dosaZeni maximalni sily [%]
Hop plvodni vyska valeCku [m]
H okamzita vyska valeCku [m]
Amax prace na deformaci do maximalni sily R
Pmax  piikon na deformaci do maximalni sily [W]
tmax  doba k dosaZeni maximalni sily [s]
d primeér valeCku [m]
E zdanlivy modul pruZnosti [Pa/%]
o uhel sklonu zatéZovaci kiivky v pocatku [deg]
OH napéti podle Henckyho [Pa]
o napéti v tlaku [Pa]
Dy deformace podle Henckyho (-]
r korela¢ni koeficient [-]
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REOLOGICKE VLASTNOSTI PEKTINOVYCH DZEMU*

Rheological Properties of Fruit Pectin Jam

Milan HOUSKA, Jarmila OUHRABKOVA, Dagmar PATKOVA, Marian CIGANIK,
Karel KYHOS

Food Research Institute Prague, Prague, Czech Republic

Abstract: This work contains the results of research on rheological properties of
fruit jams with large pieces (fruit preparation for yoghurt). As a rheological para-
meter the yield stress measured with vane mixer was used. The yield stress was
studied as a function of sort of fruit added, dose of pectin, pH and refractometric
dry matter. Four types of fruit were used — strawberries, bilberries, sour cherries
and pine-apple. The gels exhibit the maximum yield stress at pH = 3-3.1. The
absolute value of the yield stress is influenced by an amount of pectin. The higher
dose of pectin, the higher yield stress of the gel. The yield stress is slightly
influenced also by the dry matter of the gel and by the sort of fruit added. Compo-
sition of fruit-sugar solution used for producing the gels is given in Table I. The
evaluation of yield stress was made using torque M), and equations [1]-[3]. Re-
sulting data are given in Tables II-V for all studied fruits. The procedure for
cooking the gel was the same as in modelled full scale vacuum cooker but no
aroma or colour was used. Genu pectin 150 SAG (BA King) was used in experi-
ments. Sugar solution with fruit lumps was heated up to 90 °C and solution of
pectin was added. After mixing the pectin the mass was poured into the glass jars
of 370ml volume. The citric acid solution or sodium citrate was added to adjust
the requested pH value of the resulting gel. After mixing the jar was placed into
the vacuum chamber and subjected to the vacuum cooling to 50 °C. The refracto-
metric dry matter of the mass was measured after the cooling. Further cooling and
gelling was achieved at the room temperature. Measurement of the yield stress
was done next day after cooking. The 1cm layer of the gel was removed and vane
mixer was pushed into the gel. Two independent measurements were done at the
top and at the bottom of the jar (Fig. 11). The results were subjected to regression
procedure and models have been received (equations [4]—[7]). The dependence of
the yield stress of gels on pH exhibits the maximum (Figs. 1, 3, 5, 7). It is apparent
from Figs. 2, 4, 6, 8 that the predicted and measured values of the yield stress are
in very good agreement. Figs. 10 and 11 describe the vane mixer geometry. Fig.
12 describes the dependence of the relative pH value of the resulting gels on the

* Prace byla uskute¢néna ze podpory Grantové agentury CR (&. grantu 101/93/0625).
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amount of citric acid added. It is apparent from this figure that every sort of fruit
has its own dependence. Fig. 9 describes maximum yield stress at optimum pH as
a function of pectin added. It is apparent that the yield stress increases with increa-
sing mass of the added pectin. We can conclude that the vane mixer is a conve-
nient tool for evaluation of consistency of fruit preparations produced using
pectin as a gelling agent. The sort of fruit and dose of pectin influence the absolute
value of the yield stress of the resulting gel. The yield stress as a function of pH
exhibit maximum. The received dependences can serve for changing the
consistency of the resulting product after the request of the customer.

jam: fruit preparation for yogurt; yield stress; pH; pectin; dry matter; fruit

Abstrakt: V praci jsou uvedeny vysledky vyzkumu meze toku pektinovych
dZemii obsahujicich velké kousky ovoce. Jsou uvedeny zavislosti meze toku na
provoznich parametrech a druhu ovoce. Vysledny produkt slouZi pfi vhodné
konzistenci jako ovocna sloZka do jogurtii. Meze toku byly zkoumény jako funk-
ce davky vysoce esterifikovaného citrusového pektinu, kyselosti vyjadiené pH,
refraktometrické suSiny a pro &tyfi druhy ovoce (jahody, boriivky, viing, ana-
nas). K méfeni meze toku bylo pouZito kiidlové michadlo instalované na ro-
tacnim reometru a zasouvané do gelu ve sméru osy rotace tak, aby nedochazelo
k poruseni gelu pfed méfenim. Ve zkoumané oblasti parametrii bylo nalezeno
maximum meze toku pii ur€ité optimalni kyselosti dZzemu pH = 3-3,1. Vyse
maxima je ovlivnéna davkou pektinu a druhem ovocné slozky. Soucasné byla
ziskana zavislost pH dZem na ptidavku kyseliny citronové.

dZem; mez toku; pH; pektin; refraktometricka suSina; ovoce

V posledni dobé klesa spotieba konzumniho mléka a spotiebitelska po-
ptavka je zaméfena spise na zakysané mlécné vyrobky. Diky zavedeni vyro-
by jogurtu s kusovitym ovocem podstatné vzrostla spotfeba jogurti . Tyto
vyrobky se vyznacuji piijjemnym aromatem, barvou a prodlouZenou trvanli-
vosti. Doneddvna se ovocna slozka pro tento druh jogurt i pfevazné dovazela
ze zahraniéi, nyni je v8ak na velmi dobré arovni vyrdbéna i u nas. U této
sloZky je dileZitym parametrem konzistence, nebot’ kazdy vyrobce jogurtii
ma4 jiné vyrobni a plnici zafizeni a vyrabi bud’ jogurt s ovocnou sloZkou pro-
michanou, nebo s ovocnou slozkou na dné kelimku. Témto riiznym poZadav-
kiim je vyrobce ovocné sloZky nucen pfizpiisobovat konzistenci produktu.

K vyrobé ovocné slozky se pouziva bud’ $krob ve spojeni s karagenany nebo
dalimi hydrokoloidy jako pojistkou jeho pfipadné retrogradace, nebo pektin.
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Pektin m4 velkou pfednost v tom, Ze tvofi soucast vladkniny a Ze ma kladny
vliv na lidské zdravi. Jeho nevyhodou je, Ze je snadnéji tepelné a mechanicky
degradovatelny. Existuji dnes vSak takové druhy pektini (Anonymus),
které umoziiuji pfipravit ovocné jogurtové slozky majici tixotropni vlastnos-
ti, tj. po Cerpani jsou schopny opét zvy$it svoji konzistenci a tak produkt po-
nechany v klidu zahustit (dno kelimku).

Cilené ovlivnéni reologickych vlastnosti u primyslové vyrabénych pekti-
novych dZemi neni snadnou zileZitosti a vyZaduje znacné praktické zkuse-
nosti platné pravdépodobné vzidy pro dané vyrobni zafizeni. Podle
provoznich zku$enosti s aseptickym zafizenim AV-630, jehoZ vyrobcem je
VUPP, bylo zji§téno, Ze nejlépe se reguluji reologické vlastnosti pektino-
vych dZzemi za jinak stejnych podminek (rychlost chlazeni, druh pektinu, zpi-
sob a doba jeho pfiddni) pomoci regulace hodnoty pH a samotnou velikosti
pfidavku pektinu.

Cilem této prace bylo zjisténi vlivu obou téchto technologickych paramet-
ru na reologické vlastnosti pektinovych dzemi s kusovitym ovocem.

MATERIAL A METODY

Postup vyroby byl laboratorné modelovan s vyuZitim znalosti receptur pri-
myslové vyrabéného kusového ovoce. Vysledné dzemy se vSak liSily tim, Ze
do nich nebylo pifiddvano ani aroma ani barva. Davky téchto slozZek jsou vSak
relativn€ velmi malé, takZe 1ze o¢ekavat malé ovlivnéni vyslednych reologic-
kych vlastnosti produktii.

Pouzité suroviny

1.50% roztok kyseliny citronové.

2.6% suspenze GENU HM pektinu 150 SAG firmy The Copenhagen Pektin
Factory Denmark (BA King). Suspenze byla pfipravovana pfi kazdém varu
¢erstva rozpusténim praskovitého pektinu ve vode teplé 80 °C (michino
1 min §leha¢em). Druh pektinu byl takovy, jaky se b&Zné uziva ve vyrobni
praxi modelovaného provozu.

3.50% roztok citranu sodného.

4. Kouskovité ovoce rozvaifené s cukrem (meziprodukt z vyroby v zivode
Briliant Horni PoCernice). V tab. I jsou uvedeny hodnoty pH a refraktomet-
rické suSiny jednotlivych druhii v€etné obsahu vapniku stanoveného meto-
dou atomové spektralni analyzy.
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L. Pouzité vychozi suroviny k modelovani — Original raw materials used for modelling

Ovoce' RS [%] pHo [-] Ca [mg/kg]
Jahody” 63,4 3,30 181
Ananas’ 66,5 3.84 88
Vigng? 67.3 3.36 128
Boriivky’ 68,2 3,10 36

ruit; 2strawberry; 3pine-apple; 4sour cherries; *blueberries

Pracovni postup

1 200 g suroviny bylo ve vodni 14zni za stalého michani zahfato na 90 °C.
Pak bylo pridano vypoctené mnozstvi roztoku pektinu tak, aby jeho vysledna
koncentrace byla 0,4 0,6 a 0,8 %. Smés byla prohfivana za stalého michani
dvé minuty. Poté byla ovocna hmota rozvaZena po 400 g do sklenic o obsahu
370 ml a byl pfidan roztok kyseliny citronové nebo citranu sodného tak, aby
bylo dosaZeno $kaly pH v rozmezi 2,5-3,4. Byly odebrany vzorky pro méfe-
ni refraktometrické sufiny a pH. DZemy byly vakuové ochlazeny na 50 °C
a odvzdu$nény ve vakuovaném exikditoru. Dalsi chlazeni probihalo pfi teplo-
t&€ mistnosti.

Refraktometricka susina byla méfena na refraktometru Carl Zeiss Jena
a pH na pH-metru Radiometer Copenhagen. Po 24 hodinich byly méfeny
reologické vlastnosti dZemu. Nejprve byla odstranéna svrchni vrstva gelu
o tloustce cca 1 cm a poté aplikovany reologické metody.

Prvni metodou byla penetrometrie. Pfi tomto zpiisobu méfeni byl do nepo-
ruSeného gelu vpichovan kuzel penetrometru vyrobeny z plastu (silon) a ode-
¢itana hloubka vpichu po 5 sec vnikani. Toto méfeni bylo v3ak velmi citlivé
na pfitomnost kouski na hladiné gelu a vykazovalo zna¢ny rozptyl hodnot.
Proto vysledky téchto méfeni nebudeme dale uvadét.

Reologické vlastnosti dzemu byly nadale (vzhledem k existujicim kous-
kiim ovoce) méfeny rotaénim kfidlovym michadlem (Castel-Perez etal.,
1991). Rozméry michadla jsou patrné z obr. 10. Z reologickych vlastnosti
gelu je vhodné stanovit statickou mez toku. Michadlo bylo zasunuto do
vzniklého gelu shora tak, aby nedoslo k jeho poSkozeni. Poté byla spusténa
rotace michadla velmi pomalymi otdckami (4b, tj. 1,5 ot/min) a zazname-
navan priibéh krouticiho momentu na liniovém zapisovaci TZ 4200 (Labora-
torni pfistroje Praha). Jako kroutici moment na mezi toku byla odectena
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hodnota odpovidajici maximu na ziznamu. Toto maximum odpovida oka-
mZiku prokrojeni gelu hranami kfidel michadla. Po provedeni prvniho méfe-
ni bylo michadlo zasunuto hloubéji do sklenice s dZemem (obr. 11) a méfeni
bylo opakovano. Byly tak ziskdny dvé hodnoty meze toku pro dany vzorek
dZemu, tj. hodnota u hladiny (vrch) a hodnota u dna (dno). K méfeni krouti-
ciho momentu a k pohonu michadla byl pouZit rotani reometr Rheotest 2
(Priifgeritewerk Medingen, SRN).
Pro kiidlova michadla plati vztah (Castel-Perez etal., 1991):

2M, 1]

TN ST
O wD3Hp+14]

kam muZeme dosadit 2 rozméry michadla z obr. 10 a za krout1c1 moment pro
rozsah I M, = 9,65. 107, aa pro rozsah I M, = 95,32. 107> a ziskdme dva
vztahy pro dva rozsahy krouticiho momentu pnsthe Rheotest 2:

1, = 2,625.0 2]

25,914.a [3]

,rIl
0

kde a je vychylka pfistroje Rheotest 2 v dilcich stupnice

VYSLEDKY A DISKUSE

Naméfené hodnoty mezi toku jsou spolu s hodnotami technologickych pa-
rametrii uvedeny v tab. II-V postupné pro jahodové, ananasové, visiiové
a boriivkové dZemy. Z tabeldrnich dat je patrné, Ze se meze toku u hladiny
a u dna prili$ nelisi. Dale je patrné, Ze mez toku v zavislosti na pH vykazuje
ur€ité maximum.

Vzhledem k tomu, Ze cilem préace bylo stanoveni vlivu jednotlivych tech-
nologickych parametrii na reologické¢ vlastnosti, tj. na mez toku, byl hledan
matematicky model meze toku jako funkce téchto parametrii. Vynesenim na-
méfenych dat mezi toku jako funkce pH pro danou susinu a ddvku pektinu
PE bylo zjisténo, Ze tato zavislost je pfiblizné parabolicka. Pro vystiZzeni za-
vislosti meze toku na obsahu pektinu byla zvolena mocninova funkce. Pro
vystizeni vlivu refraktometrické suSiny na mez toku byla zvolena line4rni
funkce.
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II. Naméfené hodnoty mezi toku pro jahodové dZemy — The measured values of yield stress for
strawberry jams

C. Pridavek 0 [Pa]
méfeni’ e pE kyseliny2 [%] rE - dno’
1 63,0 2,80 0,98 0,5 165 252
2 63,0 2,90 0,60 0,5 311 492
3 63,0 3,10 0,30 0,5 265 389
4 63,0 3,29 0,00 0,5 2,1 2. 1%
5 63,0 2,80 0,80 0,5 152 200
6 67.5 3,05 0,68 0,36 7,9 6,3*%
) 64,9 2,85 0,55 0,6 33 29
8 65,3 2,90 0,55 0,8 263 287
9 62,1 3,20 0,12 0,7 739 674
10 61,9 3,05 0,26 0,7 972 790
11 61,7 2,90 0,51 0,7 874 816
12 61,4 2,65 1,01 0,7 505 635

* gel nevznikl — no gel was created

lmeasuring no.; 2acid addition; 3pitch; ‘bottom

Nelinearni regresi metodou nejmensich ¢tvercii byly stanoveny konkretni
hodnoty parametrii matematického modelu pro dany druh dZzemu.

Konkrétni ziskané vztahy spolu s rozsahy platnosti a vypoctenou chybou
funkce, tj. stfedni odchylkou naméfenych a z modelu vypoltenych mezi to-
ku, jsou nasledujici:

Jahody
=39 025.PE %557 4 23 892 PE %9286 pH — 4 067.PE™*** pH? + 91 2. RS

Vztah plati v rozsahu RS = 61,4-63 %, pH = 2,65 -3,29, PE = 0,36-0,7 %.
Chyba funkce Cini 5,= 43 Pa.
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I1I. Naméfené hodnoty mezi toku pro ananasové dzemy — The measured values of yield stress
for pine-apple jams

G, Pridavek o [Pa]
méfeni’ R pH kyseliny2 [%] £ vick3 dno?
1 60,7 2,80 1,31 0,8 2332 2190
2 60,5 2,71 1,74 0,8 2229 1801
3 60,2 2,57 2,16 0,8 1892 1335
4 60,4 2,53 2,79 0,8 1633 2073
5 61,5 3,12 0,66 0,8 1995 2332
6 62,3 3,43 0,22 0,8 54 38
7 64,5 3,34 0,34 0,6 453 440
8 63,8 3,21 0,50 0,6 1555 1 840
9 63,7 3,14 0,68 0,6 1814 21358
10 62,7 3,06 0,81 0,6 1697 2021
11 62,9 297 1,01 0,6 1814 2 086
12 62,1 2,74 2,05 0,6 959 1049
13 65,5 3,43 0,35 0,4 207 165
14 65,3 3,28 0,51 0,4 609 648
15 65,3 3,16 0,70 0,4 816 713
16 65,2 3,12 0,84 0,4 790 1024
17 65,5 3,07 1,04 0,4 829 959
18 65,2 2,75 2,11 0,4 220 479

'measuring no.; 2acid addition; pitch; “bottom
Ananas

1, =-56 841 PE 7% 4 43 164 PE 73 pH - 7725 PE* %3 pH? + 8,65 RS

Vztah plati v rozsahu RS = 60,2-65.5 %, pH = 2,53-3,43, PE = 0,4-0,8 %.
Chyba funkce ¢ini 8= 148 Pa.

383



Potrav. Védy, 14, 1996 (5): 377-393

IV. Naméfené hodnoty mezi toku pro vi§tiové dzemy — The measured values of yield stress for
sour cherry jams

fidavel T [Pa
mé?énil RS [%] pH ky:;inyz r%] PE 3 Ja o
1 60,7 3,16 0,33 0,8 1892 1529
2 60,7 3,11 0,48 0,8 2177 1943
3 60,5 03,05 0,66 0,8 2138 1684
4 60,6 3,00 0,79 0.8 2306 1762
5 62,0 2,95 0,98 0,8 2280 1503
6 60,7 2,76 1,95 0,8 1 865 1607
7 63,8 3,33 0,00 0,6 155 207
8 63,8 3,19 0,23 0,6 855 739
9 63,6 3,00 0,79 0,6 907 764
10 64,1 2,94 1,12 0,6 1037 972
11 62,6 2,81 1,68 0,6 920 752
12 62,3 2,70 2,33 0.6 881 713
13 64,8 - 3,29 0,12 0,4 518 337
14 64,7 3,14 0,47 0,4 674 466
15 64,9 3,03 0,81 0,4 570 544
16 64,6 2,90 1,39 0,4 531 622
17 64,0 2,79 2,29 0,4 441 259
18 64,2 2,66 2,96 0,4 264 207

Imeasuring no.; 2acid addition; >pitch; *bottom

Visné
1,=-144 753.PE 2% + 101 001.PE>%* pH — 17 156.PE>*"° pH* + 13.RS

Vztah plati v rozsahu RS = 60,5-65 %, pH = 2,70-3,33, PE = 0,4-0,8 %. Chy-
ba funkce Cini Sp= 130 Pa.
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V. Naméfené hodnoty mezi toku pro boriivkové dzemy — The measured values of yield stress
for bilberry jams )

C I Pridavek 10 [Pa]
mteni! | FS 1% pH kyseliny? [%] tE = L
1 62,5 2,77 0,72 0,8 1425 1814
2 62,2 2,84 0,54 0,8 1594 1373
3 62,4 2,90 0,36 0,8 1918 1788
4 61,6 3,08 0,00 0,8 1296 1140
5 61,4 3,28 0,06~ 0.8 363 389
6 61,8 3,34 0,147 0,8 26 26
7 63,8 2,72 0,68 0,6 713 790
8 63,8 2,78 0,54 0,6 790 850
9 63,7 2,85 0,38 0,6 907 850
10 63,2 2,96 0,16 0,6 855 752
11 63,2 3,05 0,00 0,6 713 726
12 63,1 317 0,07 0,6 311 389
13 64,8 2,79 0,56 0,4 311 279
14 64,7 2,82 0,45 0.4 422 427
15 64,9 2,86 0,34 0,4 446 378
16 64,6 2,98 0,11 0,4 215 233
17 64,0 3,04 0,00 0,4 205 202
18 64,2 3,29 0,117 0,4 8 137

“citran sodny — sodium citrate; "gel nevznikl — no gel was created
'measuring no.; 2acid addition; 3pitch; ‘bottom

Boruvky

1,=-150 104.PE™>" + 103 276.PE">%*° pH - 17 428 PE>° pH’ +2.15.RS

Vztah plati v rozsahu RS = 61,4-65 %, pH = 2,72-3,34, PE = 0,4-0,8 %.
Chyba funkce €ini 5,=109 Pa.
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O pektin 0.5 %; susina2 63 %

10001
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- lyield stress (pitch); 2dry matter
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3
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1. Zavislost meze toku
0 R Foo o kg : L ) jahodovych dzemii na pH
2,60 3,00 pH || 3,40 — Relation of yield stress

of strawberry jams on pH values

Parabolicky prub¢h naméfenych hodnot mezi toku v zivislosti na pH je
patrny z obr. 1 pro jahody, z obr. 3 pro ananas, z obr. 5 pro vi$né a z obr. 7
pro borivky, pficemz obsah pektinu je parametrem. Z obrazku je patmé, Ze

1000f

lcalculate values of creeping limit;
2measured values of yield stress

800+

600

400 |

vypottené meze toku'[Pa]

200 2. Porovnani vypoctenych

a namé&fenych hodnot mezi toku
jahodového dZemu — Comparison
of measured and calculated
values of yield stress for
strawberry jams

¢ 200 400 600 800 1000
naméicné meze toku™ [Pa]
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O pektin 0.8%
= pektin 0.6 %
¢ pektin 0.4 %

2500
2000 lyield stress (pitch)

1500

1000}

mez toku [Pa] (vrch) !

500

3. Zavislost meze toku
ananasovych dZzemi na pH
— Relation of yield stress for
pine-apple jams on pH value

25 2] 29,31 33" 35
PH[-]
zavislosti vykazuji zfetelné maximum meze toku pro pH v rozsahu pH =3 az
3,1. Piivy$8i i niz8i kyselosti mez toku klesa. Pfi pH vétSim nez 3,4 Casto
nevznikne za 24 hodin od pfipravy dZemu gel. U ananasu se pH, pifi némz
nastava maximum meze toku, posouva s rostoucim obsahem pektinu smérem
k niz8§im hodnotam (obr. 3).

25001
Icalculate values of creeping limit;
2measured values of yield stress
— 20007
3]
B,
2
2 1500} °
3 8
g
]
5 1000
3 L
o
e o
500 F . ;
4. Porovnani vypoétenych
a namé&fenych hodnot mezi toku
o ananasovych dZzemi -
0 . ' ' 7 d Comparison of measured and
500 1000 1500 2000 2500

2 calculated values of yield stresss
naméfené meze toku” [Pa] for pine-apple jams
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25001 O pektin 0.8 %
= pektin 0.6 %
¢ pektin 0.4 %
lyield stress(pitch)

2000
E
= 1500
<
B
=
~
2 1000
N
%]
g
500
5. Zavislost meze toku
vistiovych dZzemi na pH -
02,5 37 X)) 31 33 35 Relatio.n of yield stress for sour
pH [] cherry jams on pH value

Zavislosti meze toku pro optimdlni pH na obsahu pektinu pro jednotlivé
druhy dZemi jsou uvedeny na obr. 9. Je patrné, Ze s rostoucim obsahem pek-
tinu mez toku dZemu roste, avSak absolutni hodnoty se u jednotlivych druhi
ovoce lisi. Diivodem miiZe byt fakt, Ze i samo ovoce nese urcité mnozstvi

2500[ lcalculate values of creeping limit;
2measured values of yield stress

20001

15001

T

1000

vypottené meze toku'[Pa]

500 . 6. Porovnani vypoctenych

. a naméfenych hodnot mezi toku
visnového dzemu — Comparison
of measured and calculated
values of yield stress for sour

cherry jams

500 1000 1500 2000 2500
naméfené meze toku’ [Pa]
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O pektin 0.8 %
m  pektin 0.6 %
¢ pektin 0.4 %

lyield stress (pitch)

7. Zavislost meze toku
bortivkovych dZemti na pH -
Relation of yield stress for
bilberry jams on pH value

pektinu nebo vapniku. Vapnik pomaha tvofit gel u nizkoesterifikovanych
pektinii a ma mit maly vyznam u nami pouzitého pektinu vysoce esterifiko-
vaného (BA King). Udaje v tab. I a na obr. 9 to potvrzuji, nebot’ v pfipadé
velkého vlivu vapniku by musely jahodové dZemy vykazovat nejvy$si hod-

2500r

2000

1500}

1000}

vypo&lené meze loku'[Pa]

500+

o [T

500 1000 1500 2000 2500
naméiené meze toku” |Pa|

Icalculate values of creeping limit;
2measured values of yield stress

8. Porovnani vypo¢&tenych

a namé&fenych hodnot mezi toku
borivkového dzemu — Comparison
of measured and calculated values
of yield stress for bilberry jams
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2500 < jahody — strawberry
O ananas — pine-apple
v o # visné — source cherry
2000 0 ¥ boriivky — bilberry

15001

1000 A °
v
o
* 9. Porovnani mezi toku dZemi
500 | Y jako funkce obsahu pektinu
(pH =3,00-3,15) — Comparison
I of yield stress of jams as-a
0 $ , ) j function of pectine content
0,2 0,4 0,6 0,8 1.0 (pH =3,00-3,15)
T t T
|Ir| - noty meze toku pifi dané kyselosti a obsahu pektinu.
H Vzhledem k tomu, Ze jahodové dZemy vykazuji spolu
W s bonivkovymi nejmensi hodnoty meze toku, pfitomnosti
| vapniku Zelirovaci schopnost pouzitého druhu pektinu

nebyla vyznamné ovlivnéna.
I Shoda vypoctenych mezi toku z modeli s experimen-
! taln€ ziskanymi daty pro jednotlivé druhy dZzemi je velmi
I dobra. Miru shody je mozno graficky posoudit z porov-
| nani, ktera jsou patrna z obr. 2, 4, 6 a 8.

Na obr. 12 jsou uvedeny zavislosti kyselosti dZzemu na
piidavku kyseliny citronové. Kyselost dzemu vyjadiena
pH je vztaZzena na pH,,, tj. na hodnotu pH ptivodni surovi-

(I 7 ny pouzité k pfipravé dZzemu (ovocny rozvar). Z obrazku
l = je patrné, Ze pro kazdy druh ovoce existuje samostatna

I \ nelineérni zavislost, z niZ se nejvyraznéji odliSuji ananas
jako predstavitel nejsniaze ovlivnitelny a ostatni druhy,

z nichZ vi$n€ jsou nejméné ovlivnitelné. Tento efekt sou-

26
@
o
‘%_l 10. Rozméry pouzitého kiidlového michadla — Dimension of the vane
stirrer used
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11. Usporadani méfeni meze toku ovocnych dzemi — Layout
of measurements of fruit jam yield stress

visi ziejmé s obsahem kyselin obsaZenych ve vlastnim ovoci nebo pfidanych
pfi vyrobé polotovaru (boriivkovy polotovar kompotovany byl pravdépodob-
né okyselen v priibéhu vyroby).

10% <
,." < jahody — strawberry
- ; a’eve¥ O ananas — pine-apple
° ? RN i h
# visné€ - source che
0,8 | f0 » LA & i ; o
0 ¥ bortuivky — bilberry
L 9 o a
T . a lamount of added citric accid
o 06
£
T .
o,
0.4
02}
12. Vliv pfidavku kyseliny
0 L 1 ) citronové na pH dZzemi — Effect
. 1 ) i 2 2 of amount of citric acid added on
ptidavek kyseliny citronové '[%] pH value
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Zavéry

Vhodnym parametrem pro sledovani konzistence dZzemu s kouskovitym
ovocem je mez toku. Metoda méfeni meze toku pomoci kiidlového michadla
se osvédcila.

Mez toku dZzemi v zivislosti na pH vykazuje vyrazné maximum v oblasti
pH kolem 3,0-3,1. DZemy kysclej$i a méné kyselé vykazuji mensi mez toku.
DzZemy kyselejsi vS8ak maji sklon k synerezi vody. S rostoucim pfidavkem
pektinu roste mez toku dZemui.

Byly ziskany matematické modely meze toku dZemu jako funkce pH, re-
fraktometrick€ suSiny a obsahu pektinu, které velmi dobie vystihuji experi-
mentalni data.

Nejnizsi meze toku vykazuji dZemy vyrobené z jahod a boriivek, vy$si me-
ze toku vykazuji dZemy visiiové a ananasové pro jinak shodné technologické
parametry (pH a obsah pektinu).

Rizny obsah vapniku v surovin€ neovliviiuje vyznamné mez toku dZzemu
pro pouzity druh vysoce esterifikovaného pektinu BA King 150 SAG.

Ovlivnitelnost pH pfidavkem kyseliny citronové je specificka pro dany
druh ovoce i pouZitym polotovarem. Méné kyselé polotovary jako ananas
reaguji na stejnou davku kyseliny citlivéji nez polotovary s vychozi hodno-
tou pH nizsi.

Ziskané zavislosti 1ze vyuzit k regulaci konzistence dZzemt s kouskovitym
ovocem podle pozadavku odbératelu.

Seznam symboli

D primér michadla [m]
H vySka michadla [m]
M,  Kkroutici moment [N.m]
PE obsah pektinu [%]
pH  kyselost [-]
pH, Kkyselost polotovaru -]
RS refraktometricka susina [%]
sy chyba funkce [Pa]
o vychylka piistroje Rheotest 2 (v dilcich stupnice) -]
Ty mez toku [Pa]
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Nejnovéjsi informace o novych poznatcich védy a vyzkumu
z oblasti zemédélskych a potravinarskych véd
prina¥eji védecké fasopisy CAZV

Ustav zemé&délskych a potravinaiskych informaci Praha vydava z povéfeni
Ceské akademie zem&delskych véd a za podpory Ministerstva zemédélstvi CR
10 védeckych Casopisil, které uvefejiinji piivodni védecké prace, védecka
pojednani, studie a prehledy zahrani¢ni literatury z odvétvi zeméd@lstvi,
potravinafstvi a lesnictvi. Casopisy jsou ureny piedevsim pracovnikiim
vyzkumu, vysokych $kol, vedoucim pracovnikiim, odbomikiim ve Slechtitelstvi
a semenafstvi, plemenafstvi, ochrané rostlin, veterinafstvi, vyvojovych

pracovist zemeédélskeé techniky, zemédé€lskych staveb aj.

Casopis Periodicita
Rostlinna vyroba (Plant Production) 12
Zivo¢isna vyroba (Animal Production) 12
Zemédélska ekonomika (Agricultural Economics) 12
Lesnictvi — Forestry 12
Veterinami medicina (Veterinary Medicine — Czech) 12
Potravinaiské védy (Food Sciences) 6
Zemédélska technika (Agricultural Engineering) 4
Ochrana rostlin (Plant Protection) 4
Genetika a $lechténi (Genetics and Plant Breeding) 4
Zahradnictvi (Horticultural Science) 4

Uvedené Casopisy objedndvejte na adrese:

Ustav zemédélskych a potravinaiskych informaci

Slezska 7
120 56 Praha 2

SRR
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ZIVOTNI JUBILEA

60. narozeniny Ing. Ctiborja Perlina, CSc.

Dne 7. 9. 1996 se doZil Sedesati let Ing. Ctibor Perlin, CSc. — vyrazna osobnost
naseho potravinaistvi. V letech 1954-1957 absolvoval obor konzervace potravin
a technologie masa na Fakult& potravinatské technologie VSCHT v Praze. Proel pak
né€kolika pracovisti potravinarského primyslu (Vyzkumné pracovisté driibezarského
primyslu, Stanice velkovyrobni techniky a technologie driibeze, Vyzkumny tstav
tukového pritmyslu, Védecké pracovisté CSAV). Delsi ¢as pracoval ve Vojenském
ustavé hygieny, epidemiologie a mikrobiologie, kde se zabyval pfijmem vitamini pfi
stravovani vojaki. Z tohoto vyzkumu vychézela i jeho kandidatska disertacni prace.
Nejdéle piisobil ve Vyzkumném tstavu ekonomiky zemédélstvi a vyZivy, kde zkou-
mal rizné problémy ekonomiky vyzivy. Z této vyzkumné ¢innosti vyslo mnoho vé-
deckych a odbornych publikaci. Touto dlouholetou praxi na riiznych pracovistich
ziskal Ing. Perlin velky rozhled po celé problematice potravinaiského priimyslu, sou-
vislostech se zeme&dé€lstvim, obchodem a celym narodnim hospodéfstvim.

Teprve zmény po roce 1989 umoznily Ing. Perlinovi dosaZeni vys§ich odbornych
funkci a vétSiho uplatnéni v odbornych a v&deckych organizacich. Stal se nejprve
vedoucim Stfediska technickych informaci potravinaiského priimyslu a po jeho slou-
&eni s Ustavem védeckotechnickych informaci pro zemé&délstvi byl Ing. Perlin jme-
novan feditelem nové zalozeného Ustavu zem&d&lskych a potravinafskych informaci.
V této funkei plisobi dodnes. Pod jeho vedenim vydalo toto pracovisté fadu odbor-
nych studii. Pod pfimym vedenim feditele Perlina byly vydany dva dily tabulek slo-
Zeni potravin.

Velmi rozsahla je &innost Ing. Perlina v CSAZ a v jeji nastupkyni vzniklé po roz-
déleni CSFR, tj. v Ceské akademii zem&dglskych véd (CAZV). Podilel se jiZ na pfi-
pravach k jejimu zaloZeni a pak se stal jejim mistopfedsedou. V posledni dobé byl
zvolen také pfedsedou Odboru pro jakosf potravin a vyZivu obyvatelstva pti CAZV.
V téchto funkcich prosazuje moderni koncepce vyzkumu v zemé&délstvi a potravinai-
stvi a nové metody feSeni zemé&délské a vyZivové politiky v naSem staté.

Dal3i oblasti &innosti Ing. Perlina je prace v Ceské potravindfské spolenosti, kde
nyni zastava funkci pfedsedy. Nastoupil ve velmi obtiZzné dobg, kdy se staré struktury
CSVTS zataly rozpadat a v transformujicim se potravinarském primyslu nebylo do-
sti porozuméni pro vieobecné prospésnou odbormou ¢innost v nové vznikajicich spe-
cializovanych spole¢nostech. Hlavni usili proto zaméfil na konsolidaci a obnoveni
¢innosti podnikovych poboéek a navazani styku s pfibuznymi organizacemi jinych
primyslovych odvétvi. Navazal také spolupraci s piibuzné zaméfenymi domacimi
1 zahrani¢nimi odbornymi spole¢nostmi.
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Dulezitou funkci byl feditel Perlin povéfen ve Spole¢nosti pro vyZivu — stal se
predsedou redak¢ni rady Casopisu VyZiva a potraviny a vyznamné prispél k jeho zdo-
konaleni a rozsifeni. Diisledné recenzovani ¢lankt zvysilo jejich tiroveii. Kromé toho
byl zvolen ¢lenem vykonného vyboru a pfedstavenstva Spole¢nosti pro vyZivu.
V téchto funkcich se podilel na pofadani konferenci a seminafii zaméfenych na vyro-
bu a jakost potravin. V ramci feSeni tikolti mezinarodni akce COST 99 se zapojil do
problematiky budovani narodni databaze sloZeni potravin.

Béhem poslednich let vypracoval Ing. Perlin fadu koncepci rozvoje potravinar-
skych obortl i celého zemé&délského resortu. Tato ¢innost je daleko naro¢néjsi, nez by
se mohlo na prvy pohled zdat, a vyZaduje velky rozhled a organizacni schopnosti.
Realizace téchto koncepci by piispéla k pokroku a rozvoji nasi zemé&de€lské a potravi-
nafské vyroby a ke zlepSeni vyZivy naSeho obyvatelstva.

Ing. Perlin je neoby¢ejné aktivni a ¢inorodou osobnosti, zaby vajici se plnénim fady
dilezitych a Casové naroénych tkoli. Rozsah jeho z4jmi je obdivuhodny a svédCi
o tom, Ze stame opravdu jen podle ufedniho kalendére, kdezto jeho duch zistava
mlady a pritbojny. Do dalSich let mu pfejeme, aby svou aktivitu zachoval a jeSté
rozsifil a dale uspésné piispival k rozkvétu nadeho zemédélstvi a potravinarstvi.

prof. Ing. Jan Pokorny, DrSc.
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only publications quoted in the text. They should be listed in alphabetical order under
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periodical, volume number, year, first and last page numbers.
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Tables, figures and photos shall be enclosed separately. The text must contain
references to all these annexes. Figures should be referred solely to the material
essential for documentation and for the understandig of the text. Duplicated documen-
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of publishing quality. Figures cannot be redrawn by the publisher. All figures should
be numbered. Photographs should exhibit high contrast. Both line drawings and
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